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Successful implementation of our unique
skills and services will connect your
teleproduction needs with the most
appropriate solution.

From single camera/monitor surveillance
systems to turn-key digital production and
post production suites, we bring
innovative designers, specially trained
representatives, and highly skilled audio
and video engineers to make your
ultimate goals a reality.

Today, when cost/performance ratios are
critical, we provide system solutions that
make the most of your capital. We see

it as our responsibility to connect you
with the design, products and service that
are the best for your application.

Our training programs are consistent,
intensive, yet reflect our commitment to
creating an environment where learning
and creativity happen.
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We specialize in helping you focus and
communicate your corporate vision from
the boardroom to the world.

Our corporate conference specialists wil
design and implement video and audio/
visual presentation solutions that enhance
your vision.

Whether your needs are straightforward
audio/visual media or creating a highly
sophisticated boardroom training system,
we integrate the specific media tools you
need to support your presentations.

And when you need to use communication
technology to conference with your
widespread organization, our expertise

in video and teleconferencing can bring
your boardroom to your target audience.
Where desk-to-desk videoconferencing
meets your needs, we can supply

the latest solutions.
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Interactive

Responsive

Today, multi-media brings the vast
possibilities of computer assistance to a
variety of media information and training
presentation approaches.

Multi-media can integrate software

and hardware that takes your company's
image to the outside and creates

a competitive advantage.

We can provide desktop multi-media
systems that can handle multiple levels
of media requirements from editing

to graphics—from word processing
and scripts—to systems that balance

your budgets, with all these information o S | ;
§ i L Scutity £A8L

levels able to interact with each other. s 214 123 ol
That's what true multi-media means: J ’ id
. . . 19
integrated, accessible levels of mecia | L N 1
information. From basic PC's to 3-C ot SYJ
graphic workstations through to the a3, : );6 ;.
most sophisticated interactive A1~ 2
multi-media training—we make the .:_J“‘ 282 3
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GConnecting
GConcepts with
Reality

Our technical support leaves nothing
to chance. The standards we adhere
to are the highest in the industry. Qur
objective is to consistently meet your
highest expectations from design
and ergometric utilization to product
longevity and reliability.

We begin by listening to your
expectations. No one knows better
than you what you need to accomplish
with your system, and no one knows
better than we do that our continued
success depends on meeting the
needs you identify.

We provide technical expertise at every
stage, from preliminary engineering

to design through execution and post
sales support. Your system will be
totally cabled, connected, equipment
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rack-mounted, documented and beta
tested prior to delivery at your location.
We can provide “as built" drawings and
other system documentation along with
operating and engineer training to
ensure a smooth transition from our
engineers to your on-line operation.

QOur systems are designed to grow with
you. System expansion and a constant
appreciation for add-on technologies
are always part of our concepts. From
bench repair to field service and
maintenance agreements, we assure
that your system works today and
tomorrow as you expand into the future.

We make the connection between sales
and technical service.

- 157]




In 1986 several audio and visual communications dealers discussed an
interest in meeting on a regular basis to talk about concerns they
shared in running their businesses and keeping up with the many

changes taking place in the audio and visual communications industry.

Professional Systems Network, Inc., was formed to provide an
organization for independent dealers to network for their common

interest. PSNI has 20 affiliates across the country servicing the audio

and visual communications industry.

PSNI GUSTOMER
BILL OF RIGHTS

A customer has the right to:

1. Expect objective appraisals of his/er audio
and visual communications needs.

2. Receive advice from sales people who have
experience and training in professional audio
and visual communications applications.

3. Expect new sales people to have been brigfed
on an established customer's audio and visual
communications needs before the sales call.

4. Be given realistic delivery times for orders and
to be notified when deliveries may be delayed.

5. Know that equipment sold as new was not used
for demos without the customer’s prior approval.

6. Be able to return equipment for a full refund if
the equipment recommended by the dealer’s
sales staff fails to meet the customer’s written
specifications.

7. Order equipment from more than one vendor
without losing sales/service support from other
dealers in the area.

8. Be able to purchase on-site training after
the sale.

9. Have equipment serviced in a timely fashion,
regardless of whether the equipment’s service
is needed during or after the warranty period.

10. Know, when possible, if manufacturers are
experiencing equipment or material problems,
which may affect the customer’s production or
installation schedule.

Copyright 1996, Professional Systems Network, Inc.

Each member of

Professional Systems Network, Inc.
is committed to providing you
quality service and expertise.
Taking excellence one step further,
PSNI's Code of Ethics and
Customer Bill of Rights

assure you of each affiliate’s
commitment to meet your

highest expectations.

PSNI DEALER
CODE OF ETHICS

1. 1 will respect the confidentiality of my client's

requests and purchases.

. 1 will respect the rights of other dealers to
compete for business in my marketing area.
3. Iwill not publicly criticize a customer's choice
of equipment or systems purchased from

other dealers.

4. | will support the activities of regional
professional organizations that are active in
the audio and visual communications industry.

5. I agree to support Professional Systems
Network, Inc., and abide by the guidelines in
the Service Mark License Agreement for my
marketing area.

6. | will cooperate with other audio and visual
communications dealers to increase the
awareness among customers that working
with full service professional audio and visual
communications dealers strengthens the audio
and visual communications industry, and
ensures good customer service after the sale.

7. | agree that customers have the rights as
expressed in Professional Systems Network,
Inc.'s, “Customer Bill of Rights.”

Copyright 1996, Professional Systems Network, Inc.

o

PROFESSIONAL SYSTEMS
NETWORK, INC.

National Headquarters:
611 E. Wells Street
Milwaukee, W1 53202
Telephone: 414-276-7080
FAX: 414-272-0773
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MANUFACTURER

INDEX

ACCOM,Inc.............. 110
ADC Telecommunications,

InC...oovi m
Adobe SystemsiInc. ........ 112
AgfaCorp. ............... 13
AKG Acoustics, Inc.. . ... 114,115
Alias/Wavefront ... ........ 116
Allen Avionics, Inc. ......... 7z
Altec Lansing Corp. . ....... 118
AMX Corp. ........... 11921
Anchor Audio, Inc. .. ... .... 122
Anchor Communications . ... 123
Anton/Bauer, Inc. ... ... 124-126
AnvilCases. .............. 127
Aphex Systems Ltd. ... ... .. 128
Apple Computer, Inc.. ... .. 129
ASC Audio Video Corp.. . .. .. 130
Ascend Communications,

INC... ... 131
Atlas/Soundolier. . . . . .. 132,133
Audio-Technica U.S.,

Inc................. 134,135
AutoPatch/XN Technologies,

Inc.....ooo 136
Avid Technology, Inc.. .. 137, 138
AVS Graphics . ............ 139
Balcar S.A. ............... 140
Barco, Inc. ........ 22, 141-143
Bencher, Inc. ............. 144
beyerdynamic, Inc... . . .. 145,146
Biamp Systems, Inc. ........ 147
Blonder-Tongue Laboratories,

INCe o 148
Bogen Photo Corp.. . ....... 149

Boland Communications . ... 150
Bretford Mfg., Inc. . after page 536
Broadcast Video Systems Ltd. . 151

Camplex Corp............. 152
Canare Cable, Inc. . ........ 153
Canon US.A,Inc. ..... 154,155
Cartoni.................. 156
Century Precision Optics. . . . . 157
Chief Mfg., Inc. ........... 158
Chyron Graphics. .. ........ 159
Cinema Products Corp. ... .. 160
Cine60,InC............... 161
Cipricolnc................ 162
Clear-Com Intercom

Systems ............ 163, 164
Communications Specialties,

InC...oov i 165
Comprehensive Video

Group .. .......... .. 166-168
Covid, Inc. ........... 169,170
Crestron Electronics,

[13606000060006000 23,171173
Crown International, Inc. . ... 174
CSl/Camera Support

International. . ....... 175,176
Da-Lite Screen Co., Inc. ... .. 177
dbx,Inc.............. 178,179
Delta Designs . . ........... 180
Digital Processing Systems,

lnc................. 181,182
Display Devices, Inc......... 183
Dorrough Electronics .. ... .. 184
DraCo Systems............ 185
Draper Shade & Screen Co.,

[ G after page 536
D-Vision Systems, Inc.. ... ... 186
6

We published this catalog to give you a complete reference source for
information on the newest products. We do not claim to represent all of
the products in this catalog. All prices and specifications in this catalog

are subject to change without notice.

Inc......... 187
ECHOlab, Inc.. .. ...... 188,189
Electrohome Ltd. .......... 190
Electrosonic Systems, Inc.. ... 191
Electro-Voice, Inc.. . . . .. 192,193
ELMO Mfg. Corp........... 194
Ensemble Designs. .. ... .. .. 195
Ergo2000 ............... 196
ESE................. 197,198
ETC/Editing Technologies

Comp. ....oovien 199, 200
Extron Electronics .. 24, 201-206
Faroudja Laboratories, Inc. . .. 207
FAST Electronic U.S.,

Inc.............. 25, 208-210
Fast Forward Video . . .. .. ... 21N
FEC................. 212,213
FOR-A Corp. of America . . . .. 214
Fostex Corp. of America . . . .. 215
Frezzolini Electronics, Inc.. ... 216
Fujinon, Inc. .......... 27, 217
Gentner Communications

Corp. .o 218, 219
Hewlett Packard . . ... ... ... 220
Hitachi Denshi America,

Ltd. ...l 28, 221
Hughes-|VC Technology

Corp. .o 222
ICE/Integrated Computing

Systems . ... ............ 223
IDX Technology . ... ....... 224
lkegami Electronics (USA),

Inc.............. 30, 225-228
Image North Technologies . . . 229
Imtech International, Inc. . . .. 230
In Focus Systems, Inc.. . ... .. 23
Inline, Inc............. 232-235
lomega.................. 236
IRP Professional Sound

Products................ 237
|IBL Professional. . . ... .. 238, 239
JVC Professional Products

Company ........ 26, 240-248
Kinetix .................. 249
Knox Video Products . ... ... 250
Eastman Kodak Company. . . . 251
Leader Instruments Corp. . . . . 252
Lectrosonics, Inc. . ... .. 253, 254
Leightronix, Inc. ....... 29, 255
Leitch, Inc. ........... 256-258
LINK Electronics . .......... 259
Listec Video Corp. ......... 260
Lowel-Light Mfg., Inc. . . 262, 263
LT™ Corp. of America ...... 261
Lucasey Mfg. Corp. ........ 264
Luxor Corp. .. .. .. after page 536
Mackie Designs, Inc.. .. ... .. 265
Macromedia. . ............ 266

Magni Systems, Inc. . ... .... 267
Superscope Technologies,

Inc./Marantz Professional . . . 268
Matrox Electronic Systems,

Ld., ..o 269
Matthey .. ............... 270
McRoberts Software, Inc. . . .. 271
Media100Inc......... 272,273
MegaDrive Systems, Inc.. . . . . 274
MicroNet Technology, Inc.. .. 275
Microwave Radio Corp. .. ... 276
Miller Fluid Heads (USA),

Inc................. 277,278
Minerva Systems, Inc.. . ... .. 279
Mitsubishi Electronics America,

Inc............... .. 280-282
MountainGate . .. ......... 283
Nady Systems, Inc.......... 284
Navitar, Inc. . ............. 285
NEC Technologies,

Inc. ..ooviiiiiii, za 287
Nigel B. Furniture . . ... ... .. 288
Nova Systems, Inc. . .. .. 289, 290
O’Connor Engineering

Llabs............... 291, 292
Optibase, Inc. ..... 32, 293, 294

Panasonic Broadcast & Digital

Systems Co. ... 16-19, 295-323
Panasonic Closed Circuit

Video Equipment. . . . . . 324-329
ParkerVision .. ........ 330, 331
Peerless Industries, Inc.. . . ... 332
Pelco ............... 333,334
PESA Switching Systems,

Inc................. 335, 336
Philips Professional

Products. ........... 337, 338
Pinnacle Systems,

Inc........... 20, 21, 339-342
Pioneer New Media

Technologies, Inc. .. .. 343, 344
Pluto Technologies Int’l.

3 Y 34, 345
Polaroid Corp. ............ 346
Porta-Brace/K & H Products,

Led. ... 347, 348
Premier Metal Products

Covvvni 349, 350
Premier Wireless, Inc. .. ... .. 35

Prime Image, Inc. .. 33, 352, 353
Pro/Four Video Products, Inc. . 354

Proxima Corp. ............ 355
QSI Systems, Inc. .......... 356
QTV. .. 357
QuickSet International, Inc. .. 358
Radio Design Labs . . . .. 359, 360
Rane Corp................ 361
RGB Spectrum . ........... 362
Ross Video Ltd.. ... ........ 363

RTS by Telex . ......... 364-366
Sabine Musical Mfg. Co., Inc.. 367
Sachtler Corp. of

America ............ 368, 369
Samson Technologies Corp. . . 370
Sanyo Fisher (USA) Corp. . ... 37N
Scitex Digital Video . . . . . 372-374
Sennheiser Electronic

Corp. v 375-377
Sharp Electronics Corp. . . 378-381
Shure Brothers, Inc.. . ... 382-385
Sierra Design Labs .. ....... 386
Sierra Video Systems, Inc.. . .. 387
Sigma Electronics, Inc.. . 39, 388-391
Silicon Graphics . ...... 392, 393
SMART Technologies, Inc. ... 394
Snell & Wilcox, Inc. . ... 395, 396
Sony Electronics

Inc. .......... 12-15, 397-440
Sony Professional

Media......... 9-11, 441, 442
Soundcraft USA ........... 443
Spectral, Inc. ............. 444
Spirit by Soundcraft . ... .. .. 443
Zero Stantron. ... ..... 445, 446
Star Case Mfg. Co., Inc. . .. .. 447
Stewart Filmscreen Corp. . . .. 448
Strand Lighting. . . ... .. 449, 450
SVS,Inc..........LLL 451
Symetrix, Inc.. ............ 452
Tascam/TEAC Corp. of

America ............ 453,454

Tech Electronics, Inc.. . .. 455-457
Technical Necessities. . 35, 458-461

Tekskil Industries, Inc.. . ..... 462
Tektronix, Inc. . .... 36, 463-480
Telect, Inc. ............... 481
Telemetrics, Inc.. .. .. .. 482, 483
Telepak. .......... 39, 484-486
Telex Communications,

Inc. ............. ... 487-493
360 Systems. . ........ 494, 495
TOA Electronics, Inc. . . .. 496-498
Toshiba America. .......... 499

Transoft Technology Corp.. .. 500
Trompeter Electronics, Inc.. . . 501

Truevision. . .............. 502
TVL/Television Laboratories,

Inco...ooooii 503
VAC/Video Accessory

Comp. ..o 504, 505
VanSanCorp.............. 506
Vega................ 507, 508
Video Data Systems . . ... ... 509
VideoFax Systems, Inc. . . .. .. 510
Videomedia, Inc.. .......... 5N
Videonics, Inc. ........ 512,513
Videotek, Inc....... 38, 514-521
Videssence, Inc. . .......... 522
Viking Cases . . ............ 523
Vinten .............. 524, 525
Walter Brewer Corp.. ... 526, 527
Webb Electronics, Inc. ... ... 528
The Winsted

Corp....... 37, after page 536
Wohler Technologies . . ... .. 529
Yamaha Corp. of America. . 530-532
YEM America, Inc. ......... 533
Zaxcom Video ............ 534

Zenith Electronics Corp. . 535, 536

©1997 Professional Systems Network, Inc.
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Amplifiers, Audio . ... 118, 147,174,192, 239
..... 259, 321, 359, 361, 382, 452, 496, 498

Amplifiers, TV Signal Strip. . . .. ....... .. 148
Animation Controllers/Systems. . . . .. 271, 371
Animation Recorders, Video . . ... ....... 211
Assistive Listening Systems .. .. ... .. 218, 493
ADGORIHONS: « 4 s sd s s sspassnssa 359, 360
Audio Cassette Recorders/Players . ... 268, 454
Audio Conferencing Systems ... ........ 218
Audio Recorders/Reproducers, Open Reel. . 453
Audio Tape, Blank. . . ......... 320, 441, 442
Automated Video Library/Playback

Systemns g us wsmapessanmn sy 299, 420, 421
Batteries, Belts, Packs, Chargers and Power

Supplies . ......... 124,126, 161, 216, 224
Billboard Systems, Video Graphics . ... ... 509
Boards and Cards, Desktop Video/

Computer .. .......... 182, 210, 289, 290,

......................... 353, 502, 513
CATV Sync Lock's p smu b ¢janjsommst 54 mnmns 353

Cabinets, Consoles, Racks and

Accessories. . . . 133, 445, 446, after page 536
Cabinets, Stands and Tables, Mobile

Equipment. . .. ... 288, 451, after page 536
Cable Equalizers . . . . . 257, 389, 390, 475, 504
Cables, Assembled Audio/

Video ................ 153, 289, 302, 461
Camcorders . . ... ... 221, 225, 226, 241, 242
.. 295-298, 304, 305, 397, 400, 401, 404, 407
Camera Accessories . .. ............... 302
Camera Control Systems .. ........ 152,483
Camera Receivers, Integrated . . . ... ... .. 326
Cameras, Color. . . ... 221, 226, 227, 240, 246
.................. 295, 301, 306, 402-407
Cameras, Color CCTV—CCD .. ......... 325
Cameras, Desktop Video and

Communications . .. 155, 194, 246, 330, 337
Cameras, DSP. . . . ... 221, 226, 240, 246, 295

................. 301, 306, 402, 403, 405
Cameras, Monochrome CCTV—CCD. . 246, 324

Cameras, Still Digital. . . ............... 251
Cases. ... .. 127,347, 348, 447, 484-486, 523
Changeovers, Sync. . ............. 466, 476
Clocks, Timers and Counters ... 197, 198, 257
Closed Caption Decoder/Encoder. . ... ... 259
Color Level Error Detection. . .. ......... 220
Combiners, Microphone. ... ... .... 359, 360

Compact Disc Recorders/Players. . 268, 437, 454
Compressor/Limiter/Expanders. . 128, 147, 178
............. 179, 237, 239, 360, 452, 531

Computer Controlled Refays. . . ... ...... 234
Computer Furniture. . ... ... .. after page 536
Computers, Personalt .. ..... .. .... 129, 392
Connectors and Adaptors, Audio/

VideOloa ranmans < ngasasanes 153, 458, 459

Consoles, Audio Mixing . .. 265, 321, 438, 443

..................... 453, 496, 530, 534
Consoles, Digital Audio. . . ............. 437
Control Systems, CCTV/Security . . ... .. .. 327
Control Systems, Media. . . . 119-121, 171,172
Converters, AtoD /Dto A, .. .. 195, 207, 256

. 270, 290, 386, 395, 452, 477, 478, 513, 521
Converters, Component Digital/

Composite Digital. . . ................ 477
Converters, Film-to-Video. ... ... ... 194, 285
Converters, Format. . ... ... ... 167,181, 207

..................... 289, 317, 386, 391
Converters, HDTV Down/Up. . .. ..... ... 533
Converters, Scan . .. ..... 165, 169, 203, 232

..................... 287, 362, 434, 533

Converters, Standards ... ......... 353, 395
Copy Outfits/Systems . .. .............. 144
Correctors;\COION savmn ¢ aei:nad nisdidgws 395
CroSSOMare « i sasdaansas 179, 237, 239, 361
CueSystems. .. ... ... ........... 164, 366
Cycloramas, Curtains and Tracking

HAGDVBIE 5 mia ;25 e m § wm pit mim i d [0 60 D 526
De=esselS v avans's ananil o banEwnsshadh 179
Decoders, Color . . . .. 151, 203, 207, 256, 270

................. 289, 391, 396,477, 533
Delays, Audio . ... ....... 237,361,452, 532
Delays, Audio/Video ... ........... 352, 361
Delays, Video .. ... .. 117, 259, 270,477, 478
Demodulators, TV. .. ............. 356,518

Desktop Video Production Systems . . . 208-210
............. 269, 272, 273, 299, 300, 341
................. 374, 392, 399, 502, 511

Digital Audio Hard Disk

Recorders . ... ............. 215, 494, 495
Digital Audio Recorders . ... ... 215, 237, 320

......................... 436, 438, 454
Digital Audio Workstations . . . .......... 444
Dimmers . ........... . 450
Directional Couplers. . ................ 148
Disk Arrays . . . . . 110, 162, 274, 275, 283, 345
Disk, Removable Hard (for Dockable

Disk Recorder) .. ................... 225
Display Optimizer, Large Screen. .. ... ... 396
Distribution Amplifiers, Audio. . .. ... 206, 233

............. 237, 257, 259, 289, 335, 359
............. 382, 389, 390, 475, 504, 520
Distribution Amplifiers, Audio and

VIHEO . juawinduqsen 166, 197, 390, 457, 460
Distribution Amplifiers, Computer
RGB! 5w snmt §evona g * ey myss 165,170, 233

Distribution Amplifiers, Digital . . 256, 270, 389
..................... 474,481, 520, 521
Distribution Amplifiers, Pulse ... 257, 389, 390
......................... 475, 504, 520
Distribution Amplifiers, Subcarrier. . . . 257, 520
Distribution Amplifiers, Video . . . 166, 182, 206
..... 233, 257, 259, 289, 317, 335, 359, 389
......... 390, 460, 475, 478, 504, 520, 533

Dockable Camera/Battery Packages ... ... 303
Dockable Recorder, Digital Hard Disk . . . . . 225
Drives, Personal Hard . ... ............. 236
Duplicators/Copiers, Audio Tape . ... 454, 492
Duplicators/Dubbing Systems,

Videotape. .. .......... 246, 310,417, 457
Earsets .. ........ ... . ... ... ... ..., 493
Easels and Accessories . . ... ... after page 536
Edit Controllers. .. ........... 245,310, 311
...................... 416, 422-424, 513
Editing System, Coach’s . ... ... ........ 528
Editing Systems, Audio . . . ... ... ... 494

Editing Systems, Video . .. . 137, 185, 186, 199
.............. 200, 208-210, 298, 299, 374
.................. 399, 422-424, 502, 511

Effects Processors, Audio. . . ............ 532
Effects Systems, Video. . . . . 339, 372, 396, 407

..................... 426,427, 468, 471
Encoders, Color .. ........... 151, 270, 289

..................... 391, 396, 477, 533
Encoders/Decoders/Sync Generators . . . .. 391
Enhancers, Image. .. ................. 207
Equalizers, Audio . ....... 128,147,178,179

................. 237, 360, 361, 452, 531
Exciters, Aural. . .......... ... ... ... .. 128
Faders, Video .. ..................... 167
Feedback Suppressors. .. .............. 367

PRODUCT INDEX

Fiber Optic Transmission Systems. . .. 270, 478

Fibre Channel Systems .. .......... 283, 500
FilmRecorders . .. ................... 113
Frame Store Synchronizers . . . . . 181, 214, 289

................. 290, 352, 395,434, 518
Furniture, AV/Computer/Video . . after page 536
GainControllers . .. .............. 360, 452
Generators, Blackburst . . . . 167, 198, 259, 289
.................. 389-391, 505, 518, 520
Generators, Character/Graphics . . ... 139,159

..................... 195, 214, 229, 250

............. 267,313, 342, 372, 509, 512

Generators, Countdown . . .. ......... . 356
Generators, Safe Area . . . .......... 356, 390
Generators, Stereo . . . .............. . 128

Generators, Sync . ... 181, 257, 289, 390, 391
............. 466, 476, 505, 518, 520, 521
Generators, Test Signal. ... 167, 181, 256, 257
. 267, 389, 391, 395, 465, 475, 478, 518, 520

Generators, Time and Date . ........... 198
Graphics Systems . .. .......... ... ... 340
HDTV Components . ................. 407
Headend Combiners. .. ............... 148
Headphones/Headsets . . ... ... 115, 146, 164

......................... 376, 438, 492
Heads, Camera. . .. .. 149,156, 175,176, 277

............. 291, 358, 368, 369, 524, 525
Housings, Enclosures and Domes, Camera . . 333

Hum Eliminators. . .. ......... 117, 234, 504
Identifiers, Video. . ... ............ 356, 391
Image Inserters. ... .................. 356
Inserter, Vertical Interval . . . .......... .. 259
Interactive VCR. . . s vawmssms jononsaa. 337
Intercom Systems . . .......... 123,163,164

......................... 364, 365, 489
... 169, 201, 202

Interfaces, Level/Impedance . . .. ..... ... 359
Interfaces, Parallel-to-Serial . . . . ... .. 256, 270
Isolator, Video Line. ... ............... 505
JibArms ... ... 278
Keyers, Video . . ... .. 151,195, 214, 363, 426
Laserdisc Bundles (Player/Software) .. .. .. 344
LCD Projection Panels. . . .............. 231
Learning Labs, Computer . . . ........... 455
Lecterns. . ............ 506, after page 536
Lens Adaptors, Diopters, Duplikins

and Extenders. : acsvsvsnepminvsnnsaa 157
Lenses, Video Camera. . ... .. .. 154,217,302
Lifts/Mounts, Video Projector/

Monitor .. ................ 183, 448, 451
Lighting Controls, Architectural ... ... ... 120

Lighting Fixtures, Kits and Studio
Systems. . . 140, 261-263, 449, 522, 526, 527
Lighting, Portable/Battery-

Operated .. ............... 125,161, 216
Loudness Meters. . . .............. 184, 529
Machine Control Systems/

Synchronizers. . .. ... ... 255,457,511, 534
Master Control Switchers . .. ... ... .. .. 469
Media Retrieval/Distance Learning

Systems sasandssliaseni's vid 119,173, 456
Media Storage . . ... .. ... 288, after page 536
Message Systems . .. ................. 356
Microphone Booms, Stands and

ACCeSSOMes 1 s vesastmevimwaningns .. 132
Microphones . .. .. .. 114,115,134, 145,174

............. 192, 375, 376, 382, 384, 440
Microwave Systems ... ............. .. 276
MiniDisc Recorders/Players . . .. ... .. 437, 454

7




PRODUCT INDEX

Mixer/Amplifiers, Audio . .......... 147, 497
Mixer/Preamplifiers, Audio . . . . . 147, 237, 496
Mixer/Recorders, Audio . ...... 215, 453, 530

Mixers, Audio. . . 147, 237, 265, 321, 359, 382
......... 438, 443, 452, 453, 496, 530, 534
Modulators/Processors, TV . . ........... 148
Monitor/Receivers, Color Video . . ... 247, 282
................. 315, 338, 380, 518, 536
Monitor/Receivers, Programmable

ColorVideo ................... 338, 536
Monitor Speakers . ... .. .. 118, 122, 193, 238

......................... 322, 443, 529
Monitors, 169 .. .... 228, 247, 314, 428-431
Monitors, Audio Program .. ............ 518
Monitors, Color Graphics .. .. .. 150, 281, 431
Monitors, Color Multistandard . . . . .. 228, 247
...................... 314, 316, 429-431
Monitors, Color Multisync/scan . . . .. 280, 281

..................... 287, 316, 430, 431
... 150,196, 228, 247
...................... 314, 315, 428-431
Monitors, Flat LCD Color Video . . 343, 379, 431
Monitors, Monochrome
Video................ 228, 329, 429, 430
Mounting Brackets, Monitor Wall/
Ceiling....... 158, 264, 332, after page 536
Mounts, CCTVCamera................ 334
Mounts, Video Projector. . ... .. 158, 349, 350
MPEG Encoders/Decoders . . 279, 293, 294, 421
Multiplexers/Demultiplexers, Digital Signal. . 478

Multitrack Recorders. . ................ 215
Network Management Systems/

Software. ............. 373, 393, 510, 511
Noise Gates ............ 128,178,179, 239
Noise Reduction Equipment, Video. . .. ... 396
Noise Reduction Systems, Audio. ........ 178
Oscillators. .. ... 360
Paging Module, Voice-Over ............ 360
Pan-and-Tilt Camera Systems,

Robotic....................... 330, 331
Pan-and-Tilts, and Controls . . 334, 354, 358, 482
Patching Systems . ........... 111,153,179

......................... 460, 481, 501
Pedestals, Camera Support......... 176, 278

......................... 368, 369, 524
Pointer Systems, Interactive ............ 355
Pointers, Laser . ............. after page 536

Preamplifiers, Audio . . 178, 359, 452, 530, 531

Presentation Management Systems . . 231, 355
Presentation Systems, Video........ 312, 381
Presentation Systems, Video/Copy

Stand........ 155, 194, 248, 268, 306, 406
Presentation/Communication Systems,

Video ... 503
Printers, Computer. . ............. 248, 435
Printers, Video . ................. 248, 435

Processors, Audio . . .. 128,147, 178, 179, 237
............. 239, 360, 361, 438, 452, 531
Processors, Video . ... 181, 182, 195, 207, 214
..... 289, 290, 352, 395, 434, 513, 518, 521
Projection Systems, CRT Video/Data . . 141-143
............. 190, 286, 318, 432, 433, 535
Projection Systems, DLP Video/
Data................. 190, 231, 346, 355
Projection Systems, LCD Video/
Data..... 142, 143, 190, 194, 231, 248, 286
..... 318, 337, 346, 355, 371, 378, 379, 433
Projection Systems, LCD Video/Data 2 . . . . 499

Projection Systems, Light-Valve. . 142, 143, 222

Projector Light Enhancement Systems . . .. 285
Projectors, Slide .. ................... 285
Prompting Systems. . ..... 260, 331, 357, 462
Quad Splitters. . ............. 214, 317, 328

Rackmount Frames, Modular . .. 128, 181, 237
..... 256, 257, 270, 287, 290, 352, 353, 389
..... 390, 395, 474, 475, 504, 513, 520, 521

Rackmount Kits . . 196, 212, 213, after page 536

Rain Covers, Camera ............. 347, 485
Raster Image Processors . .............. 113
Rear Projection Enclosures/

Systems . ................. 190, 286, 434
Relays, Audio Controlled. . ............. 360
Reverberation Equipment ... ....... 179, 532
Routing Switcher Controllers . . . 335, 336, 481

Routing Systems. . . .. 136, 168, 182, 204, 205
...... 235, 237, 250, 256-258, 289, 290, 335
...... 336, 387-389, 457, 460, 473, 474, 481

......................... 519, 521, 529
Scan/Line Doublers/

Quadruplers .. ......... 203, 207, 232, 533
Scanners, Color ...........c..c0uennn 113
Screens, Projection. . . 177, 448, after page 536
Serializers/Deserializers . . . ... .. 477, 478, 481
Software, Desktop Video Production/

Editing ... .... 112,137,182, 209, 510, 513
Software, Digital Audio. ............... 444
Software, Graphics........... 112,116, 138

......................... 159, 223, 249
Software, Internet Publishing .. ... .. 249, 266
Software, Titling. . ............... 112, 271
Sound Systems. . ............ 122, 254, 268
Speaker Systems. . 192, 193, 238, 322, 497, 529
Speakers and Baffles, Ceiling. . .......... 133
Splitters, TVSignal ................... 148
Sports Video Systems . ................ 528
Stands, Video Projector. . .............. 158
Steadicam . ......... ... .. e, 160
Still Store Systems. ... .... 159, 181, 195, 229

......................... 339, 340, 373
Switchers, Audio. . . .. 206, 234, 259, 360, 391

Switchers, Audio and Video . .
Switchers, Audio Follow
Video................ 259, 317, 390, 519
Switchers, Computer
RGB............. 170, 205, 206, 234, 533
Switchers, Projector Control . ........... 204
Switchers, Sequential ................. 327
Switchers, Video. . ... 168, 206, 234, 259, 287
............. 317, 334, 390, 391, 505, 519
Switchers, Video Production. ... 188, 189, 214
............. 245, 313, 363, 372, 396, 407
......... 425, 426, 468, 470, 472, 512, 517
Switchovers/Alarms, Video Signal Loss . . 259, 505

.. 206, 391, 460

Synchronizers, Audio/Video . ....... 181, 182
Tape Backup Drives/Kits . .. ............ 283
Teleconferencing Systems. .. ........... 218
Telephone Interfaces ............. 219, 360
Telephone Systems, Multiline. .. ........ 219
Television Receivers, Color . ........ 380, 536

Test and Measurement Equipment . . . 125, 167

..... 181, 182, 184, 237, 252, 256, 257, 267
.. 356, 359, 389, 391, 395, 461, 463-467, 475
.......... 478, 514-516, 518, 520, 521, 529
Time Base Corrector Control Systems. . 195, 534
Time Base Correctors . .. .. 181, 182, 214, 289

......................... 290, 352, 395

Time Code Equipment, Video. . ... .. 198, 211
Time ReductionUnits .. ............... 352
Time-Lapse Videocassette Recorders/Players . . 328
Touch Panel Controls . . . .. 119,120,171,172
Touch ScreenMonitors. . .............. 280
Transcoders, Component . . .. .. 167, 181, 207

..................... 289, 317, 386, 391
Transformers .. ................. 359, 360
Tripods and Dollies. . .. ... 149,156, 175,176

......... 277, 292, 358, 368, 369, 524, 525
Trucks, Library/Mobile Utility . . . after page 536

Tuner/Demodulators . ................ 518
Tuners, Video . . ...........covvvnnnn. 429
Video Mlicroscopes . . ................. 285
Video Recorders, Digital Disk . ...... 110, 182

..... 211, 214, 220, 345, 373, 386, 418, 479
Video Servers . .. 130, 220, 386, 393, 421, 480
Video Transmission System, Phone Line . .. 353

Video Windowing Systems . . ........... 362
Videocassette Recorders/Players, %" . ... .. 414
Videocassette Recorders/Players,

8mm/HI8 . ... ... 415
Videocassette Recorders/Players,

Betacam SP.................... 411-413
Videocassette Recorders/Players,

Betacam SX . .................. 400, 410
Videocassette Recorders/Players,

DCPowered................. .o n

Videocassette Recorders/Players, Digital S. . 242
Videocassette Recorders/Players,

DVCAM ........... .., 397, 398
Videocassette Recorders/Players,

DVCPRO........coviiiinnnn, 296, 297
Videocassette Recorders/Players, MIl. . . . .. 308
Videocassette Recorders/Players,

Mini-DV .. ..o o 241
Videocassette Recorders/Players,

SVHS (... ..., 243, 244, 309-311, 416
Videocassette Recorders/Players,

\1836861066000600006000 310-312, 381, 417
Videoconferencing Systems ............ 131
Videodisc Recorders/

Players ........... 311, 319, 328, 344, 419

Videotape Recorders/Players, D-1/D-2 . ... 408
Videotape Recorders/Players, D-3/D-5 . ... 307
Videotape Recorders/Players,

Digital Betacam .................... 409
Videotape Recorders/Players, HDTV .. .. .. 407
Videotape, Blank. . ........... 241, 441, 442
Videowalls/Videowall Monitors/

Processors. . ....... 191, 230, 343, 362, 499
Voltage Controlled Amplifiers. . . . . .. 147, 360

Waveform/Vector Monitors . ... 182, 237, 252
............. 463, 464, 466, 515, 516, 521

Web Authoring and Serving Products. . . . . 393
Whiteboard Systems. . ................ 394
Wireless Control Systems . ......... 121,171
Wireless Intercom Systems . ........ 489, 507
Wireless Microphone Systems. ... ... 135, 253

................. 284, 323, 370, 375, 383
................. 385, 439, 490, 491, 508

Wireless Sound Systems . .......... 122, 268
Wireless Tourguide System............. 377
Wireless Video Transmission

Systems .............. 187, 351, 487, 488
Workstation Systems, Video ........ 373, 392
Workstations (Furniture)........... 180, 288

......................... after page 536
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METAL

COMPUTER GRADE

e (DI

Pretemunn Gyl dpeo S s —=— ==

o Magter Dt Vet .

DARS6CMP......

How do you handle more digital storage? And more channels?. In less space? Atdower cost? The
answers, in order, are metal, metal, metal; and metal. Sony’s rapidly advancing Meta! Tape technology

is the force behind digital tonvergence in audio, \/i;ie-owa_nd data, To find S O ; Y
out more: 128004955¢SONY, MediaFax 1¢8002429*SONY, www,s0ny.com) 3 N

&1987. Sony Ejectraiiis ino. Al rignt¥ taserved; me;:l gn-parCwithom writhen permission’is prohibited. Soby is a tragmark vf Sang.



Getting
into digital

doesn’t have
to be this
hard.

DIRECT DIGITAL LINK"™
Sony Electronics Inc.. Business and Professional Group, 3 Faragon Drize Montscle NJ 07645, Sony Cliplink, Direct Digital Link and DVCAM are trademarks of Sony.
©1997 Sony Electronics Inc. All rights reserved. Reproduction in wholz or i part w thout written permission is prohibited. hitp.://www.sel.sony.com/SEL/bppg/
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Your path to digital starts right here., right now. With the DVCAM™ VIR that's
right for you. Every one analog-compatible for easy migration into your sys-
tem, no matter what it is today. And every one with Direct Digital Link™
process for optimal performance within the digital domain. It couldn't be easier.

For more information on our comprehensive line of

digital equipment call 1-800-472-SONY, Ext. DVCAM. SONY

DSR-85 High Speed
Editing Deck

Up to 4x speed dota
transfer, SMPTE Time Code,
ClipLink™ system [marks
scenes in-camera), TBC,
digital slow. 4 channel
digital audio, standard &
mini-size DVCAM cassettes,

3 hour recording time.

DSR-80 Editor

ClipLink system, Remote
Control I/F. high speed
picture search, Time Code
/O, RGB 1/O for frame-by-
frame recording. frame
accurate editing in

both assemble and insert
modes, 4 channel digital
avdio, standard & mini-
size DVCAM cassettes,

3 hour recording time.

DSR-60 Edit Feeder
ClipLink system, RGB
output, composite,
component, Y/C1/O
and RS$-422A ports, auto
repeat, 4 channel digital
auvdio, standard & mini-
size DVCAM cassettes,

3 hour playbock time.

DSR-30 Player/Recorder
Professional VIR with
simple editing capability,
|EEE-1394 digital interface,
Control S & L. photo &
date index. basic insert

& assemble editing with
detachable editing pad,
4 channel digital qudio,
standard & mini-size
DVCAM cassettes, 3 hour

recording time.

DSR-1 Dockable Deck
ClipLink system, analog

& digital camera docking.
color playback, picture
freeze, digital audio, 2 or
4 channel audio mode
selection, standard & mini-
size DVCAM cassettes,

3 hour recording time.
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INTRODUCING /- FIRST DIGITAL
CAMERA 1/ CAMCORDER 1,
SEE COLOR ;- WAY YOU DO.

Nature created the perfectly engineered
visual system. All we had to do was figure out
away togetitintoacamera. The DXC-D3o
DSP Camera with TruEye” processing liter-
ally sees what your eye sees — making it one
of today’s most advanced acquisition tools.
Thus revolutionary new system manages
image data according to brightness, hue
and saturation. So you get amazing color
accuracy in a wide dynamic range, no hue
factor distortion, and an unparalleled
reflection of your creative vision.

TruEye processing combined with our
newly developed Power HAD™ CCD chips
alsodramatically reduces smear in high-light
condiuons and achieves a remarkable sensi-
tvity of Fi1.0 @ 2000 lux. And our unique
DSP technology gives you exquisitely subtle
control over every aspect of your picture.
There’s no question the DXC-D3o sees
more of what you're shooung. And when
you pair it withour DVCAM™ VTR,
iteven looks ahead to the edit. i

One

integrated "ececee >
svstem

n1s prohibit Ey Link M,B g

Drive, Montvale. NJ 07645-1735. © ¢

TruEye
afffecoccen Process”]g

¢+ sceswhat

: yousce

\J
INTRODUCING (/¢

CAMCORDER THAT CAN'T
WAIT 10 START EDITING.

The DXC-Djo docked to the DSR-1
DVCAM VTR createsthe DSR-130 - the
fiest two-piece camcorder designed to bridge
the gap between acquisition and editing. In
the field, our exclusive ClipLink™ funcrion
automatically records shot log dataand a
still frame of each In point, so you can put
together a mini-storyboard before the edit.
The faster your deadline approaches, the
more you'll appreciate the huge productivity
boost this camcorder delivers.

The DXC-D30cameraalso protects
your other investments. You can dock it to
our Betacam SP” VTR (the PVV-3) for
example,and get DSP performance in an
analog format.

Sony's all digital torally integrated
production system is here today — with
tools thatoffer maximum crearive flexibility
while streamlining the entire production
process. Call 1-800-472-SONY, ext. EYE
for detatls about the camera that sees like
the human eye. And the camcorder that

thinks litke the human editor.
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AJ-D200 DVCPRO Camcorder
35,995 suggested list price
(without lens)

1/3-inch Removable Bayonet Lens
High-Density IT 3CCD Sensor
Gapless Dichronic Prism

48kHz PCM 2-ch Digital Audio
Time Code/Color Bars

/// ///”’ ,/ ///""’///"II ///’7/ I//m/// For more information call: 1-800-528-8601 (Upon request enter product code 05)
i II i it Visit us at our web site at http://www.panasonic.com/dvcpro




© 1997 Matsusrita Electric Comporation of America

Digital
for

Evervone

For less than the price of analog, video users from all walks of life can enjoy

the full benefits of digital: lightweight, crisper images and freedor1 from generation
loss. The bold, new DVCPRO 200 Series equipment includes a camcorder and
VTR featuring 2 hours record/play, built-in time code and the opdonal IEEE 1394
digital interface that will revolutionize multimedia and desktop video.
Whether you're an event videographer, corporate video producer, multimedia developer
or educator, if there ever was a time to go digital, that time is here. Now.

AJ-D230 DVCPRD
Desktop Recorder/Player

$4,595 suggested list price

2 hoars record/play time
Optimal Digital In‘erfaces.

Dwyitat Vigeo Casselte Recorder

lf Rack 8.25”

Panasonic

Broadcast & Digital Systems “ompany



the D@ ST Compact

Better than BVW. Better than PVW. Better than UVW...DVCPRO is digital—
below component analog prices. Now, Panasonic makes compact digital video
even more affordable... NOW, Under $1 0,000_
ideal for editing, edit sourcing, duplication, multimedia...

The new AJ-D650 Editing VTR and the AJ-D640 Recorder/Player are the
next generation in Panasonic’s long-term vision for DVCPRO. The 600 Series
combines all the proven performance and cost benefits of DVCPRO with the
capability of playing back both DV and DVCAM"

Unlike some other DV-based formats, full luminance bandwidth (5.75MHz)
is maintained. RS-422 machine control and analog I/0 is standard. Open slots
provide for the widest array of digital interfaces, ready for IEEE 1394, SDI, DVCS
and AES audio. No wonder nearly 20 companies have joined the DVCPRO
Partners family, and are developing products and systems that continue to
expand the potential of DVCPRO.

Whether integrating digital video within an existing operation,
or expanding your capabilities with the power of digital, the DVCPRO

600 Series is here. Now. For even less.

—
————_

By et B

For more information call: 1-800-528-8601 (Upon request enter product code 32)

A\




igital Video YOU can Buy.

HEADPHOMES

panasonic

POWER

OHF

CPRO

C1 CONDITION 13 PLAY
C N/ W
-

&
PUSH OPEN

Top. AJ-D690 DVLPRQ Eduti SR §9.995 Bottom: AJ-D640 DVCPRO Recorde Player. MSR: $8.495

) Panasonic

Broadcast & Digital Systems Company

IN/L]



Pinnacle Alladin Digital 601 Suite

Component
digital swilcher

Real-lime
3D DVE

rmm e~ ———-—

Characler Paint
generator package

-

It's well known that buying
in bulk is much cheaper
than buying one at a time.

All the tools you need to produce award winning videos
in one affordable package — a vision mixer, DVE, still-
store, character generator, paint and a Chromakeyer.
All with flawless 4:2:2:4 digital image processing.
Available with composite,
component or CCIR601
serial digital video 1/0.
Simply connect Pinnacle's
Alladin to your PC and see
the spectacular 3D effects
you can produce: water
ripples, explosions, spheres, page turns, and hundreds
of others. All created in real-time. Alladin's PC-based
open architecture fits seamlessly into your existing

New!
Alladin Dedicated
Control Panel

stems . Be 0 Avenue ’ )43, U hitp://www.pinnaclesys.com,
) 4PINNACLE (1-800-474-6 f 415-526-1601, F Kk 415 973, BBS: 408-93 9

e 4+ 44 442-0¢ ited K 1), Latin America & n° 954-349-6745 er

As acifi 43207

environment by connecting with most popular linear
editing systems.

And because Alladin uses Windows software and
proprietary hardware, you can upgrade an Alladin
system simply by installing new software on your PC.
Try doing that on a dedicated system.

See what Alladin can do for your image by
ordering a free demo tape today.

For a Free \Alladin Demo Tape Call 1-800-4PINNACLE
exl. 9781 (1-800-4714-6622) ext. 9781




Now you can create radical digital effects like never before! DVEXtreme is a 10-bit, multi-channel
special effects system with super clean image processing. DVEXtreme features an independent key
channel per video channel and a whole new look with Pinnade’s proprietary ParticleFX™ and
PainterlyFX™ technology! It’s designed for fast on-air operation-at a price that will make the
competition envious' Call 800-4PINNACLE ext. 9782 for more information. Then
push your creativity to the extreme with DVEXtreme! www.pinnaclesys.com

PINNACLE

S Y S T E M S




Was your CEO seeing red at your last presentation?

(And green and blue?)

With IRIS? technology from BARCO, your presentations are always in focus.

e

IRIS
5

high-performance CRT projectors, without the inconvenience and cost of a stand-alone

2\> With IRIS? automatic convergence is now built right into our

unit. IRIS? uses a CCD camera and advanced digital signal processing to precisely

align the three CRT lenses for a razor-sharp, perfectly converged image. All at the QEERSgrated into select RARCO
CRT projectors, IRIS' precisely and

touch of a button. auomatically converges the profected
image at the louch of a button.

To learn how IRIS* can make your presentations crystal clear, call today for a

dealer near you or visit our website at www.barco-usa.com. B' l I ‘CQ

See The Possibilities

BARCO, Inc. 3240 Town Point Drive Kennesaw, GA 30144 770-218-3200 Fax 770-218-3250 www.barco-usa.com



Crestron has always been at the forefront of innovation. This
time we've broken through the envelope and created a true
technological milestone.

Introducing the SmarTouch™ STS — the revolutionary product
that puts high-end remote control into the hands of the many by
delivering extensive capabilities at an extremely low price.

The SmarTouch STS is a complete, integrated control sytem —a
wireless touchpanel plus control processor — designed for
flexibility and power. Exclusive Crestron RF technology enables
wireless control up to 300 feet, even through walls. Incredibly,
this complete system is priced at what you'd expect to pay for
a touchpanel alone!

Smaviouch STS

This compact touchpanel, along with its control processor counterpart, are the
components of the revolutionary Crestron SmarTouch STS remote conirol sysiem.

' (Q’.F,EMOTE CONTROL SYSTEMS

Revolution.

The contoured touchpanel is packed with many features you'd
normally find in systems costing much more. Light enough to
hold in one hand, it displays crisp color or greyscale control
graphics. The system accommodates a virtually unlimited
number of controlled devices and is easily programmed using
Crestron Windows®-based software. You can even choose to
power the touchpanel with a removable Crestron NiCad battery
pack or standard C-cell batteries.

The revolution is here and avaitable now.Call 800.237.2041
today for a demonstration of the incredible SmarTouch STS, only
from Crestron.

New York

Los Angeles Brussels Hong Kong

Crestron Electronics, Inc. 101 Broadway Cresskill, NJ 07626
T: 800.237.2041 T: 201.894.0660 F: 201.894.1192
www.crestron.com

©1997 Crestron Electronics, Inc. All brands and trademarks are the property of their respective owners



(well, almost)

INTERFACES SWITCHERS SCAN CONVERTERS

- | = : i ciiaeses 3 P
b > & & ¢ 0.3 ‘ : ‘_ | I i . '-7.7 om '\';I-i'o'ol Q.
RGB 202xi System 10 PLUS Emotia Xtreme MX
* Universal analog/ECL/TTL/system interface ® Ten input, one output universal projector * 1600 x 1280 workstation to NTSC/PAL, Y/C,
* Two universal inputs for computer-video & audio control switcher component & RGBS converter
* Compatible with computer frequencies between ® Compatible with RGBS, RGBHY, RGsB, NTSC/PAL * Horizontal & vertical sizing and centering contrals
15-150 kHz video, S-Video (S-VHS) & stereo audio signals  Rack mountable

* Bandwidth: 300 MHz ® R$-232 control
* Universal inputs - no modules required

DISTRIBUTION LINE DOUBLERS
AMPLIFIERS LINE QUADRUPLERS CABLES

T

T | -
ADA 6 300 MX HV System 4LQex Install Cable
® One input, six output RGBHV distributian amplifier ® Line-quadrupler ® Fire resistont plepum (oqring (CL-2P) .
* Bandwidth: 300 MHz ® Built-in universal projector control ® Six conx, four twisted pair and three power wires
* Universal inputs - no modules required ® Routes RGBHY, video, audio contral and power
Y ® Perfect for wall plate interfaces

Call your Extron support representative today!

Extron Electronics

_‘\“A‘f‘o‘ | EXTRON ELECTRONICS/RGB SYSTEMS, INC. EXTRON ELECTRONICS, EUROPE EXTRON ELECTRONICS, ASIA EXTRON ELECTRONIC INFORMATION
& 3 1230 South Lewis Street, Anaheim, CA 92805 | Becldschermweg 6C, 3821 AH Amersfoort | 41B Kreta Ayer Road, Singapore 089003 EXTRONWEB™: www.cxtron.com
r)' | (800) 633-9876 (714) 491-1500 FAX (714) 491-1517 | +31-33-453-4040 FAX +31-33-453-4050 +65-226-0015 FAX +65-226-0019 EXTRONFAX™: (714) 491-0192
o | USA The Netherlands Singapore 24-hour access—worldwide!

-
®¢uyio®
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IO :A SAYS HE WANTS SCENES JUST LIKE “HELLCATS ON MARS,)”

FOOTAGE FROM THE COMPANY PICNIC AND HIGHLIGHTS

AND YOU JUST SMILE AND SAY,

IGIBETA?”

To PUT IT TOGETHER YOU'RE GOING TO NEED TEN HANDS, DIVINE INTERVENTION OR blue.

With blue. from FAST, challenges are met. promises are kept. blue. is the future because it urderstan ds the pest - that's the core of
i'sbecause blue. is like ne editing system you’ve ever seen before. Every In, Any Out. And the essence of our “format promise.” At FAS
bluz.3s the world’s first [1terdigital Post Workstation™:

- we built blue. with the latest tedhnology and gawe it ample rom to grow.
Heres why:

Therefore, you can put every Icrmat available iato blue. and output
blue. is Every In, Any Dut™-we accept al formats, digital or analog, it on any source you desire. Now and is the future.

O / } 2
and can vutput anyway you like In designing an open, universal syster such as blue.

wriginal editing quality intact throughoutthe entire process.

investments as well as any you may meke in tke future.

blue. is a Native Digial™ editing workstation-this keeps your we wanted to incorporate all of your eristing fcrmat '/

blue. is 10-bit component analog and dig tal video quality-excellem We've got a ton to say about blae. so call us or it our
for multi-layering an€ intense compositons. website today for more information. T e feture is blue, ‘ $

For more infomation about blue. or any other FAST products, call 1-800-249-FAS| or vsit wwwastimultimedia.com b l u e.




First, we broke the

4:2:2 dlgltal price barrier.
Now; we ve smashed it

h !

*

\ -
Get irfto Digital-S for less than $10,000.

1/2-inch metal particle tape. They're
even DTV ready. The new members
. of our Digital-S family include the
" e ™ - BR-D750 Editing Recorder priced

The high price of 4:2:2 digital

Y
seemed to be set in stone until 4:2:2_

JVC made it en affordable real-
itv. But breaking thar price barrier

wasn't enough. Because now, our | B ey under $10,000, the BR-D350 Player
new additions to the Digital-S line- = T Ae <5 for under $8,000, and the DY-700
up put this dynamic format in the s " i ™ & Camcorder for under $12,000.
hands of even the most cost-con- - . * .
scious professionals. P d “ Digital-S. Powerful performance

at a breakthrough price. For more
Our new Digital-S components offer the same, astound- infermation, visit our Web site
ing picture quality and most of the high performance at www.jvcpro com or call us at
features youd find on the rest of the Digital-S family. 1-830-JVC-5825 and mention

Like 4:2:2 component processing, 3.3:1 compression and Praduct Code 193 PROFESSIONAL




BN Fujinon’s new A= Technology.

== Now you've got a clear shot

at the most unbelievable
images in the world.

Wie PowER

Talk about out-of-this-world performance. Fujinon’s new AT2
brings you the exceptional optical quality of Aspheric Technology an
advanced new inner focusing system that’s sealed from dust and dirt,
and the comfortable, comprehensive V-Grip too.
We've also reduced chromatic aberration in the
AI5SX and A20X, raised their MTFs, and
reduced MOD to 0.65 m on the AIS X 8 and
0.8 m on the A20 X 8. The 10X Wide Power
even eliminates breathing, so image size remains

= |
l 'f'il"’/‘
e

= the same, in or out of focus.

A20 X 8,and 10X Wide Power hand-held

A0 X 4.8 Al5 X 8

A20 X 8

Broadcast & Communications Products Division

FUJI PHOTO OPTICAL CO., LTD. 1-324 Uetake, Omiya City, Saitama 330 Japan;
Phone: 048-668-2152, FAX: 048-651-8517, TELEX: 122885

. You'll find AT2 only on Fujinon’s Al5 X 8, F 'l I FUJINON INC. 10 High Point Dr., Wayne NJ 07470-7434 (201) 633-5600

LLERRUIEN tclcyision z00m lenses. For more information

Lens Technology* NON FOCUSED ON THE FUTURE

contact Fujinon at 1-800-553-64ll.

“Implementation In lens technology to achieve compatibility with (CD sensors.
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THE HITACHI 2/3” CCD 1 PIECE DVCPRO CAMERA/RECORDER.

The new Z-V1 combines 3 newly developed 2/3" 410,000
pixel CCD’s and a DVCPRO format VTR into a one piece light-
weight package. Loaded with a host of standard digital fea-
tures you've been accustomed to from Hitachi, the Z-V1
offers F-11 sensitivity and a new low smear CCD technology
that provides the ultimate recording combination for all sorts
of road conditions.

THE HITACHI Z-V1 ADVANCED FEATURES:

* One touch full auto function

® 850 line resolution

* 63 dB signal/noise

® 0.5 lux minimum illumination

¢ 13 bit minimum 18 bit maximum DSP

* Advanced flesh tone detail

® 6 vector color corrector with linear matrix
* Scene files at head of camera

o Built in set up memory card

* Audio tone generator on color bars

* F-11 Sensitivity

HITACHI

Hitachi Denshi America, Ltd.

NOT JUST DIGITAL, FMevs York (516) 921-7200 Atlanta (770) 242-3636 l.os Angeles (310} 328-6116
Dallas (817) 488-4528 Chicago (630) 250-8050 C da (416) 299-5900
HITACHI DIGITAL. allas i anada

Visit our website at, http:\\www.hdal.com



LEIGHTRONIX, INC

CONTROL PRODUCTS
Automated VCR and Switcher Control

AUTOMATED PLAYBACK

UNATTENDED RECORDING

TIMED EVENT VIDEO AND AUDIO SWITCHING
REMOTE VCR AND SWITCHER CONTROL

TCD-1000 » Contwol far 64 VCRs.* Excernal Switdher Control  $3495

LZIGHTRONIX Event Contrcllers provide wnattendec playback ope-atior F
bocally originated cable chernsls and in-16.1se communicat on netwoks.

£ rl " EOCAL?R|G|NA_|ON ‘:lOSEP CRCUIT
(3 CABLE "ELEVISION TELEVISICH
N ‘ Pukl'c Azcess Zol ege/ Jriversity Channels
PRO-16 & Cartra for 16 VCRs ®dnternal 16 x 4 Swikcrar Educaticnal Access Zorporatz Comm_nicatiors Netwarks
i Gt Aty Industr al/Manufadturing Commuricarons
Ladmad: Aceage Medica 5-aff Training/Parient Educction

“‘_ From the aconomicai MINI-T-PRO fo the powe-ful

TCD-1000, LEIGHTRONIX ofers an svent control'er
to fit you- autonaticn needs!

LEISr TRONIX
TS ;-I 6

Insist on professional event controllers
from LEIGHTRONIX!

MINI-T-PRO

Cantrd Fo- 16 VCRs
Internal € « ~ Switcher
5995

PRO-8 « Cenvol for 1@ VCFs o Interal 8 x 3 Swizter $2295

LEIGHTRONIX, INC. ;

2330 Janco Jrive, Holt, MI 48842 Ph (517) 694-8D00 = Fax (517) €94-160D wons, eightrenix.com




Digital Dynamo.

IKeEGamr’s HL-59 DiGmaL PROCESSING CAMERA

Ikegami’s HL-59 digital precessing CCD Camera with 16-bit
Digital Signal Processing (DSP) and 10-bit Analog-to-Digital
Processing represents a giant leap in digital fechnology.
Featuring newly developed Application Specific Integrated
Circuits (ASICs) and improved CCDs, the HL-59 means
exceptional quality, improved functionality and reduced
power consumption,

The HL-59 employs three 2/3" 520,000-pixel FIT CCDs,
which deliver over 850 TVL, and a S/N ratio of 62dB or
more. The camera is also available in a swifchable aspect
version—the HL-59W, with 2/3" 520,000-pixel FIT CCDs,
for instant switching between 4:3 and 16:9

The HL-59 is a frue field production camera, and can be
docked to a variety of 1/2” VCRs. Triax operation can be

T HE

PROFESS|

achieved, and a variety of control panels are available
including: Digital Remote Control, Digital Remote Set-up,
Maintenance Gontrol (with memory card) and a joystick
Operating Control Panel.

Popular Ikegami features, including “Fountain of Youth”
Skin Tone Detail with AHD (Auto Hue Detect), are digitally
generated along with Diagonal DTL, Slim DTL, DTL Boost
Frequency and Black Stretch. The HL-59 also features a
new high-performance viewfinder.

Production companies will enjoy the versatility and quality
of the HL-59, while rental houses will have more fo offer
their high-end customers: A Digital Dynamo. .. .the HL-59.

For more information, contact your Regional Sales Office
or the Ikegami dealer nearest you.

ONAL'S CHOICE

tkegami Electronics (USA.), Inc. 37 Brook Avenue, Maywood, NJ 07607 East Coast: (201) 3689171 =
West Coast: (310) 5340050 Southeast: (954) 7352203 Southwest: (972) 869-2363 Midwest: (630) 8349774 egaml
®



YOUR NEXT PRESENTATION
COULD PACK ANYTHING FROM A NICE PUNCH 2" GRT (1 vt e s

37" CRT (35" viewable image size).

Excellent Image quality and reliability
for groups from 3-20,

MuitiSync® MT™ Series LCD Projectors:
Lightweight and portable
for the truly mobile professional,

AE—

— ey

==

MultiSync® XG Series CRT Projectors:
Our most technically precise, versatile

TO A B I G W A |_ |_0 P_ projector for fixed installations.

You want your next presentation
o have impact? Well, you've got it.
NEC offers a complete range of
large screen displays, including
multimedia monitors, LCD projectors,
and CRT projection systems. We've
designed image systems to insure
maximum presentation impact for
wirtually any audience, any room,
or any lighting situation.

No matter which system fits
your needs, you will experience the
superior image quality inherent in
&ll NEC displays. And, naturally, you
can count on NEC’s reliability and
compatibility with nearly every
video and computer source.

Whether you just want to raise
eyebrows or completely blow doors
off, call 1-800-NEC-INFO. To receive
information via your fax machine,
call 1-800-366-0476.

SEE, HEAR AND FEEL THE DIFFERENCE.”

'_\;i§IT our new wgsite at http;'/www.nec.com. N EC
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The Time Machine is a new, tech-
nological break through product, which
reduces program time, to create commer-
cial insertion time. it is a self contained,
small 3U rack mountable unit which
requires no data compression.

The Time Machine is capable of
changing time without changing the
pitch (frequency) of the video or audio
programming. The Time Machine con-
sists of a main frame which houses the
memory and all of the electronics neces-
sary for control of the video and audio-
Time Machine storage. A maximum of

30 seconds of video and two channels of
time reduction audio is avallable.

“the TIME MACHINE"
features include:

e Edit down long programs

* Emergency news break with no
program loss

* Adjustable time reduction

e No data compression

e Fully digital

e Solid State

Prime
mage

The Digital Video People
19943 Via Escuela, Saratoga, CA 95070 Tel (408)867-6519 Fax (408)926-7294 Service (408)926-5177

Prime Image Europe

Grain House, Mill Court, Great Shelford, Cambridge CB2 5LD, UK Tel (44) 1223 518 802 Fax (44) 1223 518 810
CompuServe 100546,3053




VWHY IN THE WORLD WOULD YOU BUY ANOGTHER VTR...

F
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VWHEN YOU CAN RECORD IN SPACE ™

Pluto Technologies International Inc.

2511 S5TH STREET » BOULDER, €O 80301 » 303.402.9800
FAX: 303.541.9343 o HTTP://WWW.PLUTOTECH.COM



SPEC

SPEC

The TecNec Difference ﬁ

NEC

Steel Audio/Video
Breakout Boxes

Heavy DuTty !

Nickel Over Brass
Connectors

S

True 75C2 Design For
High Bandwidth Use

Patchadaps |

LR e 0
¢ IV W ®F w0l

27 Models

WINNER !

4 x 4 Video/Stereo Audio
Routing Switchers

vVB4X4YC

PowERFUL !

Broadcast Spec Distribution
Amps & Switchers

MDA-6 « VDA-6 * ADA-6

BroancasT !

1 x 20 Video/Stereo
Audio Distribution Amps

WorLp's FINEST !

Camera Cables for Sony, JVC,
Panasonic, Hitachi, lkegami

MDA-20S - MDA-20M

Flexible High Strength Design

ALWAYS

FLEXIBLE !

Mic Cables
Featuring Genuine

r

o

Swrilcheraff Connectors

INTUITIVE !

Precisicn Engineered
Cable Tester

Premium Neutrik Comnectors
& Active Electronics

DiGITAL !

BNC & RCA Video Cables
High Strength - High Flexibility

Nickel/Brass
Moldeddn Connectors

America’s Most Innovative Interface Manufacturer.
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WE’RE DELIVERING
IT ALL TOGETHER
FOR YOU

... bringing together
the finest minds in the

industry . ..

Grass Valley
Profile

LIGHTWORKS
NewStar

TV/COMMUNICATION
TEST PRODUCTS

Lightworks VIP4500

... building on
proven excellence,
outstanding custoigeSpport,
and ingeval#€ products . . .

>

¢ committing
to open standards and fully
integrated digital systems. ..

To bring you the best in news, on air,

on-the-go production systems and

test and measurement.

Dept. 606
Tektronix, Inc. / Grass Valley, Lightworks, and Profile are trademarks of Tektronix, Inc.

Grass Valley 4000 Series Switcher

Call your local Tektronix Business Partner
or call Tekironix at 1-800-547-8949

Tektronjx

http://www.tek.com/VND



VERTICAL RACKS DON'T
HAVE TO BE BORING

Rack buyers, bored with the same
old specs arz fincing new and
exciting features to think about with

Winsted’s New /4 X Racks

1) Mounting holes n top for eye-bolts.
2) Fully adjustatile rack rails.

3) Heavy-du:y w=lced construction.

4) 2-piece lift-off side panels.

5) Tapped rack ralls, fron: & rear.

6) Black textured leng-life finish.

7) Cable manag=mrent system.

8) Condult knock-outs, tgp & bottam.
9) Open top & bottom w/ElA rack ralls..
10) Two grounding tugs.

11) Venting tcp and bottor.

12) Racks meet strict EIA standards.
13) Independantly tested for strength.
14) 78-3/4" (45U) of usabl= rack space.

FOR A FREE 148 PAGE CATALCG DETAILING
Preferred b THE FULL WINSTED FURNITLRE LINE CALL:

Profession!ls Worldwide ™
| - = [ |
: 2 |
mlsted The Winsted Corporation
10901 Hampshire Av. So. - Minneapolis, MN 55438-238¢&

Fax: 800-_421-38355, 61. 2—944-1546 ; web site:aww.winsted.com - email. racks@winsted.com
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BRIADCAST ’ ? METALIZED
VER P&KS CAMERA

RAUNCOVERS
BETACAM

RAKS _ _ SFE! ]&A\LT{

304 U-MATIC
VLR PAKS

VHS/ESTA
HI-8 FAKS

GAF FE{YP.’-\.WS

CAMBRA PAKS » ﬂo
% MONIEGE PYKE

CAMERA . A =
RAIN - - ' C USTOM L2 ED

RAAKS
D

@I ERS

The Series 9600 Switchers are totally
modular, allowing customer-specified
configuration for Audio, Video, Y-C, RGB, or
TIMING ; e PR CAV; and easy upgradability as needs change.
R s ———_"] Available in sizes 16x16 through 128 x128.
—_— Standard feztures includ2 four levels of
3 I switching, RS-232/422 control, and Sigma’s
ENCODINS ] 5-Year Parts & Lakor Wa-ranty.

DECODINS

TRANSCODING  *

For more information
or your nearest Sigma dealex, contact:

Nandll
Z SIGIVIA ELECTRONIICS INC

1184 Enterprise Road, P.0. Box 448, East Petersburg, PA 17520-0448
Phone 717-569-2681, Fax 717-569-4056
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A/B Roll: Videotape editing arrangement where scenes on tape are
played alternately on VTRs A and B and recorded on VTR C. Typically,
the final output recorded on VTR C contains some scenes from VTR A
and some scenes from VTR B with transitions (cuts, mixes, wipes, etc.)
between the scenes.

Aberrations: Certain aberrations degrade the image formed by a lens.

Absorption Loss: In telecommunications, attenuation of the optical
signal within the fiber optic transmission medium. Usually specified in
terms of dB/km.

AC/DC Coupling: May also be called simply DC coupling. Coupling
between circuits which accommodates the passing of both AC and DC
signals.

Adaptive Multichannel Prediction: A method of audio, muitichannel
data reduction exploiting statistical interchannel dependencies.

Adaptive Segmentation: A subdivision of the digital representation of
an audio signal in variable segments of time.

Address: 1. A precise frame location on a videotape, usually identified by
a time code number. 2. A memory location or device identifier in
microprocessor and computer terminology.

ADSL: (Asymmetrical Digital Subscriber Line)—Technology that allows
video to be sent over the phone company’s twisted-pair copper wire to
the home. Depending on a customer’s distance from the central office,
data rates of 1.5, 3 or 6Mbps can be achieved. Supports a low data rate
return channel and concurrent unimpaired phone use while receiving
video.

AES/EBU: Digital audio standard established by the Audio Engineering
Society and European Broadcasting Union.

Aliasing: Undesirable ““beating’ effects caused by sampling frequencies
being too low to faithfully reproduce image detail. Examples are:
i) Temporal aliasing—e.g., wagon wheel spokes apparently reversing,
also movement judder seen in standards converters with insufficient
temporal filtering.

ii) Raster scan aliasing—twinkling effects on sharp horizontal lines.
Raster scan aliasing and its horizontal equivalent are often seen in
older digital effects devices as detailed images are compressed, due
to insufficient filtering. Aliasing is also often used to describe the
unpleasant stepped images if unfiltered angled lines are presented
upon the raster lines of a TV system.

See also: Anti-aliasing.

Amplitude: The magnitude of a signal in voltage or current. Frequently
expressed in terms of peak, peak-to-peak or RMS.

Analog: 1. The characteristic of varying continuously along a scale as
opposed to increasing or decreasing in fixed steps. Voltage, pressure,
speed, etc., are often measured in analog terms. 2. A continuously
variable system or device. Continuous tone film and a volume control on
an average radio or record player are analog.

Analog-to-Digital Converter: (ADC, A/D, A to D). A circuit that uses
digital sampling to convert an analog signal into a digital representation
of that signal.

ANSI: American National Standards Institute.

Anti-Aliasing: A procedure employed to eliminate or reduce, by
smoothing and filtering, the aliasing effects. Aliasing is a disturbing effect
created on a video image where vertical lines are too close together or
where high frequency information is concentrated in a limited area of
the screen (for example, from computer generated text and graphics)
creates “beating,” “crawling’’ and strobing interference.

See also: Aliasing.

Aperture: The opening of a lens which controls the amount of light
reaching the surface of the pickup device. The size of the aperture is
controlled by the iris adjustment. By increasing the f-stop number (f/1.4,
f/1.8, {/2.8, etc.) less light is permitted to pass to the pickup device.

GLOSSARY

APL: (Average Picture Level)—The average level of the active video
(portion of video between blanking pulses) expressed as a percentage or
in IRE. See also: IRE.

Archive: Long term off-line storage. In digital systems, pictures are
generally archived onto some form of hard disk, 4" magnetic tape,
floppy disk or 8mm cartridge.

Artifacts: Undesirable elements or defects in a video picture. These may
occur naturally in the video process and must be eliminated in order to
achieve a high quality picture. Most common are cross-color and
cross-luminance.

ASCIl: (American Standard Code for Information Interchange)—This is
the de facto world-wide standard for the code numbers used by
computers to represent all the upper and lower-case Latin letters,
numbers, punctuation, etc. There are 128 standard ASCII codes each of
which can be represented by a 7 digit binary number: 0000000 through
1111111,

Aspect Ratio: 1. The ratio of television picture width to height. In NTSC
and PAL video, the present standard is 4:3. 2. The ratio of wipe pattern
width to height.

Asynchronous: Lacking synchronization. In video, a signal is
asynchronous when its timing differs from that of the system reference
signal. A foreign video signal is asynchronous before it is treated by a
local frame synchronizer.

ATM: (Asynchronous Transfer Mode)—A transporting and switching
method in which information does not occur periodically with respect to
some reference such as a frame pattern.

Attenuator: A circuit that provides reduction of the amplitude of an
electrical signal without introducing appreciable phase or frequency
distortion.

Audio Bridge: In telecommunications, a device that mixes multiple
audio inputs and feeds back composite audio to each station, minus that
station’s input. Also known as a mix-minus audio system.

Audio-Follow-Video (AFV): An operational mode in which audio and
video switchers are tied together so when the operator selects the video
source, the audio simultaneously and automatically switches to the same
source.

Axis: Relating to digital picture manipulation, the X axis is a horizontal
line across the center of the screen, the Y axis is a vertical line and the Z
axis is in the third dimension, perpendicular to the X and Y axes and
indicating depth and distance.

B-picture: Bidirectionally Predictive-Coded Picture; an MPEG term for a
picture that is coded using motion compensated prediction from a past
and/or future reference picture.

Background Video: 1. Video that forms a background scene into which
a key may be inserted. 2. A solid color video output generated by the
background generator within a device, such as a production switcher, for
use as background video in key effects.

Back Light: A fixture that is often not properly applied or overlooked
completely. The main function of the back light is to separate the
individual subjects from the background while giving them depth and
dimension.

Back Porch: 1. The portion of a video signal that occurs during blanking
from the end of horizontal sync to the beginning of active video. 2. The
blanking signal portion which lies between the trailing edge of a
horizontal sync pulse and the trailing edge of the corresponding
blanking pulse. Color burst is located on the back porch.

Backward Compatibility: A new coding standard is backward
compatible with an existing coding standard if existing decoders
(designed to operate with the existing coding standard) are able to
continue to operate by decoding all or part of a bitstream produced
according to the new coding standard.
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Bandwidth: How much “stuff” you can send through a connection.
Usually measured in bits-per-second. A full page of English text is about
16,000 bits. A fast modem can move about 15,000 bits i one second.
Full-motion full-screen video would require roughly 10,000,000 bits
per second, depending on compression. See also: Bit, T-1.

Baseband: The frequency band occupied by the aggregate of the signals
used to modulate a carrier before they combine with the carrier in the
modulation process.

Baud: In common usage the “baud rate” of a modem is how many bits it
can send or receive per second. Technically “baud” is the number of
times per second that the carrier signal shifts value—so a 2400 bit

per second modem actually runs at 300 baud, but it moves 4 bits per
baud (4 x 300 = 1200 bits per second). See also: Bit, Modem.

BBS: (Bulletin Board System)—A computerized meeting and
announcement system that allows people to carry on discussions, upload
and download files, and make announcements without the people being
connected to the computer at the same time. There are many thousands
(millions?) of BBS’s around the world, most are very small, running on a
single IBM clone PC with 1 or 2 phone lines. Some are very large and the
line between a BBS and a system like CompuServe gets crossed at some
point, but it is not clearly drawn.

Bearding: Video distortion that appears as short black lines extending to
the right of bright objects within a scene.

BER: (Bit Error Rate)—The ratio of received bits that are in error relative
to the total number of bits received. Used as a measure of noise induced
distortion in a digital bit stream. BER is expressed as a power of 10. For
example, a 1 bit error in 1 million (10°) bits is a BER of 10-6.

Bias: Current or voltage applied to a circuit to set a reference operating
level for proper circuit performance, such as the high frequency bias
current applied to an audio recording head to improve linear
performance and reduce distortion.

Binary: A base 2 numbering system using the two digits 0 and 1 (as
opposed to ten digits {0-9] in the decimal system). In computer systems,
the binary digits are represented by two different voltages or currents,
one corresponding to zero and another corresponding to one. All
computer programs are executed in binary form.

Bipolar: A signal containing both positive-going and negative-going
amplitude. May also contain a zero amplitude state.

Bit: (Binary DiglT)—A single digit number in base-2, in other words,
either a 1 or a 0. The smallest unit of computerized data. Bandwidth is
usually measured in bits-per-second. See also: Bandwidth, Byte,
Kilobyte, and Megabyte.

Bitmap: A pixel-by-pixel description of an image. Each pixel is a separate
element. Also referred to as a raster image.

Bit Rate: Measured via Bytes (8-bits) per second (Bps) and bits per
second (bps). This digital equivalent of bandwidth is used to express the
rate at which the compressed bitstream is transmitted. The higher the bit
rate, the more information that can be carried.

Black also Color Black, Blackburst: 1. A composite color video signal.
The signal has composite sync, reference burst and a black video signal
which is usually at a level of 7.5 IRE (0.05V) above the blanking level.
2. Fade-to-black between scenes.

Blanking (BLKG): 1. The time period in which picture information is
shut off. Blanking is a voltage level which is at or below black picture
level and acts as a signal to turn off the scanning beam. Synchronizing
pulses which control invisible retrace of scanning are active during the
blanking period. 2. A standard signal from a sync generator used to
create blanking in video.

Blanking Level: 1. Also known as pedestal, the level of a video signal
which separates the range that contains the picture information from the
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range that contains the synchronizing information. 2. The level of the
front and back porches. Zero IEEE units.

Blooming: 1. The defocusing of regions of a picture where brightness is
excessive. 2. On video monitors, adjusting the white levels to the point
of leaving gray and becoming white.

BNC: (Bayonet Neill-Concelman)—A cable connector used extensively in
television and named for its inventor.

Bridge: 1. A type of network circuit used to match circuits to each other,
ensuring minimum transmission impairment. 2. To place one circuit
parallel to another.

Broadband: 1. Having an essentially uniform response over a wide range
of frequencies. 2. Capable of handling frequencies greater than those
required for high-grade voice communications (higher than 3 to 4kHz).

Buffer: 1. A circuit or component which isolates one electrical circuit
from another. 2. A digital storage device used to compensate for a
difference in the rate of flow of information or the time of occurrence of
events when transmitting information from one device to another. 3. In
telecommunications, a protective material used in cabling optical fiber to
cover and protect the fiber. The buffer material has no optical function.

Burst (Color Burst): Seven to nine cycles (NTSC) or ten cycles (PAL) of
subcarrier placed near the end of horizontal blanking to serve as the
phase (color) reference for the modulated color subcarrier. Burst serves
as the reference for establishing the picture color.

Burst Flag (BF): A pulse used to gate the color reference subcarrier
(burst) onto the back porch of each horizontal blanking interval. Also
called burst gate (BG).

Burst Vector: In composite video signals, the amplitude and angle of the
color reference signal.

Bus: in computer architecture, a path over which information travels
internally among various components of a system.

Bus Topology: 1. A conductor or group of conductors which provides
an electronic pathway between two or more devices. 2. In data
communications, a network in which stations are arranged along a linear
medium (e.g., a length of cable).

Byte: Unit of memory in a computer consisting of eight bits. Generally,
one byte expresses image intensity at one point (pixel) of an image in
one channel. It can also represent one letter, number or symbol in the
ASCIl code.

C-Band: A range of microwave frequencies, 3.7GHz-4.2GHz, commonly
used for satellite communications.

Cable Equalization: The process of altering the frequency response of a
video amplifier to compensate for high frequency losses in coaxial cable.

Cable Ready: In accordance with the Cable Act of 1992, the FCC issued
a new definition of “cable ready” in April, 1994 which included
standards for: a decoder interface connector, the ability to tune all
channels up to 1,002MHz and improved tuner performance and
shielding.

Candlepower: The unit measure of an incident light.

CAP: (Competitive Access Provider)—Companies which offer
telecommunication services to bypass the local phone company and tie
directly into a long distance carrier. Services are usually used by large
companies for high volume voice and data traffic. CAPs usually install
fiber in major metropolitan areas. Teleport, a large CAP company, is now
owned by Cox, TCI and other cable companies.

Capacitor: A device that stores electrical energy. It allows the apparent
flow of alternating current while blocking the flow of direct current. The
degree to which it allows AC current flow depends on the frequency of
the signal and the size of the capacitor. Capacitors are used in filters,
delay line components, couplers, frequency selectors, timing elements,
voltage transient suppression, etc.




Cardioid: A type of microphone with sound pickup characteristics
resembling a heart-shaped sphere. The cardioid microphone is used in
specific applications where a pickup characteristic of this kind is needed.

Carrier Wave: A single frequency wave which, when transmitted, is
modulated by another wave containing information.

CAV: (Component Analog Video)—A video format in which three
separate video signals represent luminance and color information. Each
signal consists of an analog voltage that varies with picture content. Also
called analog component.

CCD: (Charge Coupled Device)—A device that stores samples of analog
signals used in cameras and telecines as an optical scanning mechanism.
Advantages include good sensitivity in low light and absence of burn-in

and phosphor lag found in CRTs.

CCD Array: A device that mounts CCDs together to allow for the
capture of multiple pixels simultaneously. Currently, four megapixel CCD
arrays are in production. In such an array, 4,194,304 pixels of light can
be converted into digital values at the same instant.

CCD Color Scanner: An input scanner using a lens and a linear CCD
array to produce the scan raster. The array (one pixel wide by several
thousand long) is “stepped” sideways across the focal point of the lens,
each step producing one complete scan line signal.

CCiR 601: An international standard for component digital television that
was derived from the SMPTE RP125 and EBU 3246E standards. CCIR 601
defines the sampling systems, matrix values and filter characteristics for
both Y, Cr, Cb and RGB component digital television. it establishes a
4:2:2 sampling scheme at 13.5MHz for the luminance channel and
6.75MHz for the chrominance channels with eight-bit digitizing for each
channel. These sample frequencies were chosen because they work for
both 525-line 60Hz and 625-line 50Hz component video systems. The
term 4:2:2 refers to the ratio of the number of luminance channel
samples to the number of chrominance channel samples; for every four
luminance samples, the chrominance channels are each sampled twice.
The D1 digital videotape format conforms to CCIR 601.

CCIR 656: The international standard defining the electrical and
mechanical interfaces for digital television equipment operating
according to the CCIR 601 standard. CCIR 656 defines both the paralle!
and serial connector pinouts, as well as the blanking, sync and
multiplexing schemes used in both parallel and serial interfaces.

Character Generator: Reproduces recognized font styles from a
computer type keyboard. Usually provides muitiple screen storage and is
capable of background colorization from video display.

Checkerboard Assembly: In video editing, a nonsequential method of
auto assembly. The computerized editing system records and edits from
the videotape playback reels currently in use, leaving gaps that will be
filled later by subsequent reels. Also called B-mode assembly.

Chip: An integrated circuit in which all the components are
micro-fabricated on a tiny piece of silicon or similar material.

Chroma Crawi: An artifact of encoded video also known as dot crawl or
cross-luminance. Occurs in the video picture around the edges of highly
saturated colors as a continuous series of crawling dots and is a result of
color information being confused as luminance information by the
decoder circuits.

Chroma Gain (Chroma, Color, Saturation): In video, the gain of an
amplifier as it pertains to the intensity of colors in the active picture.

Chromakey (Color Key): A video key effect in which one video signal is
inserted in place of areas of a particular color in another video signal. For
example, a weatherman stands in front of a blue wall with a camera
focused on him. The camera signal feeds a chromakeyer which detects
the blue in the blue wall and replaces it with video from another camera,
such as video of a weather map. Thus, the finished key makes the
weatherman appear to be standing in front of the weather map.

GLOSSARY

Chromaticity: 1. The attribute of light combining hue and saturation,
independent of intensity. The color perceived is determined by the
relative proportions of the three primary colors. 2. The color quality of
light defined by wavelength and purity.

Chrominance: The color part of a signal relating to the hue and saturation,
but not to the brightness or luminance of the signal. For example, black,
gray and white have no chrominance, but any colored signal has both
chrominance and luminance. U,V: Cr,Cb: |,Q: (R-Y, B-Y) represent the
chrominance information of a signal. See also: Y.U.V. and Y.1.Q.

Chrominance-to-Luminance Intermodulation (Crosstalk,
Cross-Modulation): An undesirable change in luminance amplitude
caused by superimposition of some chrominance information on the
luminance signal. Appears in a TV picture as unwarranted brightness
variations caused by changes in color saturation levels.

Clamp, Clamping: The circuit or process that restores the DC
component of a signal. A video clamp circuit, usually triggered by
horizontal synchronizing pulses, re-establishes a fixed DC reference level
for the video signal. Some clamp circuits clamp sync tip to a fixed level
while others clamp back porch (blanking) to a fixed level. A major
benefit of a clamp is the removal of low frequency interference,
especially power line hum.

Clear Channel: A transmission path in which the full bandwidth is
available to the user.

Clip: 1. In keying, the trigger point or range of a key source signal where
the key or insert takes place. 2. The control that sets this action. To
produce a key signal from a video signal, a clip control on the keyer
control panel is used to set a threshold level to which the video signal is
compared. 3. In digital picture manipulators, a menu selection that
blanks portions of a manipulated image that leave one side of the screen
and “wrap” around to enter the other side of the screen.

Clipping Level: An electronic limit to avoid overdriving the audio or
video portion of the television signal.

C-Mount: A C-Mount is generally the standard mounting means for
attaching a lens to a camera. Normally, a C-Mount uses a 1"-32 thread.
With a C-Mount, the dimension from the banking shoulder of the lens
mounting thread to the image plane of the camera is 0.69" regardless of
the kind of lens used.

CODEC: (Code/Decode)—An encoder plus a decoder is an electronic
device that compresses and decompresses digital signals. CODECs
usually perform A to D and D to A conversion.

Color Difference Format: A video signal set that includes color
difference signals. Betacam and M, for example, are names of two
widely used color difference formats.

Color Difference Signal: A video color signal created by subtracting
luminance and/or color information from one of the primary color
signals (red, green or blue). In the Betacam color difference format, for
example, the luminance (Y) and color difference components (R-Y and
B-Y) are derived as follows:

Y=0.3 Red + 0.59 Green + 0.11 Blue
R-Y =0.7 Red - 0.59 Green - 0.11 Blue
B-Y =0.89 Blue - 0.59 Green - 0.3 Red

The G-Y color difference signai is not created because it can be
reconstructed from the other three signals. Other color difference
conventions include SMPTE, EBU-N10 and MII. Color difference signals
should not be referred to as component video signals. That term is
reserved for the RGB color components. In informal usage, the term
component video is often used to mean color difference signals.

Color Field: in the NTSC system, the color subcarrier is phase-iocked to
the line sync so that on each consecutive line, subcarrier phase is
changed 180° with respect to the sync pulses. In the PAL system, color
subcarrier phase moves 90° every frame. In NTSC this creates four
different field types, while in PAL there are eight. In order to make clean
edits, alignment of color field sequences from different sources is crucial.
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Color Frame: In color television, four (NTSC) or eight (PAL) properly
sequenced color fields compose one color frame.

Color Phase: The timing relationship in a video signal which is measured
in degrees and keeps the hue of a color signal correct.

Color Subcarrier: The 3.58MHz signal which carries color information.
This signal is superimposed on the luminance level. Amplitude of the
color subcarrier represents saturation and phase angle represents hue.

Color Temperature: Indicates the hue of the color. It is derived from
photography where the spectrum of colors is based upon a comparison
of the hues produced when a special metal body is heated from red
through yellow to blue, which is the hottest. Color temperature
measurements are expressed in Kelvin.

Comb Filter: An electrical filter circuit that passes a series of frequencies
and rejects the frequencies in between, producing a frequency response
similar to the teeth of a comb. Used on encoded video to select the
chrominance signal and reject the luminance signal, thereby reducing
cross-chrominance artifacts or conversely, to select the luminance signal
and reject the chrominance signal, thereby reducing cross-luminance
artifacts. Comb filtering successfully reduces artifacts, but may also cause
a certain amount of resolution loss in the picture.

Component: The normal interpretation of a component video signal is
one in which the luminance and chrominance are sent as separate
components, e.g., analog components in Mil and Betacam VTRs, digital
components YCRCB in CCIR 601. RGB is also a component signal.
Component video signals retain maximum bandwidth, unlike composite
systems.

Component Analog: An unencoded video signal consisting of three
primary color signals (RGB) that together convey all necessary picture
information.

Component Digital: A digital representation of component analog
signal set, most often Y, B-Y, R-Y. The encoding parameters are specified
by CCIR 601 (ITU-R BT.601).

Composite: A composite video signal is one in which the luminance and
chrominance information have been combined using one of the coding
standards: NTSC, PAL, SECAM, etc.

Composite Analog: An encoded video signal, such as NTSC or PAL
video, that includes horizontal and vertical synchronizing info.

Composite Digital: A digitally encoded video signal, such as NTSC or
PAL video, that includes horizontal and vertical synchronizing info.

Composite Sync: A signal consisting of horizontal sync pulses, vertical
sync pulses and equalizing pulses only, with a no-signal reference level.

Composite Video: A mixed signal comprised of the luminance (black
and white), chrominance (color), blanking pulses, sync pulses and color
burst.

Contrast: The range of light and dark values in a picture, or the ratio
between the maximum and the minimum brightness values. Low
contrast is shown mainly as shades of gray, while high contrast is shown
as blacks and whites with very little gray. It is also a TV monitor
adjustment which increases or decreases the level of contrast of a
televised picture.

Control Track Frame Pulse: A pulse laid down on videotape by a
videotape recorder to identify the frame locations. This enables the VTR
to lock-up correctly framed during playback.

Cross-Color: This defect manifests itself as spurious rainbow patterns on
highly textured objects like a striped shirt or tweed jacket. Cross-color
defect is attributed to the make-up of the NTSC signal which mixes the
high luminance and chrominance information in the same composite
baseband spectrum.

Crosstalk: 1. Undesired transmission of signals from one circuit into
another circuit in the same system. Usually caused by unintentional
capacitive (AC) coupling. 2. Signal interference from one part of a
videotape to another.
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CT/Continuous Tone: A picture file, also called a contone. CT files are
created by either scanning a picture into the system, or by generating a
CT image internally. Each pixel in a CT file uses one byte each for its red,
green and blue values, allowing up to 256 density levels per color and
more than 16 million different mixture colors.

Cyclorama Lights: Cyclorama lights are designed to create a smooth
lighting effect on a backdrop or cyclorama.

D1: A component digital videotape recording format that conforms to
the specifications set in the CCIR 601 standard.

D2: An eight-bit composite digital videotape recording format in which
the composite video signal is digitized by sampling it at the rate of four
times the frequency of subcarrier (4fsc). The 4fsc frequency in NTSC is
14.3MHz, and 17.7MHz in PAL.

D3: An unofficial term for a composite digital videotape recording
format invented by Panasonic.

D5: A component digital videotape recording format that conforms to
the specifications set in the CCIR 601 standard; Panasonic format.

D to A Converter (DAC): A device used to convert digital signals to
analog signals.

D-Picture: DC-coded Picture. A picture that is coded using only
information from itself (intra-field or intra-frame coded). Of the DCT
coefficients in the coded representation, only the DC-coefficients are
present. Proposed use is to enable viewable pictures in fast forward and
rewind.

DAT: (Digital Audio Tape)—A system developed initially for recording
and playback of digitized audio signals, maintaining signal quality equal
to that of a CD. Recent developments in hardware and software might
lead to a similar inexpensive system for video recording and playback.

Data Broadcasting: Use of NTSC TV signals to deliver high volume
digital data. Currently broadcasters use the VBI to carry low volume data.

Data Communications: 1. The movement of encoded information by
means of electronic transmission systems. 2. The transmission of data
from one point to another over communications channels.

Data Compression: A technique that provides for the transmission or
storage, without noticeable information loss, of fewer data bits than
were originally used when the data was created.

DAW: Digital Audio Workstation.

dB (decibel): A measure of voltage, current or power gain equal to o of
a Bel. Given by the equations 20 log V-out/V-in, 20 log (l-out/-in, or 10
log out) P-in.

DBS: (Direct Broadcast Satellite}—The provision of broadcasting from a
satellite directly to a consumer user, usually using a small aperture
antenna.

DCT: (Discrete Cosine Transform)—Mathematical algorithm which is
used to generate frequency representations of a block of video pixels.
The DCT is an invertible, discrete orthogonal transformation between
time and frequency domain. It can be either forward discrete cosine
transform (FDCT) or the inverse discrete cosine transform (IDCT).

DCT Coefficient: The amplitude of a specific cosine basis function.

Decoded Stream: The decoded reconstruction of a compressed
bitstream.

Decoder: A device used to recover the component signals from a
composite (encoded) source. Decoders are used in displays and in
various processing hardware where component signals are required from
a composite source, such as composite chromakeying of color correction
equipment, etc.

Decryptor: A descrambler or decoder designed to restore a scrambled
and encrypted signal to its original form.




Degauss: To demagnetize recording and playback heads and tape.

Delay Line: An artificial or real transmission line or equivalent device
designed to delay a wave or signal for a specific length of time.

Demodulator: TV demodulators strip the video and audio signals from
the carrier frequency. The composite video and audio can then be used
as any other video or audio feed for studio use.

Depth of Field: The front to back zone in a field of view which is in focus
in the televised scene. With a greater depth of field, more of the scene
(near to far) is in focus.

Dequantization: The process of rescaling the quantized DCT coefficients
after their representation in the bitstream has been decoded and before
they are presented to the inverse DCT.

Deserializer: A device that converts parallel digital information to serial.

Differential Gain: A change in subcarrier amplitude of a video signal
caused by a change in luminance level of the signal. The resulting TV
picture will show a change in color saturation caused by a simultaneous
change in picture brightness.

Differential Phase: 1. A change in the subcarrier phase of a video signal
caused by a change in the luminance level of the signal. 2. The hue of
colors in a scene change with the brightness of the scene.

Digital: Circuitry in which data carrying signals are restricted to either of
two voltage levels, corresponding to logic one or zero. A circuit which
has two stable states: high or low, on or off.

Digital Components: Component signals in which the values for each
pixel are represented by a set of numbers.

Digital Disc Recorder: A system mainly intended for post-production
purposes, allowing a person to record short scenes on a digital disc. The
advantages of this system for editing purposes are extremely fast access
to any point on the disc, elimination of dropout and very fast shuttle
speed back and forth. Several digital formats of data storage exist,
developed specifically for the disc recorder by the manufacturer without
a universal standard.

Digitizing Pad: A device that translates drawings from a tablet and
stylus to a digital video format.

Dispersion: The characteristic of a light-conducting medium that causes
the medium to transmit light of different frequencies at different
velocities. Dispersion causes the refractive index of a given medium to
vary as a function of wavelength. As it relates to optical fiber, this
property influences both the effective numerical aperture and the
bandwidth of an optical fiber.

Display Order: The order in which the decoded pictures should be
displayed. Normally this is the same order in which they were presented
at the input of the encoder.

Distortion: Changing the size of a file in a nonproportional manner. Also
known as “Anamorphic Scaling.”

Distribution Amplifier (DA): A device used to replicate an input signal
typically providing six outputs, each of which is identical to the input.
May also include delay and/or cable equalization capabilities.

Dither: A low level which is added to an analog signal prior to sampling.
Typically consists of the white noise of one quantizing level peak-to-peak
amplitude.

DLC: (Digital Loop Carrier)—Multiplexed digital circuits which deliver
digital information from a CO to an end user over a twisted-pair of
copper wire phone lines.

Dolby: A technique developed by Dolby™ Laboratories which improves
the signal-to-noise ratio of a recording by a nonlfinear raising of the
volume of specific frequencies in quiet passages before recording, and a
lowering to their original levels during playback. The fowering process
automatically reduces any noise that was introduced as a result of
recording or playback.

GLOSSARY

Domain Name: The unique name that identifies an Internet site.
Domain Names always have 2 or more parts, separated by dots. The part
on the left is the most specific, and the part on the right is the most
general. A given machine may have more than one Domain Name but a
given Domain Name points to only one machine. Usually, all of the
machines on a given network will have the same thing as the right-hand
portion of their Domain Names, e.g.

gateway.gbnetwork.com

mail.gbnetwork.com

www .gbnetwork.com
and so on. It is also possible for a Domain Name to exist but not be
connected to an actual machine. This is often done so that a group or
business can have an Internet e-mail address without having to establish
a real Internet site. In these cases, some real internet machine must
handie the mail on behalf of the listed Domain Name. See also: (P
Number.

Dot Pitch: The distance in millimeters between individual dots on a
monitor screen. The smaller the dot pitch the better, since it allows for
more potential dots to be displayed resuiting in better resolution.

Downlink: The communications path from a satellite to its ground
station, or from a transmitter to a studio.

Downstream Keyer: A keyer that inserts the key after the effects system
video output. This enables the key to remain on-air while the
background and effects keys are changed behind it.

DPI or DPM: Dots Per Inch (Pixels Per Inch) or Dots Per Millimeter. Can
either relate to pixels in an input file or line screen dots (halftone screen)
in a prepress output film.

DRAM: (Dynamic Random Access Memory)—DRAM has to be refreshed
at a periodic rate. See also: SRAM.

Drop-Frame Time Code: SMPTE time code format that continuously
counts 30 frames per second but drops two frames from the count every
minute except for every tenth minute (drops 108 frames every hour) to
maintain synchronization of time code with clock time. This is necessary
because the actual frame rate of NTSC video is 29.94 frames per second
rather than an even 30 frames. See also: Nondrop Frame Time Code.

Dropout: A momentary loss or deterioration of video or audio during
playback on a tape machine. Caused by momentary loss of tape contact
with the playback head or by flaws in the tape.

Ds0: (Digital Service, Level 0)—A standard for digital communications
channels in North America which communicate at 64Kbps.

DS1: A telephone company format for transmitting information digitally.
DS1 has a capacity of 24 voice circuits at a transmission speed of
1.544Mbps.

DS3: A telephone company format for transmitting information digitally.
DS3 has a capacity of 672 voice circuits at a transmission speed of
44.736Mbps.

Dubbing: Transcribing from one recording medium to another.
DVE: (Digital Video Effects)—A registered trademark of Nippon Electric
Company.

Dynamic Range: The difference between the smallest amount and the
largest amount that a system can represent. The dynamic range of an
EIM system is the difference between the lightest highlight and the
D-Max that the system can scan, manipulate and write.

Edit Code: A tape retrieved code added to original recorded material
utilizing a time structure—such as SMPTE time code.

EDL: Edit Decision List.

E-E Mode: This stands for “electronics to electronics” and is a VTR mode
in which the VTR processes the signals it would normally use during
recording, but does not actually record onto the tape.
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EEPROM: (Electrically Erasable Programmable Read-Only Memory)—A
type of memory chip that can hold data even when power is removed.
The memory can be erased electronically so new data can be stored.

ElA: Electronic Industries Association (formerly RMA or RETMA). The
organization that determines recommended audio and video standards
in the United States.

EIA Sync: RS-170 sync; the standard waveform for broadcast equipment
in the United States.

E-mail: (Electronic Mail)—Messages, usually text, sent from one person
to another via computer. E-mail can also be sent automatically to a large
number of addresses (Mailing List).

Encoded: The encoded video signal is formed by an RGB signal from the
color television camera. This RGB signal is then processed through an |
and Q encoder which converts the RGB into a composite NTSC signal.
The encoded signal has all of the elements of the composite video signal:
sync, burst, chroma and luminance.

Encoder: A device that superimposes electronic signal information on
other electronic signals.

Encryption: The rearrangement of the bit stream of a previously digitally
encoded signal in a systematic fashion to make the information
unrecognizable until restored upon receipt of the necessary authorization
key. This technique is used for securing information transmitted over a
communication channel with the intent of excluding all other than
authorized receivers from interpreting the message. Can be used for
voice, video and other communications signals.

Equalizer: 1. Equipment designed to compensate for loss and delay
frequency effects within a system. 2. A component or circuit which
allows for the adjustment of a signal across a given band.

Ethernet: A local area network used for connecting computers, printers,
workstations, terminals, etc., within the same building. Ethernet operates
over twisted wire and coaxial cable at speeds up to 10Mbps. Ethernet
specifies a CSMA/CD (Carrier Sense Multiple Access with Collision
Detection). CSMA/CD is a technique of sharing a common medium
(wire, coaxial cable) among several devices.

External Key: A video key that uses an external key signal (a signal
coming from a source outside the device in question) to cut the key hole
and a separate fill signal to fill the hole.

Fast Ethernet: Fast Ethernet runs at speeds up to 100Mbps on 100
BaseT [Category 5 UTP (Unshielded Twisted-Pair)]. See also Ethernet.

FDDI: FDDI is a 100 Mbps fiber optic LAN. It is an ANSI standard. It uses
a “counter-rotating” token ring topology, and is typically used as a
“backbone” LAN. FDDI's theoretical maximum is 170,000 pps (packets
per second).

Fiber Optic: A transmission designed to transmit signals in the form of
pulses of light. Fiber optic cable is noted for its properties of electrical
isolation and resistance to electrostatic and electromagnetic interference.

Field: 1. One-half of a television picture. 2. One complete vertical scan of
the picture, containing 262.5 lines. Two fields make up a complete
television picture (frame). The lines of Field 1 are vertically interlaced
with Field 2 for 525 lines of resolution.

Fill: In video keying, the fill is the video signal inserted into the ""hole”
cut in the background video by a key signal. See also: Key.

Film Recorder: A device for converting digital data into film output.
Continuous tone recorders produce color photographs as transparencies,
prints or negatives. Halftone recorders produce film with halftone dots
that can be used to make printing plates.

Fireware: See |EEE-1394.

FITL: (Fiber In The Loop)—Telco term for fiber deployment in the local
subscriber loop.
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Flash Memory: Nonvolatile, digital storage. Flash memory has slower
access than SRAM or DRAM.

Flat Bed Scanner: An optical scanner that moves the original image and
keeps the sensors (usually a CCD array) in place.

Flicker: An annoying picture distortion, mainly related to vertical syncs
and video fields display. Some flicker normally exists due to interlacing;
more apparent in 50Hz systems (PAL). Flicker also shows when static
images are displayed on the screen such as computer generated text
transferred to video. Poor digital image treatment, found in low quality
system converters (going from PAL to NTSC and vice versa), creates an
annoying flicker on the screen. There are several electronic methods to
minimize flicker.

Focal Length: The distance from the center of the lens to a plane at
which point a sharp image of an object viewed at an infinite distance
from the camera is produced. The focal length determines the size of the
image and the angle of the field of view seen by the camera through the
lens. That is the distance from the center of the lens to the pickup
device.

Forced Foreground: A feature of some keyers. Uses a mask to force key
fill video to appear wherever the mask occurs and completely inhibit
background video.

Format: In recording of video, C, U-Matic, Betacam, M, Betacam SP, Ml|,
D1, D2, D3, DS, Digital Betacam, Beta, VHS, Hi8, 8mm, S-VHS,
DVC PRO and digitals are all current formats.

Forward Compatible: A new coding standard is forward compatible
with an existing coding standard if new decoders (designed to operate
with the new coding standard) continue to be able to decode bitstreams
of the existing coding standard.

Frame: 1. The total area of the picture which is scanned while the
picture signal is not blanked. 2. A complete TV picture consisting of two
fields. A total scanning of all 525 lines of the raster area which occurs
every %o of a second (625 lines, % sec., in Europe and many other
countries).

Frame Buffer: Memory used to store a complete frame of video.
Frame Rate: The rate at which frames are being displayed.

Frame Relay: A type of fast packet switching technology with simplified
error detection capability. It requires more intelligence to reside in the
receiving terminal.

Frame Synchronizer: A digital buffer that, by storage and comparison of
sync information to a reference, and timed release of video signals, can
continuously adjust the signal for any timing errors.

Frequency: The number of complete cycles of a periodic waveform that
occur in a given length of time. Usually specified in cycles per second
(Hertz).

Frequency Modulation (FM): Modulation of a sine wave or “carrier”” by
varying its frequency in accordance with amplitude variations of the
modulating signal.

Fresnel Lens: A specially constructed lens that produces a soft-edged
concentration of light; used as a lens in a spotlight lamp housing.

Front Porch: The blanking signal portion which lies between the end of
the active picture information and the leading edge of horizontal sync.

FSN: (Full Service Network)—A switched digital network system that
combines voice, data and video delivery over a single “pipe.”

F-Stop: In lenses with adjustable irises, the maximum iris opening is
expressed as a ratio (focal length of the lens)/(maximum diameter of
aperture). This maximum iris will be engraved on the front ring of the
lens.




FTP: (File Transfer Protocol)}—A very common method of moving files
between two Internet sites. FTP is a special way to login to another
Internet site for the purpose of retrieving and/or sending files. There are
many Internet sites that have established publicly accessibie repositories
of material that can be obtained using FTP by logging on using the
account name “anonymous,” thus these sites are called “anonymous ftp
servers.

FTTC: (Fiber To The Curb)—Installation of optical fiber stopping just
short of the home.

Gain: Any increase or decrease in strength of an electrical signal. Gain is
measured in terms of decibels or number of times of magnification.

Gamma Correction: A process used with video and computer graphic’s
images to correct brightness and internal micro-contrast within the
image. Gamma correction allows a change of ratio between the
brightest red component of an image and the weakest red.

Gamut: The range of voltages aliowed for a video signal, or a
component of a video signal. Signal voltages outside of the range (i.e. ,
exceeding the gamut) may lead to clipping, crosstalk or other
distortions.

Gate: 1. A signal used to trigger the passage of other signals through a
circuit. 2. A digital logic device whose output state depends on the states
of the logic signals presented to its inputs.

Gateway: The technical meaning is a hardware or software set-up that
translates between two dissimilar protocols, for example Prodigy has a
gateway that translates between its internal, proprietary e-mail format
and Internet e-mail format. Another, sloppier meaning of gateway is to
describe any mechanism for providing access to another system, e.g.
AOL might be called a gateway to the Internet.

Gbps: (Gigabits per second) A billion bits per second.

General Purpose Interface (GPl): 1. A parallel interconnection scheme
that allows remote control of certain functions of a device. One wire per
function. 2. May also refer to any nonspecific interface between
equipment. Usually refers to a serial connection (RS-232 or RS-422
format) between computer modules.

Generations: The number of times a video clip is copied or processed. In
analog systems, extensive efforts are made to keep generations to a
minimum, since each copy or process adds noise and other artifacts.

Genlock: Genlock is a process of sync generator locking. This is usually
performed by introducing a composite video signal from a master source
to the subject sync generator. The generator to be locked has circuits to
isolate vertical drive, horizontal drive and subcarrier.

Geostationary Orbit: An orbital location of a communications satellite
fixed above the earth’s equator at 22,300 miles out. The satellite’s
position is constant relative to a point on the earth.

Ghost: A shadowy or weak image in the received picture, offset either to
the right or to the left of the primary image. It is the result of
transmission conditions where secondary signals are created and
received earlier or later than the primary signal caused by a reflected RF
signal.

GHz: (GigaHertz)—One billion cycles per second.

Gigabyte: Unit of computer memory consisting of about one thousand
million bytes (a thousand megabytes). Actual value is 1,073,741,824
bytes.

Gray Scale: A series of tones which range from true black to true white,
usually expressed in 10 steps.

Grid: A crosshatch of metal pipes for hanging lights in a studio.

Ground Loop: A condition when two or more paths to ground exist and
a voltage is induced unequally in these paths, causing interference, such
as hum, buzz or noise.

———
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GUI: (Graphic User Interface)—A computer software system that relies
on menus, icons, and a pointing device (mouse) for user interaction. The
foundation for the Macintosh™ personal computer and IBM PCs
operating with Microsoft Windows™ 3.0.

H Blanking Width: The width in terms of time occupied by horizontai
blanking. The period of time from the end of active video of one line to
the beginning of active video of the next line. During this time, the
electron beam in a camera or monitor is turned off as it returns or
retraces to the other side of the raster to begin a new scan.

HDTV: (High Definition Television}—The SMPTE in the USA and BTA in
Japan have proposed a high definition television product standard: 1125
lines at 60Hz field rate 2:1 interlace; 16:9 aspect ratio; 30MHz RGB and
luminance bandwidth; tri-level syncs.

Headend: The electronic equipment located at the start of a cable
television system, usually including antennas, earth stations,
preampilifiers, frequency converters, demodulators, moduiators and
related equipment.

Helical Scan: A method of recording video information on a tape, most
commonly used in home and professional VCRs.

Hi8: 8mm professional NTSC recording format.

Horizontal Drive or Horizontal Sync: This signal is derived by dividing
subcarrier by 227.5 and then doing some pulse shaping. The signal is used
by monitors and cameras to determine the start of each horizontal line.

Horizontal Resolution: Chrominance and luminance resolution (detail)
expressed horizontally across a picture tube. This is usually expressed as a
number of black to white transitions or lines that can be differentiated.
Limited by the bandwidth of the video signal or equipment.

Horizontal Retrace: At the end of each horizontal line of video, a brief
period when the scanning beam returns to the other side of the screen
to start a new line.

Horizontal Sync Puise: The synchronizing pulse at the end of each video
line that determines the start of horizontal retrace.

House Sync: Television sync generated within the studio and used as a
reference for generating and/or timing other video signals.

H Phase: 1. The horizontal phase relationship of one piece of equipment
to another for studio timing purposes. 2. The phase of horizontal sync in
relation to subcarrier. See also: SC/H Phase.

HTML: (HyperText Markup Language)—The coding language used to
create Hypertext documents for use on the World Wide Web. HTML looks
a lot like old-fashioned typesetting code, where you surround a block of
text with codes that indicate how it should appear. Additionally, in
HTML you can specify that a block of text, or a word, is “linked” to
another file on the Internet. HTML files are meant to be viewed using a
World Wide Web Client Program, such as Mosaic. See also: WWW.

Hue (Tint, Phase, Chroma Phase): One of the characteristics that
distinguishes one color from another. Hue defines color on the basis of
its position in the spectrum, i.e., whether red, blue, green or yellow, etc.
Hue is one of the 3 characteristics of television color: see also Saturation
and Luminance. In NTSC and PAL video signals, the hue information at
any particular point in the picture is conveyed by the corresponding
instantaneous phase of the active video subcarrier.

Humbucker: A circuit (often a coil) that introduces a small amount of
voltage at power line frequency into the video path to cancel unwanted
AC hum.

Hybrid Circuit: A circuit that looks very much like a subminiature printed
circuit board and is composed of a mix of thick film and surface
mounted components. Hybrids make possible improved performance,
extended reliability and economy of space. Use of hybrids permits design
of equipment such as entire processing amplifiers (GVG 7510 Series) on
single PC modules.
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Icon: In a Graphical User Interface (GUI), an on-screen symbol that
represents a program file, data file or some other computer entity or
function.

IEEE: Institute of Electrical and Electronic Engineers.

IEEE-1394: High-speed serial interface providing real time transfer of
video and audio data between devices such as digital video cameras and
VTRs to computer products. Designed to be the worldwide multimedia
connection for many digital products.

|IEEE Scale: A waveform monitor scale with the |IEEE standards and the
recommendations of the TV Broadcasters and Manufacturers for
coordination of Video Levels.

Impedance: The total of the resistive and reactive opposition, measured
in ohms, that a circuit presents to the flow of alternating current at a
given frequency.

Interactive: Involving the active participation of the user in directing the
flow of the computer or video program. A system that exchanges
information with the viewer, processing the viewer's input in order to
generate the appropriate response within the context of the program—
as opposed to a linear program in which the viewer passively watches
from beginning to end.

Interface: 1. To connect two or more components to each other so the
signal from one is supplied to the other(s). Feeding a signal between
units that run on different standards. 2. The place where two systems or
a major and a minor system meet and interact with each other.

Interlaced: Short for interlaced scanning. Also called line interlace. A
system of video scanning whereby the odd- and even-numbered lines of
a picture are transmitted consecutively as two separate interleaved fields.

Interlaced Scanning: A bandwidth reducing technique in which each
adjacent line of a complete picture (one frame) is transmitted, processed
and displayed in alternate fields.

Intermodulation Distortion: (IMD)—Distortion that results when two or
more pure tones produce new tones with frequencies representing the
sum and/or difference of the original tones and their harmonics.

Internet: The vast collection of inter-connected networks that all use the
TCP/IP protocols and that evolved from the ARPANET of the late 60s and
early 70s. The Internet now (July 1995) connects roughly 60,000
independent networks into a vast global internet. See also: Internet.

internet: Any time you connect 2 or more networks together, you have
an internet—as in inter-national or inter-state. See also: Network.

Interpolation: In digital video, the creation of new pixels in the image
by some method of averaging the values of neighboring pixels. This is

necessary when an image is digitally altered, such as when the image is
expanded or compressed.

10D: Information On Demand.

IP Number: Sometimes called a “dotted quad.” A unique number
consisting of 4 parts separated by dots, e.g. 165.113.245.2

Every machine that is on the Internet has a unique IP number—if a
machine does not have an IP number, it is not really on the Internet.
Most machines also have one or more Domain Names that are easier for
people to remember. See also: Domain Name, Internet.

IRC: (Internet Relay Chat)—Basically a huge multi-user live chat facility.
There are a number of major IRC servers worldwide which are linked to
each other. Anyone can create a “channel” and anything that anyone
types in a given channel is seen by all others in the channel. Private
channels can (and are) created for multi-person “conference calls.”

IRE: (Institute of Radio Engineers)—Units of measurement dividing the
area from the bottom of sync to peak white level into 140 equal units.
140 IRE equals 1V p-p. The range of active video is 100 IRE.

Iris: The amount of light transmitted through a lens is controlled by an
adjustable diaphragm, or iris, located in the lens barrel. The opening is
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referred to as the aperture, and the size of the aperture is controlled by
rotating the aperture control ring on the lens barrel. The graduations on
the lens barrel are expressed in terms of the focal length f of the lens
divided by the diameter of the aperture at that setting. This ratio is called
the f-number.

ISDN: (Integrated Services Digital Network)—Basically a way to move
more data over existing regular phone lines. ISDN is only slowly
becoming available in the USA, but where it is available it can provide
speeds of 64,000 bits-per-second over a regular phone line at almost the
same cost as a normal phone call.

ITV: (Interactive TV)-A service to allow viewers to interact with televised
programming. For example, a viewer could play along with a game
show, choose which camera to view during a sports event, or request
additional information from an advertiser.

Jitter: Small and rapid variations in a waveform due to mechanical
disturbances, changes in the characteristics of components, supply
voltages, imperfect synchronizing signals, circuits, etc.

JPEG: Standard of storage and retrieval of compressed still and video
images, as used in multimedia, video and computer graphics
applications. The standard is based on specific hardware and software
algorithms.

Kbps: (Kilobits Per Second)—Thousand bits per second.

Kelvin: Also expressed as Kelvins or K, the unit of measurement of the
temperature of light. In color recording, light temperature affects the
color values of the lights and the scene that they illuminate.

Key: 1. Also called key source or key cut. A signal that can be used to
electronically “’cut a hole” in a video picture to allow for insertion of
other elements such as text or another video image. The key signal is a
switching or gating signal for controlling a video mixer, which switches
or mixes between the background video and the inserted element.

2. The composite effect created by “cutting a hole” in one image and
inserting another image into the hole.

Key and Back Lights: Key and back lights provide the main source of
illumination on the subject from the front, side and rear. The most
important lighting fixtures in the studio, they must provide maximum
variety in beam shape and size and be easily adjusted to meet different
lighting requirements.

Key Frame: An effect that has been stored in memory, similar to a
snap-shot photograph. Individual key frames can be strung together to
create an overall key frame effect similar to animation.

Keying: The process of replacing part of one television image with video
from another image, i.e., chromakeying and insert keying.

K Factor: A specification rating method that gives a higher factor to
video disturbances that cause the most observable picture degradation.

kHz: (Kilohertz)—A thousand Hertz.

Kilobaud: A unit of measurement of data transmission speed equalling
1000 baud. See also: Baud.

Kilobyte: A thousand bytes. More precisely, 1024 (2'°) bytes. See also:
Byte, Bit.

LAN: (Local Area Network)}—A computer network limited to the
immediate area, usually the same building or floor of the building. See
also: Ethernet.

LASER: Stands for Light Amplification by Stimulated Emission of
Radiation. A device that utilizes the natural oscillations of atoms or
molecules between energy levels for generating coherent
electromagnetic radiation in the form of light waves generally in the
ultraviolet, visible or infrared regions of the spectrum.




Latency: Signal delays introduced due to end-to-end signal processes
(e.g., codec signal processing, protocol conversions, etc.).

Layering: Combining several video sources into an effect at one time.
Each layer of video can be cropped, keyed, sized, positioned or made
transparent to expose the source video of the next lower layer.

Legal Signal: A video signal in which each component remains within
the limits specified for the video signal format (i.e., does not exceed the
specified gamut for the current format).

Level: In MPEG, a level is a defined set of constraints on the values which
may be taken by the parameters of this specification within a particular
profile. A profile may contain one or more levels.

Level 1 Gateway: Video dial tone related term defined by the FCC. A
telco’s Level 1 Gateway service provides basic tariffed common carrier
service (including transport, switching and interconnection) between a
customer and a video programming service provider.

Level 2 Gateway: Video dial tone related term defined by the FCC. The
Level 2 Gateway is an optional telco video gateway offering enhanced
services which are not subject to tariff regulation. A telco cannot provide
its own video programming, but it can determine which video
programmers participate in its video dial tone gateway. Level 2 Gateway
may include premise equipment (e.g., set top box) as part of the service
offering to customers.

Light-Emitting Diode (LED): A junction device that emits light when
biased in the forward direction.

Linear Key: A luminance key effect in which the shaping of key source
edges is preserved to take full advantage of anti-aliased character
generators and digital video effects devices which generate shaped key
signals. A linear (input/output) key control signal from an external device
controls the muitiplier that is inserting the key.

Line Time Linear Distortion: An unwarranted change in video signal
amplitude that occurs in a time frame between one and 20ps. The resuit
is a gradual left-to-right shading of the TV picture.

Liquid Crystal Display (LCD): A screen for displaying text/graphics
based on a technology called liquid crystal, where minute currents
change the reflectiveness or transparency of the screen. The advantages
of LCD screens are: very small power consumption (can be easily battery
driven) and low price of mass-produced units. The disadvantages are:
narrow viewing angle, slow response (a bit too slow to be used for
video), invisibility in the dark unless the display is back lighted, and
difficulties displaying true colors with color LCD displays.

Local Loop/Local Subscriber Loop: Telecom circuit providing connectivity
between subscriber and the local central office switching center.

Looping: A term indicating that a high impedance device has been
permanently connected in parallel to a video source.

Loss Budget: 1. The amount of anticipated signal loss over a given fiber
optic path, including attenuation, connector loss, splice loss and other
losses. 2. The amount of signal loss fiber optic transmission equipment
can sustain before exceeding the operating specifications.

LTC: (Longitudinal Time Code)—Another expression for the SMPTE time
code signal recorded onto the third audio track of a videocassette tape.

Lumen: A measurement of light quantity, taken at the source of light
against a predetermined constant. Lumens per square foot equals
footcandles.

Luminance: The measurable, luminous intensity of a video signal.
Differentiated from brightness in that the latter is nonmeasurable and
sensory. The color video picture information contains two components:
luminance (brightness and contrast) and chrominance (hue and
saturation). The photometric quantity of light radiation.

Luminance Key: A key effect in which the portions of a key source that
are greater in luminance than the clip level cut a hole in the background
video.

GLOSSARY

Lux: A unit of measuring the intensity of light. (1 FC-10.76 lux).

MIl (M2), MIl Format: Second generation camera/recorder system
developed by Panasonic; also used for just the recorder or the
interconnect format. Ml uses a version of the (Y, R-Y, B Y) component
set.

MAC: (Multiplexed Analog Components)—A system in which the
components are time multiplexed into one channel using time domain
techniques, i.e., the components are kept separate by being sent at
different times through the same channel. There are many different MAC
formats and standards.

Mask: A temporary stencil restricting the action of various functions to a
selected area within the picture. Masks can be drawn manually (with a
stylus or mouse) or created automatically keyed to specific density levels
or hue values in the picture, similar to photographic lith masking in an
enlarger. In some systems the mask is also referred to as a feature.

Match-Frame Edit: An edit in which a scene already recorded on the
master is continued with no apparent interruption.

Matrix: A logical network configured in a rectangular array of
intersections of input/output leads. In routing switchers, a signal
switching frame configured such that any frame input may be selected at
any frame output. In a color television set or an encoded chromakeyer,
the section that combines the lJuminance and color signals and
transforms them into individual red, green and blue signals. In the TV
set, these signals are then applied to the picture-tube grids. In the
encoded chromakeyer, these signals are used to generate a chromakey.

Matte: A solid color signal that may be adjusted for chrominance, hue
and luminance. Matte is used to fill areas of keys and borders.

Matte Generator: A video generator that produces a solid color output,
which can be adjusted for hue, chroma and luminance.

MBps: (Megabytes Per Second)—A miillion bytes per second or 8 million
bits per second.

Mbps: (Megabits Per Second)—A million bits per second.

Megabyte: A million bytes. A thousand kilobytes. See also: Byte, Bit,
Kilobyte.

Megahertz (MHz): One million hertz.

Metal Tape: Tape using iron in its pure metallic form, instead of as an
oxide, and offering excellent frequency response and wide dynamic
range.

MEFM: (Multicarrier Frequency Modulation)—FM radio and TV are
examples of MFM.

Microsecond (uS): One millionth of a second. 1 x 10° or 0.000001 sec.

Microwave: Electromagnetic waves with frequencies above one GHz.
Used for line-of-sight, point-to-point or point-to-multipoint transmission
of signals.

Mix/Effects: (M/E)—A subsystem of a video production switcher where
a composite of two or more images can be created. Each M/E typically
includes crosspoint buses, keyer(s) and mixer.

MMDS: (Multipoint Multichannel Distribution Systems)—A video
delivery system that uses microwave radio channels to broadcast signals
over relatively small distances.

Modem: Modulator/demodulator. A device that uses frequency shift
keying to modulate a low rate digital signal onto a carrier suitable for
telephone line transmission. 1t can also receive low rate digital signals
by demodulating the received carrier.

Modulation: The process by which some characteristic (i.e., amplitude,
phase) of one RF wave is varied in accordance with another wave
(message signal).
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Moire: 1. A wavy or satiny effect produced by the convergence of lines.
It usually appears as a curving of the lines in the horizontal wedges of a
test pattern. It is a natural optical effect when converging lines in a
television picture are nearly parallel to the scanning lines. 2. Optical
disturbance caused by interference of similar frequencies.

Monochrome: Black-and-white video. A video signal that represents the
brightness values (luminance) in the picture, but not the color values
(chrominance).

Montage Effect: In digital picture manipulators, a recursive effect that
develops over time. A composite picture made up of several different key
frame pictures.

Mosaic Effect: In digital picture manipulators, an effect where the
picture seems to be made up of a number of small squares or tiles.

MPEG1: Standard (1991) for compressing (in principle) progressive
scanned images. Bit rate is 1.5 Mbps.

MPEG2: Standard for compression of progressive scanned and interlaced
video signals over a large range of compression rates with a range of bit
rates from 1.5 to 100 Mbps.

Muitiplex: 1. A technique for transmitting two or more signals at the
same time or on the same carrier frequency. 2. To combine two or more
electrical signals into a single composite signal.

Mulitiplexer: An optical system allowing a number of film and slide
projectors to feed video information into the same video camera.

Muitiscan Monitor: A monitor (mainly for computer uses) which
synchronizes to different sync frequencies, allowing the use of different
graphics formats on a single monitor, provided the proper graphics card
is used.

Muse: One kind of MUD—usually with little or no violence.

Musicam: MPEG1/MPEG2 sanctioned audio encoding system.

Nanometer: 1 x 10° meter. Used in telecommunications as a
measurement of signal wavelength.

Narrow Band: A narrow frequency band typically comparable to the
3KHz bandwidth of a telephone channel.

Network: Any time you connected 2 or more computers together so
that they can share resources you have a computer network. Connect 2
or more networks together and you have an internet. See also: Internet,
internet.

Newsgroups: The name for discussion groups on Usenet.

Node: Any single computer connected to a network. See also: Network,
Internet, internet.

Noise Gate: Sophisticated circuitry which discriminates between
unwanted low energy noise signals and the signal being processed.
Noise gates and automatic noise gates are integrated into high quality
processing devices.

Nondrop Frame Time Code (NTSC): SMPTE time code format that
continuously counts a full 30 frames per second. Because NTSC video
does not operate at exactly 30 frames per second, nondrop frame time
code will count 108 more frames in one hour than actually occur in the
NTSC video in one hour. The result is incorrect synchronization of time
code with clock time. Drop frame time code solves this problem by
skipping or dropping 2 frame numbers per minute, except at the tens of
the minute count.

Noninterlaced: The process of scanning whereby every line in the
picture is scanned during the vertical sweep.

Nonlinearity: The amount by which the measured output video signal,
subjected to any load within its capacity, differs from an ideally linear
output.
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Notch Filter: An arrangement of electronic components designed to
attenuate a specific frequency band. Also called a “’band stop filter.”

NTSC: (National Television Systems Committee}—Organization that
formulated standards for the NTSC television system. Now describes the
American system of color telecasting which is used mainly in North
America, Japan and parts of South America. NTSC television uses a
3.57945MHz subcarrier whose phase varies with the instantaneous hue
of the televised color and whose amplitude varies with the instantaneous
saturation of the color. NTSC employs 525 lines per frame and 59.94
fields per second.

NTSC Color Bars: A pattern generated by the NTSC Generator,
consisting of eight equal width color bars. Colors are white (75%), black
(7. 5% setup level), 75% saturated pure colors red, green, and blue, and
75% saturated hues of yellow, cyan, and magenta (mixtures of two
colors in 1:1 ratio without third color).

Numerical Aperture: A number that defines the light gathering ability
of a specific fiber. The numerical aperture is equal to the sine of the
maximum acceptance angle.

NVOD: (Near Video On Demand)—Transmission of a program such as a
movie at frequent intervals so that the wait time is minimized. The
availability simulates VOD although true VCR functionality such as pause,
fast forward, and rewind are not available. A pseudo-pause may be
offered by allowing the viewer to switch to the next closest scheduled
playing time if they wish to pause their viewing.

Off-Line Editing: Editing that is done using inexpensive, nonbroadcast
quality equipment to produce an edit decision list (EDL) which will be
used later for assembling a broadcast quality program using more
expensive, high quality equipment.

Ohm: The unit of resistance. The electrical resistance between two
points of a conductor where a constant difference of potential of 1V
applied between these points produces in the conductor a current of 1A,
the conductor not being the source of any electromotive force.

Online Editing: Final editing session in which the finished program
master is assembled from the original production material.

Online Storage: Storage of large amounts of digital data on devices that
are permanent parts of the network, thus permitting rapid retrieval of
the data. Magnetic discs that provide “random access” are usually used
for this purpose.

Optical Scanner: A device that analyzes the light reflected from or
transmitted through copy, art or film, and produces an electronic signal
proportional to the intensity of the light or color. The scanner converts
each picture element into a number.

Output Impedance: The impedance a device presents to its load. The
impedance measured at the output terminals of a transducer with the
load disconnected and all impressed driving forces taken as zero.

Overscan: A video monitor condition in which the raster extends slightly
beyond the physical edges of the CRT screen, cutting off the outer edges
of the picture.

P-picture: (Prediction-Coded Picture)}—An MPEG term to describe a
picture that is coded using motion compensated prediction from the
past reference picture.

Packet Switching: A type of data communications in which small
defined blocks of data, called packets, are independently transmitted
from point to point between source and destination, and reassembled
into proper sequence at the destination.

PAL: (Phase Alternate Line)—The name of the color television system in
which the Ey, component of burst is inverted in phase from one line to
the next in order to minimize hue errors that may occur in color
transmission. PAL-B (also called PAL-) is a European color TV system
featuring 625 lines per frame, 50 fields per second and a




4.43361875MHz subcarrier. Used mainly in Europe, China, Malaysia,

Australia, New Zealand, the Middle East and parts of Africa. PAL-M is a
Brazilian color TV system with phase alternation by line, but using 525
lines per frame, 60 fields per second and a 3.57561149MHz subcarrier.

Peak-to-Peak (p-p): The amplitude (voltage) difference between the
most positive and the most negative excursions (peaks) of an electrical
signal.

Pedestal: 1. In the video waveform, the signal level corresponding to
black. Also called setup. 2. A pulse (usually with a flat peak) that elevates
the base level of another waveform.

Perspective: A digital picture manipulator effect that modifies an
object’s shape in order to create the illusion of disappearing points.

Phase (Chroma Phase, Hue, Tint): The relative timing of a signal in
relation to another signal. If the time for one cycle of a signal is
represented as 360° along a time axis, the phase position for the second
signal is called phase angle expressed in degrees. The subcarrier phase of
TV colors can be adjusted and this changes the hue of the colors
themselves.

Phase Locked Loop (PLL): A circuit containing an oscillator whose
output phase or frequency locks onto and tracks the phase or frequency
of a reference input signal. To produce the locked condition, the circuit
detects any phase difference between the two signals and generates a
correction voltage that is applied to the oscillator to adjust its phase or
frequency.

Photo Multiplier (PM): A highly light-sensitive device. Advantages are
its fast response, good signal-to-noise ratio and wide dynamic range.
Disadvantages are fragility (vacuum tube), high voltage and sensitivity to
interference. PM scanners give higher resolution, better shadow and
highlight detail and faster productivity than other types. PMT/
Photo-multiplier tube technology is basically older vacuum tube
technology.

Pixel or Picture Element: The smallest visual unit that is handled in a
raster file, generally a single cell in a grid of numbers describing an
image (see Raster). In a component system, care should be taken to
define a pixel as each individual sample of luminance or chrominance or
“Picture Element.” “Square’ pixels result when an image is scanned with
equal resolution in both directions, i.e., the scanning frequency (number
of scan lines per inch}is equal to the sampling frequency (number of
samples per inch along the scan line). When scanning frequency is not
equal to sampling frequency, rectangular pixels result.

PLUGE (Black Set): Abbreviation for Picture Line-Up Generation
Equipment used for aligning monitors and other video devices. In some
versions of color bars, PLUGE is the black set at the bottom of the red bar
that contains bars that are blacker than black, black, and whiter than
black. Used to adjust monitor brightness by watching the PLUGE so that
the whiter than black bar is just visible and both the black and blacker
than black bars are no longer distinct.

PON: (Passive Optical Network)—Fiber in the loop technology for
splitting the signal strength of a laser transmitter to serve multiple photo
detector receivers.

POP: "Point of Presence” and “Post Office Protocol”. 1. “Point of
Presence” usually means a city or location where a network can be
connected to a second meaning. 2. “Post Office Protocol” refers to the
way e-mail software such as Eudora gets mail from a mail server.

Port: 1. A place where information goes into or out of a computer, or
both,. e.g. the “serial port” on a personal computer is where a modemn
would be connected. 2. On the Internet, “port” often refers to a number
that is part of a URL, appearing after a colon(:) right after the domain
name. Every service on an Internet server “listens” on a particular port
number on that server. Most services have a standard port number, e.g.
web servers normally listen on port 80. Services can also listen on
non-standard ports, in which case the port number must be specified

in a URL when accessing the server, so you might see a URL of the form:
gopher://peg. cwis.uci.edu:7000/ which shows a gopher server running
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on a non-standard port (the standard gopher port is 70).3. "Port” also
refers to translating a piece of software to bring it from one type of
computer system to another, e.g. to translate a Windows program run
on a Macintosh. See also: Domain Name, Modem, Server, URL.

Posterize, Posterization: A digital video effect where all possible colors
are converted to as few as 4 different colors, producing a poster effect.

POTS: Plain Old Telephone Service.

PPP: (Point to Point Protocol)—most well-known as a protocol that
allows a computer to use a regular telephone line and a modem to make
a TCP/IP connection and thus be really and truly on the internet. PPP is
gradually replacing SLIP for this purpose. See also: IP number, Internet,
SLIP, TCP/IP.

Preroll: A specific amount of time allowed for tape machines to run prior
to an edit in order to get them up to speed and synchronized for the
edit. In preparation for the edit, tapes are cued to a point ahead of the
edit point to provide a proper preroll. The amount of preroll required
varies with each type of VTR.

Preview Bus: A standard function on better quality video special effects
generators which allows the operator to select any of the video sources
attached to the device and to set up and preview all special effects prior
to actual use. The preview bus is operated through a series of switches
on the special effects generator, each of which is assigned to a specific
input. Each input signal can be previewed on its own monitor by
pressing the relevant switch. This is a rapid and effective method to
check work before going on the air.

Primary Colors: A small group of colors that, when combined, can
produce a broad spectrum of other colors. In television, red, green and
blue are the primary colors from which all other colors in the picture are
derived.

Program Bus: In video and audio switchers, a row of crosspoint
pushbuttons used to select the on-air video or audio background output
of the switcher or mix/effects. Also called program background bus.

Programmable General Purpose Interface (GP!): An interconnection
scheme (usually serial) that allows remote control of certain selectable
functions of a device by some other device that can be programmed to
select the desired functions.

PROM: Abbreviation for Programmable Read Only Memory. A ROM that
can be programmed by the equipment manufacturer (rather than the
PROM manufacturer).

Protocol: A specific set of rules, procedures or conventions relating to
format and timing of data transmission between two devices. A standard
procedure that two data devices must accept and use to be able to
understand each other. The protocols for data communications cover
such things as framing, error handling, transparency and line control.

Pulse: A current or voltage that changes abruptly from one value to
another and back to the original value in a finite length of time. Used to
describe one particular variation in a series of wave motions.

Pulse Distribution Amplifier: An amplifier designed to boost the
strength of the sync as well as other control signals to the proper level
for distribution to a number of cameras, special effects generators and
terminal equipment.

QAM: (Quadrature Amplitude Modulation)—Method for modulating
two carriers. The carriers can be analog or digital.

Quantizing: The process of sampling an analog waveform to convert its
voltage levels into digital data.

Radio Frequency: (RF)—A term used to describe incoming radio signals
to a receiver or outgoing signals from a radio transmitter (above 150Hz).
Even though they are not proper radio signals, TV signals are included in
this category.
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RAM: (Random Access Memory)—The part of a computer’s memory that
may be used for temporary storage of information, with data accessible
independent of position on the mass storage medium. This is the
computer’s "“work area.”” A higher RAM memory usually offers faster
image manipulation or faster background processing in high resolution
retouching systems.

Ramp: A video test signal that graduates from low luminance to high
luminance used to measure luminance linearity.

Raster: Pixel based image information file, in which the image is
expressed by a very fine grid of numerical brightness values. Each grid
cell, or pixel, is stored as a set of numbers for CMYK, RGB, or intensity,
hue and saturation values. Content of image, tint and hue are recorded
pixel by pixel in order of location.

Read-Before-Write: A feature of some videotape recorders that plays
back the video or audio signal off of tape before it reaches the record
heads, sends the signal to an external device for modification, and then
applies the modified signal to the record heads so that it can be
re-recorded onto the tape in its original position.

Reflected Light: The scene brightness or the light being reflected from
a scene. Usually it represents 5-95% of the incident light, and it is
expressed in footlamberts.

Registration: An adjustment associated with color sets and projection
TVs to ensure that the electron beams of the 3 primary colors of the
phosphor screen are hitting the proper color dots/stripes.

Repeater: 1. A receiver/transmitter that receives a signal from another
transmitter and relays (retransmits) it to another receiver or a receiver/
transmitter. 2. In fiber optics, a device that converts a received optical
signal to its electrical equivalent, reconstructs the source signal format,
amplifies and reconverts it to an optical output signal. The purpose is to
restore the light amplitude, compensating for normal loss in fiber.

Resolution: A measure of the ability of a camera or television system to
reproduce detail—the number of picture elements that can be
reproduced with good definition.

Retrace: The return of the electron beam in a CRT to the starting point
after scanning. During retrace, the beam is typically turned off. All of the
sync information is placed in this “invisible” portion of the video signal.
May refer to retrace after each horizontal line or after each vertical scan
(field).

RGB, RGB Format, RGB System: (Red, Green and Blue)—The basic
parallel component set in which a signal is used for each primary color;
or the related equipment or interconnect formats or standards. The same
signals may also be called “GBR” as a reminder of the mechanical
sequence of connections in the SMPTE interconnect standard.

Ring Topology: A network in which nodes are connected to a closed
loop with no terminators required because there are no unconnected
ends.

RIP: (Raster Image Processor)-—Used to convert vector images to raster
images in computers using both kinds of image files.

Rise Time: The time taken for a signal to make a transition from one
state to another; usually measured between the 10% and 90%
completion points of the transition. Shorter or “’faster” rise times require
more bandwidth in a transmission channel.

RMS: (Root Mean Squate)—A measure of effective (as opposed to peak)
voltage of an AC waveform. For a sine wave it is 0.707 times the peak
voltage. For any periodic waveform, it is the square root of the average
of the squares of the values through one cycle.

ROM: (Read Only Memory)—A memory device that is programmed only
once with a permanent program or data that cannot be erased.
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Router: A special-purpose computer (or software package) that handles
the connection between two or more networks. Routers spend all their
time looking at the destination addresses of the packets passing through
them and deciding which route to send them on. See also: Network,
Packet Switching.

Routing Switcher: An electronic device that routes a user-supplied signal
(audio, video, etc.) from any input to any user-selected output. Inputs
are called sources. Outputs are called destinations.

RP-125: An SMPTE parallel component digital video standard.

RS-170A: A document prepared by the Electronics Industries Association
describing recommended practices for NTSC color television signals in
the United States.

RS-232: A standard, single-ended (unbalanced) interconnection scheme
for serial data communications.

RS-2508B: In telecommunications, a transmission specification for NTSC
video and audio.

RS-422: A standard, balanced interconnection scheme for serial data
communications.

Safe Title Area: 80% of the TV screen, from the center of the screen;
that area of the display screen (and therefore of the camera scanning
area) which will reproduce legible title credits no matter how it is
adjusted.

Satellite Downlink: The communications path from a satellite to its
ground station.

Satellite Uplink: The communications path from a ground station to its
satellite.

Saturation (Chroma, Chroma Gain, Color): 1. The intensity of the
colors in the active picture. The voitage levels of the colors. The degree
by which the eye perceives a color as departing from a gray or white
scale of the same brightness. A 100% saturated color does not contain
any white; adding white reduces saturation. In NTSC and PAL video
signals, the color saturation at any particular instant in the picture is
conveyed by the corresponding instantaneous amplitude of the active
video subcarrier. 2. The point on the operational curve of an amplifier at
which an increase in input amplitude will no longer result in an increase
in amplitude at the output.

Scalability: Characteristic of a compression algorithm that permits the
decoding of subsets of the total stream. In the case of scalable video
decoding, the picture quality of the decoded subset is commensurate
with the amount of information bits that the subset carried. In MPEG,
the minimum subset that can be decoded is called the base layer. Each
of the other bitstreams in the set is called an enhancement layer.

Scanning: The rapid movement of the electron beam in a pickup device
of a camera or in the CRT of a television receiver. It is formatted in a
line-for-line manner across the photo sensitive surface which produces or
reproduces the video picture. When referred to a video surveillance field,
it is the panning or the horizontal camera motion.

SC/H Phase: (Subcarrier to Horizontal Phase)—In NTSC video, the phase
relationship of the subcarrier to the leading edge of horizontal sync.
SC/H phase is correct when the zero crossing of subcarrier is aligned
with the 50% point of the leading edge of sync. In PAL video, the SC/H
phase is defined as the phase of the E; component of the color burst
extrapolated to the half amplitude point of the leading edge of
synchronizing pulse of line 1 of field 1.

SCSI: Small Computer Systems Interface.

SECAM: Sequential Couleur Avec Memoire (sequential color with
memory). A color television system with 625 lines per frame and 50
fields per second developed by France and the U.S.S.R. Color difference
information is transmitted sequentially on alternate lines as an FM signal.




Sepia: A process used in photography to generate a brownish tone in
pictures, providing an “‘antique’’ appearance. The same idea has been
electronically adapted in video special effects generation. A color picture
or a black-and-white picture can be colored in sepia.

Sequential Assembly: In video editing, a sequential method of auto
assembly. The computerized editing system records all edits listed in the
edit decision list in order from first to last, requesting source tapes as
they are needed. Also called A-mode assembly.

Serial: Time-sequential transmission of data along a single wire.
Analogous to a railroad train, where each car (data bit) follows the other
in single file.

Serial Digital: Digital information that is transmitted in serial form. Often
used informally to refer to serial digital television signals.

Serial Interface: A digital communications interface in which data is
transmitted and received sequentially along a single wire or pair of wires.
Common serial interface standards are RS-232 and RS-422.

Serializer: A device that converts paralle! digital information to serial.

Serial Port: A computer I/O (Input/Output) port through which the
computer communicates with the external world. The standard serial
port is RS-232 based and allows bidirectional communication on a
relatively simple wire connection as data flows serially.

Server: A computer, or a software package, that provides a specific kind
of service to client software running on other computers. The term can
refer to a particular piece of software, such as a WWW server, or to the
machine on which the software is running, e.g. “Our mail server is down
today, that’s why e-mail isn’t getting out.” A single server machine could
have several different server software packages running on it, thus
providing many different services to clients on the network. See also:
Network, WWW.,

Setup (Black Reference, Black Level): 1. The specified base of the active
picture signal which is at reference black level. Called setup because it is
placed 7.5 IRE units above blanking (zero IRE) in NTSC video. 2. The
basic operating configuration of a system.

SGO: (Second Generation Original or Second Original)—Usually refers to
a film output made from a computer data file that represents image
quality as good as the original camera transparency or negative.

Sidebands: The frequency bands on both sides of a carrier within which
the energy produced by the process of modulation is carried.

Signal-to-Noise Ratio: (S/N)—A S/N ratio can be given for the
luminance signal, chrominance signal and audio signal. The S/N ratio is
the ratio of noise to actual total signal, and it shows how much higher
the signal level is than the level of noise. It is expressed in decibels (dB),
and the bigger the value is, the more crisp and clear the picture and
sound will be during playback.

Single-Mode Fiber: An optical glass fiber that consists of a core of very
small diameter (usually 2-10 microns) and a cladding approximately 20
times the thickness of the core. Such fibers are normally used only with
laser sources because of their very small acceptance cone. Since the cone
diameter approaches the wavelength of the source, only a single mode is
propagated.

Skewing: Due to loss or distortion of equalizing pulses and serrations
found mainly in muitigeneration videotapes, the upper third of the video
picture is “flagging” sidewise or skewing. To overcome the problem for
consumer equipment, the television is equipped with an ““A/V channel.”
Selecting this channel for VCR viewing purposes changes certain time
constants in the sync regeneration circuits, allowing viewing without
skewing. In the professional studio this problem is solved using a TBC.

SLIP: (Serial Line Internet Protocol)—A standard for using a regular
telephone line (a “serial line”) and a modem to connect a computer as a
real Internet site. SLIP is gradually being replaced by PPP. See also:
Internet, Modem, PPP.

SMPTE: Society of Motion Picture and Television Engineers.
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SMPTE Time Code: Time code that conforms to SMPTE standaras. It
consists of an 8-digit number specifying hours: minutes: seconds: frames.
Each number identifies one frame on a videotape. SMPTE time code may
be of either the drop-frame or non-drop frame type. in GVG editors, the
SMPTE time code mode enables the editor to read either drop-frame or
non-drop frame code from tape and perform calculations for either type
(also called mixed time code).

Snow: 1. Random noise on the display screen, often resulting from dirty
heads. 2. TV signal breakup caused by weak video reception.

Soft Edge Masking: A process used in image processing to increase the
apparent sharpness of an image. The computer analyzes the pixels and
makes soft edges of objects into sharp edges.

SONET: (Synchronous Optical NETwork)—A telecommunications
standard.

Spectral Bandwidth: In telecommunications, the spectral bandwidth for
single peak devices is the difference between the wavelengths at which
the radiant intensity is 50% (or 3dB) down from the maximum value.

Spectrum Analyzer: An instrument that measures the amplitudes of the
components of a complex waveform throughout the frequency range of
the waveform.

Split Edit: An edit in which the audio in-edit point is different from the
corresponding video in-edit point.

Split Screen: A special effect utilizing two or more cameras so that two
or more scenes are visible simultaneously on each part of the screen.

SRAM: (Static Random Access Memory)—SRAM does not have to be
refreshed so it can operate in standby mode resulting in lower power
consumption than DRAM. See also: DRAM.

Staircase: A pattern generated by the NTSC generator, consisting of
equal width luminance steps of 0, +20, +40, +60, +80, and + 100 |EEE
units and a constant amplitude chroma signal at color burst phase.
Chroma amplitude is selectable at 20 IEEE units (low stairs) or 40 |EEE
units (high stairs). The staircase pattern is useful for checking linearity of
luminance and chroma gain, differential gain and differential phase.

Standard, Interconnect Standard: The specific signal configuration,
reference pulses, voltage levels, etc. which describe the input/output
requirements for a particular type of equipment. Some standards have been
established by professional groups or government bodies (such as SMPTE or
EBU). Others are determined by equipment vendors and/or users.

Star Topology: A topology in which all phones or workstations are wired
directly to a CSU (Central Service Unit) or workstation that establishes,
maintains and breaks connections between workstations. (Phone switch,
hub, switching hub).

Start Bit: A bit preceding the group of bits representing a character used
to signal the arrival of the character in asynchronous transmission.

Stripe Filter: A chrominance tube system in which the target area of the
tube is divided into sequential stripes for RBG and Y, and can therefore
derive a color signal by using only one pickup tube.

Subcarrier: Also SC, 3.58, 3.58CW—This is the basic signal in all NTSC
sync signals. it is a continuous sine wave, usually generated and
distributed at 2V in amplitude, and having a frequency of 3.579545MHz.
Subcarrier is usually divided down from a primary crystal running at
14.318180MHz, and that divided by 4 is 3.579545. All other
synchronizing signals are directly divided down from subcarrier.

Subcarrier Phase Shifter: Special circuitry designed to control the phase
relationships of the two portions of the encoded color signal so they
maintain their correct relationship during recording, transmission and
reproduction.

S-Video: Superior Video, a widely accepted set of Y/C signals used to
connect video equipment, providing a higher quality signal free of the
cross luminance/color problems associated with composite video signals.
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Switcher: Term often used to describe a special effects generator, a unit
which allows the operator to switch between video camera signals.
Switchers are often used in industrial applications to switch between
video cameras monitoring certain areas for display on one monitor; these
kinds of switchers do not have sync generators.

Sync: The portion of an encoded video signal that occurs during
blanking and is used to synchronize the operation of cameras, monitors
and other equipment. Horizontal sync occurs within the blanking period
in each horizontal scanning line and vertical sync occurs within the
vertical blanking period.

Sync Generator (Sync Pulse Generator, SPG): Device that generates
synchronizing pulses needed by video source equipment to provide
proper equipment or studio timing. Pulses typically produced by a sync
generator include subcarrier, burst flag, sync, blanking, H & V drives,
color frame identification and color black.

T-1: A digital transmission link with a capacity of 1.544Mbps. Telephone
cameras may also offer fractional T-1 services. T-1 uses 2 pairs of normal
twisted wires. T-1 lines are used for connecting networks across remote
distances. Bridges and routers are used to connect LANs over T-1
networks.

T Channels: A series of standardized data channels, originally devised to
carry digital voice. includes the T1 and T3 channels.

T1 Channels: 1. In North America, a digital transmission channel
carrying data at a rate of 1.544 million bits per second. In Europe, a
digital transmission channel carrying data at a rate of 2.048 million bits
per second. 2. AT&T term for a digital carrier facility used to transmit a
DS-1 formatted digital signal at 1.544Mbps.

Teleconferencing: Electronically linked meeting conducted among
groups in separate geographic locations.

Teleprompting: Text shown on a television monitor to assist a
performer or speaker.

Terabyte: Billion bytes or 8 billion bits.

Terminal: A device that allows you to send commands to a computer
somewhere else. At a minimum, this usually means a keyboard and a
display screen and some simple circuitry. Usually you will use terminal
software in a personal computer—the software pretends to be
("emulates”) a physical terminal and allows you to type commands to a
computer somewhere else.

Terminate, Termination: To complete a circuit by connecting a resistive
load to it. A video termination is typically a male BNC connector which
contains a 75 ohm resistive load. When there are looping inputs, any
unused looping input must be terminated in 75 ohms to ensure proper
signal levels and to minimize reflections.

Test Pattern: Optical guide for TV camera reference alignment.

Texture Mapping: The ability of a digital picture manipulator to create
textured surfaces that can be applied to shapes.

TFT Screen: TFT stands for Thin-Film-Transistor. This technology is used
mainly for manufacturing flat computer and video screens that are
superior to the classic LCD screens. Color quality, fast response time and
resolution are excellent for video.

Time Base Error: Horizontal rate flutter of a video signal caused by tape
stretch and inherent imperfections in the tape transport mechanism of a
videotape recorder.

T3 Channels: In North America, a digital channel which communicates
X at 45.304 Mbps commonly referred to by its service designation of DS-3. Time Base Stability: The maintenance of the scanning process to very

Tally: 1. A lamp that lights to indicate that the associated video source is close tolerances.

in use. Typical locations of tally lamps are on the front of video cameras
and in the crosspoint pushbuttons of video switchers. 2. The

Time Code Editing: By recording a sequential time code along with the
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acknowledgement returned to the control panel or terminal that an
operation has been executed.

TBC: (Time Base Corrector)—This piece of equipment corrects the
timing irregularities that occur during VCR playback. Time base
correction is not necessary for direct playback from a VCR to a TV set.

TCM: (Time Compression Multiplexing)—A technique for video storage
in which chrominance information is compressed and time multiplexed
with the uncompressed luminance signal.

TCP/IP: (Transmission Control Protocol/Internet Protocol}—This is the
suite of protocols that defines the Internet. Originally designed for the
UNIX operating system, TCP/IP software is now available for every major
kind of computer operating system. To be truly on the Internet, your
computer must have TCP/IP software. See also: IP number, Internet,
UNIX.

TDM: (Time Division Multiplex)—A time-sharing of a transmission channel
by assigning each user a dedicated segment of each transmission cycle.

TDMA: (Time Division Multiple Access)—Uses TDM to allow multiple
signal originators to contend for access to use the transmission media.

Tearing: A lateral displacement of the video lines due to sync instability.
Visually it appears as though parts of the images have been torn away.

Telecine: A device mainly designed to convert film to video. The movie
film in advanced telecine machines is sampled digitally and converted to
video, frame after frame, in real time. One of the most popular digital
systems used in professional telecine machines is called ““flying-spot,”
allowing almost a transparent conversion to video. The main problem
encountered in film-to-video conversion is the frame rate. Movie film has a
frame rate of 18 or 24 frames per second, and neither the PAL nor NTSC
systems has a similar frame rate. In order to have a good conversion,
interpolation and other techniques are used in the telecine device.
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video and audio material, you can obtain a more precise reference for
editing. Each frame has its own number or code which tells the time in
hours, minutes, and seconds, and includes a frame number. The world
standard code is called SMPTE (Society of Motion Picture and Television
Engineers) and has also been adopted by the IEC (International
Electrotechnical Commission). Time codes permit very fast and accurate
editing. Automatic editing is possible under computer control.

Timeline: An effects control feature that enables the operator of a
switcher or digital picture manipulator to preprogram a series of timed
events, such as auto transitions, E-MEM recalls and GPI triggers, and
then replay them.

Token Ring (4/16Mbps): A ring type of LAN (Local Area Network) in
which a supervisory frame, or token, must be received by an attached
terminal or workstation before the terminal or workstation can start
transmitting. The workstation with the token ring then transmits and
uses the entire bandwidth of whatever communications media (shielded
or unshielded twisted-pair) the token ring is using. A token ring is a
baseband network. A token ring network can be wired as a circle or a
star, with all workstations wired to a central wiring center or multiple
wiring centers. The most common wiring scheme is called a star-wired
ring.

Topology: The geometric physical or electrical configuration describing
a local communications network—the shape or arrangement of the
system. The most common distribution system topologies are the bus,
ring and star.

T-Pulse to Bar: A term relating to frequency response of video
equipment. A video signal containing equal amplitude T-pulse and bar
portions is passed through the equipment and the relative amplitudes of
the T-pulse and bar are measured at the output. A loss of response is
indicated when one portion of the signal is lower in amplitude than the
other.




Tracking: The angle and speed at which the tape passes the video
heads.

Transcoder: A device that converts one form of encoded video to
another, e.g., to convert NTSC video to PAL. Sometimes mistakenly used
to mean translator.

Transducer: A device that converts one form of energy into another. For
example, in fiber optics, a device that converts light signals into electrical
signals.

Translator: A device used to convert one component set to another,
e.g., to convert Y, R-Y, B-Y signals to RGB signals.

Transponder: The electronics of a satellite that receives an uplinked
signal from the earth, amplifies it, converts it to a different frequency,
and returns it to the earth.

Triaxial: A connector comprised of three concentric conductors, an inner
conductor, intermediate conductor and outer conductor, separated by
dielectrics.

TTL: (Transistor-Transistor Logic)—A term used in digital electronics
mainly to describe the ability of a device or circuit to be connected
directly to the input or output of digital equipment. Such compatibility
eliminates the need for interfacing circuitry. TTL signals are usually
limited to two states, low and high, and are thus much more limited
than analog signals.

TVRO: (Television Receiver Only)—Consists of an antenna, a preamplifier
and a satellite receiver. Also refers to the C-band backyard earth station
user base.

Twinax: A connector which has two insulated inner contacts (male and
female) surrounded by a common ground.

Twisted-Pair: A cable composed of two small insulated conductors
twisted together. Since both wires have nearly equal exposure to any
interference, the differential noise is slight.

Unbalanced: 1. Frequently, a circuit having one side grounded. 2. A
circuit, the two sides of which are electrically different.

Underscan: Decreases raster size H and V so that all four edges of the
picture are visible on the monitor.

UNIX: A computer operating system (the basic software running on a
computer, underneath things like word processors and spreadsheets).
UNIX is designed to be used by many people at the same time (it is
“multi-user”) and has TCP/IP built-in. It is the most common operating
system for servers on the Internet. See also: Internet, Server, TCP/IP.

Upstream: 1. Placed ahead of other devices in a video signal path.

2. Describes the location of keyers in a mix/effects level or in the overall
switcher architecture. 3. Relates to the priority of the video signals as
they are combined through the video production switcher.

URL: (Uniform Resource Locator)—The standard way to give the address
of any resource on the Internet that is part of the World Wide Web
(WWW). A URL looks like this:

http://www.matisse.net/seminars.htmt

or telnet://well sf.ca.us

or news:new.newusers.questions, etc.

The most common way to use a URL is to enter into a WWW browser
program, such as Netscape, or Lynx. See also: WWW.

UTP: (Unshielded Twisted Pair Wiring)—A cable medium with one or
more pairs of twisted insulated copper conductors bound in a single
sheath. Now the most common method of bringing telephone and data
to the desktop.

Valid Signal: A video signal which will remain legal when transcoded to
any other format. A valid signal is always legal, but a legal signal is not
necessarily valid. Signals which are not valid will be processed without
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problems in their current format, but problems may be encountered if
the signal is transcoded to a new format.

Variable Bit Rate: Operation where the bit rate varies with time during
the decoding of a compressed bit stream.

Vector Image: An image system that uses basic geometric shapes like
rectangles, lines, circles, ellipses and polygons to create a graphic image.
The vector image usually contains very little data, like the starting point
(pixel) of the object, what kind of object it is, its size and color. When
the image is rasterized, the vector information is converted into a bitmap
using an RIP (Raster iImage Processor). Rescaling can be performed with
greater accuracy than with raster data. Also called “object oriented.”

Vectorscope: Round (green) oscilloscope to align amplitude and phase
of the 3 TV color signals (RGB).

Velocity of Propagation: Speed of signal transmission. In free space,
electromagnetic waves travel at the speed of light. In coaxial cables, this
speed is reduced due to the dielectric material. Commonly expressed as
percentage of the speed in free space.

Vertical Interval: The portion of the video signal that occurs between
the end of one field and the beginning of the next. During this time, the
electron beams in the cameras and monitors are turned off (invisible) so
that they can return from the bottom of the screen to the top to begin
another scan.

Vertical Interval Switching: When one video signal is replaced by
another, the switching process causes a random interruption in the first
video signal (which may be in the midst of a frame) and a random
entrance into the second video signal (also in the middle of a frame).
The result is a jump in the picture when the edited tape is played. This
situation is amplified when the tape is copied, and the disturbance on
playback is much more serious. To avoid this problem, switching is
performed at a very specific point—during the vertical blanking retrace
period—which is also known as the vertical interval. This allows complete
replacement of a whole frame by a second whole frame and the
switching process is very smooth.

Vertical Resolution: Chrominance and luminance detail expressed
vertically in the picture tube. Limited by the number of scan lines.

Vertical Retrace: The return of the electron beam to the top of a
television picture tube screen or a camera pickup device target at the
completion of the field scan.

Vertical Sync Pulse: A portion of the vertical blanking interval which is
made up of blanking level and 6 pulses (92% duty cycle at -40 {EEE
units) at twice the horizontal sync pulse repetition rate. Synchronizes
vertical scan of television receiver to composite video signal. Starts each
frame at same vertical position (sequential fields are offset 4 line to
achieve interlaced scan).

Vestigial Sideband Transmission: A system of transmission wherein the
sideband on one side of the carrier is transmitted only in part.

VGA: Video Graphics Array.

Video Bandwidth: The highest signal frequency that a specific video
signal can reach. The higher the video bandwidth, the better the quality
of the picture. A video recorder that can produce a very broad video
bandwidth generates a very detailed, high quality picture on the screen.
Video bandwidths used in studio work vary between 3MHz and 12MHz.

Video Distribution Amplifier: A special amplifier for strengthening the
video signal so that it can be supplied to a number of video monitors at
the same time.

Video Gain (White Level, White Bar, Reference White): The range of
light-to-dark values of the image which are proportional to the voltage
difference between the black and white voltage levels of the video signal.
Expressed on the waveform monitor by the voltage level of the whitest
whites in the active picture signal. Video gain is related to the contrast of
the video image.
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Videowall: A videowall is a large screen made up of several monitors
which are placed close to one another, so when viewed from a distance,
form a large video screen or “wall.”

Video Waveform: The pictorial display on a special oscilloscope of the
various components of the video signal, used to check the integrity of
the signal and signal components.

VITC: (Vertical Interval Time Code)—Contains the same information as
the SMPTE time code. It is superimposed onto the vertical blanking
interval, so that the correct time code can be read even when a helical
scanning VCR is in the pause or slow mode.

VITS: (Vertical Interval Test Signal)—A signal that may be included
during the vertical blanking interval to permit on-the-air testing of video
circuit functions and adjustments.

VOD: (Video On Demand)—A service which allows a user to view
whatever program they want whenever they want it with VCR-like
control capability such as pause, fast forward, and rewind.

VR: (Virtual Reality)—Computer generated images and audio which are
experienced through high-tech display and sensor systems and whose
imagery is under the control of a “viewer.”

VSB/AM: (Vestigial Sideband AM)—Amplitude modulation generates an
upper and a lower sideband. To save spectrum space, most of the lower
sideband in a TV signal is filtered out. The remaining, lower or vestigial,
sidebands (approximately 1.75MHz) are kept to avoid impairment of the
television signal.

WAN: Wide Area Network.
Waveform Monitor: Oscilloscope used to display the video waveform.

Wavelet: A particular class of filters that are used for signal
decomposition in sub-band coding based compression systems.

White Balance: An electronic process used in video cameras to retain
true colors.

Wideband: Large bandwidth, capable of carrying many TV signals and
large quantities of data; typically a signal of 6MHz.

Wow and Flutter: Wow refers to low frequency variations in pitch while
flutter refers to high frequency variations in pitch caused by variations in
the tape-to-head speed of a tape machine.
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Write: A function of copying a file from disc to tape. Also sometimes
used to describe the transfer of information from the internal computer
memory to a disc.

WWW: (World Wide Web)—1. (Loosely used) The whole constellation of
resources that can be accessed using Gopher, FTP, HTTP, teinet, Usenet,
WAIS and some other tools. 2. The universe of hypertext servers (HTTP
servers) which are the servers that allow text, graphics, sound files etc. to
be mixed together. See also: FTP, URL.

Y/C: A set of video signals that contain a separate Y, which is luminance,
and C, which is chroma. Usually the chroma is at 3.58MHgz, as in the
S-Video signal, but it can also be at 688kHz in the %" dub format.

Y, C1, C2: A generalized set of CAV signals: Y is the luminance signal, C1
is the first color difference signal and C2 is the second color difference
signal.

Y, 1, Q: The set of CAV signals specified for the NTSC system: Y is the
luminance signal, | is the first color difference signal and Q is the second
color difference signal.

Y, Pg,Pg: A versionof Y, R-Y, B-Y specified for the SMPTE analog
component standard.

Y, R-Y, B-Y: The general set of CAV signals used in the PAL system as
well as for some encoder and most decoder applications in NTSC
systems; Y is the luminance signal, R-Y is the first color difference signal
and B-Y is the second color difference signal.

Y, U, V: Luminance and color difference components for PAL systems;
Y, B-Y, R—with new names; the derivation from RGB is identical.

Z Axis: The Z axis is in the third dimension, perpendicular to the X and Y
axes and indicates depth. See also: Axis.

Zero Dispersion Point: In telecommunications, the wavelength where
material dispersion is minimal. With standard fiber optic cable, that
wavelength is 1310 nanometers.

Zero Suppression: In telecommunications, techniques that limit the
number of consecutive data zeros that may be transmitted. For DS1
without B82S, 15 data zeros is the maximum allowed.

Zoom Ratio: A mathematical expression of the two extremes of focal
length available on a particular zoom lens.




DVCPRO: NEXT
GENERATION VIDEO

DVCPRO is the component digital format breakthrough that is
changing news, production and professional video operations
across the country. Innovative DVCPRO products are full-featured
and competitively priced. Lightweight ENG and EFP camcorders,
studio editing and professional decks integrate easily into today’s
news systems, and exciting new products like the AJ-LT75 laptop
editing system and NewsBYTE nonlinear editing systems are
uniquely DVCPRO. It is a revolution in the making.

Based on the requirements of professional users, Panasonic
developed the robust DVCPRO format that improved on the
physical specifications defined by the DV consortium while
maintaining electronic and data compatibility. DVCPRO is a
“super-set” of DV, capitalizing on the developments of the DVC
consortium, which includes the world’s leading electronics
companies,

In order to ensure robustness, metal particle tape was selected as
the DVCPRO media. All of today’s professional tape formats use
well-proven, widely-accepted, cost-effective metal particle tape.
Metal particle tape accommodates analog recording for cue and
control tracks; not possible on metal evaporated. The control track
enables fast servo system lock-up and robust editing with short
pre-roll times. The DVCPRO cue track gives the user a third audio
channel (analog), yielding audio in high-speed search mode when
the digital audio is unrecoverable. These are necessary features for
many professional editing and post production applications.

In addition, since DVCPRO can also playback DV recordings on
metal evaporated tape, DVCPRO is downwardly compatible with
DV and DVCAM products.

Perhaps the most striking development is the playing time of
DVCPRO’s remarkably small, quarter-inch cassettes—a cassette the
size of an audio “compact” cassette holds more than four hours of
video. DVCPRO's large 123-minute cassette has a total data storage
capacity of 23 gigabytes! The 6.35mm video transport is
correspondingly compact, and this miniaturization of the media
and mechanism yields astonishing design potential as demonstrated
by the NewsBYTE nonlinear system. The DV transport mechanism in

Audio in Search / Shuttle
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NewsBYTE is about the size of a full-height 5.25-inch disk drive.
And NewsBYTE’s power and size requirements are such that it is
installed in a computer drive bay.

Equally revolutionary is the video quality, and hence the
compression scheme. Careful analysis of all the possible tradeoffs—
compression artifacts, motion, data rate, subjective picture
performance, robustness, multigeneration performance—produced
an optimum system with a hierarchy for standard and high
definition.

For standard definition the signal structure is digital component
4:1:1. In addition to the widely recognized benefit of component
transparency, by keeping the luminance component at the full
sample rate, picture resolution is the equal of studio formats like
D-1, D-5 or Digital Betacam. By reducing the chrominance
sampling rate to half the studio standard, the absolute data rate
was reduced but chroma detail remained better than NTSC or PAL.
This signal structure allows two significant advantages: The
compression system could operate intra-frame, i.e., there would be
no motion artifacts because each frame would stand on its own
(unlike MPEG, for example); and frame-accurate control and editing
would be facilitated. Note that DV automatically selects frame and
field mode compression depending on the amount of picture
change between fields, but never exceeds the one frame boundary.
Second, the compression ratio could be reduced to 5:1, assuring
that compression artifacts would be kept to a minimum and the
“payload” video data rate held to about 25Mb/s.

it cannot be overemphasized that the compression scheme is a
completely defined standard, agreed upon by the DVC consortium,
which now numbers 60 plus companies. It can be packaged in
several economical integrated circuits, making compact field
equipment like the AJ-LT75 laptop editor possible, and audio/video
file exchange is possible between equipment of various
manufacturers. DVCPRO compressed video and full bit audio can
be recorded in a portable file format on tape, disk and RAM.
DVCPRO browse/edit mode over ethernet and playout over

IEEE 1394 or serial digital interfaces makes it an extremely flexible
format for digital post-production and archiving.

Lower Esror Rates & Bettes Insert Edits

The Standard Provides Guard Bands
(G1, G2, G3) for Audio and
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DVCPRO Is An Open System

New and existing DVCPRO products reflect Panasonic’s
commitment to an “open systems” approach. To date, more than
28 industry companies have endorsed the use of DVCPRO for
digital video image acquisition with their own hardware and
software systems. Panasonic has announced the formation of a
DVCPRO Partners Program to support these companies, which
include industry leaders such as Avid Technology, Silicon Graphics,
Mercury Computer, and Truevision.

DVCPRO 50: Future-Ready 4:2:2 Format

Panasonic DVCPRO 50 is for those customers needing higher
video quality and improved chroma resolution for high-end
post-production, albeit at the price of increased tape consumption
and higher equipment cost. While the DVCPRO product line has
been broadened to make it even more affordable and broadly
applicable, users’ requests made the potential for a compatible
4:2:2 version clear. DVCPRO 50 has a 4:2:2 signal processing
platform, a data rate of 50Mb/s, 3.3:1 DV-based intra-frame
compression, and four 16-bit 48kHz uncompressed audio channels.
This is achieved by using dual sets of DV compression chips plus a
special parsing chip to allocate the video signal between the two
processing paths. The first 4:2:2 products will be marketed for the
high-end EFP arena, and for use as an acquisition tool for
component digital systems like D-5. They are the A)-D950, a
DVCPRO 50 VTR that is switchable between the original 25Mb/s
4:1:1 signal and the 50Mb/s 4:2:2 signal, and a companion
DVCPRO 50 camcorder, the A)-D900, that records 4:2:2 video in
4:3 or 16:9 aspect ratio.

By introducing a dual-standard VTR offering compatibility between
the two DVCPRO signal structures, Panasonic answers the demands

of those customers who need to migrate to 4:2:2, while providing a

natural upgrade path for those using 4:1:1 products. In addition,
one can clearly see the family relationship in the compression
hierarchy between DVCPRO and DVCPRO 50. Many users,
especially in Europe, have determined that 4:1:1 acquisition is fully
adequate so long as the post-production work is done in 4:2:2. This
use of a “higher format” for production is directly analogous to the
“bumping up” done traditionally in the analog world, but with
DVCPRO the files are completely compatible.

While DVCPRO is a perfect choice for most acquistion uses, a
compatible 4:2:2 alternative for high post-production is available.

DV 4:2:2 is the compression engine of DVCPRO 50, and it is finding
extensive application in the products developed by the DVCPRO
Partners for high-end nonlinear and server applications.

Conclusion

DVCPRO provides field acquisition, recording, production and
archiving equipment that utilizes the latest advances in technology
produced by the video and computer industries. The format
incorporates provisions for future systems integration, allowing
users to change and improve the fundamental production process.
With the critical assistance of the many DVCPRO Partners who are
participating in DVCPRO development work, Panasonic is
producing innovative, open systems solutions that offer higher
quality, more efficiencies and greater cost-containment than any
previous or current generation of video equipment. DVCPRO has
inspired the creativity and imagination of the video industry, and
we are confident that the format will provide broad video
production solutions well into the 21st century.

To learn more about DVCPRO, phone 1-800-524-0864 to obtain a
copy of a technical white paper. ...
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DVCAM TECHNOLOGY

Introduction

Sony’s new DVCAM™ Camcorders and VTRs are about to overturn
every previous notion of digital video cost/performance, features and
functionality. The capabilities are tremendous. Scenes marked “OK”
or “NG” in-camera. Hyperspeed digitizing. Digital picture quality that
lasts for generations.

To help you understand how these new products can do what they
do, Sony has prepared two documents. The first, entitled DVCAM
Basics, covers the DV format and the professional DVCAM format. You
have in your hands the second: DVCAM Technology. Here you’ll find
the inside story on the key features of Sony DVCAM equipment—
some features never seen before in video.

Integrated Acquisition and Editing

A traditional weakness of nonlinear editing systems is the need to first
load the video program onto the hard drive. This step, somewhat
misleadingly called “digitizing,” puts a hurdle in front of every
production. For a long-form program, digitizing can tie up a person—
not to mention an editing system—for hours of unproductive
make-work. With an all digital, totally integrated production system,
Sony doesn’t simply lower this barrier. Sony demolishes it. Sony’s
approach is completely new and unprecedented, integrating videotape
acquisition and nonlinear editing as never before. Two new features—
ClipLink™ Memory and up to 4X Real-Time Signal Transfer via
QSDI™—represent a breakthrough in the video production process.

ClipLink™ Operation

Thanks to Sony’s new ClipLink system, you can mark your scenes
"OK” or “NG” in-camera. And you can do it in the field, on-the-fly,
while you're still involved in shooting. The feature takes advantage of
the IC memory chip located on-board Sony DVCAM cassettes. The
following ClipLink Log Data is recorded for every scene:

. Mark In/Out (or Rec In/Out) Time Code
. Cue point Time Code

. OK/NG status

. Reel number

. Scene number

. Take number

Wb WN =

There’s more. For each scene, the ClipLink system records an Index
Picture onto a special area at the end of the tape. When the time
comes to transfer your DVCAM acquisition footage into Sony’s
EditStation™ System, these Index Pictures become available for
drag-and-drop editing.

With the DSR Series High-Speed Editing VTR connected to Sony’s
companion EditStation Editing System, all ClipLink Log Data,
including Index Pictures, is transferred first. Then your selected
footage can be transferred automatically—without tying up an
operator. Figure 1 shows how the ClipLink system connects
acquisition to editing.

More than any previous videotape recording feature, the Sony
ClipLink system blurs the age-old distinction between acquisition and
post production. It enables the shooter to accomplish important
editing functions in-camera, in the field. It speeds the transfer from
videotape to hard drive by enabling editors to automatically transfer
only the selected scenes. And it facilitates nonlinear editing on the
Sony EditStation system, by providing Index Pictures right off the
tape.

Courtesy of Sony Electronics Inc.
©Copyright 1996
Sony Electronics Inc.
Reprinted with permission.

Thanks to the ClipLink system, video productions can be edited faster,
with vastly increased efficiency and far less time wasted on the boring,
unproductive business of “digitizing.”
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(Figure 1: ClipLink Operation)

4X Real-Time Signal Transfer

The ClipLink system cuts down on the bulk of video you need to
transfer onto the editing system’s hard drive—eliminating the
out-takes and leaving only the selected scenes. Sony’s 4X Real-Time
Signal Transfer goes one step further. It cuts down on the time it
takes to import every one of your selected scenes. Previous nonlinear
editing systems employ real-time tape transfer, which hardly needs
explanation: one hour of video takes one hour to transfer. Sony’s 4X
real-time system accomplishes the seemingly impossible: a one-hour
shoot takes just 15 minutes to transfer!

t
-

{1 P L0 (12 S

CEN I a1 0| ) EXXED

PSS £ 636 1) 8 0 0 0

3 Ao of e cum b OV |
Y :

|DEME|

(Figure 2: High-Speed data transfer through QSDI interface)

The high-speed transfer takes place between the Sony DVCAM
High-Speed Editing VTR and the Sony EditStation Editing System.

The transfer uses the high-speed connection known as QSDI. Figure 2
shows the data structure of 4X Real-Time Signal Transfer over the
QSDI connection. Normal speed transfer requires one frame of data
for each 4 second time period (%s second in 625/50 countries). As
the figure shows, the QSDI interface has the capacity to carry four
frames of data during the same time period. It is important to note
that Sony’s EditStation System stores the video and audio on the hard
drive just as it is stored on a DVCAM VTR tape, therefore no
conversion or “digitizing” of the digital signal is required.
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Description Transfer Speed | Connector | Maximum Cable Length
SOt Broadcast standard serial interface for X1 BNC Up to 200m
Serial Digital Interface component {D-1)/composite {D-2) digital
{4:2:2 Processing) signals. {Uncompressed Video & Audio)
QSDI for DVCAM Serial Digital interface handling %" Digital X1 & High-Speed BNC Up to 200m
Professional Digital Compressed Video + Uncompressed Audio &
Interface (4:1:1 or 4:2:0 Data {Sub Code). It uses the same physical
Processing) layer as SDI.
DVI/O Serial Digital Interface handling %" Digital X1 Multi 4.5m
Consumer Digital Interface | Compressed Video + Uncompressed Audio &
{4:1:1 or 4:2:0 Processing) | Data {Sub Code) + VTR control.

(Table 1: Digital Interfaces)
QsDI

QSDI forms the connection that makes 4X Real-Time Signal Transfer
possible. It may sound new, but QSDI is based on SDI, the Serial
Digital Interface that is widely accepted in digital video production
facilities. In fact, SDI has been standardized as SMPTE 259M.

Compared to SDI, the QSDI interface uses the same coaxial cables
and the same ultra-reliable BNC connectors. The maximum data
transfer speed, 270 Mbps, is the same. So is the extra-long maximum
cable run: 200 meters (over 650'"). The QSDI interface can even use
the same routing switchers already found in today’s SDI facilities.
These benefits make QSDI an ideal transport medium for DVCAM
footage.

Table 1 shows a summary of digital interfaces that have been
developed for broadcast, professional and consumer applications.
Sony professional Digital DVCAM DSR Series equipment uses QSDI, as
indicated on the line “QSDI DVCAM Professional Digital Interface.”

Dockable Recorder

The first model in Sony’s new DSR Series is called the DSR-1 Dockable
Recorder in NTSC countries, the DSR-1P in PAL countries. We will
refer to the recorder here as the DSR-1/P. This digital video recorder
embodies breakthroughs in cost/performance, portability, durability,
features and systems design.

Index Picture Recording
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(Figure 3: Index Picture Storing)

As part of ClipLink operation, the DSR-1/P stores an Index Picture for
each recorded scene. The Index Pictures become the key ingredient in
easy, intuitive drag-and-drop editing on the Sony EditStation Editing
System. Each Index Picture is first stored in IC memory, either on the
Cassette Memory or on the Dockable Recorder itself. Then, before the
cassette is ejected, the Index Pictures are recorded onto the tape.
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Figure 3 shows the sample structure of the Index Picture. One video
frame is reduced to an Index Picture of 90 samples (H) times 60
samples (V) for the 525/60 system.
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(Figure 4: Recorded Pattern of Index Picture [NTSC])
Several Index Pictures can fit into the space of one video frame on the
tape. Figure 4 shows how 32 Index Pictures are recorded onto a
single frame in NTSC.
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(Figure 5: Recorded Pattern of Index Picture [PAL])

Figure 5 shows the corresponding picture configuration in PAL. For
the purposes of optimum DCT compression and decompression, each
Index Picture is separated by a band of gray. This makes the
high-frequency content of the total frame easier to handle.

The total capacity for Index Pictures depends on the specific recorder
and the size of the Cassette Memory. For example, using the DSR-1/P
and Sony consumer DV cassettes (4 kilobits of Cassette Memory)
yields 45 Index Pictures. In contrast, stepping up to Sony professional
DVCAM cassettes (16 kilobits of Cassette Memory) yields 198 Index
Pictures.




Dual-Cassette Mechanism

Professional VTR conventions dictate that when the tape format offers
small and large cassettes, the portable equipment will only accept the
small cassette. That's the way it was in Sony Betacam® camcorders,
plus portable U-matic® and D-2 VTRs. This is one more time-honored
tradition that the Sony DSR-1/P ignores. The capacity of the DVCAM
Standard-size cassette is huge: up to 184 minutes of video. Yet in
physical size, the DVCAM Standard cassette is not much bigger than
an 8mm videocassette. So it’s extremely well-suited to field
acquisition and portable recording. For this reason, Sony engineers
decided that the DSR-1/P should accommodate both DVCAM
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(Figure 6: Dual Cassette Mechanism)

Standard and Mini cassettes. Thus, the Sony DSR-1/P becomes the
first camcorder to accept two industry standard sizes of cassettes.
Figure 6 shows how the DSR-1/P mechanism adjusts for both cassette
sizes. The reel drive plates, Cassette Memory connector and ree! lock
arm shift within 0.3 seconds after you insert a cassette. The
adjustment is quick, convenient, and totally transparent to the user.

Compact and Lightweight

When you load a Standard DVCAM cassette into the DSR-1/P
Dockable Recorder, you tan enjoy up to three hours of recording
time. Yet the recorder still achieves remarkably small size and light
weight. In these categories, the DSR-1/P is comparable to Sony’s
highly acclaimed EVV-9000/P Hi8™ Dockable Recorder. To
accommodate the Standard DV cassette, the DSR-1/P is slightly
longer. But thanks to the magnesium body of the DSR-1/P, both
recorders weigh nearly the same.

Dual-Interface Mechanism

As a dockable recorder, it is important for the DSR-1/P to be
compatible with the wide range of existing docking cameras. That's
why Sony engineers gave the DSR-1/P the standard analog 50-pin
docking interface. But the DSR-1/P is also designed to work with a
new generation of DSP cameras, including the Sony DXC-D30. As a
result, the DSR-1/P also has a new, digital 76-pin docking interface.
The Sony DXC-D30 76-pin digital interface is a CCIR REC601 10-bit
Digital Component (4:2:2) signal. The analog and digital connectors
are mounted to a common panel that turns like a revolving door.

High-Speed Editing VTR

The second model in the Sony DSR Series is the DSR-85 Editing VTR
(NTSC version), also known as the DSR-85P (PAL version). We'll refer
to it here as the DSR-85/P. This remarkable deck has the mechanical
refinements that make 4X Real-Time Signal Transfer possible. It also
has the mechanical durability and robustness that mark it as a
full-blooded Sony professional VTR.

High-Speed Signal Recording

Given a format's track pattern on the tape, engineers have a wide
range of choices in designing a VTR capable of 4X playback speed.
Sony investigated different numbers of heads and different head
drum rotation speeds before deciding on the design of the DSR-85/P.

We could have kept the head number constant, and simply
quadrupled the drum speed (from 9,000 to 36,000 rpm). But we
quickly found that this was unrealistic both mechanically and
electronically. For example, the resulting transfer rate of 167.4 Mbps
was beyond the capacity of a single head pair.

Sony’s solution was to double the number of heads. The resulting
drum spins at half the standard speed (4,500 rpm) during normal
record/play. And it spins at twice the standard speed (18,000 rpm) for
4X record/play. Table 2 shows how the normal mechanism compares
with the high-speed mechanism.

X1 Normal High-Speed Editor
Speed
Model X1 Mode X4 Mode
Head 1 Pair 2 Pair
Drum Rotation
Speed 9000 rpm 4500 rpm 18000 rpm
Tape Speed X1 X1 X4

(Table 2: High-Speed Editor head pair and drum rotation)
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(Figure 7: Signal process for high-speed data transfer)

The mechanism was just one part of the solution. The electronics also
had to be redesigned to accommodate 4X Real-Time Signal Transfer.
Figure 7 compares normal speed playback (top) with high-speed
playback (bottom).

In normal speed playback, the new mechanism uses half the normal
drum rotation speed. Each head rotation takes twice as long, but two
tracks are traced at once. At 4X normal speed, four times the amount
of signal is decoded (or encoded) in parallel, using four
decoder/encoder ICs. After combining decoded signals through the
time division multiplexing process, the data are ready for
4X Real-Time Transfer through the QSDI interface.
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SPECIAL REPORT:
BETACAM SX

The Basics

The Betacam SX machines take advantage of much of the technology
developed for Digital Betacam. However, while Digital Betacam uses a
2:1 bit-rate reduction, Betacam SX has a more aggressive 10:1
compression ratio using the 4:2:2 Profile. The 4:2:2 Profile used in
Betacam SX is a part of the MPEG-2 4:2:2 Profile at Main Level. The
same compression algorithm is used throughout the SX product line
so there is no fear of having your video turn to mud due to different
algorithms. Digital component video (8-bit) is recorded and 507 lines
of active video are compressed. VBI information is preserved. Along
with video, four channels of uncompressed 16-bit/48kHz audio and
time code (LTC and VITC) can be recorded. The video compression
results in longer record times, thereby making the low-cost metal
particle tapes even more cost-effective. Small cassettes can record up
to 60 minutes, with large cassettes providing up to 184 minutes of
recording time.

Betacam SX studio decks have the added feature of built-in hard
drives. Recordings can be made on either tape or disk and from tape
to disk or disk to tape. Two 4GB drives offer 40 minutes of record
time (DNW-A45). For increased storage time, two 9GB drives offer 90
minutes (DNW-A50/A100). An external SCSI connection provides for
additional storage (of up to six hours) on external drives (from Sony).
To make the disk (and tape) recordings reasonably efficient, the video
data rate is held to 18Mb/s. However, internal bandwidth is much
wider, and transfer from tape to disk and back can be done four times
faster than real time (DNW-A100).

Beyond the Basics

The 18Mb/s data rate is an important design criteria within the
format. It is low enough to allow real-time transmission over a variety
of existing paths including analog microwave. Using the Sony
DSM-T1/R1 digital satellite modulator/demodulator, two 18Mb/s
signals can be sent in real time, or one signal can be transmitted at
2x real time. Using Sony Digital Data Interface (SDDI), signals can

be transmitted at 4x real time between Betacam SX recorders and
SX-compatible A/V servers.

The Betacam SX family of products includes studio decks, several
camcorders, a dockable VTR, portable field editor and a digital
satellite demodulator and modulator. The studio decks have internal
editing capabilities and in addition, studio editors will be available
soon.

Although the system is primarily designed for the fast-paced news
environment, it can serve a variety of production and on-air functions,
as well. Because it is backward compatible to Betacam, aging Betacam
decks can be replaced with little or no loss of functionality. The new
SX decks are not capable of dynamic tracking playback from tape, but
they can playback noiseless video from SX tape at jog or variable
speeds or from disk at speeds other than play speed. The venerable
BVW-75 protocol has been expanded for these new decks to provide
access to the additional capabilities of the disk drives.

With Betacam SX, Sony is hoping to provide broadcasters and video
professionals with a clear upgrade path from their current equipment
to a future that is likely to include widespread networks and video
servers. In many ways, the DNW-A100 hybrid recorder is an ideal
bridge. Tapes can be played from the deck directly into a server. The
deck provides the transport, control and conversion required to do
this in an automated and cost-effective fashion.
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By Steve Epstein

Non-Linear Editing On Tape?

Well, not really. Non-linear editing with tape is probably more
accurate. Tape equipment, despite its rugged reliability, has taken a
beating the past few years at the hands of non-linear desktop
proponents. Many of the blows have centered on the high cost of
maintaining tape machines.

A good deal of the cost is parts and labor for head replacement and
transport alignment. In the DNW series, head prices are significantly
lower, because the decks have no DT heads. Head replacement time
is reduced as many of the adjustments required after a head
replacement have been eliminated through the use of Sony's
Automatic Alignment System. The automatic system minimizes the
need for time-consuming manual equalization and servo system
adjustments.

In a stand-alone mode, the decks are capable of non-linear playback
from disk and editing direct from tape to disk. Editing from tape to
disk can be done in manual and automated batch modes. The batch
mode can be set up from the deck's front panel or simplified through
the use of the DLE-110 Live Editor. The editor is a desktop computer
that offers a GUI-based editing environment, much like many of
today's non-linear systems. However, thumbnails, rather than actual
video, are all that go through the system. This reduces the demands
on the editor and does not subject the video to additional
compression because of editor bandwidth constraints. The DNE-50
portable editor is based on an |BM laptop, and offers much of the
same capability in a compact package that can be easily taken on the
road.

Moving Toward the Future

Many stations are faced with moving their news and production
operations to digital. For example, CNN/SI recently purchased 29 of
the DNW-A50 hybrid recorders for use in a joint venture with Time
Warner. Plans call for the facility to use all-digital server technology
fed by hybrid VTRs. One of the factors that led to the decision was the
positive experience CNN had during the national political conventions
with Betacam SX camcorders and studio decks. WPIX, New York,
purchased the first DSM-T1/R1 digital satellite modulator/
demodulator for use in its SNG truck.

The transition to digital is a slow process that will take years, not days.
As this migration unfolds, it’s sometimes difficult to identify
long-range equipment goals while you're in the midst of rapidly
changing technology. Professional broadcast equipment is costly and
stations must use every piece of gear to its fullest potential. Because
of this, most equipment purchases need to be made in the context
of existing equipment and future needs. Technology that offers a
bridge between the two is sometimes easier to swallow than systems
that call for radical change. ...

Pl

Steve Epstein is a Broadcast Engineering Technical Editor.
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DIGITAL-S: A NEW
DIGITAL VIDEO TAPE
RECORDING SYSTEM

By Neil Neubert

DIGITAL-S VIDEO TAPE RECORDING FORMAT The figures that follow show a group of pixels in the upper left corner
of a video picture and illustrate the difference between 4:2:2, 4:1:1,
Recording System and 4:2:0 image sampling. The 4:2:2 method samples color
components “Cg” and “Cg” at every second luminance (“Y”) sample
"DIGITAL-S” employs the azimuth (+15°) recording system to on every horizontal scanning line as specified by the ITU-R BT.601-4
suppress crosstalk from adjacent tracks. A flying (rotary) erase head is Standard. The 4:1:1 and 4:2:0 methods halve the color component
incorporated to erase-and-record each segment and helical track samples of 4:2:2 and, therefore, significantly reduce color resolution
individually during editing to assure reliable, frame accurate insert and  and detail in the resulting picture. The resolution reduction resulting
assemble mode edit capability. from 4:1:1 and 4:2:0 color component sample elimination is readily

apparent when the following figures are viewed together on the
The modulation system uses S-INRZi/24-25 modulation with the PR4 page.
detection method. The required recording density is achieved utilizing
a track width of 20pm, a 2-bit length of .587um, and recording clock

frequency set at 49.5MHz. The error correction system employs a 4:2:2 Image Sampling Structure
double-encoded correction method using Reed-Solomon code. This Full 4:2:2 color component sub-sampling complies with ITU-R
format makes concealment of playback errors possible even when one  BT.601-4 and yields optimal color component resolution. Digital-S
of the heads malfunctions, as data can be interpolated using the and most other digital component VCRs use 4:2:2 sampling.
playback data of the previous frame from the other head. 720 Active Pixets per Line
Pt

The digital video signal, digital audio signals, and subcode (including - Pd2-->Px3-->Pd4-->Pxd5-->Puib-- >
system data) are written in the helical tracks recorded by the rotating
heads. Sectors are recorded in the order of: Video 0, Subcode, Audio @% ® @% ® (c% ® Line 1
1/3, Audio 4/2, Video 1. Edit gaps are provided between sectors to E
enable independent editing of each sector. :

e Ho&o& o

-aglmm Tape Direction - 57.8 mm/sec

i
Cue Audio 2 & ® & ® & ® Lipe
Cue Audio 1 4:2:2 Sampling of image Pixels v
Drum
Rotation 4:1:1 Image Sampling Structure

4500 RPM : o
. 4:1:1 color component sub-sampling results in reduced color

component resolution, half that of Digital-S and most other digital

component VCRs.
. 720 Active Pixets per Line
CTL Track Pixel 1
Column - »Pxi 2- - > Pl 3-- > Pxi4-- > Pxi§-- > Pxi6---»
= 526/80 - 10 Tracks/Frame (= | @% ® ® ®

Ll lJ UM 1

ro= 626/50 - 12 Tracks/Frame = @"% ® '
The system uses a two-track, parallel recording system with a pair of @% ® ® ©® @% ® Line 2

heads on each side of the drum, aligned exactly opposite each other :

(180°). v
C 2 ) CE) Line 3

One frame of video is recorded on 10 tracks for 525/60 systems, and ® ® © ® ,

12 tracks for 625/50 systems. The longitudinal tracks at the edges of 4:1:1 Sampling of image Pixeis v

the tape include two auxiliary (cue) audio tracks and a CTL (control

ulse) track for tracking function.
pulse) J 4:2:0 Image Sampling Structure

Signals Combining two interlaced fields for one video frame results in pairs of
lines possessing just one single color component. Vertical color
Digital-S applies 4:2:2 image sampling as specified in the [TU-R resolution is half that of Digital-S and most other digital component
BT.601-4 Standard and records the resulting 4:2:2 component VCRs.
digital video signals on video tape. Of the several color component 720 Active Pixels per Line
sub-sampling methods, experts acknowledge that 4:2:2 image S S Hoers T oaes oo S oo TIiooom
sampling is required to preserve the color component sharpness
and resolution necessary for the best digital component picture % ® % Q@ Smoena
quality, and especially for satisfactory performance of chromakey Sequontel Lines in upe
and other color resolution dependent post-production processes. @SD N toen
A foremost Digital-S design goal is excellent picture quality. ® @SD ® éD © =
Compromised image sampling to 4:1:1 or 4:2:0 was never even j‘
. - e i

a consideration for Digital-S! % ® % ® % ® ==

v

Bven

& ©& 0 o
v

4:2:0" image Pixel Sampling
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The active picture in the 525/60 system is 720 pixels by 480 lines,
and 720 pixels by 576 lines in the 625/50 system. For both systems,
the uncompressed 4:2:2 source data rate is approximately 166 Mbps.
The following equations show how this data rate is determined.

Y Luminance: 720 Pixels/Line x 482 Lines/Frame x 30 Frames/Sec x
8 Bits/Pixel = 83 Mbps

Cy Component: 360 Pixels/Line x 482 Lines/Frame x 30 Frames/Sec x
8 Bits/Pixel = 41.5 Mbps

Cg Component: 360 Pixels/Line x 482 Lines/Frame x 30 Frames/Sec x
8 Bits/Pixel = 41.5 Mbps

4:2:2 Total Bit Rate = 166 Mbps

The uncompressed 4:1:1 source data rate is approximately

124.5 Mbps. The source data rate is reduced, thus relieving the
burden of comptession, merely by discarding half of the color
component samples (and color detail and resolution in the picture).
Once discarded, the color detail information contained in the
discarded samples can never be recovered or accurately reconstructed
and reproduced. For example, a video data rate of 25 Mbps has been
compressed at a ratio of 6.6 to 1 when the source is 4:2:2 ITU-R
BT.601-4 component digital video (166 Mbps). Almost 42 Mbps is
eliminated in the conversion from 4:2:2 to 4:1:1 even before
compression is applied to the signal. With sample rate conversion
(reduction) applied as an initial “compression” process, the actual
DCT based compression process need only be a 5 to 1 compression
ratio.

Y Luminance: 720 Pixels/Line x 428 Lines/Frame x 30 Frames/Sec x
8 Bits/Pixel = 83.00 Mbps

Cr Component: 180 Pixels/Line x 428 Lines/Frame x 30 Frames/Sec x
8 Bits/Pixel = 20.75 Mbps

Cg Component: 180 Pixels/Line x 428 Lines/Frame x 30 Frames/Sec x
8 Bits/Pixel = 20.75 Mbps

4:1:1 Total Bit rate = 124.5 Mbps
Similar analysis can be applied to the 4:2:0 sampling model.

Digital-S does not eliminate color component samples from the 4:2:2
ITU-R BT.601-4 component digital video source signal. Digital-S
preserves all samples and color details through the entire
input/output and record/playback processes. Digital-S compresses the
4:2:2 signals directly, at a light compression ratio of only 3.3to 1, to a
50 Mbps video/audio data rate for recording on video tape. Digital-S
utilizes a DCT based intra-frame compression method. A “V AUX”
area for video ancillary data is also provided within the video data.

As a video tape recording format, Digital-S has the capacity to record
two or four channels of the highest quality audio, all sampled at
47kHz, and quantized linearly at 16 bits per sample. The digital audio
data is not compressed before recording on the video tape. While the
Digital-S format supports four full-perfformance PCM digital audio
channels, initial products will possess only two-channel PCM audio
capability. An “A AUX” area for audio ancillary data is also provided
within the audio data.

For editing purposes, two auxiliary (cue) audio signals can be
recorded on two longitudinal tracks located at one edge of the video
tape. These permit an editor to hear sound cues while the VCR is
moving the video tape at search and shuttle speeds. SMPTE/EBU Time
Code signals (VITC and LTC data) can be recorded in the subcode
data.
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Digital-S Video Tape Transport

The Digital-S tape transport is adapted from the same mechanisms
used in the most Professional S-VHS VCR’s. Many of the specifications
differ, however. Tape speed is set at 57.8mm/s, resuiting in a
maximum recording time of 104 minutes (124 minutes when used
with a thin-type tape that will be available in the future). Drum
rotation speed is 4500 rpm. The tracking servo is the same as that of
the Professional S-VHS system using the CTL signal (1 pulse per frame)
on a longitudinal video tape track as the reference signal. The table
on page 7 shows many of the tape transport specifications for 525/60
and 625/50 systems, and compares them to their S-VHS counterparts.

A foremost design goal for Digital-S is the realization of a very high
quality, but also a very economical digital video tape recording
system. Adaptation of the proven Professional S-VHS tape transport is
a major element for the realization of both very high quality and
economy. Complete design goals for the Digital-S tape transport
are as follows:

* Cost effectiveness
* Simultaneous record/playback function enabling pre-read editing

* Maintaining excellent tape track linearity over the full life of the
mechanism and head drum

* Good service life of the heads used with metal particle tape
* Backward compatibility for playback of S-VHS recordings (tape)

The following techniques are incorporated in the tape transport and
head drum to achieve the design goals listed above:

* Cost effectiveness is achieved by utilizing the proven tape transport
and mechanism used in the most Professional S-VHS VCR’s.

* The record and playback signal transmission lines from the heads are
divided and passed through both the lower and upper portion of
the drum to maintain sufficient isolation and enable pre-read
editing.

Tape pattern linearity is maintained for an extended period by use of
upper and lower sections of the drum made of an aluminum alloy
material with high silicone content. This greatly reduces wear and
minimizes tape path change. The new material is also used in the
tape guide flanges located at the drum entrance and exit to
minimize tape path change due to aging.

*

Long head service life is ensured, even with metal particle tape, by
use of a video tape cleaner to prevent particle accumulation that can
cause head wear. In addition, the relationship between heads has
been optimized for greater precision and the shape of the edges on
the rotating middle drum are refined for less wear.

*

Playback compatibility with S-VHS recorded tapes is maintained by
employing a rotating middle drum system. The upper and lower
sections of the drum are fixed and do not rotate. In addition, the
tape tension around the drum has been established at a level that is
optimized for both the Digital-S mode and the S-VHS mode.

Video Tape and Cassette

The video tape used in the Digital-S cassette is a high-density metal
particle tape similar to that used in the W-VHS HDTV system and
other modern digital video tape recorders. Appearance and
dimensions of the cassette are the same as those of VHS. However,
the cassette housing features a newly developed dust-proof structure
and a safety system to prevent loading it into conventional VHS and
S-VHS decks.




KEY DIGITAL-S TECHNOLOGIES

Bit Rate Reduction

Some items that must be considered in the selection and design of a
bit rate reduction technique are as follows:

* Picture quality

* Accommodation of all edit functions

* Full performance search and shuttle operation
* Compression efficiency

* Error handling and effect correction

The bit rate reduction technique selected for use in the Digital-S video
tape recording format is based on the widely used DCT (Discrete
Cosine Transform) compression method. Intra-frame compression was
chosen to achieve the best compression efficiency, and because frame
accurate editing is required for Digital-S.

Variable-Speed Playback

Digital-S can play back complete and noise-free forward and reverse
pictures over a great range of slow motion speeds between % normal
PB speed without the need to utilize moving PB head technology.
Variable-speed playback reads burst data picked up by the scanner
from the video tape that is moving at search speed. The burst data is
used to recompose the picture in much the same way as in an analog
VTR. Consequently, video signals from different frames are combined
to form single visible frames during variable speed playback. For the
best picture quality during search operation playback, the entire
image must be renewed from a series of data blocks very rapidly. This
is accomplished by dividing the picture into blocks and compressing
the data from each image unit block as fixed-length data. The
compressed lengths of data representing each image unit block are
combined sequentially, corresponding to the order that they were
scanned from the video tape tracks at variable speed, to make up a
single visible frame. This compressed data length is required to be
shorter than the burst length read from each track on the video tape.
Maximum search speed is limited by the condition that burst length is
longer than the compressed data length corresponding to each block.
The compressed data length for each image block is inversely
proportional to search speed, the shorter the compressed data length,
the faster the maximum possible search speed. Conversely,
compression efficiency is directly proportional to compressed data
length. As it becomes shorter, compression efficiency is reduced.

In digital VTR systems, the minimum decodable data unit is referred
to as a sync block. In the Digital-S format, compressed data length
corresponding to the minimum decodable data unit is kept as short as
possible, virtually the same as the sync block. Consequently,
jog/shuttle search functions in a manner similar to that of an analog
VTR. Data rate for the entire image is set at a sufficiently high level to
compensate for the reduced compression efficiency.

Error Handling and Correction

The process of video recording makes it impossible to avoid errors. Error
correction is essential if picture distortions and dropouts are to be
avoided. Digital-S employs the Reed-Solomon Product Code for
correction of errors typical of digital video recording and playback. Error
concealment using interpolation from data contained within the same
frame is extremely difficult to accomplish using DCT based compression
systems. Intra-frame compression permits, and Digital-S employs,
interpolation from previous and subsequent frames to conceal errors for
which the Reed-Solomon correction is not effective. In general, better
results are achieved from small interpolation blocks. These result in
minimum error propagation. Digital-S sets the interpolation block at
macro block size (almost the same as the sync block).

Summary—ABit Rate Reduction

Intra-frame compression was selected to achieve frame accurate
editing, and good error correction and concealment performance.
The compressed fixed-length unit is set at the shortest possible value
to yield good search speed operation and minimum error
propagation. Consequent compression data rate is set at 50 Mbps
which is an approximate ratio of 3.3 to 1. This results in excellent
picture quality for multi-generation dubbing, and 104 minute
recording capability with current Digital-S cassettes. New Digital-S
video tape and cassettes will yield full two-hour record/playback
capacity in the near future.

CONCLUSION

The Digital-S Video tape Recording Format was designed to satisfy the
requirements of a great variety of video recording applications. It is a
perfect complement and companion with professional analog
recording products and systems currently in service, and offered by
JVC Professional Products Company and others. Digital-S possesses,
however, exceptional features, performance, and specifications,

that will satisfy the video recording needs and requirements of
tele-producers, broadcasters, and video professionals alike. In
addition, Digital-S promises to satisfy all of these requirements at a
significant new level of economy, unknown to digital video tape
recording before now. ...
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DTV QUESTIONS
AND ANSWERS

I. How Does DTV Differ from NTSC?

A. NTSC is an analog service which was developed for the purpose
of broadcasting a single picture and sound program. As the
designation DTV (Digital Television) might imply, digital media
will provide viewers a whole host of new, user-friendly innovative
programming and viewing opportunities.

B. NTSC power levels are referenced to the peak of sync level. DTV
is referenced to an average power level which remains constant.
While there is a peak power requirement placed on the
transmission system, the actual peak level is statistically defined
and variable. It is generally understood that the minimum peak
to average level for the 8-VSB (8-level Vestigial Sideband)
modulation format of DTV is 6.4dB for 99.9% of the time.

C. DTV will employ an MPEG-2 transport stream to packetize and
multiplex digital video, digital audio and ancillary data over a
single 6MHz RF channel, at about 19.4Mb/s throughput.

Il. What is the Difference Between HDTV and

DTV?

A. HDTV (High Definition Television) is but one of the many
programming opportunities offered through DTV. HDTV is most
commonly associated with picture resolutions of 1920 pixels
horizontal and 1080 pixels vertically, giving an aspect ratio of 16:9.

B. DTV is capable of supporting HDTV and many other ATV
(Advanced Television) services as discussed below. This is possible
because of the MPEG (Motion Picture Expert Group) related
compression and various multiplexing methods.

11l. What Does DTV Offer for Services?

DTV can carry a varied mix of HDTV, SDTV (Standard Definition
Television), and many data related services. The limitation is the
data delivery rate that the ATSC standard will support (19.4Mb/s).
It is possible to offer these multiple capabilities on an opportunistic
or deterministic basis based on the data requirements for the
different service offerings. This means that at various points during
the broadcast day it will be possible to offer many unique blends of
available program content.

IV. Is the Service Area any Different than
NTSC?

One of the distinctive differences is that, unlike NTSC which slowly
degrades with the addition of noise (“snow”), DTV offers perfect
reception up to the limits of the service area. While this can be an
advantage, the potential problem is that viewers in marginal
receiving areas may get intermittent reception (known as the
“digital cliff effect”). Just where this may occur is the subject of
debate, and the ongoing support and experimentation of early
implementers should lead to an understanding of concerns and the
potential for resolution.

V. Is Anyone Broadcasting DTV Today?

There are several experimental stations operating. Only one comes
close to being a complete broadcasting facility. WHD-TV, “The
Model HDTV Station Project” hosted by NBC’s WRC-TV, is
broadcasting and receiving a variety of pre-recorded and live
program material. The Technical Committee of this project is in the
process of defining how to implement a meaningful plan that
meets the many varied needs of its membership.
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V1. When Will | be Required to Start DTV
Service?

A. The FCC adopted on April 3, 1997, and released on April 23,
1997, its SIXTH REPORT AND ORDER which contained a table of
channel and power level allotments. It is this set of allotments
which defines the starting point for the simulcast period. The
FCC issued at the same time the final version of the FIFTH
REPORT AND ORDER which put forth its general view of how
DTV services will be defined.

B. The broadcast industry is stating that it will be possible to cover
over 40% of the top markets within 24-30 months of the DTV
start date.

C. The FCC has ordered network affiliates in the top 10 markets to
begin transmitting digital signals by May 1, 1999. Affiliates in
the top 30 markets will have to be broadcasting digitally by
Nov. 1, 1999. Noncommercial (public) stations must have digital
transmissions by May 1, 2003. Every station, large and small, is
required to be digital by the same date in 2006.

VIl. What is Meant by “The Simulcast Period”
and How Long Will it Last?

A. The simulcast period refers to the time during which both NTSC
and DTV are “on-the-air”. Broadcasters will be issued a second
license and allowed the use of two channels during this period.
At the end of this period the NTSC channel will return to the
FCC.

B. While “simulcast” was initially understood to mean the providing
of the same programming content for NTSC and DTV, this is no
longer viewed as a requirement. NPRM #6 made specific
mention of broadcasters offering differing data and program
possibilities.

C. Until most recently the broadcast industry believed that the
simulcast period would last 10-15 years. What is being
increasingly discussed is a “compressed” implementation period
which will allow an early return of the NTSC channels. Under
this compressed implementation plan broadcasters may be asked
to convert to DTV over a transitional period lasting only 6-8
years.

VIIL. Will NTSC Television Sets be Able to

Receive a DTV Signal?

A. Special digital receivers (televisions) will be required for DTV
reception. While it is anticipated that full receivers will be to
market first, digital converters should follow in a short period of
time. These digital converters will not support true HDTV but will
allow many of the other DTV (multi-program and data)
capabilities to be accessed with an NTSC television.

IX. What is the Availability of DTV Receivers?

Latest industry estimates indicate that receiver manufacturers will
debut their first DTV consumer products in time for Christmas of
1998. Given that the industry is stating that a large portion of top
markets will have at least one DTV provider within 18-24 months of
the DTV start date, it is quite likely that the demand for DTV
receivers will grow quickly.




X. Will | Someday be Using My Computer to
Receive DTV?

A. There is a large part of the broadcast industry which believes
that early revenues may be derived from the offering of a diverse
combination of data services. These services could possibly be
offered by providing inexpensive PC cards/boards. Broadcasters
are developing an understanding of this new market opportunity
with the development of several NTSC based "datacasting”
technologies.

B. The concession which was reached between representatives of
the computer industry, filmmakers, consumer electronic
manufacturers and broadcasters in December of 1996 has set the
stage for anticipated computer interoperability.

XIl. Can an NTSC Transmitter be Used to
Broadcast DTV?

A. It may be possible to convert portions of many current
transmitter systems. These possibilities need to be weighed
against many factors. Some of the questions that must be
answered are:

1. Can the existing system provide NTSC on-air requirements
without one or more of the existing amplifiers?

2. Will the amplifier to be converted support the required
channel and power level?

XIl. What DTV Transmitter Technologies are

Competitively Available Now?

A. Transmitter Power Output (TPO) levels must first be determined.
To do so in the broad context for this discussion requires some
general assumptions. For UHF broadcasters it is reasonable to
assume an antenna/transmission line system gain of 20 (13dB).
This would be based on an antenna vertical gain of 30 (14.7dB)
and a transmission line efficiency of approximately 67% (loss of
1.7dB). (These values can obviously be defined for specific sites.)

B. DTV/ERP TPO Amplifier Technology
50kw 2.5kw Solid-State
100kW 5.0kw Solid-State/Tube
300kW 15kW Solid-State/Tube
500kwW 25kW Tube (I0T)
1,000kW 50kw Muitiple Tubes

C. For VHF DTV broadcasters the clear solution remains solid-state.
In most cases the requirements for VHF are well below 4kW DTV,
easily accommodated with present solid-state VHF technology.

XIll. What are Some Options for Antenna

Systems?

A. There are many possible solutions. In general, the major
limitation for antennas is in the vertical elevation characteristics.
Due to possible degradation of the radiated signal, vertical gains
should in general be limited to 14.7dB (gain factor of 30).
Center fed designs may be preferred for high elevation gains. As
well, it is a good practice to provide a good level of null fill to
ensure consistent elevation coverage. Azimuth (pattern gain)
requirements will be determined on specific directional needs,
much as they are matched to current coverage needs.

B. Some manufacturers offer “stacked” arrays which offer solutions
for top-mount antenna positions. Top-mount antenna positions
offer fewer coverage problems and are generally acknowledged
as the most desirable location.

C. Broader bandwidth slot antenna types offer some possible
solutions for stations where the allocation of the DTV channel is
adjacent to the existing NTSC channel. Details relative to
combiner techniques are under investigation but certainly offer a
real challenge for passive RF system designers.

X1V. Does DTV Provide an Advantage for the
Transmission of Motion Pictures?

The 16:9 format reflects a broad worldwide consensus as to the
best balance between resolution, bandwidth, receiver cost, and
compatibility with existing formats. Accommodating an 18:9
broadcast in a 16:9 transmission would require only very marginal
“letter-boxing” to present the whole picture, and as long as movies
continue to be produced in a variety of formats, letterboxing of
some will be a fact of life. The Motion Picture Association of
America (MPAA) was a party to the consensus on the 16:9 format
and continues to support it. ...
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DIGITAL VIDEO DISC:

THE COMING
REVOLUTION IN
CONSUMER ELECTRONICS

Executive Summary

Digital Video Disc (DVD) is the first video distribution medium
designed for digital video. The superior audio and video quality,
interactivity and distribution control incorporated in this new
medium will revolutionize video distribution in the US, Japan and
Europe. This White Paper describes the new format and the
technology behind it.

Introduction

Digital video changes everything.

From its inception, video has been recorded and transmitted as
analog electrical signals. While analog video transmitters and
receivers can be built inexpensively, analog video is very expensive
to transmit and store. Further, today’s powerful digital computers
cannot process analog signals, so analog information cannot be
easily sorted, searched or edited.

Digital video also dramatically increases transmission efficiency,
which means that communications networks, from the public
telephone system to coaxial cable television systems to
telecommunications satellites, will be able to carry from six to ten
times more channels of video programming than was possible
before, dramatically increasing consumer choice. The ability to
transmit video over the public switched telephone network will also
allow video conferencing, accelerating the work-at-home movement
that is changing the way we are all employed.

One of the first products to be based on digital video technology
will be the Digital Video Disc or DVD. These discs are the size of
today’s audio CD, yet hold up to 17 billion bytes of data, 26 times
the data on an audio CD.

Digital Video Disc, a Definition

Digital Video Disc (DVD) is a new media for the distribution of from
4.7 to 17 billion bytes of digital data on a 120mm (4.5 inch) disc.
This huge volume of data (today’s CD can store 680 million bytes of
data) can be used to store up to nine hours of studio quality video
and multichannel surround-sound audio, highly interactive
multimedia computer programs, 30 hours of CD-quality audio, or
anything else that can be represented as digital data.

A DVD looks like today’s CD: it is a silvery platter, 4.75 inches in
diameter, with a hole in the center. Like a CD, data is recorded on
the disc in a spiral trail of tiny pits, and the discs are read using a
laser beam. The DVD’s larger capacity is achieved by making the
pits smaller and the spiral tighter, and by recording the data in as
many as four layers, two on each side of the disc. Figure 1
compares the pit size of audio CD to that of DVD.
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Figure 1. CD and DVD Feature Sizes

To read these tightly packed discs, lasers that produce a shorter
wavelength beam of light are required, as are more accurate aiming
and focusing mechanisms. In fact, the focusing mechanism is the
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technology that allows data to be recorded on two layers. To read
the second layer, the reader simply focuses the laser a little deeper
into the disc, where the second layer of data is recorded.

Not only are 2-layer discs possible, but so are double-sided discs.
The availability of four layers is what gives DVD its 17 gigabyte
capacity. However, since a 135-minute movie fits on a single DVD
layer, single-layer DVDs will be the most common. Table 1
summarizes the differences between the audio CD and DVD
formats.

Table 1. Comparing DVD and CD Characterics

DVD cD
Diameter 120mm 120mm
Thickness 0.6mm 1.2mm
Track Pitch 0.74nm 1.6nm
Minimum Pit Length 0.40nm 0.834nm
Laser Wavelength 640nm 780nm
Data Capacity (per layer) 4.7GB 0.68GB
Layers 1,2, 4 1

Digital Video Disc for Movies

While any kind of digital data can be distributed on a DVD, the first
application of this new media will be movie distribution for sale and
rental. As a movie medium, DVD has many advantages over today’s
VHS tape and laser disc.

The first advantage is quality. The video from a DVD is excellent:
sharp and clear, with saturated color. And the multichannel audio is
of theater quality.

The First Wide-Screen Video Format

DVD will be the first medium to present movies in wide-screen
format. When television was developed in the 1930s, a movie
picture was mostly square: four units wide and three high.
Television screens were sized to match this ratio, and viewers have
been stuck with the squarish 4:3 aspect ratio ever since. Movies
have evolved, however, getting much wider over the years. Today,
movies have aspect ratios of either 16:9 or 20:9, neither of which
fits very well on a 4:3 TV screen, no matter how large. Figure 2
illustrates the three aspect ratios.

Figure 2. Aspect Ratios
DVD is designed to deliver wide-screen movies to today’s new
enhanced definition televisions (EDTV), which have 16:9 aspect ratio
screens. While widely available in Japan and Europe, where 16:9
broadcasts are available, 16:9 TVs are rare in the US because
wide-screen programming is not broadcast there. The availability of
DVD players and titles will certainly drive the sales of EDTV monitors
in the US, dramatically lowering the cost for these superior TVs.
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For those who do not have a 16:9 TV, the DVD player will either
crop the wide-screen video to fit a 4:3 screen or put it in letterbox
format.

Interactivity

Because DVD is a disc-based medium rather than tape, it is possible
for the player mechanism to seek any place on the disc and begin
playing. It can also pause, play in slow motion or fast forward easily,
and with a much clearer picture than can a tape player. These
random access features allow all manner of interesting applications
from multiple endings for a movie, to interactive video games, to
multiple camera angles.

Parental Control

Related to interactivity, parental control allows parents to password
protect programs that they do not want children to view. A
variation of this lockout facility will allow different versions of a
movie to be stored on the same disc: the director’s cut, an R-rated
version and a PG-13 version, for example.

Closed Captioning and Multiple Languages

DVD may be the first truly international video distribution standard.
Able to store multiple sound tracks (each with multiple channels),
the format can support up to eight languages for a single movie. In
addition, the format supports 32 closed caption tracks, for multiple
language applications, for the deaf or any other commentary (for
example, a director’s comments).

Great Video

As its name suggests, DVD is the first digital disc media created just
for video. And it represents a complete break with video’s analog
past. When television was invented in the late 1930s, it was
intended to be a broadcast medium, like radio. Broadcast was, in
fact, the only distribution technology available (the video tape
recorder was not invented until the late 1950s). Matching their
broadcast standard to the capability of cameras and picture tubes
at the time, RCA's engineers allocated 6 MHz of bandwidth to each
TV channel. Television delivered only black and white pictures, and
was designed to be viewed a distance equal to five times the
diagonal measure of the screen. When TV picture tubes were only a
foot across, that meant you could comfortably watch it from the
other side of a small room.

In 1954, an industry consortium called the National Television
Standards Committee (NTSC) added color to television. In order to
maintain compatibility with the millions of black and white Tvs
already sold, NTSC grafted color information (chroma) on to the
black and white signal (luma) by encoding it on a sub carrier.

The problem with this sub carrier scheme is that it is very difficult to
implement well and inexpensively. Poor NTSC encoders cause the
color information to interfere with the luma information, a problem
called cross chrominance interference. If you look closely at almost
any TV, you can see this interference: it appears as “crawlies” at the
edge of any sharply defined object (look at graphics).

The other problem with NTSC is bandwidth. Although 6 MHz was
plenty when TV was invented, camera and monitor technology
have not stood still since the 1930s. Today’s studio cameras can
capture images at resolutions of up to 600 television lines with a
high degree of color saturation and fidelity, and today’s color
monitors can reproduce these signals. NTSC, however, limits

resolution to about 300 lines and severely restricts color bandwidth
(it is limited to only half the dynamic range of the luma signal).

Digital video eliminates these problems by keeping the luma and
chroma information separate at every stage of the transmission
train, from the camera’s eye to your eye. It also eliminates the
severe bandwidth limits of NTSC, allowing viewers to receive the
full resolution that the camera captures, with colors that have the
same dynamic range as the brightness information.

Theater Quality Audio

As any film enthusiast will attest, the image is only half of the
experience of a movie: audio is what puts the theater experience in
a different league. Today, the reference standard in theater audio is
six-channel digital sound. There is a center channel for dialog, left
and right front channels for music, two rear channels for effects and
one bass channel.

For the home, consumers have made do with Dolby ProLogic
Surround Sound, a matrix audio scheme that allows four channels
of sound to be encoded on a nommal stereo pair. The four break up
as center, front left, front right, and rear (although the rear channel
is typically divided between two speakers). While Dolby Prologic
provides a much richer experience than stereo alone, audiophiles
complain of poor imaging (sounds don’t appear to come from a
distinct spot on the stage) and steering problems (a sound appears
to move around on the stage when it's not meant to).

DVD ends all these problems by incorporating either Dolby’s AC3
Surround Sound or MPEG-2 audio. AC3 provides six channels and
MPEG-2 provides up to eight, each channel completely separate
from the others. All of the experts agree: the sound produced by
AC3 or MPEG-2 rivals that of a theater.

To maintain compatibility with the installed base, DVD players will
include a Dolby Prologic Surround Sound encoder to translate the
AC3 or MPEG-2 tracks into a format that can be played through a
standard stereo amplifier or an older surround sound system.

Understanding The DVD System

Like all consumer electronics formats, DVD is a system that consists Y
of a mastering system, a physical distribution medium (the disc ;
itself) and a player. DVD is arguably the most complex consumer
electronics product ever introduced.

DVD Mastering

In its raw state, digital video is so voluminous that a feature-length IES
movie would require 40 DVDs at 4.7 billion bytes each. Fortunately, :
digital video has many redundancies, elements that are the same or
nearly so, which can be identified and removed. This process is
called encoding and can eliminate over 97 percent of the data
required to represent the video without noticably affecting image
quality. DVD uses the MPEG-2 digital video encoding standard.

To deliver the high image quality of DVD while fitting a movie into
the 4.7 gigabyte capacity of a single DVD layer, a process called
variable bit rate encoding is used. MPEG encoding compresses video
by eliminating redundancies. When a picture is very complex—for
example, a picture of leafy trees—it does not have as many
redundancies as a picture of a cloudless sky. Figure 3 is a graph of
the amount of data used to represent a movie over a movie’s run
length, showing how a DVD encoder uses more data to encode
difficult sequences and less data for simple ones, constantly varying
the amount of data used to represent the video. The average data
rate for video on a DVD is about 3.7 million bits per second.
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Figure 3. Variable Bit Rate Encoding
Other digital video distribution techniques, such as satellite
broadcast, cannot vary the data rate at which video is transmitted,
so satellite system operators must set a higher bit rate to achieve
the same quality as DVD, usually around 6 million bits per second
(see dashed line in Figure 3).

The Digital Video Disc

A digital video disc is made up of a reflective aluminum foil encased
in a clear plastic. Data is stored on the foil as a series of tiny pits
formed in a tight spiral on the disc. The pits are formed in the foil
by stamping it with a glass master. In the case of a single-sided
DVD, the stamped disc is backed by a dummy, which may contain
graphics advertising the contents of the disc. For a double-sided
disc, two halves, each with their foil full of data, are bonded back
to back.

A combination of the techniques used to make today’s audio CDs
and laser discs (also a double-sided medium), this process is well
understood. Disc replicators estimate that the cost of a single-sided
single layer DVD will be comparable to an audio CD, or about
$0.80, including the packaging.

This cost model, in additon to the lower transportation,
warehousing, and retail shelf space requirements, is one of the key
attractions of DVD. This low-cost model (a VHS tape costs about
$3.00 to make and distribute) may also make new distribution
models possible, such as pay-per-view.

The Players

Of course, all this mastering and disc replicating is for nothing if
there are no players or if they cost too much. And these players will
be among the most complicated consumer electronics products
ever produced. Simply, the players consist of the following major
components.

With its 1 million logic transistors, the audio/video decoder is by far
the most complex component of a DVD player. This device has
three essential functions as listed here:

m Separate and synchronize audio and video data

m Decode the video data and format it for display on a television
monitor

m Decode the audio data and format it for amplification by a home
audio system

In addition to these basic functions, the audio/video decoder must
implement on-screen display (OSD) for graphics, encode the
six-channel audio into Dolby ProLogic format, implement legacy
formats such as VideoCD 2.0 and CD-Digital Audio, and so on.

Players will cost less than $500 in 1997, dropping to $400 in 1998
and $300 by 1999.
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Putting it All Together

Digital video disc must be viewed as a system. The mastering
system formats the audio and video and joins them together in a
single data file. In addition, the mastering system codes segments
of the movie for parental lockout, manages muitiple language
tracks, formats closed caption text and associates it with certain
video sequences, and encrypts the video and audio if necessary.

To implement this multiple version facility, the whole movie is
stored on the disc, including those scenes which would cause the
film to have an NC17 rating (the director’s cut) or an R rating. To
effectively “reduce” the rating on a film to a PG-13, the player must
skip the objectionable material. While this sounds easy, in practice
skipping material without a pause in the playback of the audio or
video is very difficult. The player must be constructed with a buffer
(temporary memory) large enough to keep the audio and video
playing while the player mechanism is moving the laser to skip the
censored scene. And the mastering system that is used to prepare
the movie for distribution on DVD must know how large the buffer
is and maximum time it will take to skip the objectionable material
(a matter of seek times and sector locations).

This link between the player and the mastering system is why DVD
must be broadly viewed as a system, including the mastering
platform, the format of the disc and the player.

Hollywood and DVD

The vast majority of marketable movie titles are controlled by a
handful of movie studios, collectively known as Hollywood.
Naturally, getting Hollywood’s support for a new movie distribution
format is a necessity, and Hollywood has been deeply involved in
the creation of the DVD standard.

The introduction of DVD has many implications for Hollywood:
DVD has the potential to change the balance between rental and
sell-through revenue streams, there are copy protection and
distribution control issues, and DVD offers some interesting new
mechanisms for charging consumers for the movies they watch.

Video Rentals and Sell-Through

Hollywood earns billions of dollars more from home video than it
does from theatrical ticket sales, so the Home Video divisions of the
studios wield considerable influence in Hollywood.

A few years ago, the standard wisdom was that consumers would
rather rent than buy movies, and the studios set the prices of films
high as a result. Disney, however, has proved that consumers will
buy well-liked films if priced appropriately, and other studios have
followed suit. Today, movies priced for sell-through (consumers)
retail for about $20; movies priced for rental sell for between $80
and $90.

Hollywood would like to expand its sell-through business, but the
market for sell-through is extremely price elastic: a film that simply
gathers dust on the shelf at $25 may fly off the shelves at $18.
Since the cost of duplicating and distributing a VHS tape is fairly
high ($3.50), a movie must be guaranteed block-buster before a
studio will price it for sell-through, because if a studio was forced to
lower the price of a movie to encourage sales, their margins would
drop to unacceptable levels.

By lowering the cost of duplication and distribution to about $1,
DVD can substantially affect the seli-through model by giving the
studios more price flexibility, without lowering margins to
unacceptable levels.




Pay-per-View

While DVD promises to lower costs, its digital nature offers options
for generating revenue that analog distribution formats cannot. The
problem with VHS tape and laser disc is that it is impossible to
control who watches them or how often, whereas the data on a
DVD can be encrypted or scrambled, allowing the distributor to
control viewing.

For example, in a pay-per-view model, a consumer buys a DVD at a
nominal cost, perhaps less than $10. His DVD player is equipped
with a modem and connected to a telephone line. When the
consumer plays the movie, the DVD player calls the distributor of
the movie, and the consumer’s account is charged $2.

There are several possible variations on this theme. Since a DVD can
hold up to four feature-length movies, it is possible to have the
entire Indiana Jones or Star Wars trilogy on a single disc. The
consumer could buy the first movie of the series outright, and then
buy the other two via credit card from home.

It would also be possible to store other kinds of digital data on the
disc with the movie; for example, a movie-inspired computer game.
Like the sequels discussed above, this game would be encrypted. To
play it, the consumer would call the distributor with a credit card
number and receive a decryption code in return.

Copy Protection

Because the video quality of DVD is very high, movie content
owners are concerned that counterfeiters will be able to either use
DVD movies as masters for VHS tape or simply copy the data on to
another disc using a computer. By encrypting or “scrambling” a
movie when it is mastered and putting a decryption circuit in
consumer DVD players, digital copying can be prevented. In
addition, DVD players can be designed with a copy protection
feature that prevents a movie from being copied on to video tape
without a severe degradation in quailty. This feature does not
interfere with playback to a TV monitor.

DVD on Personal Computers

Today nearly all personal computers are sold with a CD-ROM drive.
When CD-ROM was first proposed in 1986, 680M bytes was many
times the capacity of a typical hard disk drive, and there were no
programs that would completely fill a CD. This is no longer true.
Many personal computers come with disk drives that hold over a
gigabyte of data and many games with multimedia content are too
big to fit on a single CD.

As a consequence, personal computer makers are looking forward
to putting DVD-ROM drives into PCs, and when they do so, adding
a DVD decoder is all that is necessary to bring DVD's excellent
video and audio to the PC for entertainment, games, education,
training and promotional applications.

For the reasons outlined above under “Copy Protection,” movie
content owners are concerned about DVD movie playback on the
PC. If the decryption of the movie data is done by the computer’s
central processor, then decrypted data could be stored on one of
those large hard disk drives that many PCs possess. Once there, the
data could be easily copied on to another media.

Three schemes have been proposed to prevent copying:

a Eliminate the “Save As” function from “Movie Player”
applications. This scheme is simple to implement, but not too
difficult to circumvent. Some Hollywood studios want stronger
safeguards.

& Modify the computer’s basic operating system such that it will
recognize DVD data and prevent copying by any application
running on the computer. All of the studios approve of this
scheme, but modifying operating systems is not trivial. Windows
97 will purportedly implement this feature sometime in 1998.

= Arrange the computer hardware such that the DVD data never
flows over the main bus (PCI Bus), which prevents it from being
decrypted by the CPU and recorded on a hard disk or tape.
Figure 4 is a block diagram of such a PC, which shows the
relationship of the subsystems. In addition to making copying
difficult, this system is potentially the most efficient, keeping both
compressed and uncompressed audio and video data from
overloading the PC’s main bus.
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Figure 4. A Personal Computer with a DVD-ROM Player

Convergence and DVD

As can be seen from the discussion of DVD players, the DVD decoder
chip is the heart of a DVD player. And DVD is based on the MPEG-2
standard for digital video distribution, as are most direct to home
satellite systems and wireless cable systems. In fact, the DVD decoder
chip is a super set of the video and audio decoder chips required to
build a home satellite receiver or a wireless cable settop box.

The Convergence Box

Because DVD players have much in common with satellite receivers
and cable settop boxes, it is likely that one or more of these devices
may converge in a single unit, a so called convergence box. In fact,
the PC is a kind of convergence box as well.

DVD and the Internet

One PC application is browsing the Internet; however, a DVD player
also contains almost all of the circuitry required to support an
Internet browser, making full-fledged PC unnecessary. While at first
the synergy between the browser and DVD player may not be
obvious, the combination offers a wealth of opportunities.

For example, it would be possible to showcase all of the clothes in
all of the departments in a department store, complete with video
of much of the merchandise on a DVD. The connection to the
Internet would allow the customer to get current prices, order
merchandise, communicate (via email) with a personal shopper or
pay their bill. Such a service via the Internet alone is not practical:
the low bandwidth available to users would make the “catalog”
intolerably slow and limit the audio and image quality that the
catalog could deliver. A DVD-based catalog would deliver great
interactive performance with a rich audio and video experience, but
at $1 to duplicate and deliver, a DVD catalog would be far cheaper
than today’s print media.
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This combination of DVD and Internet can be extended to other
applications as well, including education, training and on-line
games.

DVD and Game Platforms

DVD versions of today’s gaming platforms will also likely appear.
Today’s Sega Saturn, Sony and 3D0 platforms use CD technology as
the delivery platform for their games. However, the single-speed
CD drives used in these machines limit interactive performance,
which in the twitch game world is everything. DVD provides access
and data transfer rates that are ten times faster than single-speed
CD-ROM, and the video experience DVD brings can significantly
expand the scope and quality of the games, not to mention the
utility of the game machine itself.

We at C-Cube do not know which, if any, of these merged devices
will become popular. Certainly devices with decidedly different
applications are likely to remain separate. Take the PC for example.
While a PC can be made into a perfectly good DVD viewing system
with the addition of a DVD-ROM drive and a DVD decoder chip,
the PC is likely to remain in the study or den because of its other
applications—word processing, tax return preparation, electronic
mail and the like-and the need for a desk-bound keyboard.

On the other hand, stand-alone DVD players and satellite receivers
will be attached to the TV in the family room, making these two
devices good candidates for convergence, especially in Europe
where the Digital Video Broadcast (DVB) standard is guaranteeing
compatibility between satellite receivers from various
manufacturers.
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Summary

DVD is to VHS tape what audio CD was to the long-playing record.
Consumers were motivated to switch from LP to audio CD by the
superior sound quality and durability of the new medium. DVD
offers a similar increase in quality and durability for video, and
much more: parental control, interactivity, wide-screen support,
multiple-camera angles, multiple languages, just to name a few.
Further, Hollywood is committed to DVD, both for the increased
revenue it represents and the greater control over distribution it
provides. And personal computer makers need DVD for its larger
capacity and enhanced video and audio.
We at C-Cube see the introduction of DVD as the continuation of a
rapid transmission from analog to digital video, bringing consumers
not only better quality audio and video, but far more choices and
control over what they and their families see on television. ...
it
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Introduction

The professional video and film industry includes high-end post
production houses, service bureaus, production companies as well as
cable and broadcast TV networks. While analog is still the prevalent
form of video, both the video professional and consumer sectors are
rapidly moving toward digital video manipulation and distribution.
The purpose of this paper is to present in greater detail the potential
of digital video distribution in general, and MPEG distribution in
particular, for the professional video market. This paper will discuss
the demands of the professional video industry, the merits of digital
video distribution over analog video distribution and the advantages
of MPEG digital video as opposed to other digital compression
formats.

The Digital Video Equation

One way of approaching digital video is to view it as an equation
made up of four factors:

* Playback rate

* Quality

* Storage capacity
* Cost

These issues are closely interconnected since playback rates (or
bandwidth limitations) affect the compression quality of video. The
higher the bandwidth, the better the quality and the bigger the
storage capacity required for an hour of digital video. At the same
time, the better the quality the higher the video transmission and
production costs. For this reason, the cost of an application, to a large
extent, dictates what quality of digital video it can afford. Using the
correct digital video compression format can optimize the equation
and thus contribute to the development of better digital video
applications. An overview of digital video compression formats
appears in the following section.

The 150K Byte/Sec Threshold

The section below discusses the different compression formats in
use today and applications that are limited to a playback rate of
150K bits/s (1.2M bits/s).

There are several compression formats suited to this playback rate.
The most well known are MPEG-1, Indeo (usually used in AVI
architecture) and Cinepac (usually used in Quicktime architecture).

Cinepac and Indeo are CODECs (compression/decompression)
solutions that usually only compress 15 frames per second, half of the
regular VHS playback rate which is 30 (NTSC) or 25 (PAL) frames per
second. These CODECs suffer from other major disadvantages. They
are not always real time compression solutions. In addition, they are
not cross-platform. These formats cannot be played back through
set-top boxes for display on TV monitors. Because they are not
cross-platform their accessibility is limited. To sum, Cinepac and Indeo
do not meet the quality standards of MPEG, nor are they as widely
accepted across the computer and entertainment industry.

Why Choose MPEG-1?
The decision to choose MPEG-1 compression over other formats

depends on several factors. MPEG-1 is a digital video compression
format that was defined by the Motion Pictures Experts Groups which
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is part of the International Standards Organization. MPEG-1 was
defined by industry leaders to provide the best quality at playback
rates of up to 150K bytes/sec. MPEG-1 compresses full-screen
full-motion NTSC or PAL (30 or 25 frames per second). Because it
offers better quality, MPEG is suitable for a far broader range of
applications than software-only compression formats. Most
important, MPEG-1 is cross-platform.

One of the most important advantages of MPEG-1 is the fact that it is
an official ISO standard. This means that MPEG digital video is
interoperable, i.e., it can play back across different components and
systems from different manufacturers or service providers. MPEG-1
can be played back on set-top boxes that connect to TV monitors,
video-CD players, CD-i players, CD-ROM drives and PCs. Thus it is the
best digital video format for the home and business environment.
MPEG is to digital video what VHS is to analog video: the standard
that symbolizes broad industry acceptance, high quality and
interoperabilty.

Another prerequisite for choosing a digital format is ease of use. To
the credit of video CODEC developers, most compression systems are
very easy to use and navigateé. The fact that MPEG compression
systems are hardware based might cause some users to perceive
MPEG as being more difficult to use than software-only compression
formats. But once the slight inconvenience of installing boards is
overcome, encoding MPEG is just as easy as encoding any other
format. And in the era of plug-and-play hardware, installation hassles
are reduced to a minimum.

The Computer and Movie
Industry Vote for MPEG

The computer industry’s belief in the need for high quality desktop
digital video pushed it to develop a software-only MPEG
decompression solution that would be available to mass consumers.
This belief was put into practice when Microsoft announced that
Windows 95 would include MediaMatic’s MPEG-1 software
decompression capability and Compaq announced it would ship
Pentium PCs with MPEG playback capability. Major computer
manufacturers such as IBM, Packard Bell and Panasonic also provide
MPEG playback capability with their new models. Indeed, computer
manufacturers are following a very clear path of packaging
multimedia systems which includes a CD-ROM drive, sound card,
MPEG playback capability and built-in speakers. This means that full
multimedia capability, CD-quality sound and VHS-like video will be
available to millions of PC users in the office and at home.

Moreover, the Multimedia PC Working Group, a unit of the Software
Publishers Association, has been successful in defining its MPC mark
for multimedia equipment. The MPC3 certification defines systems
that include support for MPEG-1 hardware or software playback.

Another show of strength for MPEG-1 was the result of a recent study
funded by AT&T, Network Systems, Bell Atlantic Video Services,
NYNEX and Pacific Telesis Video Services. 400 randomly selected
viewers were asked to compare MPEG-1, MPEG-2, and VHS clips.
Results show that consumers preferred MPEG-1 and MPEG-2 quality
to VHS video. The study was carried out to determine the best
standard for the digital compression of movies (Video Technology
News).

The High Speed Digital Video Domain

In the previous section we discussed digital video that is limited to a
playback rate of 150K bytes/sec (~1.2M bits/sec). This section will
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discuss applications that are not limited by bandwidth and which
therefore do not need to sacrifice quality to bandwidth limitations.
Because these applications require higher bandwidths and better
quality, they are more expensive to produce.

Following the successful adoption of MPEG-1, the Motion Pictures
Expert Group decided to extend the range of applications for digital
video distribution by defining a standard that would determine
compression rates for broader bandwidths. As was mentioned
previously, MPEG-1 was designed to provide a video compression
solution for applications that are limited by bandwidths. MPEG-2, on
the other hand, provides a compression solution for applications that
are not limited by bandwidths (3 to 15M bits/sec). Such a broad
compression range means that it is not necessary to sacrifice quality to
compression rate limitations.

Because digital video applications are versatile, MPEG-2 is being used
as a generic standard with specific definitions (called profiles) for
specific groups of applications. The MPEG-2 Main Profile was defined
to support digital video transmissions at 3 to 15 MBits/sec over cable,
satellite and other broadcast channels. This profile also refers to digital
storage media.

MPEG-2 Technicalities
Some of the main technical aspects of MPEG-2 are discussed below.
Backward Compatibility

MPEG-2 is the preferred standard for digital video compression at
high bit rates and is becoming increasingly prevalent. This does not
mean that MPEG-1 will disappear from the compression landscape.
The digital video equation will continue to exist, and applications that
are not cost effective with MPEG-2 will continue to use MPEG-1. The
MPEG-2 standard covers this requirement. MPEG-2 is backward
compatible with MPEG-1 and therefore it supports all MPEG-1
applications. But because MPEG-2 compression is not limited by
bandwidth, it is suitable for a broader range of applications. MPEG
content (movies, games, music videos) can be stored on double or
quad speed CD-ROMs, super density disks or Digital Versatile Disks
(DVDs).

Resolution

The MPEG standard is a total digital video solution because it
optimizes the digital video equation. It allows application developers
to create customized trade-offs between playback rate, quality,
storage capacity and cost. The input resolution of a digital video
stream directly affects compression quality. The section below
discusses MPEG input resolutions.

The international recommended digital representation of a

CCIR-601 video signal is known as D-1. This recommendation refers
to a resolution of 720 x 576 pixels (PAL). The MPEG-2 standard
recommends that the input resolution of the signal before
compression be D-1. Thus no image information is lost before
compression. This input is used for high-end digital video applications
such as satellite broadcasting networks where quality plays a
prominent role in the digital video equation. Other factors such as
bandwidth limitation and cost are less significant.
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The recommended input resolution for MPEG-1 is SIF which is one
quarter of D-1. This means that only one quarter of the original image
is compressed. SIF resolution is used in applications such as video
games and video kiosks where the dominant production factor is wide
distribution and cost.

Another input resolution covered by the MPEG-2 standard is Half D-1,
which is half of the original D-1 source. Although a Half D-1 input
resolution means that only half the image is compressed, the loss in
quality is barely detectable to the average viewer. Half D-1
compression creates greater flexibility in the video equation. Based on
cost and quality needs, content developers can choose between
MPEG-1, MPEG-2 Half D-1 or MPEG-2 D-1. An example of this kind of
trade-off is evident in a survey funded by 4 industry leaders (Pacific
Telesis Video Services, AT&T, Bell Atlantic Video Services and NYNEX)
who want to set up an interactive television service. Results of the
survey found that consumers far preferred MPEG-1 and MPEG-2 to
VHS. MPEG-2 Half D-1 video delivered at 3.0 Mbits/s was chosen as
the best quality. This bit rate was subsequently adopted as the
encoding standard for movies.

The diagram illustrates the correlation between input resolution,
bandwidth, compression rate and video quality.

Video quality ( = K * cost of application)

o1 The optimal-choice for your application

.

e
7 |

S-VHS

VHS

1.0 22 50 100 Comgpressed bit rate (Mbits/s)

Conclusion

The evolution of professional digital video publishing is the result of
two parallel developments: the broad prevalence of a computerized
infrastructure in corporations and organizations; and the growing
accessibility of cost effective decompression solutions. This latter
development is breaking the famous chicken/egg syndrome. Until
recently the lack of playback potential depressed MPEG content
development. Finally this cycle has been broken. Broader MPEG
playback availability is pushing demand for quality MPEG-1 and
MPEG-2 content development. It is into this landscape that the MPEG
Forge™ and the MPEG Fusion™ blend. Because they are MPEG-1
compatible, support MPEG-2 Half D-1 and MPEG-2 D-1, they cover
the entire spectrum of the professional video industry’s MPEG
encoding needs. ... '




VIDEO COMPRESSION

For Many, It’s the Holy Grail
for Digital Media Transport.

Digital set-top boxes and high-speed cable modems are commercial
at last. The FCC finally has approved a standard for digital television.
And digital compression, squeezing more stuff into less space, is
becoming a proven technology.

Which types of compression equipment are best-suited to what
applications? Compressed video in a production setting has different
requirements than signals backhauled for uplink elsewhere.
Compression standards and techniques vary, but the basics remain
the same. Digital video typically contains pixels that remain constant
from frame to frame, like the stationary background in a talking head
shot. Compression reduces or eliminates much of this redundant
information.

THE BOTTOM LINE: As compression systems become common,
engineers and managers become more comfortable with their use.
When properly implemented, today’s sophisticated algorithms can
deliver high-quality video using reduced bandwidth. Because
compression systems can offer cost-effective video delivery over new
and existing channels, their use should be considered whenever
appropriate. $

MPEG-2

The Moving Picture Experts Group (MPEG) of the International
Standards Organization (ISO) first adopted MPEG-1 and then MPEG-2
as international digital compression standards for transmitting video.
The original MPEG-1 standard handled transport of signals at
CD-ROM rates of 1.5 to 4Mb/s. Limited TV applications for MPEG-1
prompted development of MPEG-2 (ISO 13818). The MPEG-2
datastream can be divided into two or more coded bitstreams, which
is vital for multichannel transmissions.

MPEG-2 is capable of coding interlaced source video at full bandwidth
while reducing storage and bandwidth costs. This is one reason
MPEG-2 has been adopted for head-end transmitters and receiver
terminals in DSS and DVB satcasting, cable and wireless cable systems
and the new digital TV standard. However, MPEG-2 remains a
less-than-ideal choice for production because individual frames are
hard to access due to larger groups of pictures (GOPs). The 4:2:2
Studio Profile was designed to address this issue.

A prominent example of MPEG-2 deployment is the new $20 million
digital upgrade to the broadcasting network of Canadian Satellite
Communications. Cancom uses station feeds from Boston, Detroit,
Minneapolis, Seattle, Edmonton and Hamilton, along with the
network feeds of ABC, NBC, PBS, CBS and Fox to create regional
programming packages for 2,500 cable head-end operators.

The MPEG-2 system is replacing Cancom’s analog transmission
network. Cancom now distributes analog programming to Canadian
cable companies from 25 uplinks across the top of North America to
about 14,000 Scientific-Atlanta MPEG-2 digital satellite receivers in
subscriber homes. Its new Scientific-Atlanta network management
system enables the company to control 15 uplinks and 25 encoding
systems from one location. “Cancom’s use of our MPEG system is a
textbook application of the cost saving and increased programming
options available with digital video compression,” said Dwight Duke,
president of Satellite television networks at Scientific-Atlanta. “By
increasing the amount of programming without driving up their
transponder costs, Cancom has great potential for increased growth
in revenue.”

Copy excerpted and condensed from

"Video Compression. " Reprinted from Broadcast
Engineering Magazine, January, 1997.
Copyright. Courtesy of Intertec Publishing Corp.
Overland Park, KS 66212 All Rights Reserved.

By Ken Freed

PROFILES
SIMPLE MAIN SIGNAL TO SPATIALLY HIGH STUDIO
PROFILE | PROFILE | NOISE RATIO | SCALABLE | PROFILE PROFILE
HIGH 420 4:2.0/
(1820 Lines) 4:2:2
HIGH 4:2:0 4:2:0 4:2:0
(1440 Lines) 4:2:2
MAIN 1420 4.2:0 14:2:0 4.2.0/ 420/
(720 Lines) 4:2:2 4:2:2
LOW 420
(352 Lines)

Studio Profile MPEG-2

For anyone involved in video production, from local stations to world-
class post houses to global network operations centers, the biggest
and perhaps best compression news at the start of 1997 is the 4:2:2
Studio Profile at main level. Content producers have long complained
that MPEG-2 video lacked sufficient quality for studio applications.

Dave Elliot, vice president of engineering services for the ABC
Television Network explains, “Standard MPEG and MPEG-2 use a
4:2:0 sampling scheme, which means it takes a full sample of the
luminance, but it tosses out half of the chrominance information,
specifically the color coordinate on one axis of the color grid. Studio =y
Profile MPEG increases the chrominance sample to 4:2:2, thereby
accounting for both axes on the color grid by sampling every other
element, providing better replication of the original signal. The 4:2:0
sampling is all right if a signal’s going straight out because there’s
little risk of picture degradation from transmission,” Elliot says. “But
the 4:2:2 sampling is better for multiple iterations of a video signal
where the video will be compressed, decompressed and
recompressed several times before it finally goes out to viewer’s
homes.”

ABC Television deployed the MPEG-2 4:2:2 Studio Profile at main
level in its national broadcasts from the Republican National
Convention in San Diego. Transported over AT&T long-distance fiber
lines from the convention center to network studios in New York City,
the technology allowed ABC to double its transmission capacity.
Using Sony equipment and MPEG-2 4:2:2 compression, two
broadcast-quality video channels were sent on a single 45Mb/s DS3
fiber line. Alternatively, the system could be used to send one video
channel over DS3 at twice the speed.

For the San Diego broadcast, Sony provided the prototype of two i
new products, the DSM-M1 multiplexer and its companion unit, the ;
DSM-M1 de-multiplexer, which were used with a prototype
“LinkRunner” Box from Lucent for protocol transfer into DS3 framing.
AT&T media industries marketing director Jack Gelman says that the
4:2:2 system is a “vast improvement” over an NTSC codec using a
45Mb/s line to carry a composite analog video signal. “When you can
get two digital component video signals in the same bandwidth or
when you can use a 45Mb/s pipe in half the time, such as an ENG
crew sending a 30-minute tape in 15 minutes, you not only can
reduce transmission costs, but you can get recorded footage to the
network faster than ever before.”

Motion-)PEG 2

The Joint Photographic Experts Group developed JPEG for
compressing color or gray-scale images, such as photographs and
naturalistic artwork. |PEG generally is unsuited for text and line art
because of the amount of image content lost upon decompression.
Based on what tests show the human eye can’t detect, JPEG uses
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“color-independent” 8-bit and 12-bit sampling in combinations that
can progressively scan frequency, amplitude and other factors.

Motion-|PEG algorithms compress individual video frames without
considering adjacent frames in a video sequence. “|PEG is a
well-established technology with viable applications in television,”
says Peter Symes of Tektronix, manager of advanced technology for
Grass Valley products. "Yet to make the compression technique more
useful, the JPEG committee is now in the process of formulating a new
JPEG standard that will be published by both the ISO/IEC and ITU.”

A draft specification is expected this year.

“The new M-JPEG will be backward-compatible,” Symes Says, “and it
will offer more flexibility with the use of basic tools like MPEG. The
main improvement will be the quantizing matrices (QMs), which JPEG
now defines for the whole image. The new JPEG specification will
define different QMs within one picture, so you get different
compression in different parts of the picture, according to your
needs.”

Selecting a compression method

When ng a n method for a given application, many
factorsneedtobeweighedhdudina:“dinfrastrucmre requirements,
network i and capital budget restraints. To

your thoughts in a helpful direction, here are a few questions
could be raised in any meeting where the purchase of compression
systems is being considered.

Is the compression method scalable for varying transfer rates and

memory demands? Is the method to the type of
information sent? If being used for production, does the
compression m random access for frame-accurate
video editing? Does it for on-the-fly? Does the image
update fast enough? Does the support ressive
decoding for fast previews? Does the ptms
tarethesamgling

progressive and/or interlaced Imags?
structures used (4:2:2, 4:1:1, 4:2:0) and are they consistent with
your image and quality requirements?

Given the potential from compression and decompression
procedures at even the highest speeds, will the codec equipment

su essential real-time operations? In the case of interactions on
subscription TV services, does the technology support
information integrity? Is it compatible with favored encrrpdon
methods? Is transaction guaranteed? In the final analysis,
when the images are to the viewer, do they meet your
quaﬂ?« requirements? Will the system save or earn more cash than it
costs

A recent M-|PEG variation is a new ”lossless” mode, a mathematical
construct for more efficient coding using less bits, which is similar to
data compression programs like PKZIP. “The new JPEG lossless mode
will allow you to get back exactly what you put in,” Symes says. "It
uses statistical prediction to compare pixels next to each other and
select the shortest code possible to represent each pixel, thereby
reducing the amount of code about 2:1.”

Symes notes that Tektronix already has a “successful |PEG
implementation” in the Profile line of compressed disk recorders,
which soon will be enhanced with Studio Profile MPEG-2 at 4:2:2
sampling, which Symes says was a Tektronix initiative. “The Tektronix
staff did a lot of the drafting toward the end.”

MPEG-4 and Beyond

Because high-speed digital transmission remains beyond the fiscal
reach of many TV operations, an effort has been made to provide
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reliable video compression at lower speeds. One valuable answer may
be MPEG-4, a standard for coding audio-visual content at low bit
rates. Work on MPEG-4 (ISO 14496) officially began at the MPEG
meeting in Brussels in September 1993, and the initiative has been
approved by unanimous ballot of alt national bodies of ISO/IEC |TC1.
A draft specification is expected in 1997 with adoption foreseen for
November 1998.

MPEG-4 requires engineers to develop fresh solutions. According to
|. Ostermann at the University of Hannover, chairman of regional
coordinators for the MPEG organization, the techniques considered
so far have included model-based image coding, human interaction
with multimedia environments and low bit-rate speech coding.

"When completed,” Ostermann says, “the MPEG-4 standard will
enable a whole spectrum of new applications, including interactive
mobile multimedia communications, videophones, mobile
audio-visual communication, multimedia electronic mail, remote
sensing, electronic newspapers, interactive multimedia databases,
multimedia videotext, games, interactive computer imagery and

sign language captioning. Because the primary target for these
applications is bit rates of up to 64kb/s at good quality, it’s
anticipated that new coding techniques allowing higher compression
than traditional techniques may be necessary.

This effort is in the early stages. Morphology, fractals, mode-based
techniques are all in the offering.” MPEG-4 to date is loosely being
defined with a sampling grid having dimensions of 176 by 144 at
10Hz with coded rates between 4,800 bits and 64kb/s. A target
application at this rate could be video conferencing or home
viewphones over POTS lines.

Compression in Perspective

Name any TV delivery system—terrestrial and satellite broadcasting,
microwave wireless, optical fiber, coax cable, hybrid fiber-coax, utility
power line, even POT lines using twisted pairs of copper wires—and
there are compression products available for video transport. Name
any conventional or non-linear production house, and suitable
compression products are announced and ready to ship.

Not all the bugs have been worked out, and wondrous innovations
hiding behind the corner may knock current thinking for a loop, but
the state of compression at the start of 1997 can be called realistically
optimistic. The dream is coming true. City by city, town by town,
county by county, thanks to digital compression, the United States
and the rest of the world is about to have access to more information
in a second than our ancestors ever had in a lifetime.

Time is money in digital transport, so investing in compression
equipment increasingly makes fiscal sense. In the emerging open
marketplace of digital services, the companies that can reliably
compress the most content with the most quality and least signal
degradation will have a competitive advantage. .

Ken Freed is a media trade journalist specializing in cable and interactive
television and a Broadcast Engineering Contributing Editor.




TESTING DIGITAL
SYSTEMS

Testing today’s new digital signals requires a
whole new way of thinking.

THE BOTTOM LINE: As TV stations and production facilities replace
analog systems with digital ones, test and measurement
requirements can become much more complex.

Troubleshooting can mean simply swapping out a board to complex
digital signal analysis. Knowing what level of repair you need to do
is only the first step. The second is knowing what equipment is
needed to perform that task. Testing Digital Systems will show you
what signal parameters must be measured and what equipment
you'll need to confidently complete the task.

With today’s chaos of VTR formats, compression schemes, color
spaces and sampling structures, sure bets are elusive. One thing,
however, is certain: tomorrow’s formats and standards will be digital.
Engineers are faced with converting their facilities to digital, regardiess
of what the future may hold. And just as surely as the digital sun will
rise tomorrow, these digital systems must be tested and maintained.

For some parameters, new testing methods (or at least new to the
broadcast engineer) must be employed. Oddly enough, most of the
parameters measured are analog, however, they convey digital
information. Generally, the most useful test equipment for digital
systems is the type that gives a number of indications—whether the
signal is good/bad, present/absent, etc. If all of the indicators are
good, the system is most likely operating properly. If any indicators
show potential problems, the test equipment should provide the tools
needed to investigate further.

A set of reference-quality A/D and D/A converters is indispensable for
testing digital circuits. These allow you to perform the battery of tests
already developed for composite and component analog systems.
Although frequency response might be a non-issue for most of
today’s digital gear, measuring traditionally analog parameters
provides a quick “reality check.” Eventually, all test equipment will
operate with digital inputs, and digital generators will provide all the
signals needed for testing in the digital domain. This will remove the
extra stage (and inaccuracies) of external converters.

The first digital systems used a parallel digital interface (SMPTE
125M). A twisted pair of wires was required for each of the (up to) 10
bits of data, plus additional pairs for clock and status signals. Today,
the most popular digital interface is the serial digital interface (SMPTE
259M or SDI). This is transmitted down a single 75 ohm coaxial cable,
an enormous advantage over the bulky parallel cable and large 25-pin
“D” connector. For simplicity, from now on we will only describe the
serial interface.

Serial Digital Bitstreams

An important parameter of the serial bitstream is the transmitted
voltage level, also known as the launch level. SMPTE 259M specs the
peak-to-peak output voltage at 800mV+10%. (See Figure 1.) The
digital data representing the video signal is coded in this analog
waveform. The SMPTE standard includes composite and component
digital systems. In the composite digital system, the entire analog
composite signal is sampled at 4x the appropriate subcarrier
frequency, including sync and color burst. Therefore, the data rate
varies according to the sampling rate and is 143Mb/s for NTSC and
177Mb/s for PAL.

The luminance and color-difference components are sampled
individually for component digital signals. Once sampled, the data is
serialized into a 270Mb/s datastream. The luminance component is

Copy excerpted and condensed from “Testing
Digital Systems.” Reprinted from Broadcast
Engineering Magazine, November, 1996,
Copyright. Courtesy of Intertec Publishing Corp.
Overland Park, KS 66212. All Rights Reserved.

By Kenneth Hunold

sampled at 13.5MHz and the two color-difference components are
sampled at 6.75MHz. The resultant reduction in chroma resolution is
acceptable because of the lower color acuity of the human eye.

Along with voltage, another important parameter is jitter. This is the
time difference between the observed transition and a transition of
the original or ideal 270MHz clock signal. In devices where the digital
signal is processed, such as reclocking DAs, jitter can be introduced in
the reclocking or reshaping of the signal.

Originally, the maximum permissable jitter was 0.5ns. Recently, the
standard was modified to describe jitter tolerances in unit intervals
(UD), which is a fraction of the clock period. The standard now states
that jitter should be less than 0.2UI. The maximum jitter allowed is,
therefore, different for each data rate (143, 177 or 270Mb/s). Using
an oscilloscope with sufficient bandwidth (1GHz), jitter is measured
by overlaying many transitions of the 270Mb/s signal and triggering
with a stable 270MHz source. The scope cursors can then be used to
measure the “width” of the accumulated rise and/or fall times. Jitter
can also be easily determined using special test equipment specifically
designed for measuring SDI jitter.

When observing the waveform of the serial digital bitstream, it is
important to note that a high state does not always equal a logic 1.
Rather, a logic 1 is indicated by a transition from one state to another
(high to low or low to high). Also, the basic type of coding used is,
strictly speaking, not self reclocking. While the transitions occur at
clock intervals, there is not a transition for every clock cycle. To
increase the number of transitions (and aid the process of clock
recovery), the data is randomized or scrambled. Equipment that
breaks the serial signal down to the parallel format for internal
processing (DVEs, processing devices, videotape and disk recorders)
must extract the clock signal to properly de-serialize the data. This is
often done with a phased lock loop (PLL) that tracks the signal.
Certain data patterns stress the PLL’s response and ability to recover
the serializing clock. Two of these two signals are combined into an
SDI checkfield and are specified in SMPTERP178.
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Figure 1. The waveform used for serial digital transmission has a

peak-to-peak voltage of 0.8V +10%. New specs call for jitter to be less than
0.2U1 (unit intervals).

Ancillary Data

In addition to video, other information is coded into the digital signal.
In component digital signals, sync pulses are not digitized. Rather,
they are replaced by end and start of active video (EAV and SAV)
pulses, which use special reserved codes. If these codes are used by
video data, receiving equipment could incorrectly assume that a scan
line has ended or that a new scan line has just begun. In between the
EAV and SAV signal (the old horizontal blanking interval), other
ancillary data can be encoded into the signal. These include audio
signals (embedded audio) and error detection and handling
SMPTERP165 (EDH). Not all equipment handles ancillary data the
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same way, either passing the data or properly re-formatting it
depending on the function of each device.

The standard allows muitiple audio channels to be included, or
embedded, into the serial digital bitstream (up to 16 for component
serial digital signals). This allows single-wire distribution of video and
audio. Many digital VTRs will accept audio signals embedded in the
serial digital bitstream and some will also embed them into the
output. If you intend to use audio signals embedded in the digital
bitstream, make sure they are preserved as the signal passes through
DAs or frame synchronizers.

Error detection and handling is a system of including a checksum and
reporting mechanism into the serial datastream. Briefly, the system
works as follows: at the signal source a Cyclical Redundancy Code
(CRC) is generated and coded into the ancillary dataspace. Two CRCs
are generated per video field, one for the active picture area and one
for the “full field,” including the vertical interval. At the input of a
receiving device that supports EDH, the CRC computation is repeated
and compared to the value extracted from the ancillary data. If the
received CRC matches the transmitted CRC, it is assumed the
transmission was error-free. If not, an error flag mechanism is used to
indicate when an error is detected and equipment is alerted
downstream.

A few special situations require some interpretation of the CRCs. In
digital processing equipment that changes the image (such as a DVE),
alters the “video gain” or changes the position of the picture in the
raster, the output CRC will be different from the input CRC due to
image differences. This requires a new CRC to be calculated and
inserted into the digital data.

EDH is a powerful tool for testing and evaluating digital video
systems. Therefore, EDH errors will often be detected before any
errors are observed in the picture. Using EDH means errors can be
detected by unattended monitors, letting you know if any errors have
occured over a long period of time.

Recall that the serializer clock must be recovered from a digital signal.
And, while digital DAs also can automatically adjust input equalization
to compensate for cable lengths, they must be used properly if the
clock is to be correctly recovered. This is another area where the SDI
checkfield signal can be used. Because of its ability to stress the
equalizer and clock PLL, it makes a good stimulus for determining
how close to the digital “cliff” you are operating.

Typically, serial digital receiver chips are capable of equalizing up to
300 meters of high-quality coaxial cable. Depending on the type of
cable used, “your mileage may vary.” Test your system (using a
generator that supports EDH) with one of the pathological signals
(e.g., the SDI checkfield). Then, using equipment that indicates EDH
errors, see if any EDH errors are detected. If any are detected, then
some work needs to be done. Possible solutions include using a
higher-quality cable (with less high-frequency loss) or, if feasible,
installing an equalizing and reclocking DA at a convenient midpoint in
the link. If no EDH errors are detected, add approximately 50 meters
of cable to the link and retest. If no errors are detected with the
additional cable, you can be reasonably sure that you are operating
with enough margin. The error rates in digital TV circuits are such that
if no errors are reported in a few minutes of operation with the extra
50 meters of cable, it will probably operate for years without error on
the actual shorter length of cable.

Is Serial Digital RF?

The serial digital interface is designed to operate with a coaxial cable
interface. This cable must have a characteristic impedance of 75 ohms.
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One of the primary frequencies of interest in serial digital circuits is
approximately one half the serializer clock frequency or 135MHz for a
270Mb/s component digital signal. The many harmonics of this
rectangular wave extend to more than 1GHz. Because of the
frequencies involved, serial digital video is more like an RF signal than a
low-frequency (6MHz) baseband video signal. As such, impedance
mismatches can cause reflection on the transmission line (coaxial
cable). The accuracy of the 75 ohm interface impedance is specified by
the “return loss.” SMPTE 259M specifies a return loss of greater than
18dB at one half the serializer clock frequency. This equates to a VSWR
of 1.28:1. The eye pattern and an eye opening are used as an aid in
monitoring digital circuits. (See Figure 2.) If this eye is closed or
reduced by reflections, low-frequency smearing, overshoots or other
effects, the receiver may not be able to recognize a transition or
determine a digital high or low state.
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Figure 2. Once the serial datastream reaches the receiver, it is equalized.
The amount of noise and jitter on the signal will determine the size and
shape of the eye pattern, and if the receiver can properly retrieve the
digital data.

Much has been written about the impedance of connectors, cables,
feed-throughs and patch panels. Will a single 50 chm connector bring
down a serial digital link? Probably not, but that’s not the point. The
effect of mismatched components is cumulative. Use the correct
impedance connectors, cable, etc. whenever possible, according to
good engineering practice.

Contrary to popular belief, digital transmission will not be the solution
to all the world’s problems. Digital recording and transmission do
offer dramatic improvements in the ability to store and distribute
consistently high-quality copies of the original signal. However, the
need for testing has not been eliminated. What has happened is that
some of the analog impairments have been replaced by digital
impairments. The focus of testing procedures must, therefore, shift to
reflect these new parameters.

Armed with an understanding of the digital and analog factors that
affect the performance of digital video systems, you can now
incorporate these methods into your overall testing and maintenance
program. This will aliow you to keep your digital system operating at
peak reliability into the next millennium, regardiess of what the
relentless technological advances bring. ...

PSI

Kenneth Hunold is an audio/video project engineer for ABC Engineering
Laboratory, New York, NY and a Broadcast Engineering Contributing
Editor.




SDI HEADROOM AND
THE DIGITAL CLIFF

Digital systems operate in two ways:
perfectly or not at all.

THE BOTTOM LINE: Digital systems’ consistently high performance
under a wide range of operating conditions may seem a panacea,
but it can become a troubleshooter’s nightmare. Digital paths give
no indication of gradual degradation, so complete failure often
comes with little warning. Growing experience has recently yielded
some new methods of determining how “close to the edge” a
digital signal path is running.

It is well-known today that digital signals are non-linear. To state the
obvious, it is the “high” or “low” state of a serial digital signal along
with its transition time that determines the state of a data bit cell in a
serial digital bitstream. The transition area between the high and low
states is undefined when determining the value of an individual bit.
To maximize the chances of reliable detection, sufficient signal
amplitude is required so noise or receiver inaccuracies don’t cause
errors, and small amounts of attenuation (e.g., 200 feet of cable loss)
do not cause the high and low values to fall into the undefined
middle area.

The transitions or “edges” between states are just as important. These
transitions enable clock recovery from the bitstream in a self-clocking
signal, such as SMPTE 259M. Without a clock at the receiving end,
there is no way to know when to check the status of an arriving bit.
An algorithm is used to scramble data before it leaves the transmitter
to create as many edges as possible. This assists the receiver’s PLL
circuitry in generating a local clock synchronized to the transmit
clock.

Error correction and error masking in modern digital equipment
ensure that digital signals don’t gradually degrade with increasing
attenuation in the signal path as analog signals do. Instead, a digital
transmission path continues to work perfectly up to the point where it
suddenly doesn’t work at all. This is the well-known “cliff effect.”

(See Figure 1.)

DIGITAL "HEADROOM"
Low OPERATING PLATEAU
ERROR CLIFF
ERRORS
HIGH »
HIGH SN Low

Figure 1. All digital systems experience the “cliff effect” in which
performance remains optimal until S/N degrades beyond a certain limit.

Serial digital interface (SDI) signals that are experiencing few or no
errors are somewhere on the operational plateau shown in Figure 1.
Operation remains uneventful until you reach the error cliff. As the
path traverses over the knee of this cliff, errors go rapidly from
non-existent to enough to swamp recovery efforts, making the path
unusable. As little as three extra feet of coax can be enough to send a
signal over the cliff.

Many things determine where you are on that operational plateau.
This article describes how to determine where you are on the plateau
and how to stay away from the cliff. Although almost all the
information presented can be applied to 4fsc composite signals (or
most other bitstreams), this study centers on 4:2:2 component SMPTE
259M signals.

Copy excerpted and condensed from “SD!
Headroom and the Digital Cliff.” Reprinted from
Broadcast Engineering Magazine, February,
1997. Copyright. Courtesy of Intertec Publishing
Corp. Overland Park, KS 66212

All Rights Reserved.

By Jim Boston and Jim Kraenzel

Bandwidth and signal requirements

Although the SDI signal is used in a “digital” way, many “analog”
attributes of the signal can be used to predict how close to the error
cliff a particular path is.

The SMPTE 259M datastream changes state at the start of each bit
cell if the bit cell has a data value of “1”. This coding scheme is
known as non-return-to zero inverted (NRZ1), which implies that the
receiver needn’t worry about the polarity (high or low) of the
incoming bitstream. NRZI yields a constant high or low if a string of
zeros is encountered, however, so a bit-scrambling algorithm is
added.

The peak-to-peak value of SMPTE 259M should be 0.8V, and the rise
time (or transition time) should be between 0.75ns and 1.5ns. If the
signal’s transmission path had infinite bandwidth and no group delay,
it would appear as a perfect square wave-but no transmission path is
ideal.

Moreover, the successive “1”s in that example create a true square
wave (50% duty cycle), but the typical SDI signal with a variety of
“1”s and “0”s will actually create rectangular waves (<50% duty
cycles), which require a denser spectrum of harmonics to properly
define. This means that a considerable amount of low and high
frequency harmonics will be present in the SDI signal.

Consider also that many elements in the SDI signal still happen at
traditional TV rates. Pairs of start of active video (SAV) and end of active
video (EAV) timing reference signals occur at the horizontal line rate.
The patterns encountered during the vertical interval still occur at the
field rate. All of this ensures that considerable energy will occur at
fairly low frequencies.

Spectral Analysis

While a 6MHZ bandwidth sufficed for analog video, serial digital
video requires more than 50 times that spectrum. In short data paths,
SDI harmonic content can approach 1.5GHz. Figure 2A shows the
spectrum of a typical SMPTE 259M datastream.
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Figure 2. The spectrum shown in (A) represents a healthy SMPTE 259M
(component) signal, while (B) shows the same signal after passing
through 1,000' of coax.
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The weak link in most serial digital systems is the path from the
transmitter in one device to the receiver in the next device. The
physical layer used to transport the data between devices is
comprised mostly of coax (although some connectors and perhaps a
jackfield might also be included). Coax provides the greatest
exposure to problems for a video datastream. It can be thought of as
an infinite network of inductive and resistive components in series,
with distributed shunt capacitance. This works out to be a low-pass
filter whose poles increase in number and move closer to zero with
length. Therefore, the longer the cable, the greater the attenuation of
all frequencies, with the rolloff increasing as a function of frequency.

Such attenuation with increasing frequency creates losses in the upper
harmonics of the SDI signal, while its substantial low-frequency energy
remains relatively strong. This causes the signal’s square waves to look
more like sine waves. Adding 1,000 feet of coax to the SMPTE 259M
signal shown in Figure 2(A) makes its spectrum look like Figure 2(B).
The signal in the latter graph is just about at the error cliff.

Cable Recommendations

To minimize this problem, coax that is robust at high frequencies is
required in a digital facility. The center conductor should be solid
copper (which offers better skin effect than stranded types), the shield
should be braided (with a coverage figure near 100%), and the shield
should also include a layer of foil (again for better skin effect at higher
frequencies).

The dielectric should produce as low a shunt capacitance value as
possible, which will also serve to decrease the high-end rolloff and
increase the velocity of propagation. However, note that some
dielectrics achieve this by using air pockets to lower the dielectric
constant, which can lead to center conductor migration. This, in turn,
can cause changes in the impedance along the length of the cable,
especially at sharp bends, leading to reflections.

Signal-to-Noise Measurements

One of the best ways to tell how far away a given path is from the
error cliff is to determine the S/N ratio of one of the principle spectral
elements in the SDI bitstream. The SMPTE 259M document states in
its preamble that the standard applies until the fundamental
frequency of the signal (135MHz for 4:2:2 component) has dropped
30dB in value. (Note that 135MHz is the fundamental of the SDI’s
square wave form, because each half-wavelength carries one bit of the

" 270 Mb/s SDI [component] data rate. Each bit cell represents one haif
of that square wave. The fundamental of a 135MHz is a sine wave of
the same frequency.)

Experience indicates that there are two spectral components whose
S/N values are useful in determining SDI signal health. These are the
SDI's fundamental frequency and its third harmonic (450MHz).

Using a spectrum analyzer, the third harmonic band is easy to
observe. [See Figure 2(A)] The second harmonic component should
not be used to determine an $/N value even though it is easily
identifiable, because its initial value can vary from one piece of
equipment to the next. Some users focus on the 270MHz second
harmonic, and mistakenly believe it’s a carrier. Bit scrambling ensures
that SDI pulse trains are rich in odd harmonics, and even harmonics
(like 270MHz) are not well-represented.

At the output of most SDI drivers, the third harmonic starts
approximately 35dB above the noise floor (vs. 45 to 50dB above noise
for the fundamental). After approximately 1,000 feet of high-grade
coax, the third harmonic is approximately eight to 10dB above the
noise floor. As this signal approaches some 6dB above the noise floor,
clock recovery becomes unreliable and errors start occurring.
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As this lower limit (the error cliff) is approached, the error rate will
rapidly increase from one per day to one per frame over a range of
only 3dB. Actual tests have shown the SDI signal going from low error
rates to unusable due to a signal level drop of only 2dB. This is
equivalent to adding a little less than 80 feet of coax to the path.
Therefore, any passive path segment that indicates a third-harmonic
S/N value of less than 10dB should be re-engineered.

Remembering that the overall level at low frequencies will not be
significantly affected, a time-domain display of the SDi signal will
show reduced amplitude on short-duration pulses, but normal levels
on longer (i.e., lower-frequency) pulses). (See Figure 3.) Note that
the signal also will float away from ground, dependent on pulse duty
cycles because of the large low frequency and DC components that
aren’t rolled off as quickly.

Figure 3. Time-domain display of an SDi signal that has passed through
1,000' of coax. Note lower amplitudes on shorter-duration pulses due to
high-frequency attenuation by cable.

Pathological Testing

Another indication that you are near, but not yet at, the error cliff can
be obtained through the use of so-called pathological test signals. As
described earlier, an SDI receiver’s circuitry must regenerate the clock
signal. To help it do that, most ASICs devoted to receiving SDI signals
equalize the incoming signal to boost the high frequencies, allowing
easier clock regeneration and data-value determination. Pathological
signals produce bitstreams that stress these circuits. Many devices
produce these test signals, including some digital VTRs.

One common pathological signal stresses the clock regeneration and
the equalizing circuitry by producing values for C and Y that force SDI
bitscrambling circuits to produce a run of 19 zeros and a single one
approximately every frame. With NRZ!I coding, the single one ensures
a polarity reversal for the next run of 19 zeroes. This stresses the
equalizer circuitry in the receiver by providing a large DC component
“blast” every so often. The fundamental of this signal is at 13.5MHz,
which adds to the low-frequency energy component.

Other common types of pathological signals have C and Y values that
produce runs of 20 ones, followed by 20 zeros periodically. This
produces edges at only a 13.5MHz rate, which is %o of the optimum
zero-crossing rate. This stresses a receiver’s clock recovery circuits by
making the PLL “coast” for long periods of time. it should be
understood that there are literally thousands of possible Y and C
combinations that can produce pathological bitstreams.

Experimentally, results show that a path will fail with a pathological
signal at received levels 2dB higher than where a non-pathological
signal will fail. Therefore, pathological signals can help determine
whether an SDI path is near the error cliff.




Jitter

Jitter is the time difference between when the next transition in the
datastream should occur and when it actually occurs. SMPTE RP-184 is
the document that covers the suggested method of measuring jitter
in a 259M bitstream. The location of appropriate crossover points can
either be determined by the previous crossover (PLL internal closed-
loop control) or by an external reference signal. Jitter is caused mainly
by a transmitter’s crosstalk, signal saturation characteristics and its
power supply, plus any jitter that was present in the parallel data
before it was serialized. (Most digital circuits process digital video as
parallel data and only serialize it immediately before transmission.)

The PLL clock circuit in the transmitter should also have a critically
damped transient response so that it slews to a corrected frequency
quickly without any overshoots (called overdamping). Invariably, the
PLL will be underdamped at certain frequencies of jitter, and thus, the
PLL response will ring at those component frequencies.

If an oscilloscope is used to measure the signal in the time domain by
looking at zero crossings, incorrect conclusions will be gathered about
the amount of jitter present. The time base (scope sweep rate) will act
as a comb filter to cull out certain frequency components of the jitter.
This is because various jitter frequency components are only
happening at certain rates, and the scope is not looking at all bit cells.
If we have a scope triggering on every 10th bit cell, we will not see
the o jitter component at all. Conversely, some jitter components will
be seen at double their actual amplitude.

One accurate way of measuring jitter is to extract the clock and
phase-demodulate (or discriminate) it. This is the only time that part
of the SDI signal should be considered as a carrier. Once the
clock-and its jitter—have been regenerated, the clock can be thought
of as an FM signal with the jitter information as its payload. The
baseband amplitude of this demodulated signal is the relative jitter.
Some test equipment claims to take this approach, which allows a bar
graph or gas gauge-type display that’s easy to read.

Other test equipment uses the approach recommended in RP-184,
which extracts a clock that is divided by some amount and used to
trigger an “eye pattern” display. The divisor is typically the same value
as the word size (usually 10 bits). This method will mask any word-
related jitter, which is usually quite small.

The jitter components of frequencies above 10Hz should have less
than 0.5ns of time-base jitter. The jitter components with low
frequencies (generally called wander) could have errors as large as
6ns. Therefore, trying to deduce the jitter while looking at the total
aggregate jitter is meaningless.

Reflections

Because it takes 1.24ps for a bit to propagate down 1,000 feet of
Belden 1694 coax (velocity of propagation 82%), and a 3.70ns-long
bit cell occupies approximately three feet of coax, there are 335 bit
cells in 1,000 feet of coax at any given time. The same length of
Belden 8281 (velocity of propagation 66%}) has 416 bit cells (2.4 feet
long each) within it at any given time. Conversely, a color subcarrier
cycle in 8281 is 175 feet long (only 5.70 of those in 1,000 feet of
Belden 8281 at any given time).

Any impedance mismatches that occur along the path cause
reflections. In the analog video world, only long paths with
impedance mismatches had the possibility of causing reflections that
were bothersome. Reflections caused by improper impedance
matches in cable were hard to discern. They showed up as nearly
imperceptible ringing during transitions, providing unintentional
enhancement or cancellation (in addition to the obvious incorrect
level caused by non-terminated or double-terminated lines).

In the digital domain, however, a path that’s only a few feet long with
reflections could prove disastrous. In this case, it’s not the incorrect
level that usually draws attention when incorrect terminations are
applied to a path. Rather, it's the total loss of recovered video because
reflections have made recovery of the embedded clock impossible.
Impedance mismatches as small as 20% can cause errors. Even tees
with short lengths of unterminated cable can cause complete loss of
signal. Patches, connectors or barrels can increase errors or cause
signal loss, as well.

Problems can develop particularly in older installations, because until
a few years ago, most BNC connectors had a characteristic impedance
of only 51 ohms. Subsequently, the amount of polyethylene or Teflon
dielectric was reduced to increase the characteristic impedance to 75
ohms. Early 75-ohm connectors were manufactured by reducing the
diameter of the center conductor pin, making them unable to mate
properly with 50-ohm connectors. But newer 75-ohm connectors
(“reduced dielectric”) will mate reliably with the 50-ohm connector,
allowing them to keep turning up at older facilities.

Although a time-domain reflectometer (TDR) is the best tool for
finding impedance mismatches along a path, a digital oscilloscope set
to a long persistence will give hints that reflections are occurring. The
receiver looking at this datastream will probably report many errors, if
it is able to recover data at all. Reflected energy, not only out of
phase, but possibly many bit cells behind the current data, is creating
a ringing effect at transitions.

Also consider that impedance is not constant with frequency. The
value of an impedance is represented by a complex number, which
has not only magnitude, but also direction (or phase). It is the ratio of
resistance and inductive plus capacitive reactance that determine the
magnitude of direction (or phase angle) of the resulting impedance.
When impedance in one segment of a digital path is not equal to
impedance of the next segment of that path, reflections resuit.
Reflections cause power to be reflected back to the source, lowering
the transmitted power and causing transmission loss.

Patchfields and mismatched connections are common causes of
serious reflection problems. These can greatly reduce the distance a
digital signal can travel without errors. Note that reflections can
totally shut down a digital path, even when all the other attributes of
the path are normal and healthy. Casual observation of the eye
pattern generated by the data passing through a mismatched path
might not indicate any serious problems. This is where network
analyzers of TDRs are more helpful, but lacking these, you should
remain critical of the analog attributes of the eye pattern. Just because
a system is now “digital” doesn’t mean that its group delay, ringing
and pre/post overshoots are no longer important and need not be
monitored.

Good engineering during the design and implementation portions of
a digital video project should ensure that your data paths are some
distance from the error cliff. In addition, determining the signal’s
amplitude above the noise floor (especially at higher frequencies),
ensuring that jitter is as low as possible and that there are no
reflections along your paths should provide proof that you have a
well-engineered and trouble-free digital system. ...
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AN INTRODUCTION
TO FIBRE CHANNEL
AND ITS
APPLICATIONS FOR
DIGITAL VIDEO

I. Introduction

Undeniably, the last revolutionary event in broadcast technology
was the advent of digital video. Digital technology changed the
way we work with video, making nonlinear editing possible as well
as providing unprecedented power in graphics creation and
manipulation. Today, much of the work of creating, editing and
finishing television content is done with machines that are
essentially high-powered desktop computers rather than the
dedicated hardware devices of old.

But like most technological revolutions, the practical applications
that resulted from the digital video revolution came about rather
gradually over a period of years. In fact, the revolution is still
underway. Each new product development creates a new
technological demand. The issue of the day (based on the amount
of press coverage given to the topic in the last six months) would
seem to be one of networking in digital video environments. When
nonlinear editing was a new technology, it was quite enough for
operators to perform their magic at isolated workstations.
Nonlinear editing seemed so significantly better than what had
come before that no one complained about having to copy huge
files across sluggish networks that were not designed to handle
video. They did not complain about having to actually carry hard
disk drives between edit suites. After all, was it that much different
than having to run a tape down to the machine room and slip it
into the VTR?

Today, after a number of years of actually working with digital
video, there has been a general awakening, or realization, that
there must be a better way to manage digital video in a facility. The
problems that exist are simple to define. First, while digital video is
wonderful to work with from a creative point of view, it leaves
facilities with files that are so large they literally do not know where
to put all of them. Second, the current setup of most facilities
makes them a disjointed collection of editing stations, none able to
effectively communicate with the others. In order for two or more
editors and graphic artists to work on the same project, files have
to be copied and hand carried around the facility on removable
hard disk drives. The actual mechanics involved for editors in a
facility to share a project are tedious and seem wholly inadequate
to today’s computer literate personnel.

The goal in developing a new networking solution for digital video
applications has to be one of offering extremely high throughput,
massive storage capacity, shared access and reasonable price. In the
remainder of this paper, we will briefly review some of the
competing networking storage solutions that are emerging, discuss
the possible benefits of each, and explain why Fibre Channel is
quickly taking the lead in the race for a new industry standard. We
will explain what Fibre Channel is and then examine the practical
applications that are available today using Fibre Channel as well as
present a glimpse into the future potential that the technology has
to offer.

Il. Current and Emerging Network
Technologies

Fibre Channel technology appears to have moved to the forefront
and is already considered by many to be the hands-down winner in
the race to establish a new networking solution in video
environments—a solution that would replace the nearly ubiquitous
Ethernet and SCSI systems. Before discussing Fibre Channel in
detail, it is important to be aware that a number of networking
technologies currently exist or are emerging.

84

Courtesy of: MountainGate
By Harry Aine, Product Manager

The current client-server architectures in digital video and
nonlinear environments segregate data and networking traffic. That
is, Ultra SCSI lines move data traffic at up to 40 megabytes per
second (MB/sec) and separate Ethernet, FDDI, or ATM lines move
networking traffic typically at 7 or 8MB/sec. The “cooking
metaphor” is commonly used to illustrate this. The two elements
necessary are the ingredients and the recipe. The recipe is the data
(EDLs, for instance) that describes how the ingredients go together.
The ingredients are the actua! video and audio source material that
will make up the content of a spot or show. Current networks are
quite adequate for sending the recipe, but too slow to adequately
handle these larger video and audio elements. The network
produces a bottleneck in the performance of the overall system.

To get past this bottleneck while also putting the recipe and the
ingredients on the same system, a number of new networking
technologies have been proposed. The leading contenders at this
time are ATM, Gigabit Ethernet, Serial HiPPI, FireWire, SSA and Fibre
Channel.

ATM (Asynchronous Transfer Mode)

ATM was designed to simplify and standardize international
telecommunications. It was conceived as a method for transporting
audio and video using the telephone network, with a large
geographic range in mind. It was developed to provide as much
bandwidth as possible over a wide area network, and only later was
it considered as a method for transporting digital video over a local
network.

ATM currently provides 155 megabits per second (Mb/sec), which
puts it in the race about even with FDDI (Fibre Distributed Data
Interface) and Fast-Ethernet. The next ATM standard (OC-12) in
development will bring the technology all the way to 622Mb/sec.
At this time it is not generally felt that ATM will be a contender in
desktop connectivity, though it will have a strong future in wide
area networks with a few specialized LAN applications.

Gigabit Ethernet

Simply because there is such a large installed base of Ethernet and
Fast-Ethernet users, Gigabit Ethernet has to be considered as an
alternative, and it will probably be adapted as a faster LAN in the
general networking market. Presently the technology is not fully
developed, but it is not likely to ever have the ability to transport
the full gigabit data streams demanded by digital video.

Serial HiPPI

The High Performance Parallel Interface (HiPPI) originated from an
initial need to interconnect LANs composed of supercomputers. The
physical standard was approved as an ANSI standard in 1991. HiPPI
has been seen as an excellent point-to-point, large file transfer
mechanism. It offers the throughput necessary for working with the
digital video, but has high cost and cumbersome cabling
requirements.

FireWire

The specification of FireWire, also referred to as IEEE 1394, allows
for transfer rates of up to 400 megabits per second with plans to
extend it to 1Gb/s. Primarily sponsored and developed by Apple,
this standard promised isochronous service while providing the
bandwidth needed for audio, imaging, video, and other streaming




data. FireWire offers a standard, simple connection to all types of
consumer electronics, including digital audio devices, digital VCRs
and digital video cameras. Even computer peripherals like optical
drives and hard disk drives were planned to have FireWire
interfaces. Up to 63 devices can be plugged into a single
configuration without termination, similar to plugging a phone into
a phone jack. This standard was initially targeted to replace SCSI.
FireWire as a standard, however, has not had the support needed
from the professional quality equipment manufacturers. Jitter
problems with isochronous transactions at high bandwidth has
caused design concerns. Disk drive manufacturers have not come
forth thus far to support FireWire as an interface standard. FireWire
is likely to remain a consumer quality interface.

SSA

Primarily developed and promoted by IBM and more recently by
Pathlight, SSA was introduced in the 1993-1994 period as the next
generation high-speed interface for storage devices. SSA initially
offered 40MB/sec: 20MB/sec read and 20MB/sec write. It offered
over 4000 1/Os per second. Isochronous transfers were allowed for
in the early specification. Compared to Fibre Channel, SSA comes
up short in many areas. Fibre Channel allows for absolute
addressing versus a relative addressing scheme. On SSA, if a device
malfunctions or is turned off, all future addressing to existing
devices on an SSA loop must change, including commands to units
specified in the command queue. With Fibre Channel any I/O to a
device will return status independent of any other device’s status.
On a loop, SSA can only tolerate a single device failure. SSA devices
can be "islanded” with multiple failures on a loop. Fibre Channel
supports transmission distances up to 10km, whereas SSA supports
only 340 meters at 40MB/sec Dual arbitrated Fibre Channel
configurations support “balance” controller schemes where multiple
controllers and target devices are assigned to each other based on a
balance of activity. In an SSA configuration, SSA devices can only
communicate with their immediate neighbors, and the balance
scheme is not possible. Fibre Channel supports a multitude of
communication protocols, not just SCSI. In fact, Fibre Channel can
serve as a network connection and virtual backbone.

While SSA seemed to be a promising technology when it was
introduced, its shortcomings have prevented its general
acceptance. Namely, multiple failure modes are not acceptable, the
distance capabilities are restrictive and the fact that only a single
disk manufacturer has supported SSA makes the availability of the
product questionable. At the same time that the excitement over
SSA has been waning, the interest in Fibre Channel and the actual
implementation of Fibre Channel has been steadily increasing.

Fibre Channel

Fibre Channel technology meets the data rate requirements of
digital video, offering 100MB/sec or 200MB/sec full duplex
(meaning it can transmit and receive at the same time). The
development of Fibre Channel goes back to 1988 when the need
was recognized to develop a high-performance serial link for data
transfer between mainframes, supercomputers, workstations and
intelligent peripheral devices. Fibre Channel is a family of standards
that define a communications interface for the transfer of large
amounts of data between a variety of hardware systems. In short, it
was designed to handle the large data requirements of digital video
specifically in application environments that resemble the modern
post-production house or broadcast facility.

. Fibre Channel Background Concepts

The purpose of this paper is not to provide exhaustive detail on the
fine points of Fibre Channel technology, but rather to provide an
overview for people who are responsible for moving video around a
facility. In some facilities, this could include any number of people
from the chief engineer to the video editor. Video editors may have
an interest in knowing something about emerging technologies
such as this because each time an editor copies a file onto a
removable hard disk and takes it somewhere else, that editor is
acting as a computer system administrator. Fibre Channel will not
only affect the engineering staff of a facility, it will directly impact
the facility’s creative talent as well. The presentation of Fibre
Channel in this section will provide a basic background in the
terminology and technical detail as they are directly relevant to
understanding Fibre Channel’s applications in digital video.

Defining Fibre Channel

Fibre Channel is a method of connecting a number of workstations
and storage devices in a facility to provide fast transport of video
files and to allow shared access to source material. It is the perfect
solution for allowing editors and graphic artists in a post-production
facility to work together.

Channels vs. Networks vs. Fibre Channel

To understand Fibre Channel, it is useful to define it in terms of
well-known |/O interfaces. The two basic I/O interfaces for external
device communication are channels and networks.

The term “channel” has traditionally referred to a peripheral (/O
interface that transports a large amount of data between devices.
An SCSI connection between a host computer and a disk storage
device is an example of a channel. Most data transfer is done in
hardware with little or no software involvement. The simplicity of
channels makes them very fast, at the expense of flexibility and
connectivity.

From the digital video perspective, channels offer the element of
speed. But there is a downside. With channels, data rates are
dependent on distance, offering very fast rates over short distances,
but becoming less functional with greater distance. There is also a
limit to the number of devices on the system. SCSI systems, for
instance, are limited to 16 devices.

In contrast, the term “network” refers to a network I/O interface
that supports many devices interconnected by a common
transmission method. All devices on a network are connected by
the same wire (or fiber line). For video applications, the ability to
allow a number of users to function on the same network is
advantageous. However, networks generally rely on software
involvement, and when there are high volumes of traffic on the
networks, the networks can run slow. As more devices are added to
a network, more data collisions occur and traffic slows or even
comes to a halt.

Existing installed systems today support one or both of these two
types of I/O interfaces. For instance, a workstation in a post house
may use SCSI as a channel interface to disk storage, and use
Ethernet for network requirements.

Fibre Channel combines the best of the two worlds, providing a
single 1/O interface to handle both channel and network
requirements. Fibre Channel provides the same ability of a network
to connect multiple devices over a distance, and at the same time it
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provides the simplicity of a channel, the reliable delivery of a
channel, and the speed of a channel.

A Universal Port

Unlike traditional I/O channels, Fibre Channel can transport a
number of other channel and network protocols, such as ATM,
FDDI, Ethernet, HiPPI, SCSI and IPI, over a single medium and with
the same hardware connection. This universal aspect is one of Fibre
Channel’s unique qualities.

Fibre Channel is most simply viewed as a transport mechanism. To
use an analogy, it functions like a FedEx package. That is, you can
put whatever you want in the package (SCSI commands, ATM
commands, etc.) and it is delivered to the desired destination.

Fibre Channel Topologies

There are three topologies available for Fibre Channel:
point-to-point, arbitrated loop, and switched fabric.

Point-to-point topology is a simple direct connection between two
devices. It can be used when connecting a single workstation to a
disk array or another workstation.

The arbitrated loop allows a number of devices to be connected in
a loop on a Fibre Channel network. The arbitrated loop will support
up to 126 devices on the network. Post-production and broadcast
facilities are likely to adapt the arbitrated loop topology for small
workgroups because it is cost-effective and provides the necessary
network speed for their applications. With an arbitrated loop
topology, a facility can easily connect a number of workstations
together so that they can function together. Using copper cabling,
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devices can be thirty meters apart—for example, all workstations
and disk arrays can extend thirty meters from a Fibre Channel hub
(see Figure 2 in the next section for an example of a typical
post-production setup). If fiber optic cable is employed in the
arbitrated loop, the distance between devices can extend to 10km,
giving post houses the ability to work with facilities that are across
town, for example.

The third type of Fibre Channel topology, the switched fabric, has
the potential to provide greater flexibility for digital video
applications, especially for working in large organizations and over
larger physical areas. Switched fabric solutions with full 1.062Gb
rates are expected to be announced this year. In concept they will
provide a service that operates in a similar manner to a telephone
routing system. The fabric is capable of making multiple
point-to-point connections between devices and Fibre Channel
arbitrated loop workgroups. The size limit on switched fabrics

is 16 million addresses.

While the switched fabric offers potential for the future, Fibre
Channel point-to-point and arbitrated loop topologies are
operational today, providing a greatly improved network solution
when working with digital video.

IV. Capabilities of Fibre Channel: Applications
in Broadcast and Post-Production

Today, Fibre Channel is the only network architecture that meets all
the requirements for working with digital video. It provides the
necessary speed and high capacity storage requirements, comes at
a reasonable price, and facilitates shared access to source material
in a central disk array. All of this adds up to providing
post-production houses and even nonlinear boutiques with




a more efficient way of working—a way of working that is more in
tune with the creative process.

To illustrate the advantage of Fibre Channel, let’s look at what
would be a typical Fibre Channel configuration in a small
post-production house. Figure 2 shows a post house that has
two nonlinear editing stations, a workstation dedicated solely to
digitizing source material, a graphics workstation, and a central
disk array for storage.

The system allows all three editing stations to access the central
disk array as if it were a local drive at each workstation. The great
advantage that Fibre Channel provides is that two editors (or more)
could work on the same project at the same time. Once the source
material is digitized, all workstations on the system have access to
that material. So, for instance, if you were asked to cut three
different promos from the same source material, all of your editors
could go to work at the same time without having to waste time
copying the source files.

From a system administrator’s point of view, Fibre Channel
networks greatly simplify back-up routines. Instead of having to
back-up a number of workstations in a Fibre Channel system where
everyone is working off a central disk array, the central storage is
the only back-up that is required.

One of the most challenging applications—possibly, the most
challenging application imaginable for those who work in film and
video—is film editing over a network. Today’s advanced digital
graphics systems have provided the film industry with a wonderful
means for creating absolutely spectacular special effects. The one
bottleneck that remains is transporting digitized film images
between scanners, disk storage and workstations.

A single frame of digitalized film requires about 40MB of disk

storage. Since film runs at 24 frames per second, we don’t have to
even bother to do the calculation—quite plainly, working with film
requires massive amounts of storage and very fast network speeds.

All files are saved to the
Fibre Channel (FC) central

The editing and graphics
stations can all access and
share the same files in the
central disk array.

.

Average projects will require many gigabytes. But to compound the
problem, many special effects projects are created by layering
multiple digital images, and thus multiplying the amount of data
involved.

Fibre Channel provides speed that is orders of magnitude better
than existing networks, doubling or even tripling the amount of
time that the workstation is available to actually perform useful
creative work.

V. Making Fibre Channel a Reality

Fibre Channel brings to market the high-performance, easy-to-use,
low-cost network and storage solution required for managing
digital video in broadcast and post-production applications. Fibre
Channel enables facilities to set-up work groups with high-speed
links to massive storage systems at significantly lower costs than
previously available. This gives workstations in post-production
facilities access to real time, full-motion video over a network and
allows workstations to share source material in a central disk storage
system. Applications in other industries, such as medical imaging,
visualization, simulation, and other graphical applications will also
benefit from Fibre Channel technology.

With its expertise in storage and videodisc recorders, its experience
with the broadcast and post-production markets, and its respected
position in the market, MountainGate was the one company
perfectly positioned to bring together all the necessary companies
and existing Fibre Channel components to make a working Fibre
Channel solution. The culmination of a number of technological
developments and strategic alliances by MountainGate has resulted
in the first commercially available Fibre Channel network and
storage system. ...
ge sy ey

Instead of actually linking
devices in a loop, a FC
hub “creates” the FC

A typical facility might set

up one workstation as the
dedicated station.
This station digitizes the media
and writes it 10 the FC disk

Figure 2. A Fibre Channel Configuration in a Typical Post-Production setup
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THE COMPONENTS
OF VIDEO SERVERS

Much has been written about video servers at a conceptual level but
little has been written about the key components of a video server
and the fundamental rules under which these components operate.
This article will endeavor to explain these components, how they
work together and their limitations. It will become evident how and
why certain broadcast applications are feasible today, while others are
on the verge of possibility.

A video server can be represented by five key components:

1. RAID disk array.

2. A real time controller for traffic management on the bus.

3. 1/O cards.

4. High speed internal data bus.

5. Disk scheduling that configures the video server for specific
applications.

Video servers must contain storage, and a common choice today is
rigid magnetic disks. In nonlinear editors, a single disk drive may be
used to store the compressed video as it is digitised. Broadcast
applications demand multiple, simultaneous channels accessing the
same material and require data protection.

A RAID (redundant array of inexpensive disks) satisfies both these
requirements. RAID was invented in the early 1970s to increase the
reliability of a disk system in case of a drive failure. RAID levels O
through 5 are now defined but the most common are RAID 0, 3
and 5.

RAID 0: Stripes the data across the array. No data protection.

RAID 3: Calculates parity as the data is striped across the array. One
drive in the array is reserved for the parity information. Any single
drive failure will not result in a loss of data.

RAID 5: The same as RAID 3 in operation but the parity data is striped
across the array instead of stored on one disk.

RAID 0: is unacceptable for broadcast applications because a single
drive failure will result in the loss of all data. Most systems today
employ RAID 3 or 5 with no operational difference between them.

While RAID does protect the data, the RAID specification does not
guarantee uninterrupted operation when the disk fails, hot swap
capability or transparent disk rebuild capability. Obviously in critical
broadcast applications, all these capabilities are required and should
be separately called out by the manufacturer in the video server
specification.

While disk arrays are obviously needed for storage and reliability, they
are also necessary for creating the bandwidth to support multiple
channels. If a server is specified as allowing a certain number of
channels to access the same data simultaneously, then there must be
enough available bandwidth within that array for the total number of
channels specified. A disk array with RAID provides both increased
bandwidth (for example, in RAID 3 configurations approximately the
individual disk bandwidth multiplied by the number of drives in the
array minus parity drives) as well as data protection.

Traffic Management Control

A controller internal to the server manages the movement of data on
and off the disks to the appropriate I/O channels. This controller
should also accept house time and real time commands input via the
automation or other application software. In addition to real time
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commands such as play and record, the internal controller may also
interface with the external application for database checking. For
example, in an ad insertion application where traffic has given the
automation a playlist, the automation software needs to ensure that
all material is available on the server, or otherwise notify the operator.
This is accomplished by passing the playlist to the server to check with
its internal database for inclusion of all those records.

Obvious choices for controllers today are real time Unix systems and
PC platforms. Both have their advantages and disadvantages. Real
time Unix systems are designed to manage multiple simultaneous
processes (i.e. multiple video channels streaming on and off disks)
with a precise allocation of time to individual processes, however,
they are more expensive than PC platforms. PC platforms are widely
available, hence less expensive, but their operating software is not
designed for real time interrupts and multiple simultaneous processes,
and more effort must be spent in finding robust real time operating
systems for PCs. The choice is really up to the manufacturer.

1/0 Cards

1/O cards configure a server for a specific application. They are
responsible for taking incoming information, video and audio,
formatting it correctly, compressing and then moving it onto the high
speed bus, or vice versa for outgoing channels. In a modular design,
all other components of the video server are completely independent
of the 1/O card. Upgrading the server for new video formats or
compression algorithms should be a matter of changing only the 1/O
card. For example, when introduced, the HP Broadcast Video Server
used 1/O cards with MPEG-1 compression chips. Since then, the
MPEG-2 chip set has become available and all customers were
upgraded by simply changing the 1/O cards. All other components of
the systems remained unchanged.

High Speed Internal Data Bus

The purpose of the internal data bus is to move data as fast as
possible from the disk array to the I/O cards and vice versa. A video
server does no computation on the video stream, unlike an effects
generator or other device that manipulates video. Therefore, a bus
that bypasses the internal controller is optimal. By not going through
the CPU, the server is optimized for the fastest possible data transfer
between the disks and |/O.

Common backplanes today are PCl and VME. These buses are
standard in the computer industry and have a large number of
supported configurations and manufacturers. A proprietary bus may
be created of course, but that increases expense for the end user. The
advantage of using a standard bus as a backplane is in the availability
to the manufacturer of higher volume components, hence lower cost,
rather than designing a specialized low volume item. In addition, a
standard backplane lends itself to third party development of
additional cards provided the manufacturer adheres to the backplane
specification.

Current practical maximum speeds of the PCl and VME buses are
approximately 320Mb/s. In evaluating these bandwidths, it becomes
apparent that they are a potential bottleneck of channel capacity in a
server. Forgetting physical limitations, using a JPEG compressed signal
at 48Mb/s or an MPEG compressed signal at 10Mb/s, a server can
only theoretically contain 6 to 30 channels respectively. Using a server
with MPEG’s bandwidth advantage for the same picture quality, most
transmission applications can be satisfied with current standard
backplanes.




Scheduling

The key to making all the componets of a video server work together
smoothly is disk scheduling. Disk scheduling is the movement of data
to and from the specific disk drives in the correct order and the
placement of that data in real time on the internal data bus. Disk
scheduling algorithms for the demanding requirements of broadcast
applications are designed by each manufacturer. Today, they are one
of the most likely components to limit the bandwidth of a video
server, even more so than the internal data bus because a scheduling
algorithm reduces available bandwidth to guarantee that each
channel has adequate bandwidth. In doing so, the maximum
available bandwidth from the disk array cannot be used.
Manufacturers continually strive for improvements in scheduling
algorithms to better use the available disk array bandwidth.

Networking

In looking at the individual components that make up a video server,
we have seen two areas that are potential bottlenecks for a server with
very high channel capacity: disk scheduling and the internal data bus.
Digital technology will continue to advance and new capabilities will
become available over time to help eliminate these problems. But, at
the same time, broadcasting requirements will also increase, both in
number of channels and quality (i.e. HDTV). Given this, how do we
create solutions?

RAID DISK ARRAYS
OF VIDEO SERVERS

RAID Systems Are Far More
Than just a Bunch of Disks.

THE BOTTOM LINE: from to disk equipment can be
Mw'mude — maintenance

. The trade-offs i reduced and higher
, however, in today’s business climate that is not 2
New systems must be cost-effective. In addition, video servers,
most broadcast equipment, must provide some level of redundancy.
Hc:m«n;hatrvedmuiancymn‘sumimcl maﬁectm
g systems are usi not
-effective.

The convergence of video production, broadcast, communications
and digital computing has spawned a new class of computing
system—the video server. The video server is related to its cousin, the
file server, because both "serve” data to fulfill requests from clients.
Serve refers to the action of retrieving data from digital storage and
forwarding it to the user via a communication’s network. Video
servers, not withstanding their similarities to file servers, have
performance demands placed on them that make the architectures
employed unique. A key component of these architectures is high
performance, redundant disk storage.

The Video Server Paradigm

Video servers are used to deliver digitized video data to a
communication outlet (for distribution of the video) in real time.
Upon request or on a pre-programmed schedule, the video server
must retrieve video (which has been digitized and compressed) from
on-line storage and forward it through system buffers to a

Networking features are of crucial value to a video server because they
provide: connectivity between multiple servers, wide area networking
for global material movement, redundancy configurations and system
expandability. There are two types of networking. An “inter-system
network” connects multiple video servers together. A “wide area
network” (WAN) provides global connectivity, allowing data to be
moved across vast geographic distances.

In the current HP BVS, FDDI running at 100Mb/s is used to
interconnect multiple servers. Future high speed networks such as
Fibrechannel running at 1 gigabit/s will increase this capability
significantly. For wide area networking, an ATM interface at 155Mb/s
is an existing standard for non-real time transfer between servers.

Network interfaces connecting video servers provide a total higher
channel solution and allow data transfer across wide distances. In
addition, with standard network interfaces, newer video servers can
be added to a facility with complete leverage of the existing video
server system via the network interface. This is similar today to having
different generations of PC platforms running on the same LAN.

The benefit of the newer system can be utilized without replacing the
older systems. As time continues, we can be sure to expect that the
video servers will evolve, but through a standard networking interface
we can maintain stability in our facilities that allows us to enjoy the
advantages of newer capability without removing existing

systems. ,.==>

Reprinted from Broadcast Engineering Magazine, September, 1996.
Copyright. Courtesy of Intertec Publishing Corp. Overland Park, KS
66212. All Rights Reserved.

By Bill Moren

communication outlet for transmission to the viewer. This process
must be performed in real time to ensure the video is delivered at a
continuous rate of 30 frames per second (fps). A typical video server
environment is shown in Figure 1.

Figure 1. Video servers are used in conjunction with video switches,
communication links, administrative systems and various methods of
downloading content.

The video server is typically a powerful workstation with hardware and
software designed to deliver video in real time. The hardware
architecture of video servers must allow for many streams of video to
move from the on-line disk storage through internal system buffers
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and out through communications connections. While any of these
components could limit the server’s performance, it is the disk
subsystems which, if improperly designed, have the potential to
degrade performance by 50% or more. Furthermore, because the
disks in a video server account for about 50% of the server’s cost,
anything less than optimal configurations can dramatically impact the
server’s cost-effectiveness,

Unlike file servers, which manipulate data of any type, the video
server’s sole task is to retrieve video data. The video data stored on a
video server consists of programming that has been digitized and
compressed. Typically, there will be a large number of different titles
stored in the video server, of arbitrary length (depending on the type
of video—movies, news, commercials, etc.). Each title may be played
at differing times. Also, multiple copies of the same title may be active
simultaneously. Advanced server software, typically found on systems
serving metropolitan areas, may schedule multiple requests for the
same title into slots, eliminating redundant data requests. For each
slot, regardless if single or multiple video requests are being serviced,
the video server must supply a single video stream.

The sequence of digitized data that comprises a piece of video, when
transferred in such a fashion as to satisfy a viewer’s request, is said to
be a stream. A stream is sequential, in terms of chronology and not
how it is organized, on a disk subsystem. In practice, video streams
are typically stored sequentially for performance reasons. If a viewer
pauses or rewinds, a new stream is generated when the playback
resumes (at least from the video server’s perspective). Video servers
typically support numerous simultaneous streams. For performance
modeling, a random distribution between streams is often assumed.
Video streams also have isochronal characteristics. Specifically, each
frame in a video stream must be delivered every 33ms (time per
frame at 30fps). For acceptable video playback, the server can’t
deliver video on an average of 30fps (e.g. 60fps for one second, Ofps
the next). Within the server, the method used to provide isochronous
performance may accommodate some components’ inability to
operate truly in an isochronous mode. For instance, system buffering
may allow disk subsystems to load a sequence of video into the server
at a rate much faster than 30fps. The server then transfers out of the
buffer at precisely 30fps. Fault tolerance is another key video server
trait. It is not unusual for video server applications to operate 24 hours
per day, seven days per week.

Video Server Disk Storage

The fundamental objectives for video storage are straightforward.
First, the storage should be as cost-effective as possible. This implies
that the storage subsystem employs an architecture that delivers the
highest stream to spindle ratio possible. This ensures maximum
performance for the lowest cost. Second, there must be adequate
capacity for the total content to be available on-line. Finally, the
storage must be fault tolerant, enabling real-time operations.

Individual disk drives do not satisfy the objectives set for a video
server’s storage. A single drive delivers only a few streams of
compressed video. To determine the number of streams a disk can
deliver, several variables need to be considered: the request size of the
stream, the drive’s sustainable bandwidth, the drive’s access latencies
and system overhead.

The total numbers of streams (S) a drive can support is the ratio of the
time per request at the compressed video rate (Tv) and the time per
request at the sustainable disk rate (Td) {S=Tv/Td). A request is the
transferring of an arbitrary amount of data in a unitary disk operation
and typically encompasses many frames of video.
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Tv (time at video rates) is simply the amount of data requested (L)
divided by the video stream rate (Rv), after compression (typically
1-15Mb/s). Td (time at disk rates), on the other hand, consists of the
sum of the drive’s latencies and the time for the actual data transfer
(Tx). A drive’s latencies consist of a seek (Ts), a rotational period (Tr)
and overhead (To). Data transfer time (Tx) is request length (L)
divided by the drive’s data rate (Rd).

Expressed algebraically, the total number of streams a singte drive can
support is: S=L/((L/Rd+Tx+Tr+Ts+To)*Rv)

For example, a 7,200rpm drive with average access times of around
13ms and transfer rates of around 6MB/s will support approximately
15 streams of video compressed to a rate of 3Mb/s. This same drive, if
worst-case performance is evaluated (full-throw seeks, full-revolution
rotational latencies), only supports about 10 streams of video at the
same compression rate. For better-quality video streams (e.g. lower
compression), which require higher data rates, the number of streams
supported by this class of drive drops. Figure 2 depicts graphically the
performance of this type of drive for varying data request lengths (L).
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Figure 2. Average and worst-case performance of a 7,200rpm drive
when supporting multiple 3Mbps video streams.

While a single drive has modest stream performance at best, the
capacity is also rather small in the context of video. Video compressed
to 3Mb/s requires more than 22MB of storage for one minute of
playback. On a 4GB disk, approximately 180 minutes of capacity are
available, enough for only about one and half movies. For a server
with any reasonable total capacity, many spindles (drives) will be
required.

Regardless of the total number of drives used in a video server, media
redundancy is required to ensure on-air real-time playback. Even
though mainstream drives have high mean time between failures
(MTBF) ratings, they do fail and at a rate that may be surprising. For a
family of drives with an MTBF of 800,000 hours, the expected failure
rate over the service life of the drives is more than 5%. This analysis
assumes no drive design failures in either the hardware or microcode,
nor any manufacturing process problems endemic to a particular lot
or facility.

RAID For Video Servers

A storage technology referred to as redundant arrays of independent
disks (RAID) addresses the performance, capacity and redundancy
needs of video servers. RAID was conceptually presented in a paper
published by the University of California at Berkeley in the mid-1980s.




The paper offered a series of data storage architectures that provided
media redundancy, large capacity and high performance. The
architectures are colloquially referred to as RAID levels and were
arbitrarily numbered one through five to identify each level.

RAID level 1 (RAID 1) is disk mirroring. Mirroring is a technique
common to mainframe storage architectures and pre-dates the RAID
paper. It was used as a frame of reference in the paper for the other
RAID levels presented. Mirroring provides redundancy by simply
duplicating each disk in the storage system. The remaining RAID levels
incorporate a data-striping technique in which data is evenly divided
across a group of data drives. Error correction information, which can
be used to regenerate the data on a failed drive, is stored on a
redundant drive. RAID levels 2 and 3 stripe the most elemental unit of
data, the disk block, across all data drives. The difference between
these two levels is the redundancy technique, in which RAID 2 uses
multiple redundant drives, while RAID 3 uses a single drive. Because
RAID 2 offers no significant benefit over RAID 3 and has higher costs,
it has not been considered a commercially viable alternative, and
won’t be considered further. RAID levels 4 and 5 stripe blocks with a
single or group of blocks entirely contained on a single drive. Like
RAID 2 and RAID 3, the difference between RAID 4 and RAID 5 is in
the method of redundancy. RAID 4 stores its error-correction data on
a dedicated drive while RAID 5 distributes this information across all
drives. Although RAID 4 may be easier to implement, it offers lower
performance and no cost savings as compared to RAID 5, and it too
will not be considered further.

RAID 1, RAID 3 and RAID 5 share a common trait; any single drive in a
RAID configuration may fail and all the data stored in the RAID will
remain accessible. The similarities end there. Each of the RAID levels
have differing levels of normal performance, performance after a
failed drive and media costs. These differences define the suitability of
these RAID levels for video server applications.

Selecting RAIDs For Video Servers

While the old adage “your mileage may vary” is appropriate when
considering different vendors’ RAID implementations, a good
understanding of the underlying RAID principles will remove any
doubt as to the upper limits of each RAID level. To compare the RAID
levels, configurations using “n” drives will be considered.

PERFORMANCE
NORMAL

PERFORMANCE
FAILED DRIVE

PREMIUM FOR n
USABLE DRIVES

USABLE
CAPACITY

RAID LEVEL

The table compares four important metrics for each RAID level. The
first metric to compare is the media cost. It is in this comparison that
the primary detriment to RAID 1 becomes apparent. RAID 1, because
it must duplicate every disk, requires twice the total number of drives
needed for any arbitrary capacity objective. As a result, the total cost
for a usable capacity equal to n drives is 2n (100% premium). By
comparison, RAID 3 and RAID 5 (RAID 3/5) only consume one drive’s
capacity for redundancy. As a result, the premium for redundancy is
only a fraction of the total capacity purchased. A five-drive RAID 3/5
only requires one disk for redundancy, 20% of the total. As the width
of the array increases, the premium decreases even further. A
nine-drive array, eight of which are usable, has a redundancy
premium of only slightly more than 10%. In general, the cost for “n”
usable drives in a RAID 3/5 configuration is (n+1)/n. Figure 3
illustrates the difference in redundancy premiums for RAID 1 and RAID

3/5 as compared to just a bunch of disks (JBOD), with no redundancy
whatsoever. In addition to RAID 1’s much higher cost for redundancy,
the large number of drives associated with RAID 1 also increase the
packaging and cooling complexities of a system, while lowering the
overall reliability due to the larger total number of components. As a
result, RAID 1 will not be considered further.
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Figure 3. Media cost differences between various disk storage systems.

The popular convention is to consider striping RAIDs for use in video
servers. Because the media costs are identical for RAID 3 and RAID §,
the primary consideration in selecting one or the other is the
comparative performance capabilities. Video servers operate in
real-time environments. As a result, the performance of a RAID under
all operating conditions is the crucial consideration. While it is
important to consider the performance of a RAID during normal
operations, when all drives are functional, it is equally important to
consider the performance of a RAID after a single drive has
failed—also a normal operating condition. This consideration is
required because a video server is typically guaranteed to deliver a
minimum level of performance under all operating conditions.
Therefore, the lowest performance capability of the RAID under any
operating situation it may encounter is the specification that dictates
the server’s specified performance.

Performance With All Drives Operating

Because one drive in a RAID 3 is dedicated to redundancy, it cannot
contribute to data transfer performance. However, the remaining
drives are used for data operations. Because of RAID 3’s parallel
striping technique, the sustained transfer rate approaches the media
limits of the data drives. For example, a RAID 3 in a 4+1 configuration
(four data, one redundant drive) will have a sustained transfer rate
approximately equal to four times the sustained transfer rate of an
individual drive. In general, for an n drive RAID 3, the total number of
streams supported is equivalent to n-1 drives, with adequately large
data requests.

The analysis for a RAID § is a bit different. RAID $ distributes
redundancy information across all n drives. Furthermore, each drive is
accessed individually. This enables each of the drives to service a data
request simultaneously (providing the data requests are evenly
distributed and there are no hot spots - a significant presumption). As
a result, a RAID § theoretically can support n drives worth of streams.

In practice, RAID 3s track theory much better than RAID 5. This is due
to the unpredictability of the request distribution. With a RAID 3, all
requests access all drives, in parallel. This results in predictable
performance. With RAID 5, however, any request distribution pattern
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that doesn’t keep all the drives busy results in performance
degradation. RAID 5 performance is much more difficult, if not
impossible, to model accurately for a real-time environment. Many
RAID 5 users find performance to actually benchmark at or below the
n-1 level.

Performance After a Drive Fails

The strength of RAID 3 is its performance after a drive fails. In fact,
there is no performance degradation after a drive has been removed
from a RAID 3 array. These arrays perform data striping on-the-fly,
using special hardware. The information stored on the redundant disk
is also generated on-the-fly, using hardware. Because every piece of
user data is striped on all drives, all operations occur in parallel. If a
drive fails, a RAID 3 controller turns on hardware that regenerates the
missing drive’s data by combining the data from the remaining data
drives and the redundancy drive. The hardware that performs this
function typically is in the controller’s data path. These circuits are
designed to operate at rates equal to or greater than the media data
rate with no additional latency.

RAID 5, on the other hand, has a significant performance degradation
after a drive fails. It is RAID 5's strength, independent access to each
drive, which causes the severe performance loss after drive failures.
When a RAID 5 drive fails, the remaining drives must be accessed for
every request of the failed drive. This, in turn, prevents the functional
drives from servicing their own requests. To quantify the performance
loss, something called the Array To Drive Request Ratio (A_D) must be
examined.

The A_D is simply the ratio of the total number of array requests to
the total number of disk requests required to complete the array
request. In other words, an array request is simply a data request from
the host. The drive requests are the actual disk operations inside the
RAID 5 array to carry out a host request.

When all drives are operating, the A_D is one, because every host
request corresponds to exactly one disk request. However, after a
drive has failed, there are far more disk requests (accesses) than host
requests. Assume an even distribution of requests to all n drives, from
the host’s perspective. After a drive fails, n-1 of the n requests will be
for the remaining n-1 functional drives. One of the n requests will be
for the failed drive. The total array requests equal n-1 (for the good
drives) +1 (for the failed drive) which equals n.

For the drive requests, the n-1 requests for the functional drives will
correspond to n-1 drive requests, because each functional drive can
perform one request. For a request to the failed drive, another n-1
request is generated, because all of the functional drives are used to
regenerate the failed drive’s data. In total, after a drive has failed, a
RAID 5 will generate n-1 (for the good drives) + n-1 (for the failed
drive) drive requests, or, more simply, 2*(n-1) drive requests. Hence,
the ratio of host requests to drive requests (A_D) becomes n/(2*(n-1).

To complete the analysis, the A_D is factored with the number of
drives in a RAID 5 after a drive failure and the number of streams an
individual drive can support. In general, the number of streams a
RAID 5 will support is the product of the array to disk ratio, the
number of usable drives in the array, and the number of streams
supported per drive. Algebraically, total streams = A_D number of
drives *S. Substituting the expression for A_D and n-1 for the total
number of drives in a RAID 5 array after a drive failure, the total
streams supported = n/(2*(n-1))*(n-1)*S. Simplifying, the total
streams supported = n/2*S. Hence, the performance of a RAID 5 after
a drive failure is only 509 of its theoretical maximum when all drives
are operating. Figure 4 compares the performance of RAID 3 and
RAID 5 after a single drive failure.
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Figure 4. RAID performance after a drive failure in a multidisk array.

Subsystem Redundancy

In addition to providing high levels of performance under all
operating conditions, RAID 3 implementations can also provide
redundancy features that are extremely useful in on-air broadcast
environments. To ensure reliability, the power supplies and cooling
fans (if used) should also be redundant, because they are the two
most likely components for failure after the disk drives. Redundant
components should be hot-swappable after a failure. Hot swap is the
capability to allow a failed component to be removed and replaced
with a new unit without shutting down the subsystem. It is crucial for
any redundant component in a real-time environment to support hot
swap. Without such a capability, the subsystem must be shut down to
service a failed component. During such times the video server would
no longer be able to operate at full capacity, if at all. With hot swap, a
failed component can be replaced and the subsystem brought up to
100% protection without a user ever knowing the service has been
performed.

The converging worlds of video production, broadcast,
communications and computing are placing an ever-increasing
burden on the architects of video servers. These architects must
design systems that deliver many streams of video, in real-time, and
for a price that is palatable. The storage component of the video
server accounts for about 50% of the total system cost and is a key
performance component. It is for these reasons that RAID disk arrays
have become an integral part of video server architectures.

RAID 1, or mirroring, duplicates every drive. Compared to alternative
RAID architectures, this approach is not cost-effective. Furthermore,
the decreased reliability of a large number of spindles and the
complexities of packaging, powering and cooling a RAID 1
implementation is prohibitive.

RAID 3 and RAID 5 stripe user data and only require a single drive’s
worth of capacity for redundancy. They differentiate themselves in
performance. While, in theory, RAID 5 may have a slight performance
advantage when all drives are operating, in practice this is not often
realized. But the main difference in these two RAID architectures is the
performance after a drive fails. While RAID 3 doesn’t experience any
performance degradation, the RAID 5’s performance will drop by
509%. For the real-time environments of video servers, it is RAID 3's
robust performance, over all operating conditions, that makes it an

ideal choice. e
iy
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LARGE-SCALE
DISTANCE
LEARNING SYSTEMS:
QUESTIONS TO ASK
TO MEET DIVERSE
IMAGING NEEDS

More and more colleges, universities and K-12 schools are
implementing local and statewide distance learning networks. An
offshoot of videoconferencing and a progression from the earlier
school MATYV systems, most Distance Learning (DL) classrooms now
provide students and communities with two-way, real time, audio
and video communication between sites that are often hundreds of
miles apart.

When planning a Distance Learning system, key questions must be
asked and answered during the early stages of the network’s
development, many of them essentially imaging questions. In this
article we'll look at the major areas that should be reviewed when
designing a Distance Learning system to be used by schools and
communities planning a variety of classroom sizes with various
budget constraints.

The lowa Experience

| have seen firsthand how proper planning and management of a
Distance Learning network will enhance the effectiveness of the
system and provide a seamless backdrop for the educators, students
and community members using the classrooms.

The State of lowa Fiber Optic Network was designed and
developed by the lowa Communications Network (ICN). The
classroom technical requirements for the educational sites are
provided by lowa Public Television (IPTV). The network currently
has 310 active classrooms. The system operates 16 hours a day
Monday through Friday and eight to ten hours on Saturday and
Sunday. Eighty to 125 sessions are held on the network daily. Up to
108 sites can be simultaneously linked together over the network
for one session.

Originally envisioned for teaching classes to students at remote
locations, Distance Learning has expanded into the public sector,
and is now widely used for community meetings, public health
presentations, parole hearings, governor state-of-the-state addresses
with question and answer periods, symphony broadcasts, and even
trips to the local zoo.

The system also provides local, regional, state and federal

administration officials with a convenient method to conduct

business, thus saving state and federal government time and
money.

Key Questions

The first step in designing a DL system now is to answer these key

questions:

m Image quality. Is there a set budget and the need to develop the
best system possible within its limits? Or is it more important,
even vital, that the system has a specific image quality level—and
the funding to reach that goal?

® Bandwidth. How much bandwidth will be available to transmit
the signal? And is there already a transmission path that must be
used, or is the transmission path flexible?

8 Who are the end users? Yes, who are they, exactly? What is their
level of technical expertise? How simple must the system be so
that they can feel comfortable using it? And how much training
will be provided to them?

m Define the high-end and low-end classrooms. Generally, what
equipment will be installed in a high-end and a low-end
classroom? How different will these rooms be? How similar?

m Technical support and geographic considerations. What level
of technical support will be provided to the classrooms? Will they
be located in areas that have technical assistance available, or will
there be minimal or no technical assistance on site? How many
miles will there be between those classrooms?

In the case of the State of lowa, they decided that they wouldn’t
settle for anything less than full-motion broadcast quality video.
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They also decided to run their own fiber cable throughout the
state. This provided the state with both the bandwidth they needed
to run a 45Mbps digital signal using DS3, and a state subsidized
online rate for all schools using the system.

(System designers who are not going to run fiber cable will
probably contract the local Telco for time on the phone lines and
the bandwidth and online usage rate negotiated with the Telco will
directly affect the design of the system. The system will still need to
provide the best image quality and bandwidth for that budget.)
System Backbone and Imaging

The second step is to define the system backbone, which, after all,
determines how audio, video and data will communicate between
the sites. It includes the bandwidth, the connection (getting on
and off the network) and three communication protocol