20 SunVideo and Digital Video— October 1993

SunVideo and Digital Video 19

Bibliography

Blinn, Jim, “NTSC: Nice T echnology , Super Color”, IEEE Computer Graphics & Applications, Mar ch 1993 “Compr ession Issue” Communications of the ACM, V olume 24, Number 4, April 1991 “Digital Compr ession and Coding of Continuous-tone Still Images, Part 1: Requir ements and Guidelines”, Number ISO/IEC CD 10918-1, available fr om ANSI (212) 642-4900. “Digital Pr ocessing of V ideo Signals - V ideo Coder/Decoder for Audiovisual Services at 56 to 1536 kbit/s”, available fr om ANSI (212) 642-4900. Inglis, Andr ew, Video Engineering, Andr ew Inglis, McGraw-Hill, New Y ork, NY, 1993 “MPEG1” ISO CD 1 1172 available fr om ANSI (212) 642-4900. Pennebacker , W.B., and J.L. Mitchell “JPEG Still Image Data Compr ession” Van Nostrand Reinhold, 1991 Poynton, Charles, et al., course #29 notes “Concept of Color , Video and Compr ession”, ACM Siggraph ‘93/ Multimedia ‘93, August 2, 1993 SMPTE Journal, published by the Society of Motion Pictur e and Television Engineers, Inc., White Plains, NY XIL 1.0 Programmer ’s Manual XIL 1.1 Programmer ’s Manual

18 SunVideo and Digital Video— October 1993

Appendix

Application Vendors

A number of independent softwar e vendors (ISVs) have alr eady cr eated applications supporting the SunV ideo boar d. This list will be updated as new systems ar e created.

The SunSolutions™ independent business unit within SMI has announced their support for the boar d for use in collaborative communications. Contact John Quist at (415) 336-9852.

InSoft offers several pr oducts including their Communique!™ package for confer encing and shar ed whiteboar d. Contact Sales Support at (717) 730-9501.

Paradise Softwar e offers a Client/Server V ideo solution of fering live or stor ed video fr om network servers to be accessed by clients acr oss the enterprise. Contact Paradise at (609) 275-4475.

Apunix has cr eated ImageEdit a system for capturing and manipulating video for a variety of applications. Contact Apunix at (800) 8AP-UNIX.

AimTech pr ovides multimedia authoring capabilities including V ideoEdit for the cr eation of training, pr esentation or other interactive systems. Contact AimTech at (603) 883-0220.

SunVideo and Digital Video 17 responsible for and how many times each codebook entry is used. It uses these numbers to adaptively r efine the codebook on each frame. Changed codebooks are sent in the bitstr eam.

In CellB, the compr essor calculates the average luma for each partition and the average chr oma for the entir e block. This r esults in two colors with representation in YUV : <Y_lo, Cb_ave, Cr_ave> and <Y_hi, Cb_ave, Cr_ave>. The pair <Y_lo, Y_hi> is vector quantized against the Y/Y codebook and the pair <Cb_ave, Cr_ave> is vector quantized against the Cr/Cb codebook. Her e the encoded block is the 16-bit mask and the two 8-bit VQ indices. Both of CellB’s codebooks ar e fixed, which allows the compr essor and decompr essor to use table lookups and ther efore run at high speed. The entries in each codebook ar e not a uniform partition of the Y/Y and Cr/Cb color spaces, but are based on the eye’s sensitivity to contrast.

Beyond SunVideo

Futur e enhancements of the SunV ideo driver softwar e which is accessed through the XIL™ library may include H.261 support, MPEG-1 I, P , and B frame support, and MPEG-1 performance impr ovements. V ideo playback performance will also be impr oved with XIL™ library enhancements and higher performance of futur e SMCC workstations.

Because the SunV ideo boar d is a pr ogrammable compr ession engine, additional algorithms can be supported if ther e is suf ficient market demand.

16 SunVideo and Digital Video— October 1993

The initial r elease of the SunV ideo boar d driver does not support H.261, but this support could be included in futur e releases. The SunV ideo boar d would only addr esses the video component, application developers ar e expected to work on the full H.320 family that includes audio and transmission layers.

Cell

CellA and CellB ar e compr ession techniques developed at Sun that enable extremely fast softwar e decompr ession. The algorithm and bit-str eam definitions ar e completely open. CellA is designed for applications such as CD- ROM playback or distance learning wher e the data is compr essed once and used many times. Image quality for a given bit rate is high. Compr ession is performed in softwar e using the XIL™ library . CellB is designed for applications such as video mail or video confer encing wher e the compr ession must be performed in r eal time. Image quality at low- bit rates is good. The SunVideo car d supports CellB compr ession.

Both CellA and CellB r epresent each 4-by-4 pixel block with a 16-bit bitmask and two 8-bit vector quantized codebook indices. This pr oduces a compr ession of 12:1 since each 16-pixel block is r epresented by 32 bits (16-bit mask, and two 8-bit codebook indices). Further compr ession is accomplished by checking curr ent blocks against the spatially equivalent block in the pr evious frame. If the new block is “close enough” to the old block, the block is coded as a skip code. Consecutive skip codes ar e run-length encoded for further compr ession. Modifying the definition of “close enough” enables one to trade of f quality and compr ession rates. Both versions of Cell typically compr ess video images to 0.8 to 0.4 bits per pixel.

Both versions of Cell have many similar steps in the early part of compr ession. For each 4-by-4 block, the compr essor calculates the average luma of the 16 pixels. It then partitions the pixels into two gr oups: those whose luma is above the average and those whose luma is below . The compr essor sets the 16-bit bitmask based on which pixels ar e in each partition. The compr essor then calculates a color to r epresent each partition.

In CellA, the compr essor calculates an average color of each partition and then does a vector quantization against the Cell codebook (a color -map). The encoded block is the 16-bit mask and the two 8-bit colormap indices. The compr essor maintains statistics about how many err ors each codebook entry is

SunVideo and Digital Video 15

One of the ef fects of this interframe coding is that r ewind and playback r equir e significant computations and buf fering, r esulting in r educed speed. Getting to a particular frame may r equir e decoding fr om the last I frame. In the worst case you may have to r econstr uct 29 frames since the I frames can be placed as far as every 30 frames apart.

MPEG-1 is a highly asymmetric algorithm r equiring much gr eater computation to encode than to decode. Even so, the demands on decoding ar e greater than that of JPEG. For the most demanding applications, dedicated decoding boar ds may be appr opriate unless a multipr ocessor configuration is used. Only the high-end Sun SP ARCstation workstations pr ovide full frame-rate decompr ession in softwar e. Next-generation workstations ar e expected to handle 30 fps softwar e decoding with power to spar e.

H.261

This is the video component of a video confer encing standar d known as Px64 that is meant to be utilized on communication lines that have multiples of 64 Kbit capacity . The lar ger the multiple of 64 (up to 29) the higher the bandwidth, and hence, the better the quality of the video. Below 384K or 6 times 64 it is dif ficult to get quality full-frame rate, CIF-size images. For this reason, H.261 is defined for both CIF (352 by 288) and QCIF (176 by 144). T ests have determined that the quality of image is less critical for video confer encing applications than for typical br oadcast or author ed applications. Instead, mor e attention is placed on other aspects, including audio quality and system level signalling.

Like JPEG and MPEG, H.261 is DCT - based. It uses motion estimation within a small radius (r educing the computation r equir ements on both encode and decode as compar ed with MPEG-1) but pr oduces visible artifacts for fastmoving objects. These trade-of fs wer e needed to stay within the low bandwidths allowed by ISDN and other low-speed wide ar ea network links.

Px64 has been adopted by manufactur ers of r oom-sized video confer encing equipment. This will enable desktop confer ences to join with a gr oup served by a lar ge system such as Compr ession Labs or Pictur eTel. These companies offer an option to use the standar d method rather than their own pr oprietary algorithms.

14 SunVideo and Digital Video— October 1993 complexity of the image. Low-fr equency coef ficients (lar ge spatial extent) ar e quantized with mor e care than the higher fr equency coef ficients (small detail) to enable a gr eater compr ession. The fr equency domain coef ficients ar e then encoded using standar d Huf fman tables to r educe on average the number of bits requir ed for the codes. T ypically the user can alter the Q of the encoding. A low Q r esults in a mor e accurate r epresentation of the image and hence a lower compr ession ratio. High-quality video can be pr oduced with this method using 4-10 Mbits per second. This is within the bandwidth for disk drives and displays but beyond the range of CD-ROM or T1 communication lines. Since all the compr ession is on a frame by frame basis, the algorithm is nearly symmetric in the amount of work to encode or decode.

Only futur e general purpose CPUs will be able to keep up with the special purpose JPEG encoders and decoders on the market today . High-end workstations can decode JPEG in softwar e at nearly 30 fps today . Many JPEG only encoder/decoder boar ds ar e available today and ar e used particularly for non-linear video editing applications.

MPEG

The Moving Pictur e Experts Gr oup (MPEG) has agr eed on the first of a series of standar ds, MPEG-1, gear ed for CD-ROM or T1 bit-rate transmission. At 1.5 Mbits per second, the algorithm uses both interframe and intraframe coding to achieve quality video at this lower bandwidth. The input to the pr ocess using the SunV ideo boar d is SIF resolution data almost exactly one quarter of CCIR 601 (720 by 486).

MPEG-1 pr ovides for thr ee types of frames: I, P , and B. The I frames ar e essentially the same as JPEG frames. The complete information for the frame is encoded and transmitted. T o get the r eduction in bandwidth necessary to meet the CD-ROM speeds, adjacent frames ar e compar ed in macr oblocks of 16-by-16 pixels to determine r egions that have changed between frames. (This is a very compute intensive operation and can r esult in the intr oduction of motion artifacts.) A P frame is a pr edicted frame based on a past frame(s) while a B frame is interpolated fr om both dir ections. This interpolation and comparison process requir es sufficient storage and delay to handle multiple frames, but results in a higher quality final image for a given bandwidth.

SunVideo and Digital Video 13

Lossy methods such as those using the DCT (discr ete cosine transform) method followed by quantization in both physical space and color space provide compr ession up to about 15:1 with little visible err or. The SunV ideo board creates JPEG compr essed digital video in this manner . Methods wher e differences between successive frames is also encoded pr ovide further compr ession advantage. Examples of these ar e MPEG, H.261, and Cell. Compr ession up to 200:1 is possible while still r etaining r easonable quality upon playback.

Compr ession, if lossy , will intr oduce some artifacts in the r esulting decoded image. The severity of the err or can be contr olled thr ough the use of dif ferent lookup tables or Q factors for the spatial compr ession. In any case, compr ession ratios achieved vary depending on the quality of the input signal, the content of the video str eam, and the parameters used in the compr ession steps. Compr ession ratios should be used as a range not as an absolute number .

Compression Techniques

The need for standar ds in digital video is obvious. One of the best examples of an image standar d becoming rapidly adopted and integrated into everyday life are the fax standar ds Gr oup III and Gr oup IV. Unfortunately , the bandwidth requir ements of video have not pr oduced such a simple standar d.

The SunV ideo car d is unique in its ability to handle multiple compr ession standar ds because of its powerful micr ocoded compr ession engine. This section briefly discusses thr ee algorithms that ar e supported by the SunV ideo card, and another that could be added in a futur e softwar e release.

JPEG

As mentioned earlier , the Joint Photographic Experts Gr oup (JPEG) standar d actually consists of a host of algorithms for still image compr ession. Most implementations, however , are referring to the lossy DCT method that will be discussed in some detail her e.

Originally designed for still images, the JPEG method performs compr ession for video sequences by compr essing each frame as an individual image. Each band of the input digital uncompr essed frame is first br oken into blocks of 8- by-8 or 16-by-16 pixels. Each block is then transformed via the DCT (discr ete cosine transform) method, pr oducing coef ficients describing the spatial

12 SunVideo and Digital Video— October 1993 estimate. Compr ession methods ar e needed to further r educe this 18 Mbytes per second str eam of digital video in or der not to swamp communications or bus links in the computer . (See the bibliography for further information on analog video and video captur e.)

Note – Broadcast video and the computer graphics world ar e at odds on the representation for digital video. Computers deal with squar e pixels and video deals with an analog signal in the horizontal dir ection and discr ete scan lines vertically . Strictly speaking, the CCIR 601 standar d would r esult in non-squar e pixels. The SunV ideo system and most computer video deals with a squar e pixel appr oximation, pr eserving the 4:3 aspect ratio of today’s video format.

Bandwidth and Compression

All but the most advanced computer or network communication links ar e quickly loaded even with a 4:2:2 YUV str eam of 18 Mbytes per second. On the Sun SPARCstation workstation, the peripheral bus system is an SBus capable of greater than 50 Mbytes per second in burst mode. Sustaining this rate to disk drives or a network while other pr ocesses ar e occurring is not pr esently possible. Further compr ession is a must for normal use.

Video may be r educed in bandwidth by simply r educing the frame rate and/or the frame size. Using an averaging and decimation pr ocess can yield a further reduction in bandwidth by a factor of 4. The r esult is a 320 by 240 data str eam at 30 frames per second (fps) r equiring 4.5 Mbytes per second. Using the capabilities of the SunV ideo car d this is one possible full motion str eam available. Further r eduction in frames size is typically not satisfactory .

Note – The standar d inter change format (SIF) is 320 by 240 and is confused with the common inter change format (CIF) which has a size of 352 by 288.

Compr ession methods can be characterized as lossless or lossy. Lossless methods such as r un-length encoding cannot r educe the data by mor e than a factor of 2 or 3. An advantage to such methods is their r elative simplicity for both compr ession and decompr ession. The JPEG standar d for still images includes several of these lossless methods. W ith lossy compr ession methods the err ors in the decompr essed image may not be noticeable, particularly in video applications wher e the individual frames ar e displayed at 30 fps and cannot be critically scanned.

SunVideo and Digital Video 11

Video Technology Review

Analog and Broadcast Standards

Video for br oadcast or for use in consumer equipment typically conforms to either the NTSC (National T elevision System Committee) standar d developed in 1953 and in use in the Americas and Japan, or the P AL (Phase Alternation Line) standar d developed in Germany . (The SunV ideo car d supports both these standar ds but not the SECAM standar d used in France and a few other countries.) NTSC video consists of alternating fields every 60th of a second which combine to form a complete video frame at 30 per second. P AL and SECAM pr ovide fields at 50 per second or frames at 25 per second. The actual resolution in pixels and lines is slightly dif ferent but often appr oximated as 640x480. Most televisions do not support this full pixel r esolution (unlike personal computer monitors and workstation displays) since the signal is interlaced and only half the lines ar e needed each sweep.

If video is stor ed as a sequence of “tr ue-color” (24-bit) images without compr ession, each second would r equir e appr oximately 27 megabytes (Mbytes) of storage. T ranslated to bits, this yields a staggering 216 megabits (Mbits) per second, well in excess of most commonly available network transmission bandwidth. (A TM or asynchr onous transmission mode networks are now being deployed with speeds to the gigabit per second range.)

The coding for NTSC and P AL analog video takes advantage of the human visual system’s r educed ability to discriminate color in motion images and actually encodes fewer than 24 bits per pixel. By br eaking the signal into luminance or brightness and chr ominance or color and modulating the signal, analog video signals can be transmitted in 6 megahertz (Mhz) bands.

Analog video signals, whether composite or S-video, ar e digitized by sampling the waveform at about thr ee times the nominal fr equency of the incoming signal. For NTSC video (4.5 Mhz signal) this means a sampling rate of about 13.5 Mhz. The r esulting sample is then quantized or digitized to discr ete values for translation into a pixel r epresentation.

The SunV ideo boar d essentially conforms to the CCIR 601 standar d 4:2:2 YUV representation of digital video as its captur ed format. This corr esponds to 8 bits of luminance (Y) and 4 bits each for the chr ominance (U and V). This produces an image indistinguishable fr om the original signal, when pr operly displayed, r equiring one-thir d less data than the original 27 Mbytes per second

10 SunVideo and Digital Video— October 1993

Video Authoring

Softwar e for creating video is now available at lower costs while of fering functionality pr eviously seen only in expensive post-pr oduction suites. The SunVideo car d offers a platform for editing solutions with its ability to perform JPEG compr ession. Coupled with the external device contr ol capabilities of Solaris LIVE™!, both non-linear and of f-line editing applications ar e available in this application ar ea.

Video Mail

Present desktop mail systems allow the attachment of graphics, audio, and other specialized multimedia objects to electr onic mail. The SunV ideo car d enables cr eation of video clips to send thr ough a mail system. This is a corollary to the video confer encing capability wher e the information is stor ed and forwar ded to the r ecipient rather than being consumed in r eal-time.

Novel implementations of this concept enable pr oject notes, video confer ences, and r elevant material to be stor ed on servers for access at any time by members of the pr oject team. V ideo mail r epresents a portion of this capability .

Video on CD-ROM

Recent standar dization of CD-V ideo, a file format that enables up to 72 minutes of full-motion video, is expected to incr ease the availability and use of video on CD. Titles ar e being developed now that can be played in standar d audio CD players. W ith CD-ROM XA-capable equipment, the same discs pr ovide video in addition to high-quality audio. Coupled with the new Sun CD-ROM drive with its XA and double-speed capabilities, the SunV ideo car d offers a platform for development and delivery of this new information.

SunVideo and Digital Video 9 of the $712 million expenditur e on video confer encing in 1993 will be on desktop systems. (Sour ces: Frost and Sullivan Market Intelligence, Arvai Group.)

Why desktop video confer encing? Users r eport that r ooms dedicated to video confer encing ar e difficult to schedule, expensive to install and maintain, and disr upt the normal flow of work. Also, with desktop video confer encing you can shar e work with your r emote sites, not just audio and video. This may ultimately be the mor e valuable enhancement to businesses. Most knowledge workers cr eate r eports, memos, spr eadsheets, documents, and cr eative designs with the aid of their desktop equipment. The ability to shar e, review, and even modify materials in r eal time with a r emote colleague is the most compelling advantage over r oom or r oll-about video confer ence systems.

Distance Learning or Training

As companies spend mor e money and time training and r etraining employees, education and employee support systems ar e finding gr eater use and inter est. Training expenses today ar e dominated by the cost of delivery: down time for travel, training at multiple locations, train the trainer , and so on. Using on-line or remote linked training to a single facility has benefits that ar e repeated with every new hir e or job transfer .

Video is an important element in training systems since it is inexpensive to tape an expert instr uctor with questions and answers fr om a live audience, then use this video for r emote or later training needs. W ith SunV ideo capabilities, digital video can be stor ed as part of the graphic slides and other course material to pr ovide a rich learning envir onment on an as-needed basis rather than scheduled classr oom activity . Some implementations include facilities to interactively communicate with an instr uctor or expert when the student r equir es additional information. This can be supported fr om a centralized facility .

Broadcast or Video Server

Recent activity in the cable, telephone, and entertainment industries has created tr emendous inter est in “video on demand” or interactive services. The SunVideo boar d enables the cr eation, in r eal-time, of quality MPEG1 video suitable for video ar chival applications. Libraries of VCR tapes can be stor ed as digital data and r equested over the network using client/server video softwar e.

8 SunVideo and Digital Video— October 1993

Table3 Table 3 factors in the decompr ession performance and shows for a sample set of platforms simultaneous captur e, compr ession, decompr ession, and display performance for SIF sized NTSC video in frames per second.

Applications

The SunV ideo car d enables the captur e and manipulation of video for use in a wide variety of application ar eas. Broadly speaking the ar eas can be categorized as:

• Collaborative communication: confer encing or corporate br oadcasting; • Distance learning: instr uctor or trainer either live or pr e-recorded; • Interactive services: video-on-demand or video library services.

Additional market segments that can take advantage of the SunV ideo car d include surveillance applications, manufacturing pr ocess contr ol, telemedicine, and new markets that will take advantage of the gr owing global information highway .

The SunV ideo boar d will not be shipped with any application softwar e. The example ar eas discussed her e are not meant to be an exhaustive list.

Video Conference and Groupware

Video confer encing can r educe the cost of doing business in the competitive global envir onment. Recent surveys have shown that companies spent $400 million on video confer encing in 1992, primarily r oom-type systems or services. The emer gence of desktop video confer encing capabilities and inter operability standar ds (Px64 and H.261) has begun to shift the market towar d this lower cost, personal appr oach. Industry estimates suggest that 13%

Algorithm LX SS10/40 GX SS10/40 ZX8 bit SS10/40 ZX24 bit SS10/40 SX8 bit SS10/40 SX24 bit

CellB 30 30 30 6 30 8 MPEG-1 I-Frame 6 9 9 5 9 5 MPEG-1 I, P Frame 6 9 9 5 9 5 JPEG 7 16 15 8 15 14 RGB capture only 30 30 18 5 28 12

SunVideo and Digital Video 7

Table1 Table 1 gives functional performance of SunV ideo for the dif ferent algorithms.

These parameters ar e able to be set using the XIL library calls. The application will expose some of this to the user for contr ol of the video performance.

Table2 Table 2 gives raw SunV ideo captur e and compr ession performance. These ar e the rates at which data can be captur ed and sent to disk, or displayed if the decompression performance were not the limiting factor. These numbers ar e quoted for typical data sets. Performance may not meet these specifications

Algorithm Typical Bits/Pixel

Bandwidth 320 x 240 at 30 FPS in Mbit/sec

Scale X,Y Start Width, Height

Capture - 8 bit 8 17.6 1/x, x = 1 to 32 Any 4th pixel Any 4th pixel Capture - 24 bit 24 52.7 1/x, x = 1 to 32 Any 4th pixel Any 4th pixel CellB 0.8 1.8 1/x, x = 1 to 32 Any 4th pixel Any 4th pixel MPEG-1 I-Frame 1.5 3.3 1/2 0,0 320 x 240 (SIF) MPEG-1 I,P-Frame 1.0 2.2 1/2 0,0 320 x 240 (SIF) JPEG 0.8 1.8 1/2 0,0 320 x 240 (SIF)

NTSC PAL

Algorithm Full Resolution 640 x 480 SIF 320 x 240

QSIF 160 x 120

Full Resolution 768 x 576 SIF 384 x 288

QSIF 192 x 144

CellB 12 30 30 7 25 25 MPEG-1 I-Frame N/A 30 No N/A 25 No MPEG-1 I,P-Frame N/A 17 No N/A 12 No JPEG No 30 No No 25 No Capture only YUV 6 30 30 .1 24 25 Capture only RGB-8 6 30 30 .1 8 18 Capture only RGB-24 2 12 26 2 8 18

6 SunVideo and Digital Video— October 1993

Software

The softwar e interface to the SunV ideo car d is the XIL™ library version 1.1 bundled with Solaris^® version 2.3. Algorithms supported ar e uncompr essed captur e, CellB, JPEG, and MPEG-1. Accelerated XIL molecules ar e included for the most common operations (for example, captur e and dither to 8-bit indexed display).

The XIL 1.1 runtime r outines enabling captur e, compr ession and decompr ession as well as the SunV ideo driver ar e bundled with the Solaris^® 2.3 operating system, so no additional softwar e is included with the SunV ideo board. The user simply uses the pkgadd command to install the softwar e as documented in the user manual. Softwar e developers r equir e the Solaris SDK and SPARCworks�™ compilers to create applications for the boar d.

Example code (including sour ce) is pr ovided. It demonstrates how to captur e and compr ess video, display it on the frame buf fer, or transmit it over the net. Application softwar e is not included, but pr ovided by thir d parties. See the appendix for applications curr ently available.

Performance

Video performance is influenced by thr ee factors: SunV ideo/CL4000 compr ession capabilities, bus bandwidth, and workstation decompr ession performance. SunV ideo captur e and compr ession performance is pr esented in detail below . The boar d curr ently is capable of transferring data at 5 Mbytes per second over the SBus using pr ogrammed I/O. Decompr ession and display performance is influenced by:

• CPU capabilities (MIPS especially), • whether the frame buf fer accelerator has capabilities that can accelerate

decompr ession (SX, for example),

• the SBus bandwidth to the frame buf fer accelerator , • whether ther e is a dir ect XIL port to the particular frame buf fer (if not,

Xlib™ softwar e is used and performance is not as good), and

• the complexity in color , space and time of the particular data set.

SunVideo and Digital Video 5

The SunV ideo car d is not intended to pr ovide simple “video in a window” capability . This capability is not particularly important to collaborative workgr oup computing because you cannot pr ocess, transmit, or manipulate the video. Sun also expects thir d parties to continue to pr ovide solutions for NTSC or PAL video output.

Hardware

The SunV ideo boar d is supported on most SMCC SP ARC desktops: SPARCclassic™, SP ARCstation LX, SP ARCstation 1, SP ARCstation 1+, SPARCstation 2, SP ARCstation IPC™, SP ARCstation IPX™, SP ARCstation 10. It is compatible with GX, T urboGXPlus™, ZX, and SX framebuf fers. Solaris�^® 2.3 is the minimum r equir ed operating envir onment. A camera is not included, but is offered as a bundled option on the SMCC price list (X487A). The SunV ideo board (X1085A) will begin shipment in November 1993.

The SunV ideo boar d (block diagram shown in Figur e 2) is a single-wide, fully compliant SBus car d. Thr ough applications, you can select fr om 2 composite and 1 S-Video inputs. The SunV ideo car d senses whether the sour ce is NTSC or PAL and configur es itself appr opriately . The video is sampled as squar e pixels in 4:2:2 format. The compr ession engine is a C-Cube CL4000 multi-standar d video codec. Micr ocode for the particular compr ession technique chosen is downloaded to the boar d.

CL4000

SBus

Frame

(2 Meg DRAM)

Storage

Video In

Boot

PROM

Interface

ASIC

Video A/D C-Cube

Figur e 2. - Block diagram of the SunV ideo SBus car d showing the major components.

4 SunVideo and Digital Video— October 1993

Suns Video Strategy

The driving for ce behind video in the computer market is the ability to access and manipulate video for communication, training, or other information content. V iewing entertainment on workstations is not key to most of our customers. However , news feeds, corporate video br oadcasts, and distance learning ar e being r equested today as part of the digital data network traf fic.

Video Implementation

Sun’s appr oach has been to add as much video capability to the basic platform as possible without incr easing cost to those who do not need video. The r esult is a separation of the captur e and compr ession pr oblem fr om the decompr ession and display pr oblem (Figur e 1). Far mor e users r equir e decompr ession and display . The SPARC CPU and standar d frame buf fer provide the capability for video display on all Sun workstations today . This makes every Sun SP ARCstation™ system video-capable when coupled with Solaris LIVE!™ multimedia softwar e. Users who r equir e captur e and compr ession capability can pur chase a SunV ideo boar d, and not pay the extra cost for an additional frame buf fer that may have lower graphics performance for their primary application, for example, CAD.

F . Frame Buffer

Accelerator

SunVideo

Analog Video Input

Ethernet ISDN SCSI Memory

Capture

Compress CPU

Disk

Figur e 1. - Block diagram of SP ARCstation with the SunV ideo boar d installed.

3

SunVideo and Digital Video

The SunV ideo™ boar d is a r eal-time video captur e and compr ession subsystem designed for Sun Micr osystems Computer Corporation (SMCC) SPARCstation™ systems. The single-wide SBus car d captur es, digitizes, and compr esses NTSC or P AL video signals fr om video cameras, VCRs, videodisc players, and other sour ces. Compr essed digital video pr oduced with the SunVideo boar d is then available to be transmitted over networks, stor ed on disk, or displayed by the host CPU in a window on the workstation scr een.

The SunV ideo system is an essential enabling technology for implementing multimedia applications such as video confer encing, video mail, or compound document cr eation incorporating video clips for training or pr esentations.

This technology of fers access to video as another data type to be manipulated by the computer for a host of applications. W ith a single car d, video can be captur ed for use in pr esentations or as an element in a multimedia training or information system. Recipients of br oadcasts of digital video for announcements or lectur es do not need any special video har dwar e. Video confer encing applications supporting multiple simultaneous users ar e possible when the participants all have captur e and compr ession capabilities, pr ovided by the SunV ideo boar d.

This paper pr ovides information on the philosophy , design, and functionality of the SunV ideo boar d. It r eviews applications enabled by this technology . Then, since digital video is r elatively new , it includes a brief backgr ound on video and video compr ession. The appendix lists applications that support the SunVideo boar d and includes a bibliography of in-depth r eferences to topics covered.

2 — October 1993

© 1993 Sun Micr osystems, Inc.—Printed in the United States of America. 2550 Garcia Avenue, Mountain V iew, California 94043-1 100 U.S.A

All rights r eserved. This pr oduct and r elated documentation is pr otected by copyright and distributed under licenses r estricting its use, copying, distribution and decompilation. No part of this pr oduct or r elated documentation may be r eproduced in any form by any means without prior written authorization of Sun and its licensors, if any .

Portions of this pr oduct may be derived fr om the UNIX® and Berkeley 4.3 BSD systems, licensed fr om UNIX Systems Laboratories, Inc. and the University of California, respectively . Third party font softwar e in this pr oduct is pr otected by copyright and licensed fr om Sun’s Font Suppliers.

RESTRICTED RIGHTS LEGEND: Use, duplication, or disclosur e by the government is subject to r estrictions as set forth in subparagraph (c)(1)(ii) of the Rights in T echnical Data and Computer Softwar e clause at DF ARS 252.227-7013 and FAR 52.227-19.

The pr oduct described in this manual may be pr otected by one or mor e U.S. patents, foreign patents, or pending applications.

TRADEMARKS Sun, Sun Micr osystems, the Sun logo, SunV ideo, Solaris LIVE!, XIL, Solaris ar e trademarks or r egister ed trademarks of Sun Micr osystems, Inc. UNIX and OPEN LOOK are register ed trademarks of UNIX System Laboratories, Inc. All other pr oduct names mentioned her ein ar e the trademarks of their r espective owners.

All SPARC trademarks, including the SCD Compliant Logo, ar e trademarks or r egister ed trademarks of SP ARC International, Inc. SP ARCstation, SP ARCserver , SPARCengine, SPARCworks, and SP ARCompiler ar e licensed exclusively to Sun Micr osystems, Inc. Products bearing SP ARC trademarks ar e based upon an ar chitectur e developed by Sun Microsystems, Inc.

The OPEN LOOK® and Sun™ Graphical User Interfaces wer e developed by Sun Microsystems, Inc. for its users and licensees. Sun acknowledges the pioneering ef forts of Xerox in resear ching and developing the concept of visual or graphical user interfaces for the computer industry . Sun holds a non-exclusive license fr om Xerox to the Xer ox Graphical User Interface, which license also covers Sun’s licensees who implement OPEN LOOK GUIs and otherwise comply with Sun’s written license agr eements.

X Window System is a trademark and pr oduct of the Massachusetts Institute of Technology .

Please Recycle

1

2550 Garcia Avenue Mountain V iew, CA 94043 U.S.A.

SunVideo and Digital Video

Technical White Paper