




























































































The CLM4500 uses two VideoR/SC Processors to compress digital video into SIF-resolution MPEG bitstreams in real time. The product pictured 
above is the OPTlVideo™ board from OPT/VISION, Inc. 



5 
CLM4500 Consumer 

MPEG 1 Video Encoder 

The CLM4500 Consumer MPEG Video Encoder compresses digital vid­
eo into MPEG syntax in real time. The product consists of two C-Cube 
VideoRISC Processors and a microapplication that implements C­
Cube's patented MPEG video encoding algorithm. The CLM4500 al­
lows users to compress CCIR 60 I-resolution digital video into MPEG 
format at SIF-resolution (352x240, NTSC; 352x288, PAL). The 
CLM4500 supports compressed data rates of from 1 to 5 Mbits per sec­
ond while maintaining excellent image quality. Video at these low data 
rates is suitable for distribution on low-bandwidth media such as com­
pact disc (CD), Ethernet, and TI links, thus enabling applications such 
as: 

D Movies on CD 

D Video on demand 

D CD Karaoke 

D Interactive video games 

D Computer-based training 

D Point-of-sale/information kiosks 
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Features 

5.1 
Features 
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The features of the CLM4500 are: 

o Real-time encoding of digital video into MPEG 1 syntax 

oC-Cube's patented MPEG video encoding algorithm for high im­
age quality 

o Sophisticated rate control and masking 

o Adaptive interfield filtering 

o Multiple resolutions and standards 

o 352x240 (NTSC) 

o 352x288 (PAL) 

o 320x240 (square pixel) 

o Multiple frame rates, including 29.97(NTSC), 25(PAL), and 
23.976 (film) 

o Highly integrated, uses only two VideoRISC ™ Processors 

o CCIR 60 I (TTL levels) video in, MPEG compressed video out 

o Interfaces to DRAM with no extemallogic 

o Wide motion estimation search ranges with half pel accuracy 

o Predicted frames: ±48 pels horizontal, ±24 pels vertical 

o Bidirectional frames: ±32 pels horizontal, ±16 pels vertical 

o Encoded bit rates from less than 1 Mbit/second to more than 5 
Mbits/second 

o Inverse 3-2 pulldown eliminates redundant fields in telecined film 

o Message-based application program interface 

o Complete control of MPEG parameters 

o Start/stop/pause encoding by timecode 

o Human-assist control by macroblock 

o Encoder status 

o Supports vectored interrupts of the host processor 

o Complies with all requirements of the MPEG standard (ISO CD 
11172) 

o Support for audio/video synchronization 

o Intra, predicted, and bidirectional frames 

o Intraframe and reference distance (N and M) control 



The MPEG standard defines a syntax for the representation of com­
pressed digital video. While the standard tightly defines the decoder, 
much latitude is given to the developers of encoding algorithms. 

The key to the quality of MPEG encoded video is the ability of the en­
coder to intelligently "distribute" its data budget for encoding video be­
tween and within the frames of video being encoded. C-Cube's MPEG 
video encoding algorithm has sophisticated algorithms for masking and 
data rate control. 

5.2.1 Masking 
Harshly quantizing the AC coefficients from the DCT produces a com­
pression artifact called ringing. In some areas of an image, for example, 
in foliage or gravel, ringing is difficult to see. In other areas, such as 
around an object silhouetted against the sky, ringing is very obvious. C­
Cube's patented masking algorithm determines where ringing artifacts 
would be visible in an image, and budgets data accordingly. 

5.2.2 Rate Control 
One of the principal compression techniques employed by MPEG is 
motion estimation, which is the process of predicting from a previous 
or subsequent frame the contents of the current one. When there is little 
motion - and thus little change - between frames, the majority of the 
available data budget should be spent on reference frames (intra or pre­
dicted frames) to produce the highest quality. When there is rapid move­
ment between frames, the budget should be distributed evenly between 
frames. 

This section describes the overall organization and operation of a 
CLM4500-based video encoding system, which is illustrated in Figure 
5-1. 

5.3.1 Organization 
The organization of a video encoder based on the CLM4500 is straight­
forward. Each of the CLM4500's two VideoRISC Processors (VRPs) 
has 2 Mbytes of DRAM, organized as two 256Kx32 pages, for working 
and micro application storage. The VideoA, VideoB, and Host interfaces 
of the VRPs are connected in parallel. Video is input via the VideoA in­
terface in digital YCbCr format at a resolution of 708x480 pixels. The 
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Functional Overview 
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Figure 5-1 CLM4500-Based Video Encoding System 

VRPs output the compressed video on the VideoB bus to the Code 
FIFO, a 1 Mbyte buffer from which the host can extract compressed 
MPEG video. The Local Bus connects the VRP host interfaces to four 
dual-ported registers through which the host system can load, configure 
and control the CLM4500: 

o Meter: Maintains the Code FIFO fill level 

o Data: Allows the host access to the Local Bus and the VideoRISC 
Processors access to the host bus 

o Address: Allows the host to specify an address on the Local Bus 

o SCV: This Status/ConfigN ector register contains status informa­
tion set by the CLM4500 

5.3.2 Operation 
The encoding operation is divided into four stages: capture, preprocess, 
encode, and output. Each stage corresponds to a frame time, but all stag­
es are executed in parallel. Each VRP processes one half of the video 
image. The image is segmented horizontally with an overlap in the cen­
ter equal to the vertical search range of the motion estimator. 
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Capture 

Each VRP captures about one half of the image from the VideoA bus, 
filters the image in the horizontal dimension from 708 to 352 pixels, and 
stores the image in its DRAM. At this stage, both fields of the input (480 
or 576 lines) are preserved as input for the preprocess stage. The VRP's 
VideoA interface and DRAM controller perform the capture process in 
the background, allowing the VRP's RISC Signal Processor to operate 
on previously grabbed frames. 

Preprocess 

During the next frame time, the VRP reduces the vertical resolution of 
the frame from 480 to 240 pixels (576 to 288 for PAL), deinterlacing 
video in the process. This reduction is an adaptive interfield filtering 
process: if there is a high correlation between the two pixels, the mi­
croapplication averages them. If there is low correlation, one pixel is 
discarded. This process produces a much smoother compressed image 
for non-interlaced sources such as film and low-motion video. During 
the preprocessing step, the microapplication also makes an activity es­
timate on the image, which is used by the rate control algorithm for dis­
tributing the data budget. 

Encode 

During the third frame time, each macroblock of the current frame is 
compared with a reference frame to produce a motion vector and a 
score. After motion estimation, each macroblock is processed, either 
into DCT format for intrablocks or into difference format for predicted 
blocks. The processed data is passed through the VLC and encoded data 
is stored in the VRP's DRAM. 

Output 

During the fourth frame time, the VRP outputs compressed and format­
ted video via the VideoB interface. The output from the two VRPs is 
collated in the Code FIFO. 

5.3.3 Application Program Interface (API) 
The CLM4500 provides a message-based API to allow an encoder con­
trol application running on the host CPU to easily configure, command, 
and monitor the encoder. The·CLM4500 reserves three fixed-size buff-

Functional Overview 
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Functional Overview 

ers in the DRAM of the master VRP. These buffers, along with the 
CLM4500's interrupt capability, allow for message passing. 

Messages consist of commands from the host application to the 
CLM4500 and status from the CLM4500 to the host. Table 5-1 lists the 
commands supported by the CLM4500. Table 5-2 lists the CLM4500 
parameters that can be set with the LoadParams command. 

Table 5-1 CLM4500 Commands 

Command 

SetRefTi meCode 

SetOutputTi meCode 

SetDefaultValues 

Start 

Stop 

Pause 

Continue 

LoadParams 

ReportStatus 

StartGOP 

SeqUserData 

GOPUserData 

PicUserData 

Function 

Sets the reference timecode. The CLM4500 
automatically increments the reference 
timecode with each frame. 
Sets the output timecode, which is includ­
ed in the GOP header. 
Selects one of three default parameter sets 
starting with the specified timecode. 
Starts encoding video at the specified time­
code. 
Stops encoding video at the specified time­
code. 
Suspends encoding at the specified time­
code, and preserves eQcoder state. 
Resumes encoding at the specified time­
code, using current encoder state. 
Sets the encoding parameters beginning at 
the specified timecode. See Table 2, Pa­
rameters, for a description of the types of 
parameters that are set. 
Returns a message containing the encoder 
status at the specified timecode. 
Starts a new GOP at the first reference 
frame on or after the specified timecode. 
Inserts data in the sequence user data field 
at or after the specified timecode. 
Inserts data in the GOP user data field at or 
after the specified timecode. 
Inserts user data in the picture user data 
field at or after the specified timecode. 
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Table 5-2 CLM4500 Parameters 

Parameter 

Interrupts 

Interrupt Enable 
Interrupt Vector 

Video Source 

Source Frame Rate 
Source Resolution 
Encoding Window Offset 
Horiz. Input Subsampling 

Sequence 

Bit Rate 
VBV Buffer Size 
Fixed Quant 

Scene 

Output Size 

Pel Aspect Ratio 

Encoded Picture Rate 
GOP 
Nominal GOP Size (Gl 
Intraframe Distance (Nl 
Reference Distance (Ml 
GOP Uncertainty (Ul 
Sequence Header Interval 

Slice 

Slice Header Interval 
Matrix 

I ntra Matrix 
Non-Intra Matrix 

Human Assist 

Relative OS Scaling 

Values 

Disable, Enable 
Eight-bit integer 

23.976, 25, 29.97 
Height, width 

Horizontal, vertical macroblocks 
Off, on 

Bits per second, multiples of 400 
Kilobits, multiples of 16K 

Forces quant value to 1-31. Over­
rides rate control. Rate control = 
O. 

Horizontal, vertical in macrob­
locks 
Not operated upon, inserted in 
bitstream 
23.976, 25, 29.97 

1 -15 
1 - 15 

1 - 3 

U<N 
0-32 

Macroblocks 

Quant levels 
Quant levels 

Region by macroblock address 

Functional Overview 
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VideoRISC Processor (VRP) 

5.4 
VideoRISC 

Processor (VRP) 
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The heart of the VRP is a 32-bit RISC Signal Processor (RSP) designed 
by C-Cube. As with other reduced instruction set computers (RISC) , the 
RSP's instruction set uses a load/store model for accessing memory, 
while arithmetic operations use the 32 local registers to allow single-cy­
cle execution of instructions. The RSP instruction set includes both gen­
eral-purpose computing instructions for managing the encoding process 
and DSP instructions for efficiently performing the iterative computa­
tions required by the discrete cosine transform, pixel averaging, and so 
on. In addition, the RSP has the ability to perform separate arithmetic 
operations on four bytes of data with a single instruction (single instruc­
tion, multiple data - SIMD). 

The data and instruction caches provide single-cycle access to instruc­
tions and data for both the RSP and the Motion Estimator to ensure 
against processor stalls. Both the caches are filled directly from RAM 
by the DMA Controller, which operates under control of the RSP. 

Video interfaces A and B control the flow of video data into and out of 
the VRP. Each interface has a 32x32 video FIFO (VFIFO) for buffering 
data on input and output. In addition, interface A has a decimation filter 
for reducing video resolutions from CCIR 601 to SIP. 

The Motion Estimator is a 2 GigaOp/second coprocessor that compares 
predicted blocks against reference blocks and returns a motion vector 
and match score. The Motion Estimator can be configured to perform an 
exhaustive or a three- or two-level hierarchical search. All searches are 
refined to half-pel resolution, and the search range is configurable. 

The host interface manages the transfer of data and control signals be­
tween the system host processor and the VRP. The DRAM interface 
generates controls signals needed to drive the external local DRAM ar­
ray. The DRAM Controller supports fast page mode accesses of DRAM 
and includes a RAS-before-CAS refresh mechanism. A seven-channel 
DMA Controller manages the transfer of uncompressed and com­
pressed video data between the video interfaces, and fills the instruction 
and data caches. The variable-length coder/decoder assists the CPU in 
the encoding and decoding of compressed bitstreams. 



Figure 5-2 shows a typical digital authoring application using the 
CLM4500. The uncompressed video is fed to the CLM4500 from a 
standard video source such as a VTR. The CLM4500 performs the 
MPEG encoding based on parameters downloaded from the host com­
puter. A video encoding technician uses the human assist station to max­
imize encoding efficiency and to add other multimedia features such as 
entry and exit points. The resulting MPEG encoded bitstream is written 
to a video file server or CD master. 

Uncompressed 
Video Source 

MPEG Compression 
with Human Assist Video CD 

Figure 5-2 Digital Video Authoring Application Using CLM4500 

Typical Application 

5.5 
Typical 
Application 
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The CLM4600 compresses digital video into MPEG syntax for broadcast applications. 



6 
CLM460x Broadcast 

MPEG Video Encoder 

The CLM460x Broadcast MPEG Video Encoder compresses digital vid­
eo into MPEG syntax in real time. Two version of the product are of­
fered: the CLM4600 for NTSC video and the CLM4609 for PAL. Both 
products consist of C-Cube VideoRISC ™ Processors (nine for the 
CLM4609 and 10 for the CLM4600) and a microapplication that imple­
ments C-Cube' s patented MPEG video encoding algorithms. The 
CLM460x supports compressed data rates of from 3 to 10 Mbits per sec­
ond while maintaining excellent image quality. Video at these data rates 
is suitable for distribution on medium-bandwidth media such as coaxial 
cable, terrestrial broadcast, and satellite broadcast, thus enabling appli­
cations such as: 

D 500-channel cable systems 

D Video on demand 

D Automated ad insertion 

D Direct broadcast from satellite 
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6.1 
Features 
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The features of the CLM460x are: 

o Real-time encoding of digital video into MPEG syntax at broad­
cast resolution 

o Multiple video standards: 

o NSTC (CLM4600) 

oPAL (CLM4609) 

o Multiple horizontal input resolutions: 

o 704,544,480,352 pels 

o Multiple frame rates 

o 29.97 Hz (NTSC, CLM4600) 

o 25 Hz (PAL, CLM4609) 

o 23.976 Hz (film, CLM4600) 

DC-Cube's patented MPEG video encoding algorithm for high im­
age quality 

o Sophisticated rate control 

o Sophisticated masking 

o Highly integrated: 

o Nine (NTSC) or 10 (PAL) C-Cube VideoRISC Processors 

o CCIR 601 (TTL levels) video in, MPEG compressed video out 

o Interfaces to DRAM with no extemallogic 

o Wide motion estimation search ranges with half pel accuracy 

o Predicted frames: -106/+99.5 pels horizontal, -581+51.5 pels 
vertical 

o Bidirectional frames: -74/+67.5 pels horizontal, -58/+51.5 pels 
vertical 

o Encoded bit rates from less than 3 Mbit/second to more than 10 
Mbits/second 

o Supports vectored interrupts of the host processor 

o Complies with all requirements of the MPEG standard (ISO CD 
11172) 

o Support for audiolvideo synchronization 

o Intra, predicted, and bidirectional frames 



o Intraframe and reference distance (N and M) control 

o Support for statistical multiplexing 

The MPEG standard defines a syntax for the representation of com­
pressed digital video. While the standard tightly defines the decoder, 
much latitude is given to the developers of encoding algorithms. 

The key to the quality of MPEG encoded video is the ability of the en­
coder to intelligently "distribute" its data budget for encoding video be­
tween and within the frames of video being encoded. C-Cube's MPEG 
video encoding algorithm has sophisticated algorithms for masking and 
data rate control. 

6.2.1 Masking 
Harshly quantizing the AC coefficients from the DCT produces a com­
pression artifact called ringing. In some areas of an image, for example, 
in foliage or gravel, ringing is difficult to see. In other areas, such as 
around an object silhouetted against the sky, ringing is very obvious. C­
Cube's patented masking algorithm determines where ringing artifacts 
would be visible in an image, and budgets data accordingly. 

6.2.2 Rate Control 
One of the principal compression techniques employed by MPEG is 
motion estimation, the process of predicting from a previous or subse­
quent frame the contents of the current one. When there is little motion 
- and little change - between frames, the majority of the available data 
budget should be spent on reference frames (intra or predicted frames) 
to produce the highest quality. When there is rapid movement between 
frames, the budget should be distributed evenly between frames. 

This section describes the overall organization and operation of a 
CLM460x-based video encoding system, illustrated in Figure 6-1. 

6.3.1 Organization 
The organization of a video encoder based on the CLM460x is straight­
forward. Each of the CLM460x's 10 VideoRISC Processors (VRPs) has 
2 Mbytes of DRAM, organized as two 256Kx32 pages, for working and 
microapplication storage. The VideoA, VideoB, and Host interfaces of 
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Functional Overview 
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Figure 6-1 CLM460x-Based Video Encoding System 

Pl 

scv r 

the VRPs are connected in parallel. Video is input via the VideoA inter­
face in digital YCbCr format at a resolution of 708x480 pixels. The 
VRPs output the compressed video on the VideoB bus to the Code 
FIFO, a 1 Mbyte buffer from which the host can extract compressed 
MPEG video. The Local Bus connects the VRP host interfaces to four 
dual-ported registers accessible by the host: 

o Meter: Maintains the Code FIFO fill level 

o Data: Allows the host access to the Local Bus and the VideoRISC 
Processors access to the host bus 

o Address: Allows the host to specify an address on the Local Bus 

o SCV: This Status/Config/Vector register contains status informa­
tion set by the CLM460x 

6.3.2 Operation 
The encoding operation is divided into five stages: capture, preprocess, 
motion estimation, encode. and output. Each stage corresponds to a 
frame time, but all stages are executed in parallel. Each VRP processes 



a portion of the video image, and the image is segmented horizontally 
as shown in Figure 2 (the image is segmented by nine for NTSC and by 
10 for PAL). 

Video In Host Interface 

-DRAM 

-DRAM 

I MPEG Out 

Figure 6-2 Scaled Image Processing 

Capture 

Each VRP captures its portion of the image from the VideoA bus and 
stores the image in its DRAM. At this stage, both fields of the input (480 
or 576 lines) are preserved as input for the preprocess stage. The VRP's 
VideoA interface and DRAM controller perform the capture process in 
the background, allowing the VRP's RISC Signal Processor to operate 
on previously grabbed frames. 

Preprocess 

During the next frame time, the micro application also makes an activity 
estimate on the image, which is used by the rate control algorithm for 
distributing the data budget. 

Motion Estimation 

During the third frame time, each macroblock of the current frame is 
compared with a reference frame to produce a motion vector and score. 

Encoding 

During the fourth frame time, each macroblock is processed, either into 
DCT format for intrablocks or into difference format for predicted 
blocks. The processed data is passed through the VLC and encoded data 
is stored in the VRP's DRAM. 

Functional Overview 

CLM460x Broadcast MPEG Video Encoder 57 



VideoRISC Processor (VRP) 

6.4 
VideoRISC 

Processor (VRP) 
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Output 

In the fifth frame time, the VRP outputs the compressed and formatted 
video via the VideoB interface. The output from the nine (or 10) VRPs 
is collated in the Code FIFO. 

6.3.3 Application Program Interface (API) 
The CLM460x allows the following parameters to be set when the en­
coder is started: 

D Bit Rate - This seven-digit number sets the bit rate. 

D GOP Size - 12 or 15 

D Reference Distance - Number of frames between reference 
frames: 3 (three equals I, P, and two B frames) 

D Virtual Buffer Verifier Size - In kilobits 

The host instructs the encoder to start and stop encoding by setting and 
resetting a flag in the master VRP's DRAM. 

Horizontal input resolution is determined by separate microapplication 
versions for 704,544,480, and 352 pels, all of which are included with 
the CLM460x product. 

The heart of the VRP is a 32-bit RISC Signal Processor (RSP) designed 
by C-Cube. As with other reduced instruction set computers (RISC), the 
RSP's instruction set uses a load/store model for accessing memory, 
while arithmetic operations use the 32 local registers to allow single-cy­
cle execution of instructions. The RSP instruction set includes both gen­
eral-purpose computing instructions for managing the encoding process 
and DSP instructions for efficiently performing the iterative computa­
tions required by the discrete cosine transform, pixel averaging, and so 
on. In addition, the RSP has the ability to perform separate arithmetic 
operations on four bytes of data with a single instruction (single instruc­
tion, multiple data - SIMD). 

The data and instruction caches provide single-cycle access to instruc­
tions and data for both the RSP and the Motion Estimator to ensure 
against processor stalls. Both the caches are filled directly from RAM 
by the DMA Controller, which operates under control of the RSP. 



Video interfaces A and B control the flow of video data into and out of 
the VRP. Each interface has a 32x32 video FIFO (VFIFO) for buffering 
data on input and output. In addition, interface A has a decimation filter 
for reducing video resolutions from CCIR 601 to SIP. 

The Motion Estimator is a 2 GigaOp/second coprocessor that compares 
predicted blocks against reference blocks and returns a motion vector 
and match score. The Motion Estimator can be configured to perform an 
exhaustive or a three- or two-level hierarchical search. All searches are 
refined to half-pel resolution, and the search range is configurable. 

The host interface manages the transfer of data and control signals be­
tween the system host processor and the VRP. The DRAM interface 
generates controls signals needed to drive the external local DRAM ar­
ray. The DRAM Controller supports fast page-mode accesses of DRAM 
and includes a RAS-before-CAS refresh mechanism. A seven-channel 
DMA Controller manages the transfer of uncompressed and com­
pressed video data between the video interfaces, and fills the instruction 
and data caches. The variable-length coder/decoder assists the CPU in 
the encoding and decoding of compressed bitstreams. 

Figure 6-3 shows a typical system application of the CLM460x. In this 
application, video input is provided either from a video tape recorder 
(VTR) or a live feed via digital camera. The CLM460x encodes the vid­
eo in real time and outputs an MPEG bitstream for uplink. 

~ 

Typical Application 

6.5 
Typical Application 

Video MPEG Bitstream 

CLM4600 

Satellite Uplink 

Live Feed 

Figure 6-3 Uplink Application 
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The MPEG Encoder Development Station uses the CLM4600 to encode video and audio sequences into MPEG 1 syntax in real time. 



7 
MPEG Encoder 

Development Station 

TheVideoRISC MPEG Encoder Development Station provides the 
ability to encode video into MPEG syntax in real time and to develop 
MPEG encoding systems based on C-Cube's VideoRISC Processor 
(VRP), the first microprocessor designed to process video as a data 
type. The Development Station: 

D Accepts both D 1 digital video and several formats of analog video 
as input 

D Encodes video at broadcast (704x480, NTSC; 704x576, PAL) or 
consumer (352x240, NTSC; 352x288, PAL) resolutions in real 
time at compressed data rates of 1 to 10 Mbits per second 

D Makes the compressed video available for storage on disk or out­
puts it on a serial port 

D Includes multiplexer software to combine the elemental video and 
audio streams into an MPEG system stream 

The encoder development station also provides an MPEG audio encod­
er solution which: 
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Features 

7.1 
Features 

o Accepts stereo analog audio or AESIEBU digital audio as input 

o Encodes audio into MPEG Layer 1 or 2 format at compressed data 
rates of from 32 to 384 Kbits per second (as per the MPEG spec) 

o Makes the compressed audio available for storage on disk 

The Development Station supports C-Cube's VideoMAX MPEG Video 
Encoding algorithm, which allows the system to encode high-quality 
MPEG video at low data rates for both broadcast and consumer resolu­
tion applications. 

While intended primarily for MPEG system development, the Develop­
ment Station can also be used to encode video and audio for the follow­
ing applications: 

o Movies on CD 

o Video on demand 

o CD Karaoke 

o Interactive video games 

o Computer-based training 

o Point-of-sale/information kiosks 

The VideoRISC Encoder Development Station has the following fea­
tures and associated benefits: 

o Encodes video and audio into MPEG 1 syntax in real-time 

o Supports broadcast-resolution video encoding (CCIR 601) 

o 704 x 480, 352 x 480 (NTSC) 

o 704 x 576 (PAL) 

o Supports consumer-resolution video encoding (SIP) 

o 352 x 240 (NTSC) 

o 352 x 288 (PAL) 

o 320 x 240 (square pixel) 

o Supports multiple frame rates: 29.97 (NTSC), 25 (PAL), 23.976 
(film) 

o Supports digital and analog video 1/0 

o . CCIR 601 digital parallel input 
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o YUV, S-Video, composite analog inputs 

o Composite, S-Video outputs 

o Uses C-Cube' s VideoMAX MPEG video encoding algorithm for 
high image quality 

o Sophisticated rate control and masking 

o Adaptive field/frame filtering 

o Supports encoded bit rates from less than 1 Mbitlsecond to more 
than 10 Mbits/second 

o Provides simple, "point-and-click" encoder control 

o Start/stop encoding by timecode 

o Encoder status 

o Complies with all requirements of the MPEG standard: 

o Support for audio/video synchronization 

o Intra, predicted, and bidirectional frames 

o Complete intra and reference distance (N and M) control 

o Supports real-time MPEG audio encoder 

o MPEG Layer 1 and Layer 2 Audio 

o AESIEBU digital input or analog input 

o AudioNideo multiplexer software 

o Performs inverse 3-2 pulldown to eliminate redundant fields in te­
lecined film (SIP resolution only) 

o Can be upgraded to MPEG 2 

Functional Description 

The VideoRISC Encoder Development Station is housed in a VME- 7.2 
based platform that consists of the elements listed below and shown in Functional 
Figure 7-1. Description 

o Tower system 

o MPEG Video Encoder (2 boards) 

o Audio Encoder Board 

o Video 110 Board 

o Serial Board 

See the following sections for more details on these components. 
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Figure 7-1 
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VideoRISC Encoder Development System Block Diagram 

Digital 
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7.3 The Tower System has the following features: 

Tower System 0 One SPARC 2 CPU (two boards) 
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o SCSI Peripherals 

o Color graphics system 

o 6U VME chassis 

Each is described in detail in the following sections. 

7.3.1 SPARC 2 CPU (two boards) 
The SPARC 2 CPU is the functional equivalent of a SPARCstation 2 on 
a single 6U VME board. As such, the SPARC 2 CPU includes a SPARC 
Integer Unit, Floating Point Unit, SCSI Controller, Ethernet Interface, 
Floppy Controller, Audio port, Keyboard port, and on-board DRAM 
(32 Mbytes for master, 16 Mbytes for slave). The SPARC 2 CPU pro­
vides binary compatibility with the SPARCstation 2 and runs current 



versions of SunOs/Solaris and the over 4,000 shrink-wrapped 
SPARCware applications available today. 

7.3.2 SCSI Peripherals 
The Tower chassis includes a high-performance 2-Gbyte SCSI Disk 
Drive in a half-height 5.25-inch form factor and a 535 Mbyte system 
disk. The disk drive provides adequate capacity for real-time and non­
real-time MPEG encoding, both of which require substantial storage 
space. 

Note: Full-length motion-picture encoding requires at least 
8 GBytes, which C-Cube sells as an optional upgrade. 

The Tower also includes a 2-Gbyte 8-mm Tape Drive, which provides a 
means for data exchange, software distribution, and hard disk backup. 
In addition, 8 mm tapes are commonly used to store CCIR 601 format 
video data from digital disk recorders such as the Abekas 60 series. 

7.3.3 Color Graphics System 
The system includes a SBus Color Frame Buffer and 17-inch Nanao 
monitor. The Frame Buffer provides a resolution of 1152 x 900 pixels 
with a color resolution of 8 bits (256 colors from a palette of 16 million 
colors). 

The Nanao Monitor is a high-resolution, multisync monitor with a flat 
screen that provides a sharp, flicker free display for low user fatigue. 

7.3.4 6U VME Chassis 
The chassis is a tower enclosure which includes a 7 -slot VME back­
plane, a 350 watt power supply, plus mounting support for four full­
height or eight half-height 5-1/4" devices. The compact cabinet occu­
pies only 7.43 inches of horizontal floor space, is 23.5" deep, and 26.25" 
high. 

The backplane, power supply, and drives are mounted as modular units 
that are easily removed and installed. All power supply connections for 
the front panel, backplane, and installed peripherals are pluggable. This 
modular design ensures convenient servicing and maintenance. 

Tower System 
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MPEG Video Encoder 

The MPEG Video Encoder consists of two 6U VME boards configured 
7.4 as a single assembly and populated with 10 C-Cube VideoRISC Proces­

MPEG Video sors. The Video Encoder is the processing element of the VideoRISC 
Encoder Encoder Development Station. --------

7.5 
Audio Encoder 

Board 

Shown in its functional simplicity below, the Video Encoder is a pro­
grammable, multi-processor system that accepts digital video input and 
produces compressed video at a variety of bit rates in the MPEG com­
pression format. 

Formatted D1 ) 
V 

Encoder 
Board Compressed MPEG ) 

The Audio Encoder Board, pictorially simplified below, is a VMEBus 
6U card designed to compress stereo analog or digital audio input into 
MPEG Layer 1 or 2 format in real time. The digital input supports both 
SPIDIF and AESIEBU formats. Both interfaces support audio sampling 
rates of 32, 44.1 and 48 KHz and provide 16-bit resolution. 

AES/EBU Digital Audio 
Audio Encoder 

Board Compressed MPEG Audio 
Analog Audio 

7.6 The Video I/O Board is a 6U VME board designed to connect the De-
Video 110 Board velopment Station to a variety of video tape players. The I/O board ac­

cepts video as parallel Dl or as analog YCbCr, S-video or composite 
and outputs it as CCIR 601 digital video. 
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The board converts the D 1 input from ECL to TTL voltage levels, de­
multiplexes the data, and passes the digital YCbCr format data to the en­
coder board. The analog section of the board converts NTSC, PAL or 
SECAM analog signals to YCbCr digital video. 



Serial Board 

t-.. 
Dllnput \ t\. 

~ 
Video I/O CelR 601 digital Video) Board 

Analog Input I 

V 

The Serial board, pictorially simplified below, accepts a serial MPEG 7.7 
compressed bitstream and delivers the data to the external C-Cube de- Serial Board 
coder board for decoding. It consists on an RS422-like transceiver, se-
rial to parallel converter, and a FIFO. 

Compressed MPEG ) 
V 

Serial 
Board Serial Out 

V 

The VideoRISC Encoder development system supports video encoding 
in either of the following two modes of resolution: 

7.B.1 Consumer-Resolution (SIF) 
When in SIF mode, the Encoder development system converts the 
CCIR 601 resolution input video to either 352x240 (NTSC), 352x288 
(PAL) or 320x240 (square pixel), and encodes the video into MPEG 
syntax at data rates from less than 1 Mbit/second to 5 Mbits/second. For 
NTSC material that originated as 24 Hz film, the encoder provides an 
inverse telecine filter to remove the redundant fields, returning the ma­
terial to its original frame rate before encoding. 

The full intra, predicted, and bidirectional frame structure of MPEG is 
supported, with complete GOP size and reference distance control. For 
motion estimation, the encoder supports search ranges of ±48 horizontal 
and ±24 vertical pels for predicted frames, and ±32 horizontal and ±16 
vertical pels for bidirectional frames, both with 112 pel accuracy. 

7.B 
Functional 
Applications 
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Functional Applications 

7.8.2 Broadcast Resolution (CCIR 601) 
When in CCIR 601 mode, the Encoder development system supports an 
encoded resolution of 576 lines for PAL (25 frames/second) and 480 for 
NTSC (29.97 frames/second), representing the maximum number of ac­
tive lines for each standard. For both standards, two horizontal resolu­
tions are supported: 704 and 352. At broadcast resolutions, the encoder 
supports data rates of 3 to 10 Mbits/second with full intra, predicted, 
and bidirectional frame support. For motion estimation, the encoder 
supports search ranges of -106/+99.5 horizontal and -58/+51.5 vertical 
pels for predicted frames, and -74/+67.5 horizontal and -58/+51.5 ver­
tical pels for bidirectional frames, both with 1/2 pel accuracy. 

For whichever encoding resolution is chosen, the Encoder development 
system enables the development of applications that perform one of the 

. following three types of encoding: 
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o Real-time encoding and decoding a/video - In this application, 
video is input to a frame buffer on the Video I/O board. The VRP 
on the Encoder board then compresses the video data from the 
frame buffer and outputs it to serializer board. Data is then sent 
from the serializer board of the RT Encoder Development to a de­
serializer board on the MPEG Video Lab for real-time decompres­
sion (playback). Note: Use of this system requires the separate 
purchase of the MPEG Video Lab. 

o Real-time encoding a/video to a disk - In this application, video is 
input to a frame buffer on the Video I/O board. The VRP on the 
Encoder board then compresses the video data from the from the 
frame buffer and outputs it to a hard disk. 

o Real-time encoding 0/ audio to a disk - In this application, audio 
data (in either stereo analog or digital format) is input to the Audio 
Encoder Board and compressed into MPEG Layer 1 or 2 format in 
real time before being output to a hard disk. 

The MPEG Audio Encoder includes MPEG system multiplexer 
software (an offline utility) which combines the elemental video 
and audio streams into an MPEG system stream. 



Documentation 

The encoder system is supplied with these manuals: 

o VideoRiSC Encoder Development Station User's Manual 
7.9 

Documentation 
o VideoRISC Processor Hardware User's Manual 

o SPARC User's Guide 

o SPARC System and Network Manager's Guide 
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The CL450 MPEG Video Decoder provides full-motion video capability for cost-sensitive electronics products. 



8 
CL450 MPEG 

Video Decoder 

The C-Cube CL450 ™ MPEG Video Decoder is designed to provide 
full-motion video capability for cost-sensitive consumer electronics and 
computer products. The CL450 decompresses SIP-resolution MPEG 
bitstreams in real time. SIP resolution is 352 x 240 pixels at 30 Hz or 
352 x 288 pixels at 25 Hz. Compressed data rates of 1.2 to 3 Mbits per 
second are typically used for SIP resolution. 

The CL450 interpolates decompressed pictures horizontally (normally 
from 352 to 704 pixels per scan line) before outputting them. The 
CL450 outputs decompressed pictures multiple times to increase the 
frame rate from 24, 25, or 30 Hz (coded frame rate) to the selected 50 
or 60 Hz display frame rate. The CL450 can position decompressed pic­
tures relative to its HSYNC and VSYNC inputs. This positioning com­
bined with the image cropping function allows useful windowing 
operations to be performed. The CL450 by default can automatically 
center the MPEG video on the display screen regardless of its coded res­
olution. 

The CL450 is a programmable MPEG decoding engine. To complete a 
decoding system, the CL450 must be used with the micro application 

8.1 
General 
Description 
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Cl450 Hardware Features 

8.2 
CL450 Hardware 

Features 
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provided by C-Cube. The current microapplication, version 2.0, pro­
vides features including advanced error handling (important for Video 
CD), new interrupts for interactive games, and enhanced macro com­
mands for "trick play" product features. 

Some of the key features of the CL450 hardware are: 

o Fully complies with all requirements of the MPEG standard (ISO 
CD 11172) with no syntax limitations 

o Performs real-time decoding of SIF-resolution bitstreams 
(352 x 240 pixels at 30 Hz or 352 x 288 pixels at 25 Hz) 

o Performs real-time horizontal pixel interpolation and frame dupli­
cation to produce output formats of 704 x 240 pixels at 60 Hz or 
704 x 288 pixels at 50 Hz 

o Provides either RGB or YCbCr video output using the on-chip 
color space converter 

o Selectable border color 

o Supports NTSC and PAL video timing formats 

o Interfaces to 680xO processors and DRAM with no external logic 

o Hardware byte swapping supports Intel and Motorola byte order­
ing 

o Requires only 4 Mbits of 80-ns DRAM for all decoding resolu­
tions and bit rates 

o High-performance DRAM interface allows decoding of worst­
case bitstreams 

o Provides automatic high-level hardware and firmware support for 
audio/video synchronization 

o Internal 90-kHz system synchronization timer 

o Decodes Huffman variable-length codes at a peak rate of 4 bits per 
clock (160 Mbits/second at 40 MHz) providing excellent scan­
ning, error concealment, and handling of worst-case bitstreams 

o Allows the active window to be positioned relative to HSYNC and 
VSYNC inputs with one-pixel accuracy 

o Displays all or part of decompressed pictures; displayed section 
can be selected to one-pixel accuracy (within the decoded picture) 



and can be changed every coded frame for panning motion video 

o Supports transparent host access of local DRAM 

o Supports both programmed 110 and DMA transfers of compressed 
bitstreams from the host 

o Up to four independent clock inputs 

o Fabricated in a cost-effective O.8-micron CMOS process 

o Supplied in a 160-pin plastic quad flat-pack (PQFP) 

The CL450~s microapplication provides very high-level functionality 
which keeps the overall system design as simple as possible. The CL450 
automatically processes all layers of the MPEG video standard without 
assistance. Additionally a simple mechanism for passing system-layer 
timestamps allows the CL450 to synchronize automatically. Features 
implemented by the microapplication include: 

o Bit rate up to five Mbits per second 

o Transcoding between NTSC and PAL frame rates 

o System memory expansion capability 

o Support for 24 Hz film format including 3:2 pulldown telecine 

o Advanced error concealment, both signaled and unsignaled 

o MPEG double-resolution still pictures 

o Forward and reverse high-speed scanning capability 

o Automatic parsing of sequence parameters. Stored parameters 
available to host. 

o Synthesis of PTS and DTS values automatically 

o Immediate synchronization recovery after bitstream error conceal­
ment 

o Uninterrupted display during input data underflow 

The host system controls the CL450 by issuing macro commands. The 
CL450 buffers these commands in an internal macro command FIFO. 
The CL450's set of 18 high-level commands enables advanced features 
with low system complexity. Table 8-1 summarizes the CL450's macro 
commands. 

Microapplication Features 

8.3 
Microapplication 
Features 
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Interrupt Support 

8.4 
Interrupt Support 
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Table 8-1 Macro Command Summary 

Category Priority Name Description 
SetBlankO Blanks/unblanks output window 

SetBorderO Sets output window location 
SetColorModeO Enables/disables color-space converter 

Set-type Low SetlnterruptMaskO Enables/disables interrupts to host 
SetThresholdO Specifies bitstream buffer emptiness 

SetVideoFormatO Configures output resolution and timing 

SetWindowO Sets output window size and contents 
DisplayStiliO Decodes/displays single still picture' 

PauseO Keeps last picture on display 

Play-type Low PlayO Decodes and displays at normal rate 

ScanO Decodes and displays next single I-picture 
SingleStepO Decodes and stores next single picture 

SlowMotionO Decodes and displays at slower rate 

AccessSCRO Reads or writes internal SCR counter 

FlushBitstreamO Discards contents of bitstream buffer 
Control High2 InquireBufferFullnessO Measures data in bitstream buffer 

NewPacketO Manages bitstream data 

ResetO Reinitializes CL450 and its microcode 

1. Allows display of a still image with double vertical resolution. 
2. Except for NewPacket() 

The CL450 has a single external interrupt signal, INT, which can be 
used to interrupt the system's host processor during events of interest. 
Since the CL450 is completely self-sufficient during decoding, the use 
of interrupts is completely optional. Thus, the simplest players will not 
use them at all. However, game players and systems with advanced fea­
tures will require interrupts for complex interactive control. 

The CL450 currently has Illogical interrupts which can be enabled and 
disabled independently at any time. An interrupt status register is pro­
vided to allow the host to determine which interrupts have occurred 
when more than one interrupt type is enabled. Table 8-2 summarizes the 
CL450' s interrupts. 



Table 8-2 CL450 Interrupt Summary 

Category Name Event Mask 
Bit 

END-D sequence_end_code found 5 

ERR Bitstream data error 0 

PIC-D New picture decoded 6 
Decode-time 

SEQ-D sequence_header_code found 9 

SCN Picture decode complete in ScanO 11 

UNO Bitstream buffer underflow error 8 

END-V Last picture display before sequence_end_code 4 

GOP First I-picture display after group_start_code 2 
VSYNC PIC-V New picture display 1 

SEQ-V First I-picture display after 3 
sequence_header_code 

Display-time ROY Ready for data 10 

Figure 8-1 shows a block diagram of the CL450, which has three inter­
faces: 

o The host interface: Connects directly to 680xO processors with no 
external logic. It can also be easily connected to 80x86 or popular 
microcontrollers. 

o The DRAM interface: Reads and writes the local DRAM with no 
external logic . 

o The video interface: Outputs pixel data to a video monitor or other 
video processing device. 

The host computer supplies compressed data via the host interface. The 
CL450 buffers up to 16 coded data words in an internal coded data FIFO 
from which the data words are read by the DRAM controller and written 
into the bitstream buffer in the local 4 Mbit DRAM. 

The central processing unit interprets high-level macro commands is­
sued by the host processor. During normal play, bitstream data is read 
from the DRAM buffer and written to the Huffman variable-length de­
coding engine. The coefficients are zigzag scanned into a matrix buffer 
in the CPU and inverse quantized. The CPU then performs a two-di-

Functional Description 

8.5 
Functional 
Description 
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Functional Description 
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Figure 8-1 Block Diagram of the CL450 

mensional IDCT before fetching reference pictures (P- and B- frames) 
which are combined for motion compensation. Reconstructed picture 
data is written into a frame buffer in the local DRAM. 

The video display unit reads decompressed pixel data from the frame 
buffer for each field display, sends it through the color space converter 
if necessary, and outputs the pixel data on the video bus. 



The CL450 family of products are designed for low-cost consumer and 
computer applications such as 

o Video CD systems 

o Multimedia computers 

o Karaoke video systems 

o Full-motion interactive game players 

o PC games 

o Video on demand 

o Point-of-sale/information kiosks 

o Interactive TV 

Figure 8-2 shows the CL450 in a typical system application. 
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Figure 8-2 Typical CL450 System Application 

Typical Applications 

8.6 
Typical 
Applications 
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The CL450 Development Board, an ISA-bus implementation of the CL450 MPEG Video Decoder. 



9 
CL450 Development 

Kit 

The C-Cube CL450 Development Kit contains all the software and 
hardware needed to transform a 386- or 486-based personal computer 
with Microsoft® Windows ™ 3.1 into a complete MPEG-based audio/ 
video development system for the C-Cube Microsystems CL450. The 
kit is a vehicle for hardware and software developers wishing to proto­
type application environments and gain hands-on familiarity with the 
CL450 and video compression system design issues. 

The CL450 Development Board is an IS A-bus (IBM PC-AT bus) card 
whose basic functionality derives from two chips: the C-Cube CL450 ™ 

MPEG Video Decoder and the Chips and Technologies PC Video ™ 

82C900 lA Window Controller. The software includes the demonstra­
tion program WINPLAY.EXE and dynamic link libraries (DLLs) for the 
CL450 and PC Video chips. 

When integrated into a personal computer, the CL450 Development 
Kit: 

o Provides full-motion video and audio decompression of MPEG 
files from the system hard disk 
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Typical System Application 

9.1 
Typical System 

Application 

9.2 
Product 

Components 
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o Displays video on a VGA monitor with windowing, zooming, and 
chroma-keying 

o Displays decompressed video on an external RGB monitor 

o Directly drives an external stereo amplifier 

o Supports video/audio synchronization using system clock refer­
ences and display timestamps 

o Provides a development and debugging tool for CL450 developers 

Figure 9-1 shows how the CL450 Development Board is used in a typ­
ical system application. During playback, the CPU reads the MPEG 
compressed stream from the system hard disk. An application program 
called the system decoder decodes the system layer of the MPEG stream 
to extract the timing information needed to synchronize the audio and 
video outputs. The system decoder also demultiplexes the audio and 
video streams to create the inputs for the CL450 Development Board. 
The input streams are sent to the CL450 Development Board across the 
ISAbus. 

In the application shown, the board drives two monitors. The VGA 
monitor displays the signal from the VGA board with the decompressed 
MPEG file overlaid in a video window. The RGB monitor displays the 
decompressed file at full-monitor size. The audio speaker plays the au­
dio output synchronized to the video outputs. 

The CL450 Development Kit includes the following items: 

o CL450 Development Board: An IS A-bus full-length card that 
plugs into any 16-bit slot in the host computer system. 

o Feature connector cable: The CL450 Development Board con­
nects to the VGA board's feature connector. 

o Documentation, including: 

o CIA50 Development Kit User's Manual (this manual) 

DC-Cube CIA50 MPEG Decoder User's Manual 

o Chips and Technologies PC Video data sheet 

o Software diskette #1 containing: 
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Figure 9-1 Typical System Application 

o Binary code for CL450 .DLL, a dynamic link library containing 
functions used to control the CL450. 

o Binary code for PCVIDEO .DLL which contains the functions 
used to control the PC Video chip. (Contact Chips and Technol­
ogies for information about obtaining source code for 
PCVIDEO .DLL.) 

o Binary code for WINPLA Y .EXE, a sample application pro­
gram in C running under Microsoft Windows 3.1. 

o Software diskette #2 containing a sample bitstream. 

o Software diskette #3 containing DOSPLA Y .EXE and source code 
for the DOSPlay application and the CL450.DLL libraries and the 
PCVIDEO.DLL libraries. 

Product Components 

VGA .. ,. 
VGA 

Monitor 

RGB RGB 
Monitor 

Audio Audio 
.'" , Amplifier 
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Hardware Overview 

9.3 
Hardware 
Overview 

C-Cube Microsystems also offers a manufacturing kit which includes 
everything in the CL450 Development Kit plus Gerber files for the 
printed circuit board design. Contact your local sales office for more in­
formation. 

Figure 9-2 shows a simplified block diagram of the CL450 Develop­
ment Board. The sections below explain the main functions of the 
board. 
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Figure 9-2 Block Diagram of CL450 Development Board 

82 C-Cube Microsystems 



9.3.1 Board Inputs 
The CL450 Development Board has three inputs: 

D Digital VGA signal 

D MPEG compressed video 

D MPEG compressed audio 

The system VGA board or subsystem supplies the digital VGA signal 
to the board via the feature connector. The system CPU (typically an 
80x86 microprocessor) interprets and demultiplexes the combined 
MPEG file to produce separate MPEG audio and video compressed data 
bitstreams.1t then transfers these bitstreams to the board across the ISA 
bus. 

9.3.2 Video Data Decompression 
The C-Cube CL450 MPEG Video Decoder decompresses MPEG 1-
compliant compressed data in real time at rates up to 5 Mbits per sec­
ond. It uses a local 4 Mbit DRAM to buffer the input data and decom­
pressed video frames. The CL450 then outputs the decompressed video 
frames in RGB format to the input of the PC Video chip. 

9.3.3 Video Windowing 
The Chips and Technologies (CHIPS) PC Video Windowing Controller 
scales and sizes the decompressed video frames and writes the resulting 
data into a frame buffer. The PC Video chip also controls a multiplexer 
that overlays the scaled and sized video onto the VGA image from the 
VGA board. The CHIPS 82C411 Color Lookup Table (CLUT) trans­
lates the input VGA into true-color data using an internal palette table. 

9.3.4 Video Output 
Two video outputs are available: a VGA output with the decompressed 
MPEG image overlaying the VGA display, and an RGB output of the 
decompressed MPEG image. Each of these outputs is driven by a 
Brooktree Btl21 Triple VIDEODAC™ . 

9.3.5 Audio Data Decompression 
The Analog Devices ADSP-2105 Audio Decoder decodes the MPEG 
layer II stereo audio data. It supports a sampling frequency of 44.1 KHz 
with bit rates of 96 to 128 kbits per second per channel. The output of 
the audio converter is connected to an Analog Devices AD-1866 Audio 

Hardware Overview 
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9.4 
Software Overview 
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DAC which produces an analog audio output. This is a high-impedance 
output which can directly drive headphones, but must be amplified be­
fore it can drive speakers. 

The operating system software should be Microsoft MS-DOS ™ 5.0 and 
Windows 3.1. The dynamic link libraries, CL450.DLL and PCVID­
EO .DLL, are supplied with the development kit in binary format. The 
application software program, WINPLAYEXE, uses the operating sys­
tem functions of Windows and makes function calls to the DLLs. WIN­
PLAY.EXE uses files with extensions of .MPG, .VBS and .SCR. Files 
with a .MPG extension are MPEG I-compliant files containing multi­
plexed audio and video data. Files with a .VBS extension are MPEG 
compressed files with video data only. Files with a .SCR extension are 
ASCII text files that can contain a list of .MPG and .VBS files. The Win­
Play program plays the files in the list in that sequence. 

DOSPlay is an application similar to the WinPlay program, except that 
it runs directly under DOS and does not need Windows. DOSPlay is 
provided as both executable binary files, and as source code written in 
C. 



Software Overview 
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C-Cube's MPEG Video Lab decodes and previews MPEG bitstreams at up to 8 megabits per second. 



10 
MPEG Video Lab 

The MPEG Video Lab provides the tools needed to decode and preview 
MPEG bitstreams at bit rates up to 8 Mbits per second. It supports these 
video formats: 

D NTSC: from 352 x 240 to 704 x 480 at 30 Hz 

D PAL: from 352 x 288 to 704 x 576 at 25 Hz 

The MPEG Video Lab supports RGB video output format. 

This chapter describes the components of Video Lab and discusses the 
documentation and sample bitstreams provided with the MPEG Video 
Lab. 

The basic MPEG Video Lab system shown in Figure 10-1 is based on 10.1 
the HP NetServer 4/33 LM personal computer, which uses the EISA Video Lab 
bus. The standard configuration includes the following components Components 
(supplier is Hewlett-Packard except where noted otherwise in parenthe-
ses): 
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Video lab Components 
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Figure 10-1 Video Lab Components 

o 32 Mbytes RAM 

o Super VGA monitor 

o Extended keyboard with 101 keys 

o Two-button mouse 

Mouse 

Keyboard 

NTSC video monitor 
(supplied by user) 

Super VGA monitor 

o Floppy disk drive: 3.5-inch, 1.44 Mbyte capacity 

o SCSI hard disk: 1 Gbytes unformatted (Micropolis 2210) 

o DAT tape drive: 2 Gbytes (Maynard® MaynStream®) 

o Super VGA graphics card 

o MPEG CL950 Video Decoder Board (C-Cube Microsystems) 

o MPEG CL450 Video Decoder Board (C-Cube Microsystems) 

o Board driver software (C-Cube Microsystems) 

o Ethernet card (3Com W /RG58) 

o PC-NFS networking software (Sun Microsystems) 



o Serial Receiver card (C-Cube) 

o MS-DOS® 5.0 and Windows® 3.1 (Microsoft®), with Windows 
running in 386 extended mode 

o Sample bitstreams 

o Complete documentation 

Sample Bitstreams 

C-Cube Microsystems supplies a variety of sample bitstreams with Vid- 10.2 
eo Lab to demonstrate the basic operation of the system for a range of Sample Bitstreams 
resolutions. You can use these bitstreams for demonstrations and prod-
uct development. 

C-Cube's MPEG Video Lab User's Guide is the primary source of the 10.3 
information needed to operate Video Lab. However, you may need to Video Lab 
refer to manuals that provide more detailed information about some of Documentation Set 
the MPEG Video Lab components. C-Cube Microsystems supplies with 
the MPEG Video Lab a complete set of documentation for all the major 
components in the system. The manuals supplied with the MPEG Video 
Lab are listed below. 

o Installing and Managing Your HP NetServer LM Series (Hewlett-
Packard) 

o MaynStream DOS User's Manual (Maynard) 

oMS-DOS 5.0 User's Guide & Reference (Hewlett-Packard) 

oMS-DOS 5.0 Getting Started (Hewlett-Packard) 

o Windows User's Guide (Microsoft) 

o Windows Questions & Answers (Microsoft) 
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Customer Feedback 

C-Cube Microsystems is always working to improve the quality of our 
documentation. If you have comments or suggestions about this docu­
ment, please send us a marked-up copy of the page or pages or send us 
an e-mail message. We will acknowledge all comments received. Our 
address is: 

Technical Publications Department 
C-Cube Microsystems 
1778 McCarthy Boulevard 
Milpitas, CA 95035 

phone: (408) 944-6300 
fax: (408) 944-6314 

e-mail: techpubs@c-cube.com 



Alabama 

M2I 
1910 Sparkman Avenue 
Huntsville, AL 35816 
phone: 205-830-0498 
fax: 205-837-7049 

Arkansas 

TL Marketing 
14850 Quorum Dr., Suite 100 
Dallas, TX 75240 
phone: 214-490-9300 
fax: 214-960-6075 

California 

Bager Electronics 
519 Encinitas Blvd. 
Encinitas, CA 92024 
phone: 619-632-8816 
fax: 619-632-8810 

Bager Electronics 
17220 Newhope Street, Suite 209 
Fountain Valley, CA 92708 
phone: 714-957-3367 
fax: 714-546-2654 

Bager Electronics 
6324 Varlel, Suite 314 
Woodland Hills, CA 91367 
phone: 818-712-0011 
fax: 818-712-0160 

Norcomp 
2140 Professional Drive, #200 
Roseville, CA 95661 
phone: 916-782-8070 
fax: 916-782-8073 

Norcomp 
1267 Oakmead Parkway 
Sunnyvale, CA 94086 
phone: 408-733-7707 
fax: 408-774-1947 

Colorado 

Promotech Sales, Inc. 
2901 S. Colorado Blvd. 
Denver, CO 80222 
phone: 303-692-8484 
fax: 303-692-8416 

C-Cube Microsystems 

North American Representatives 

Florida 

M2I 
402 S. North Lake Blvd 
Suite 1016 
Altamonte Springs, FL 32701 
phone: 407-260-6422 
fax: 407-260-6460 

Georgia 

M2I 
3000 Northwoods Parkway #110 
Norcross, GA 30071 
phone: 404-447-6124 
fax: 404-447-0422 

Hawaii 

Bager Electronics 
17220 Newhope Street, Suite 209 
Fountain Valley, CA 92708 
phone: 714-957-3367 
fax: 714-546-2654 

Dlinois 

Beta Technology Sales, Inc. 
1009 Hawthorn Drive 
Itasca, IL 60143 
phone: 708-250-9586 
fax: 708-250-9592 

Iowa 

Cahill, Schmitz & Howe 
226 Sussex Drive. N.E. 
Cedar Rapids, IA 52402 
phone: 319-377-8219 
fax 319-377-0958 

Louisiana 

TL Marketing 
14850 Quorum Dr., Suite 100 
Dallas, TX 75240 
phone: 214-490-9300 
fax: 214-960-6075 

Massachusetts 

Advanced Technical Services 
348 Park Street, Suite 102 
North Reading, MA 01864 
phone: 508-664-0888 
fax: 508-664-5503 

Minnesota 

Cahill, Schmitz & Cahill, Inc. 
315 N. Pierce Street 
St. Paul, MN 55104 
phone: 612-646-7217 
fax: 612-646-4484 

Mississippi 
M2I 
1910 Sparkman Avenue 
Huntsville, AL 35816 
phone: 205-830-0498 
fax: 205-837-7049 

Montana 

Promotech Sales, Inc. 
2901 S. Colorado Blvd. 
Denver, CO 80222 
phone: 303-692-8484 
fax: 303-692-8416 

Nevada 

Clark County Only 
Bager Electronics 
6324 Variel, Suite 314 
Woodland Hills, CA 91367 
phone: 818-712-0011 
fax: 818-712-0160 

Other 
Norcomp 
2140 Professional Drive, #200 
Roseville, CA 95661 
phone: 916-782-8070 
fax: 916-782-8073 

New Jersey 

Parallax 
734 Walt Whitman Road 
Melville, NY 11747 
phone: 516-351-1000 
fax: 516-351-1606 



North American Representatives (cont.) 

New York 

Empire Technical Associates 
29 Fennell Street, Suite A 
Skaneateles, NY 13152 
phone: 315-685-5703 
fax: 315-685-5979 

Empire Technical Associates 
349 W. Commercial Street 
Suite 2920 
East Rochester, NY 14445 
phone: 716-381-8500 
fax: 716-381-0911 

Parallax 
734 Walt Whitman Road 
Melville, NY 11747 
phone: 516-351-1000 
fax: 516-351-1606 

North Carolina 

M21 
1200 Trinity Road 
Raleigh, NC 27607 
phone: 919-851-0010 
fax: 919-851-6620 

North Dakota 

Cahill, Schmitz & Cahill, Inc. 
315 N. Pierce Street 
St. Paul, MN 55104 
phone: 612-646-7217 
fax: 612-646-4484 

Oklahoma 

TL Marketing 
14850 Quorum Dr., Suite 100 
Dallas, TX 75240 
phone: 214-490-9300 
fax: 214-960-6075 

South Carolina 

M21 
1200 Trinity Road 
Raleigh, NC 27607 
phone: 919-851-0010 
fax: 919-851-6620 

South Dakota 

Cahill, Schmitz & Cahill, Inc. 
315 N. Pierce Street 
St. Paul, MN 55104 
phone: 612-646-7217 
fax: 612-646-4484 

Tennessee 

M2I 
3000 Northwoods Parkway #110 
Norcross, GA 30071 
phone: 404-447-6124 
fax: 404-447-0422 

Texas 

TL Marketing 
14850 Quorum Dr., Suite 100 
Dallas, TX 75240 
phone: 214-490-9300 
fax: 214-960-6075 

TL Marketing 
8100 Shoal Creek, Suite 250 
Austin, TX 78758 
phone: 512-371-7272 
fax: 512-371-0727 

TL Marketing 
14343 Tory Chase Blvd. Suite I 
Houston, TX 77014 
phone: 713-587-8100 

. fax: 713-580-7517 

Wisconsin 

Western 
Cahill, Schmitz & Cahill, Inc. 
315 N. Pierce Street 
St. Paul, MN 55104 
phone: 612-646-7217 
fax: 612-646-4484 

Eastern 
Beta Technology Sales, Inc. 
9401 W. Beloit Road, Suite 409 
Milwaukee, WI 53227 
phone: 414-543-6609 
fax: 414-543-9288 

Canada 

Electrosource 
6875 Royal Oak 
Burnaby,BC 
Canada V5J 4J3 
phone: 604-435-2533 
fax: 604-435-2538 

Electrosource 
230 Galaxy Blvd. 
Rexdale, ONT 
Canada M9W 5R8 
phone: 416-675-4490 
fax: 416-675-6871 

Electrosource 
340 March Road, Suite 503 
Kanata,ONT 
Canada 
K2K2E4 
phone: 613-592-3214 
fax: 613-592-4256 

Electrosource 
6600 Trans Canada Highway, 
Suite 420 
Pointe Claire, Quebec 
H9R4S2 
phone: 514-630-7486 
fax: 514-630-7421 

Others (Not Listed) 
Contact nearest office of 
C-Cube Microsystems 

C-Cube Microsystems 



International Representatives and Distributors 
France 

NEWTEK (Rep/Dist.) 
8, rue de l'Esterel 
SILIC 583 
94663 Rungis Cedex 
phone: (33) 1-46.87.22.00 
fax: (33) 1-46.87.80.49 

United Kingdom 

Kudos Thame Ltd. (Rep/Dist.) 
55 Suttons Park, London Rd. 
Reading, BERKS RG6 lAZ 
phone: (44) 734-351010 
fax: (44) 734-351030 

Germany 

Metronik GmbH (Rep/Dist.) 
Leonhardsweg 2 
8025 Unterhaching 
phone: (49) 89-61108-0 
fax: (49) 89-6116858 

Australia 

ZATEK Components Pty Ltd. 
(Rep/Dist.) 
Suite 8, 1059 Victoria Rd. 
West Ryde 2114 
Sydney 
phone: (61) 2-874-0122 
fax: (61) 2-874-6171 

Hong Kong 

MEMEC Asia Pacific 
(Rep/Dist.) 
Unit No 2520-2525 
Tower 1 
Metroplaza 
Hing Fong Road 
Kwai Fong, N.T., 
phone: (852) 410-2780 
fax: (852) 418-1600 

Japan 

Kubota C-Cube Inc. 
Fuso Building, 7F, 2-12-8 
Shin-Yokohama 
Kohoku-Ku 
Yokohama, Kanagawa 222 
phone: (81) 45-474-7571 
fax: (81) 45-474-7570 

Korea 

MEMEC Asia Pacific 
(Rep/Dist.) 
4th Floor, Jae Woong Bldg 
176-11 Nonhyun-Dong 
Kangnam-ku 
Seoul 
phone: (82) 2-518-8181 
fax: (82) 2-518-9419 

Singapore 

Serial System Marketing 
(Rep/Dist.) 
11 Jalan Mesin 
Standard Industrial Bldg, #06-00 
Singapore 1336 
phone: (65) 280-0200 
fax: (65) 286-6723 

Republic of China 

MEMEC Asia Pacific(Rep) 
14F-l, 171 Section 58 
Min Sheng East Road 
Hai Hwa Building 
Taipei 
Taiwan, R.O.C. 
phone: (886) 2 760-2028 
fax: (886) 2 765-1488 

ALLY, Inc. (Dist.) 
7F, 18, Alley 1 Lane 768, Sec. 4 
Pa TehRd., 
Taipei 
Taiwan, R.O.C. 
phone: (886) 2 788-6270 
fax: (886) 2 786-3550 

C-Cube Microsystems Sales Offices 
Home Office 

C-Cube Microsystems 
1778 McCarthy Boulevard 
Milpitas, CA 95035 
phone: 408-944-6300 
fax: 408-944-6314 

Eastern Area Office 

C-Cube Microsystems 
One Kendall Square, Suite 220 
Cambridge, MA 02139 
phone: 617-621-7180 
fax: 617-621-7179 

C-Cube Microsystems 

Southwestern Area Office 

C-Cube Microsystems 
453 Bristol Avenue 
Cardiff, CA 92007 
phone: 619-632-0864 
fax: 619-632-0864 

European Office 

C-Cube Microsystems 
44 Dartford Road 
Sevenoaks, Kent 
UK TN 133TQ 
phone: (44) 732 743 256 
fax: (44) 732450 151 

Japan Office 

Kubota C-Cube Inc 
Fuso Building 7F 
2-12-8 Shin-Yokohama 
Kohoku-ku 
Yokohama, Kanagawa 222 
phone: 81-45-474-7571 
fax: 81-45-474-7570 



C-Cube 
Mlcrosystems 

1778 McCarthy Blvd. 
Milpitas, CA 95035 
Tel: (408) 944-6300 
Fax:' (408) 944-6314 

90-0500-001 


