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METHOD OF COMMUNICATING BETWEEN 
MODULES IN A DECODING SYSTEM 

INCORPORATION BY REFERENCE OF 
RELATED APPLICATIONS 

[0001] The following US. Patent Applications are related 
to the present application and are hereby speci?cally incor 
porated by reference: patent application Ser. No. , 
entitled “METHOD OF OPERATING AVIDEO DECOD 
ING SYSTEM” (Attorney Ref. No. 13305US01); patent 
application Ser. No. , entitled “VIDEO DECODING 
SYSTEM SUPPORTING MULTIPLE STANDARDS” 
(Attorney Ref. No. 13301US01); patent application Ser. No. 

, entitled “MEMORY SYSTEM FOR VIDEO 

DECODING SYSTEM” (Attorney Ref. No. 13388US01); 
patent application Ser. No. , entitled “INVERSE 
DISCRETE COSINE TRANSFORM SUPPORTING MUL 
TIPLE DECODING PROCESSES” (Attorney Ref. No. 
13303US01); and patent application Ser. No. , 
entitled “RISC PROCESSOR SUPPORTING ONE OR 
MORE UNINTERRUPTIBLE CO-PROCESSORS” (Attor 
ney Ref. No. 13306US01); all ?led on even date hereWith. 
The folloWing Provisional US. Patent Applications are also 
related to the present application and are hereby speci?cally 
incorporated by reference: Provisional Patent Application 
No. , entitled “VIDEO DECODING SYSTEM HAV 
ING A PROGRAMMABLE VARIABLE LENGTH 
DECODER” (Attorney Ref. No. 13300US01); Provisional 
Patent Application No. , entitled “PROGRAM 
MABLE VARIABLE LENGTH DECODER” (Attorney 
Ref. No. 13391US01); Provisional Patent Application No. 

, entitled “DMA ENGINE HAVING MULTI 
LEVEL COMMAND STRUCTURE” (Attorney Ref. No. 
13390US01); and Provisional Patent Application No. 

, entitled “INVERSE QUANTIZER SUPPORTING 
MULTIPLE DECODING PROCESSES” (Attorney Ref. 
No. 13387US01); all ?led on even date hereWith. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to media 
decoding systems, and, more particularly, to communication 
betWeen modules in a decoding system. 

BACKGROUND OF THE INVENTION 

[0003] Digital video decoders decode compressed digital 
data that represent video images in order to reconstruct the 
video images. Ahighly optimiZed hardWare architecture can 
be created to address a speci?c video decoding standard, but 
this kind of solution is typically limited to a single format. 
On the other hand, a fully softWare based solution is capable 
of handling any encoding format, but at the eXpense of 
performance. Currently the latter case is solved in the 
industry by the use of general-purpose processors running 
on personal computers. Sometimes the general-purpose pro 
cessor is accompanied by digital signal processor (DSP) 
oriented acceleration modules, like multiply-accumulate 
(MAC), that are intimately tied to the particular internal 
processor architecture. For eXample, in one eXisting imple 
mentation, an Intel Pentium processor is used in conjunction 
With an MMX acceleration module. 

[0004] Others in the industry have addressed the problem 
of accommodating different encoding/decoding algorithms 
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by designing special purpose DSPs in a variety of architec 
tures. Some companies have implemented Very Long 
Instruction Word (VLIW) architectures more suitable to 
video processing and able to process several instructions in 
parallel. In these cases, the processors are dif?cult to pro 
gram When compared to a general-purpose processor. In 
special cases, Where the processors are dedicated for decod 
ing compressed video, special processing accelerators are 
tightly coupled to the instruction pipeline and are part of the 
core of the main processor. 

[0005] Yet others in the industry have addressed the prob 
lem of accommodating different encoding/decoding algo 
rithms by simply providing multiple instances of hardWare 
dedicated to a single algorithm. 

[0006] All of the above-mentioned decoding schemes 
involve compleX interactions amongst the various modules 
in the decoding system. Intimate and efficient communica 
tion betWeen multiple modules in the decoding system 
Would greatly increase the decoding system’s ef?ciency and 
performance. 
[0007] Further limitations and disadvantages of conven 
tional and traditional approaches Will become apparent to 
one of skill in the art through comparison of such systems 
With the present invention as set forth in the remainder of the 
present application With reference to the draWings. 

SUMMARY OF THE INVENTION 

[0008] One aspect of the present invention is directed to a 
decoding system having a core decoder processor and a 
variable-length decoding accelerator. The core decoder pro 
cessor performs decoding functions on a coded data stream 
and has a co-processor interface. The variable-length decod 
ing accelerator performs variable-length decoding opera 
tions on variable-length code in the data stream. The vari 
able-length decoding accelerator is coupled to the 
co-processor interface of the core decoder processor. 

[0009] Another embodiment of the present invention is 
directed to a method of controlling a decoding accelerator. 
Pursuant to the method, a command is provided to the 
accelerator via a posted Write operation and the accelerator 
is polled to determine Whether the command has been 
performed. 
[0010] Another embodiment of the present invention is 
directed to a decoding system having a core decoder pro 
cessor and ?rst and second decoding accelerators. The core 
decoder processor performs decoding functions on a coded 
data stream and has a co-processor interface. The co 
processor interface includes a co-processor status register 
adapted to receive a status of a co-processor. The ?rst 
decoding accelerator assists the core decoder processor With 
a ?rst decoding function and is coupled to the core decoder 
processor via the co-processor interface. The second decod 
ing accelerator assists the core decoder processor With a 
second decoding function. Both the ?rst and second decod 
ing accelerators are adapted to provide status data indicative 
of their status to the co-processor status register. 

[0011] It is understood that other embodiments of the 
present invention Will become readily apparent to those 
skilled in the art from the folloWing detailed description, 
Wherein embodiments of the invention are shoWn and 
described only by Way of illustration of the best modes 
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contemplated for carrying out the invention. As Will be 
realized, the invention is capable of other and different 
embodiments and its several details are capable of modi? 
cation in various other respects, all Without departing from 
the spirit and scope of the present invention. Accordingly, 
the draWings and detailed description are to be regarded as 
illustrative in nature and not as restrictive. 

DESCRIPTION OF THE DRAWINGS 

[0012] These and other features, aspects, and advantages 
of the present invention Will become better understood With 
regard to the folloWing description, appended claims, and 
accompanying draWings Where: 

[0013] FIG. 1 is a functional block diagram of a digital 
media system in Which the present invention may be illus 
tratively employed. 

[0014] FIG. 2 is a functional block diagram demonstrating 
a video decode data How according to an illustrative 
embodiment of the present invention. 

[0015] FIG. 3 is a functional block diagram of a decoding 
system according to an illustrative embodiment of the 
present invention. 

[0016] FIG. 4 is a block diagram depicting a clocking 
scheme for decoding system 300 according to an illustrative 
embodiment of the present invention. 

[0017] FIG. 5 is a functional block diagram of a decoding 
system according to an illustrative embodiment of the 
present invention. 

[0018] FIG. 6 is a functional block diagram representing 
a variable-length decoding system according to an illustra 
tive embodiment of the present invention. 

[0019] FIG. 7 is an chart shoWing a core processor 
instruction pipeline according to an illustrative embodiment 
of the present invention. 

[0020] FIG. 8 is a timing diagram depicting the timing 
related to the issuance of a variable-length decoding com 
mand instruction by the core processor. 

[0021] FIG. 9 is a timing diagram depicting the timing 
related to the issuance of a move-from-coprocessor instruc 
tion by the core processor. 

[0022] FIG. 10 is a timing diagram depicting the timing 
related to the issuance of a move-to-coprocessor instruction 
by the core processor. 

[0023] FIG. 11 is a timing diagram depicting the timing 
related to the issuance of a move-to-coprocessor instruction 
by the core processor. 

[0024] FIG. 12 is a chart representing a decoding pipeline 
according to an illustrative embodiment of the present 
invention. 

[0025] FIG. 13 is a chart representing a decoding pipeline 
according to an illustrative embodiment of the present 
invention. 

[0026] FIG. 14 is a ?oWchart representing a macroblock 
decoding loop according to an illustrative embodiment of 
the present invention. 
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[0027] FIG. 15 is a ?oWchart representing a method of 
decoding a data stream according to an illustrative embodi 
ment of the present invention. 

[0028] FIG. 16 is a functional block diagram representing 
a communication scheme betWeen a variable-length 
decoder, an inverse quantiZer/IDCT engine, a piXel ?lter/ 
motion compensation module, a core processor and decoder 
memory according to an illustrative embodiment of the 
present invention. 

[0029] FIG. 17 is a functional block diagram representing 
a communication scheme betWeen an inverse quantiZer/ 
IDCT engine, a piXel ?lter/motion compensation module, a 
core processor and decoder memory according to an illus 
trative embodiment of the present invention. 

DETAILED DESCRIPTION 

[0030] The present invention forms an integral part of a 
complete digital media system and provides ?exible decod 
ing resources. FIG. 1 is a functional block diagram of a 
digital media system in Which the present invention may be 
illustratively employed. It Will be noted, hoWever, that the 
present invention can be employed in systems of Widely 
varying architectures and Widely varying designs. 

[0031] The digital media system of FIG. 1 includes trans 
port processor 102, audio decoder 104, direct memory 
access (DMA) controller 106, system memory controller 
108, system memory 110, host CPU interface 112, host CPU 
114, digital video decoder 116, display feeder 118, display 
engine 120, graphics engine 122, display encoders 124 and 
analog video decoder 126. The transport processor 102 
receives and processes a digital media data stream. The 
transport processor 102 provides the audio portion of the 
data stream to the audio decoder 104 and provides the video 
portion of the data stream to the digital video decoder 116. 
In one embodiment, the audio and video data is stored in 
main memory 110 prior to being provided to the audio 
decoder 104 and the digital video decoder 116. The audio 
decoder 104 receives the audio data stream and produces a 
decoded audio signal. DMA controller 106 controls data 
transfer amongst main memory 110 and memory units 
contained in elements such as the audio decoder 104 and the 
digital video decoder 116. The system memory controller 
108 controls data transfer to and from system memory 110. 
In an illustrative embodiment, system memory 110 is a 
dynamic random access memory (DRAM) unit. The digital 
video decoder 116 receives the video data stream, decodes 
the video data and provides the decoded data to the display 
engine 120 via the display feeder 118. The analog video 
decoder 126 digitiZes and decodes an analog video signal 
(NTSC or PAL) and provides the decoded data to the display 
engine 120. The graphics engine 122 processes graphics data 
in the data stream and provides the processed graphics data 
to the display engine 120. The display engine 120 prepares 
decoded video and graphics data for display and provides 
the data to display encoders 124, Which provide an encoded 
video signal to a display device. 

[0032] FIG. 2 is a functional block diagram demonstrating 
a video decode data How according to an illustrative 
embodiment of the present invention. Transport streams are 
parsed by the transport processor 102 and Written to main 
memory 110 along With access indeX tables. The video 
decoder 116 retrieves the compressed video data for decod 
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ing, and the resulting decoded frames are Written back to 
main memory 110. Decoded frames are accessed by the 
display feeder interface 118 of the video decoder for proper 
display by a display unit. In FIG. 2, tWo video streams are 
shoWn ?owing to the display engine 120, suggesting that, in 
an illustrative embodiment, the architecture alloWs multiple 
display streams by means of multiple display feeders. 

[0033] Aspects of the present invention relate to the archi 
tecture of digital video decoder 116. In accordance With an 
eXemplary embodiment of the present invention, a moder 
ately capable general purpose CPU With Widely available 
development tools is used to decode a variety of coded 
streams using hardWare accelerators designed as integral 
parts of the decoding process. 

[0034] FIG. 3 is a functional block diagram of a digital 
video decoding system 300 according to an illustrative 
embodiment of the present invention. The digital video 
decoding system 300 of FIG. 3 can illustratively be 
employed to implement the digital video decoder 116 of 
FIGS. 1 and 2. Video decoding system 300 includes core 
decoder processor 302, DMA Bridge 304, decoder memory 
316, display feeder 318, phase-locked loop element 320, 
data bus 322, address bus 323, register bus 324 and accel 
eration modules 306, 308, 309, 310, 312, 313 and 315. The 
acceleration modules include variable-length decoder 
(VLD) 306, inverse quantization (IQ) module 308, inverse 
discrete cosine transform (IDCT) module 309, piXel ?lter 
310, motion compensation module 312, loop ?lter 313 and 
post ?lter 315. The acceleration modules 306, 308, 309, 310 
and 312 are hardWare accelerators that accelerate special 
decoding tasks that Would otherWise be bottlenecks for 
real-time video decoding if these tasks Were handled by the 
core processor 302 alone. This helps the core processor 
achieve the required performance. In an illustrative embodi 
ment, modules 308 and 309 are implemented in the form of 
a single transform engine that handles all functionality, but 
Which is conceptually equivalent to the union of modules 
308 and 309. Also in an illustrative embodiment, modules 
310 and 312 are implemented in the form of a ?lter engine 
Which consists of an internal SIMD (single instruction 
multiple data) processor and a general purpose controller to 
interface to the rest of the system, but Which is conceptually 
equivalent to the union of modules 310 and 312. Further 
more, in an exemplary embodiment, loop ?lter 313 and post 
?lter 315 form part of another ?lter engine Which is another 
instance of the same programmable module used to imple 
ment piXel ?lter 310 and motion compensation module 312 
eXcept that it is programmed to implement the functionality 
of a loop ?lter 313 and post ?lter 315. 

[0035] The core processor 302 is the central control unit of 
the decoding system 300. The core processor 302 prepares 
the data for decoding. The core processor 302 also orches 
trates the macroblock (MB) processing pipeline for the 
acceleration modules and fetches the required data from 
main memory 110 via the DMA bridge 304. The core 
processor 302 also handles some data processing tasks. 
Picture level processing, including sequence headers, GOP 
headers, picture headers, time stamps, macroblock-level 
information eXcept the block coef?cients, and buffer man 
agement, are performed directly and sequentially by the core 
processor 302, Without using the accelerators 304, 306, 308, 
309, 310, 312, 313 and 315 other than the VLD 306 (Which 
accelerates general bitstream parsing). Picture level process 
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ing does not overlap With slice level/macroblock decoding. 
In an illustrative embodiment of the present invention, the 
core processor 302 is a MIPS processor, such as a MIPS32 
implementation, for eXample. 

[0036] The most Widely-used compressed video formats 
fall into a general class of DCT-based, variable-length 
coded, block-motion-compensated compression algorithms. 
As mentioned above, these types of algorithms encompass a 
Wide class of international, public and private standards, 
including MPEG-1, MPEG-2 (SD/HD), MPEG-4, H.263, 
H.263+, H.26L, Microsoft Corp, Real NetWorks, Quick 
Time, and others. Each of these algorithms implement some 
or all of the functions implemented by variable-length 
decoder 306, and the other hardWare accelerators 308, 309, 
310312, 313 and 315, in different Ways that prevent ?Xed 
hardWare implementations from addressing all requirements 
Without duplication of resources. In accordance With one 
aspect of the present invention, variable-length decoder 306 
and the other hardWare accelerators 308, 309, 310, 312, 313 
and 315 are internally programmable to alloW changes 
according to various processing algorithms. This enables a 
decoding system that decodes most standards ef?ciently and 
?exibly. 

[0037] The decoding system of the present invention 
employs high-level granularity acceleration With internal 
programmability to achieve the requirements above by 
implementation of very fundamental processing structures 
that can be con?gured dynamically by the core decoder 
processor. This contrasts With a system employing ?ne 
granularity acceleration, such as multiply-accumulate 
(MAC), adders, multipliers, FFT functions, DCT functions, 
etc. In a ?ne-granularity acceleration system, the decom 
pression algorithm has to be implemented With ?rmWare that 
uses individual loW-level instructions (like MAC) to imple 
ment a high-level function, and each instruction runs on the 
core processor. In the high-level granularity system of the 
present invention, the ?rmWare con?gures, i.e. programs, 
variable-length decoder 306 and the other hardWare accel 
erators 308, 309, 310, 312, 313 and 315, Which in turn 
represent high-level functions (like variable-length decod 
ing) that run Without intervention from the main core 
processor 302. Therefore, each hardWare accelerator 306, 
308, 309, 310, 312, 313 and 315 runs in parallel according 
to a processing pipeline dictated by the ?rmWare in the core 
processor 302. Upon completion of the high-level functions, 
each accelerator noti?es the main core processor 302, Which 
in turn decides What the neXt processing pipeline step should 
be. 

[0038] In an illustrative embodiment of the present inven 
tion, the softWare control consists of a simple pipeline that 
orchestrates decoding by issuing commands to each hard 
Ware accelerator module for each pipeline stage, and a status 
request mechanism that makes sure that all modules have 
completed their pipeline tasks before issuing the start of the 
neXt pipeline stage. Each hardWare module 306, 308, 309, 
310, 312, 313 and 315 performs its task after being so 
instructed by the core processor 302. In an illustrative 
embodiment of the present invention, each hardWare module 
includes a status register that indicates Whether the module 
is active or inactive. The status register may also indicate the 
internal state of the hardWare accelerator at a speci?c point 
during the processing stage of the hardWare accelerator. The 
core processor 302 polls the status register to determine 
























