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Abstract—This paper presents a feasibility study of applying in performance also introduces increase in computational com-
a legacy reconfigurable single scalar DSP processor to mediaplexity, which requires more powerful hardware. At the same
processing. The latest video compression standard - H.264 WaStime there are several image and video coding standards cur-

adopted as target application. First, a pure software H.264 .
decoder was implemented based on the legacy DSP processo{ently used such as JPEG and MPEG-4. Although ASIC design

Although real-time performance was not achieved, it exposed can meet real-time performance, it is not programmable which
essential computational as well memory access costs. The seconticks flexibility for heterogeneous media standards. Hence
design explored the possibility of achieving both programmability programmab|e DSP processor is believed by many peop|e to

and real-time performance with affordable hardware accelera-  q the trend since it provides both real-time performance and
tion. At the same time, features of H.264 processing were analyzed flexibility

for more suitable accelerator design. In order to avoid conflicts ) ]
in memory access, tasks scheduling was carefully considered. In In this paper, a method to promote the performance of single
the end, performance of proposed solution and the bottlenecks scalar DSP with programmable accelerator is proposed. And

which still limit the performance are presented as conclusion.  the bottleneck for performance promotion is investigated and
the upper limit of acceleration of a certain single scalar DSP
for H.264 decoding is presented.

Single scalar DSP processors have been widely used in mo-
bile handsets for voice codec and other applications. Because Il. SOFTWARE IMPLEMENTATION AND ANALYSIS
of the emerging era of streaming media, more and more mobjle
handsets need to support streaming media such as MPEé'—4New Features of H.264
etc, which requires much higher processing performance tharlt) Entropy Decoding:CAVLC is context adaptive variable
earlier applications. One way to solve this problem is to udength coding based onx# blocks. It is combination of both
new powerful media processors which are mainly SIMD arfntropy coding and run length coding.
VLIW. However this solution requires redesign of the whole 2) Inverse Integer Transformin H.264, IDCT has been
hardware platform which costs a lot and is not affordabkeplaced by inverse integer transform (lIT) which only involves
to some HW vendors. Thus for them, the only way is tghift and addition without multiplication. Thus this part is
explore the possibility that single scalar processor could bet as computational intensive as in former standards while it
used in media processing with affordable extension. If it weggovides more accuracy without drift caused by approximation
practical, not only time to market could be saved but aldp transform.
investment in legacy IP design could be protected. Since few3) Quarter Pixel Interpolation and Variable Block Size
single scalar DSP processors were originally designed fidiotion CompensationMost of the existing standards support
media processing, investigation needs to be carried outtire motion estimation accuracy up to 1/2 pixel. In H.264, the
order to explore the potential of applying single scalar DSRaximum accuracy is 1/4 pixel. In former standards, motion
processors to media processing. estimation is based on 16x16 macroblock for luma component

H.264 (MPEG-4 part 10) is the latest video compressicgxs well as 8x8 block for chroma component. While in H.264,
standard especially suitable for wireless network. In wirelesariable block-size motion compensation with smaller block
communications, bandwidth is too expensive to waste. Feizes is supported, thus picture can be restored with higher
most of the mobile users, bandwidth for steaming video widiccuracy. However, this largely increases the computational
not go beyond 128kbps. Among current video compressisamplexity.
standards, only H.264 can provide high quality at such low bit 4) De-blocking Filter: De-blocking filter is a new added
rate, because compared with former video coding standapist for H.264 in order to minimize the artifacts introduced
such as MPEG-4 part 2, it saves up40% in bit rate and mainly by present compression technique such as intra pre-
provides error resilience features. Thus we adopted H.2@igtion. Although it does not promote the PSNR greatly, it
decoding as our target application. However, the improvemeran largely improve the subjective appearance.

|. INTRODUCTION



B. Computational Complexity Analysis parallelism, which means multiple memory banks are required
to provide simultaneous memory access. As different from

Decoding Steps MIPS Cost (QCIF 30fps) mainstream media processors, the single scalar DSP only has
Entropy Decoding (CAVLC) 66 two memory banks. Thus up to two data can be accessed in
Inverse Quantization 21 lock le. | d hi lleli . ixel
inverse Transform 0 one clock cycle. In order to achieve access parallelism in pixe
Intra Prediction 30 manipulation, the following memory partitioning scheme has
Inter Prediction (Interpolation 256 been proposed.
8;2:“"'”9 Filter 2%7 Based on the memory architecture and instruction set ar-
chitecture (ISA), a method has been proposed for parallel
TABLE I memory access which improves the performance in pixel level
COMPLEXITY

operations. Pixel data in the frame are stored in both MemO
and Meml in an interleaved way, which means adjacent pixel

As show above, three tasks appear to be most computatioqil"é‘t'ia are stored in different memories as shown in Fig. 2:

complex in H.264 decoding which are CAVLC decoding,
interpolation and de-blocking filter. To be noticed is that owing

to limited number of registers (16) in this single scalar DSP, [ Mem 0
the performance is extremely low. M Mem 1
[1l. PROCESSORMODEL
This single scalar DSP processor consists of a DSP core, Fig. 2. Memory Architecture

DSP Debug Unit and a set of Application Specific Accelera-

tors. The DSP core is originally designed for voice processingTwo pixel data can be accessed (read or write) simultane-
and supports certain parallel operations. Also reconfiguralgasly either vertically or horizontally. For example, the pixel
memories are used and can be shared with accelerators.da of one 44 sub-block can be read out in 8 clock cycles.
IDE was developed by the DSP vendor to perform simulation,

with which new accelerator instructions can be easily defined V. ADDRESSINGGENERATION PROCESSOR

and simulated. As is shown in Fig. 1, three accelerators arerqor gpplications such as video and image processing, 2D
attached to the DSP core in our design. All accelerators recejy@jressing is always needed to provide immediate memory
instructions from the DSP core. The Address Generator cacess of certain pixel arrays in a certain frame. However
access both Mem0 and Mem1 simultaneously. Pixel ProcesgQg DSP processor originally was not designed for video
and VLC Processor can access data both via DSP core andyfgcessing and only supports 1D addressing. Thus in order
Address Generator. Data can be swapped via DMA betwegnperform efficient pixel based memory access, certain 2D
off-chip memory and on-chip memory (Mem0 and Mem1). 5 1D addressing hardware translation is needed. An address
generator was designed to achieve addressing together with
data load and store.

VI. VLC PROCESSOR

Since single scalar DSP is inefficient in entropy decoding
which is mainly bit manipulation. A CAVLC accelerator is
designed to perform entropy decoding in fewer clock cycles.
According to H.264 baseline profile, CAVLC decoding is
mapped to this accelerator. VLC processor provides instruc-
tions for bit manipulation and lookup table search, as is shown
in TABLE II.

The block diagram of VLC Processor is shown in Fig. 3.

Pixel

Processor VIl. PIXEL PROCESSOR

A. Design Consideration

According to the computational analysis of our software
implementation, there are following bottlenecks to be relieved:
1) Inverse Integer Transformtn H.264, inverse transform
only involves shift and addition. However, the single scalar

IV. MEMORY ISSUES DSP can not exploit the parallelism in 4x4 block based IIT
According to pixel based operations, number of pixelgperation. Thus simple parallel data path can be applied to
that can be accessed in one cycle determines the computieieve high throughput of this part.

Fig. 1. Processor Model



Instructions Functionality - — -
bitreadreset Initialize the VLC accelerator i al ho
showbits Rs, Rt Load the certain number of bits(number storeg i
in Rs) from bitstream to general register (Rt), | a1 P
without changing the current bit position. | MB A pab
showbits imm, Rt | Same as above, using immediate value (imm) | ==
gethits Rs, Rt Load the certain number of bits (number stored | a2 b2
in Rs) from bitstream to general register (Rt), 1
and change the current bit position. [ a3 § b3
getbits imm, Rt Same as above, using immediate value (imm) [ T ——
flushbits Rs Change the current bit position
showzeros Rs, imm Count the number of leading zeros before first 1 Fig. 4. Getstrength Context
in the bitstream, no larger than the immediate
value (imm)

TABLE Il
VLC INSTRUCTIONSET

Loopfilter: Loopfilter is mainly multi-tap filters applied to
the edge pixels in the decoded frame. Thus similar architecture
used by interpolation can also be applied to this part. Still
conditional branches can be found in this part, thus conditional
execution is also needed for efficient processing.

B. HW Implementation

All tasks list above are pixel based manipulations, from
which we can find a lot of similarities in their hardware
acceleration. In this paper, a configurable Pixel Processor
has been proposed to perform these tasks. Fig. 5 shows the
architecture of Pixel Processor, which is divided into two
pipelined units: Configurable Filter and Configurable ALU.

Fig. 3. VLC Processor Architecture

2) Interpolation: Only interpolation of QCIF resolution at
30 fps costs around 250 MIPS which is inapplicable with cur-
rent single scalar DSP. However, there is large parallelism in
interpolation that could be utilized for acceleration. Basically
interpolation in H.264 consists of 6-tap half-sample and bi-
linear quarter-sample operations, which are mainly filtering
operations. Thus a multi-tap filter like architecture can be
applied to this task.

3) De-blocking: De-blocking has been proved to be the
most computational complex part in H.264 decoding. The
basic operation of de-blocking is filtering operation on the
edges of 4x4 sub-blocks, which is pixel level manipulation.
Parallelism of de-blocking operation is related to both data
path width and memory access capacity. For de-blocking
procedure, there are two major tasks both with parallelism
to be exploited:

Getstrength:This part calculates the filtering strength of each
edge based on the context information which involves large
amount of conditional branches. For example, as is shown
in Fig. 4, the filtering strength of sub-block bO depends on
only not the feature of Macroblock A and B but also that

______ 1
: Load via AGU |

R

Configurable Filter

Fr————

| Ctrl Signal

Fig. 5.

Configurable ALU

Pixel Processor Architecture

The Configurable Filter supports the following operations:

of sub-block a0 and b0. And the filtering strength of bOb3 * 2-tap to 6-tap filter without multiplication (only constant
can be calculated along multiple data path in parallel because coefficients are supported)

they are independent to each other. However, because of 4 way parallel datapath with conditional execution
conditional branches, the parallel data path needs to support 4 way IT/IIT per cycle

simple conditional execution in parallel which requires a small « 4/8 way SAD (Sum of Absolute Difference)

program memory for the accelerator.

The Configurable ALU supports each of the following

operations and the combination of them:



« Bi-linear operation B. Pixel Processor

« Round operation Because of parallel data path (though without multipliers),

« MAXI/MIN operation the Pixel Processor very well exploits the parallelism in pixel

« Bubble sort operation based operations. Thus it provides much higher performance
C. Top-flow than single scalar processor while compared to traditional

The tasks are distributed among DSP core, VLC Processsol}\/lD and VLIW processor, it has advantages in lower cost

. . : - and smaller silicon area.
and Pixel Processor as is described in Fig. 6.

Tasks MIPS (QCIF 30fps) | MIPS (CIF 30fps)
— ITNT 25 10
- RETR Y Resian AR brecesc Interpolation 7 28
- Bfer Getstrength 35 15
Loopfilter 8 32
Total 21 85
TABLE IV
: PIXEL PROCESSORPERFORMANCE

— e - As show in TABLE Il and IV, with configurable HW ac-
- P ' celeration, real-time decoding performance of CIF (3388)

_ resolution or even higher at 30 fps is achieved with acceptable
Fig- 6. Top Flow increase of silicon area using clock frequency at 150 MHz.

X. NCLUSION
VIIl. SCHEDULING CoNncLusio

Task level parallelism is limited by memory access conflict? In this paper, a programmable solution has been proposed

which means, in the same clock cycle, different accelerato(ljsr Tv%dr:i,pe:g(:tiseslznogﬁtfgﬁgrrzwg]azlr?osrlrz2l?ezzailr?tre?;\feptrgs?lfss_
may need to access (read or write) one single port memaqr P ‘

. . - w-cost and configurable accelerators perform computational
simultaneously. Because only two memory banks with singfe g P P

port are available in the current processor, memory accddgnsive tasks with h'gh. paralielism. Rgal-tlme_ de_COd'_”g
rformance can be achieved at resolution which is high

is the bottleneck for parallelization. This is the reason whR® X .

only one Pixel Processor is used in our solution. Since tig\;ough fpr all ”‘.Ob"e terminals. It has been proved that
number of cycles for memory access is very close to th e solution (.)f smglle scalar D.SP processor plus I.OW'COSt
of parallel computing, even if tasks are distributed to mor%c\;%elerators in media processing is not only practical but

accelerators, they can not be processes in parallel for confli 0 rr;ssaﬁ”?d\;?maﬁss tl)ne theXt(I)orrzng;(z[ dar?:s sH:cc\)/g dc?;;[
in memory access. In our solution, most of the tasks are y aiso has been exp bro

executed sequentially. However, this solution is not suitabf€ nfigurable accelerator can accommodate different computing

for higher end media processing which requires even hightgF‘kS which have similarities in computing and data access.

parallelism. Xl. FUTURE WORK

IX. PERFORMANCE To be noted is that Pixel Processor also supports parallel

In order to perform benchmarking of the newly designeﬁA[,) operations, which means that H.264 encoder can glso
implemented together with decoder at lower resolution

ASIP, accelerators with cycle costs modeling and finite Iengg ) . . .
data types are implemented in C++. Instruction set extensishY: ?C(;IF; _Wh'Ch fenables vll(deo conference. This part wil
for accelerators was added to the assembly instruction Qgtmcu ed in our future work.
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