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ABSTRACT

In this paper, we present the work on implementation of a half-Dlinterlaced MPEG-4 encoder with Equator Technology
DSP chip, BSP-15. The BSP-15 DSP consists mainly of a VLIW core, Co-processors, and media I/O interfaces. The
encoder utilizes several BSP-15 functional blocks in parallel. In general, the VLIW performs pixel processing that is
computationally intensive. The VLx coprocessor completes variable length coding. Further parallelism is obtained by
pre-loading data cache and doubling data buffers. Given the DSP processing power and real time requirements, a
complexity control scheme is implemented. A frame-level quantization scheme with quality and rate control is
employed. The current implementation for video at 30 fps consumes about 90% of the chip performance at a bit rate
-2Mbps.
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1. INTRODUCTION

The MPEG-4 [1] standard provides a well-defined framework for a wide range of applications of data communication and
entertainment media. From high-end media servers to low-end embedded appliances, a key component in an MPEG-4
video system is the video encoder. A single Digital Signal Processor (DSP) chip solution for the encoder is always
appealing yet challenging due to the complexity of the MPEG-4 compression algorithm and full motion requirements in
many embedded systems. Single DSP chip based implementations of the MPEG-4 encoder and its system clearly has
advantages in system development, system tuning, code maintenance, and software upgradability. The practical issues
are tradeoffs between adopting more coding features against limited DSP processing power.

In this work, we present the work of using the Equator Technology DSP chip BSP-15 to implement the MPEG-4 encoder
with support of half Dl (352x240) interlaced video. The BSP-15 DSP is a newer member of Equator Technology's
media processor series [2][3]• I is one of the most powerful DSP chips in todays market. It offers a highly integrated
single chip solution for various multimedia applications. It consists mainly of a Very Long Instruction Word (VLIW)
core, Co-processors, and media I/O interfaces. At 400 MHz, the VLIW core can deliver, e.g., 14+ GOPS of sustained 16-
bit SIMD DSP operations and 39+ GOPS for sum of absolute differences block matching. The co-processors, such as the
Variable Length Encode and Variable Length Decode (VLx), Video Filter (VF), and Data Streamer (DS), provide a
powerful and sophisticated architecture for sustained performance. In addition, its media I/O makes easy connections for
multimedia applications.

The rest ofthis paper is organized as follows. In Section 2, a briefintroduction is given to the BSP-15 DSP. In Section 3,
we discuss the implementation of MPEG-4 video coding on the DSP platform and describe some techniques for major
function parts. Section 4 presents the complexity analysis and test results of the encoder. Some concluding remarks are
given in Section 5.
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2. THE BSP-15 BRIEFS

The BSP-15 DSP consists of a VLIW core, Co-processors, and media I/O interfaces. The VLIW core architecture is a
fusion of general-purpose microprocessor and DSP paradigms. The VLIW core possesses several key parts: two
execution clusters as shown in Fig. 1 and two 32KB cache structures (a 32 KB for data and a 32KB for instruction). Each
cluster contains an integer arithmetic and logic unit (1-ALU), an integer and graphics arithmetic and logic unit (IG-
ALU), a register file consisting of 32 general-purpose 64-bit registers, and a set ofpredicate and 128-bit special registers.
The 1-ALU and IG-ALU on a cluster operate concurrently and independently of one other. The 1-ALU is primarily used
for memory accesses, program flow control and address calculations. The IG-ALU is specifically used for SIMD
operations. For example, it is capable of performing 128-bit integer MAD (mean absolute difference) operations as well
as 128-bit vector sum operations. The 128-bit special registers like PLC and PLV are used in support of the 128-bit
partitioned operations.

Figure 1. The register file architecture.

Figure 2. MPEG4 encoder block diagram
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3. ENCODING AND OPTIMIZATION

Figure 2 shows a block diagram of the MPEG-4 encoder. Table 1 illustrates typical profiling data (given GOP size 128
and search range 32) in percentage of major encoding modules for QCIF (176x144) video sequences on a general-
purpose PC. It identifies the set of modules that are computationally intensive. The numbers are basically scalable for
sequences at higher resolutions. By taking advantage of the BSP-15 VLIW architecture described above and in the
literature [2113] those modules such as motion estimation, motion compensation, DCT/IDCT, quantization, dequantization
etc. can be optimized efficiently to speed up the whole process.

Module (%) Akiyo News Carphone
Motion Estimation 44.70 45.4 46.3

Motion Compensation 9.10 8.4 8.7
DCT 10.5 9.2 9.2
IDCT 2.3 2.9 2.6

Quantization 4.9 4.6 5.1

Dequantization I .9 1 .5 2
Coding 4.7 5.4 4.5

Table 1 . Profiling data in terms of encoding modules for three different content complexes.

The encoder utilizes several BSP-15 functional blocks in parallel as shown in Fig.3. In general, computationally
expensive pixel processing, such as preprocessing, format conversion, motion estimation, DCT and quantization, are
performed in the powerful VLIW core. The VLx coprocessor in turn generates the bitstream for the current macroblock
while the VLIW works on the next macroblock. The DS coprocessor as a DMA engine is largely used to complete all
data transfer between input buffer and VLIW, VLIW and VLx, and Vlx and output buffer. Pre-loading the data cache
and double buffering are used to get further parallelism. The encoder code is optimized to fit the cache in terms of the
video object plane (VOP) type. Given the DSP processing power and realtime requirement, a complexity control scheme
is implemented. For VBR applications, a frame quality aware quantization and rate control scheme is employed

Video source

VLx Engine

Figure 3. The encoding block diagram on the BSP-15

VL1W core
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3.1 Motion Estimation and Complexity Control

From Table 1 , the ME consumes most processing cycles. It contains mainly SAD (Sum of Absolute Difference)
computations at various positions relative to reference VOP data. In this work, our proprietary motion estimation scheme
is employed which is in spirit based on [4]. The average number of steps to converge to local minima is in a range of 7 —

10. Some macroblocks only need very few search steps, lower than the average, to reach the minimum SAD. These
saved computations can be used for those macroblocks that require more search steps. For extreme cases that need
further more steps to find a local minimum, typically for entertainment video with many scene changes and editing
effects, we constrain the maximum number of steps to reduce the complexity and meet the real time requirement without
dropping frames. In general, those macroblocks that require the most search steps are encoded with Intra mode after
mode decision.

The key computional step is essentially the SAD computation. By utilizing the 128-bit registers on the BSP-15 depicted
in Fig. 1, SAD computation can be accelerated on the BSP-15 .This is done through the special register PLC and PLV in
the following way. The PLC is loaded with the 16 pixels data in a reference macroblock row while the PLV holds 16
pixel data from the search window. Certain BSP-15 opcodes can perform a 16-element SAD computation. There is a set
of opcodes that can be used to perform similar partitioned operations and accelerate the processing.

3.2 Memory Management

The BSP-15 integrated cache, one 32 KB data cache and one 32 KB instruction cache, bridges in speed between the
VLIW core running at a high clock rate and external memory banks with relatively low clocking. The code optimization
is done in terms of the VOP type processing to fit the instruction cache as well as possible. With the limited data cache,
data availability is done at the macroblock level. The macroblock data is prepared and loaded into the cache by the DS
coprocessor that operates independently from the VLIW core. Double buffer structures are employed throughout the
processing path from the VLIW core to the VLx coprocessor for macroblock data input and output, and reference
macroblock data. In the VLIW core, the DS always prepares data for the next loop on macroblocks. In Vlx, the DS
moves in the processed macroblock data from the VLIW core while the VLIW code performs motion estimation, DCT
and other processing on the next macroblock. Our test experience shows cache misses degrade performance
significantly.

3.3 Frame Quality Aware Quantization

To meet the communication channel bandwidth in many real time applications, a constant bit rate (CBR) is required that
means a fixed target bit count is assigned to each video frame. A more accurate rate control scheme [5] is implemented in
this encoder. It is, however, often the case that a large variation in scene complexity causes a large fluctuation of the
quantization parameter (QP) of each video frame if a fixed frame rate is maintained. This implies that the picture quality,
or encoding distortion, has a large frame-to-frame variation, which results in a degraded video presentation quality. On
the other hand, in many other applications, such as storage video and some packet based network, it is not necessary to
use CBR, so a variable bit rate (VBR) encoding can be used. We observe that a constant or slowly changing QP between
frames yields a near constant picture quality. To achieve smoothed video quality while meeting the overall bit rate target,
we use a QP low-pass filtering scheme. Since the VBR QP's is the low-pass smoothed version of the CBR QP's, the
corresponding picture distortion is also smoothed. Note that the frame encoding bit rate is fluctuating, however its run-
time average is kept at the target encoding bit rate.

4. TEST RESULTS

The implementation test is on the Equator Technology's StingRay reference board. We profiled the major encoding
modules, such as Format Conversion (FC), Motion Estimation (ME), Motion Compensation (MC), DCT, IDCT,
Quantization (QUANT), Inverse Quantization (DEQUANT), Reconstruction (RECON), and Rate Control (RC). The
average percentage of processing cycles used by each encoding module at 2 Mbps is shown in Table 2 for a sample of
interlaced video clip from an action movie. The ME still takes the most processing resources because of its various
motion estimation modes for interlaced video. The variable length coding is done in parallel in the VLx coprocessor and
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usually faster than encoding processing in the VLIW core. Therefore only those processing in the VLIW core will affect
the profiling.

Module ME MC DCT IDCT QUANT DEQUANT FC RECON RC
% 42.49 3.43 7.72 7.3 3.43 3.43 6.01 5.15 7.72

Table 2. Profiling data ofmajor encoding modules on the BSP-15 for a sample action clip.

The I VOP and P VOP types are supported in current implementation. It runs at real time for a half Dl (352x480)
interlaced video sequence and consumes about 90% processing resources ofthe BSP-15.

5. SUMMARY

In this work, we presented an implementation ofthe half-Dlinterlaced MPEG-4 encoder on a single BSP-15 DSP chip.
This single BSP-15 MPEG-4 encoder supports encoding of half-D1 interlaced video with resynchronization markers at
approximately fixed intervals. The implementation is on the Equator Technology's StingRay reference board with BSP-
15. The current version ofthe encoder can handle up to halfDl size (352x480) at 30 frames per second. It supports I and
P VOPs. B VOP support is not currently implemented.

The current encoder for a typical 352x480 video at 30 fps consumes about 90% of the chip performance at a bitrate of
2Mbps. We believe that additional improvement can be obtained by further code optimizations. This single chip MPEG-
4 encoder solution can be used in various applications such as PVR, bandwidth-limited video service, surveillance
systems and other embedded codec devices.
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