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Abstract—This paper presents a novel high-efficient hybrid open-
close loop based fine granularity scalable (HOCFGS) coding
framework supporting different decoding complexity applications.
The open-loop motion compensation for inter-pictures is
introduced to efficiently exploit the temporal correlation among
adjacent pictures for both base layer and FGS enhancement layer
within a wide bit-rate range. An efficient rate-distortion optimized
macro-block mode decision rule is used to reduce drifting error
and achieve comparable coding performance at the lowest bit-rate
point (base layer) with non-scalable coding. An approach like
MPEG-4 FGS coding with close-loop motion compensation only at
base layer is used for some inter-pictures to stop the drifting error
propagation. Furthermore, to achieve better coding performance
for these inter-pictures, block based progressive fine granularity
scalable (BLPFGS) is introduced, in which leaky prediction is used
to generate high-quality reference for FGS enhancement layer. In
BLPFGS coding, efficient bit-plane coding and de-blocking
techniques are investigated to improve the coding performance for
FGS enhancement layer, especially at low bit-rate points. The
coding performance for the proposed method is verified by
integrating it into MPEG SVC reference software.

I.  INTRODUCTION

To adapt video transmission to the time-varying network including
wireless, Internet etc, generating bitstream with SNR scalability is a
desired solution. Such bitstream can be truncated to a given bit-rate
point on-the-fly to meet different application requirements and
meanwhile avoid suffering from serious drifting error propagation in
comparison with non-scalable video bitstream.

The bit-plane coding based fine granularity scalable (FGS)
introduced in MPGE-4 [1] is an important step during the evolution of
SNR scalable video coding. In FGS scheme, non-scalable coding with
close-loop motion compensation is adopted only for base layer. For
enhancement layer, the bit-plane technique is used to code the difference
between original picture and the reconstructed one from base layer.
Compressed bit-stream yielded by FGS coding provides the
functionality to adapt the fluctuation of the network bandwidth and no
drifting error is introduced as long as base layer is received. However,
due to no temporal exploration of redundancy between the adjacent
pictures for FGS enhancement layer, this technique leads to big coding
performance degradation for FGS enhancement layer compared with
non-scalable coding, especially for middle- and high bit-rate points.

In [2], to improve the coding performance for FGS enhancement
layer, a progressive fine granularity scalable (PFGS) framework with

0-7803-9390-2/06/$20.00 ©2006 |EEE 2877

Jizheng Xu, Feng Wu

Microsoft Research Asia
Beijing, China
{jzxu, fwu}@microsoft.com

two motion compensation loops was proposed. For each inter-picture,
motion compensation loop for base layer with non-scalable coding is
still used like MPEG-4 FGS. And meanwhile, an additional motion
compensation loop is introduced for FGS enhancement layer. This
approach was further extended to macro-block progressive fine
granularity scalable (MBPFGS) in [3]. In [4], a leaky based prediction
technique (RFGS) is introduced for motion compensation loop at FGS
enhancement layer. With this technique, prediction for FGS
enhancement layer is achieved from the weighted combination of high-
and low-quality (base layer) reference to efficiently control the drifting
error propagation. However, the coding performance at FGS
enhancement layer with bit-rate near base layer is unsatisfactory because
no any enhancement layer information is introduced into prediction loop
of base layer and inefficient reuse of the reconstructed residue from base
layer. Moreover, two-loop motion compensations for FGS enhancement
layer coding are too complex to apply in some applications.

Furthermore, two simplified scalable structures for PFGS are
proposed in [5] to be suitable for wireless video transmission with low-
complexity decoding capability. The first is that two-loop motion
compensations are confined to B pictures, in which the drifting error is
not to be propagated to the temporally subsequent inter-pictures. The
second is that only the single loop coding structure is used for all
pictures. For this approach, partial FGS enhancement layer information
is introduced into the base layer prediction loop for all inter-pictures or
only B pictures. Out of question, the second approach will lead to
serious error propagation if it is applied to all inter-pictures. When this
prediction technique is confined to B-pictures, the drifting error
propagation can be efficiently controlled. Extended from this concept, in
the developing SVC standard [6], hierarchical B-picture coding is used
to efficiently exploit the temporal redundancy of FGS enhancement
layer among adjacent pictures. Within this structure, all high-pass sub-
bands are predicted from reference with original frame or the highest-
quality reconstructed version. But the temporal low-pass sub-bands are
coded like MPEG-4 FGS to efficiently control drifting error
propagation. This structure can provide a high-efficiency SNR coding
framework. However it is not suitable for low delay requirements and
too complex for some applications. Actually the coding performance for
the temporal low-pass subbands can also be improved by the proposed
method. For FGS coding, the different coding techniques are adopted
for base layer and bit-plane coding in MPEG-4 and MPEG SVC. But
the basic idea for them is that no motion compensation loop is adopted
for FGS enhancement layer. We refer to the FGS coding scheme with
this basic idea as “basic” FGS scheme in the following sections.

This paper proposes a novel high-efficient hybrid open-close loop based
fine granularity scalable (HOCFGS) coding framework, which can be
implemented ~ with  different complexity. Open-loop motion
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compensation is used to improve the coding performance for FGS
enhancement layer within a wide bit-rate range. Like MPEG-4 FGS, the
single close-loop motion compensation loop at base layer is applied for
some inter-pictures to stop the drifting error propagation at enhancement
layer. Furthermore, when high decoding complexity can be supported in
some applications, block-wise leaky prediction based PFGS coding for
FGS enhancement layer can be introduced to avoid the coding
performance loss resulted from only close-loop motion compensation at
base layer. This paper mainly focuses on describing our scheme with P-
picture coding for low-delay application. This paper mainly focuses on
describing our scheme with P-picture coding for low-delay application.
Of course, it is able to be easily extended to MCTF or hierarchical B
decomposition structure in MPEG SVC, in which just the temporal low-
pass subbands are coded with the proposed solution. Section II outlines
our proposed architecture from simple to complex in complexity. In
section III, experimental results are shown to verify the efficiency of our
scheme. Finally, conclusions will be given.

II.  HOCFGS ARCHITECTURE
1. Simple Extension to “basic” FGS (HOCFGS-I)

ENHANCED
LAYERS

Figure 1. One half of pictures with odd-index are coded with open-loop motion
compensation and the rest is coded with “basic” FGS on the encoder side.

In PFGS coding [3], the motion compensated prediction error at
FGS enhancement layer will subtract the reconstructed residual of base
layer to reduce its energy at FGS enhancement layer. However, because
the different reconstruction references are used to achieve prediction
errors for base layer and enhancement layer, respectively, the
redundancy between them can not be efficiently removed. The sign for
each non-zero coefficients at base layer is also needed to be coded
twice. On the other hand, no any enhancement layer information is
introduced into prediction loop of base layer. This always leads to poor
coding performance at FGS enhancement layer, especially for bit-rate
points near the base layer.

The proposed solution HOCFGS-I with simple extension to “basic”
FGS is illustrated in Figure 1. Odd-indexed inter-pictures (called OLPs)
will be coded with open-loop motion compensation to efficiently exploit
the temporal redundancy for FGS enhancement layer among adjacent
pictures and to overcome the coding inefficiency at low bit-rate points
of FGS enhancement layer for the aforementioned reasons in PFGS
coding. To stop the drifting error propagation resulted from OLPs, even-
indexed inter-pictures (called CLPs) will be coded with “basic” FGS. By
this mechanism, cyclic utilization of open- and close-loop motion
compensation fashion is applied to these inter-pictures according to their
index values (odd or even). Furthermore, considering that the channel
bandwidth is often restricted to [Rmin, Rmax], OLPs can utilize
previously reconstructed pictures with the highest quality as references.
It helps to reduce drifting error for OLPs. On the decoder side, both base
layer and enhancement layer need to be reconstructed by two motion
compensation loops for OLPs when decoding FGS enhancement layer.
Its base layer reconstruction is yielded to provide the reference picture
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for the temporally subsequent CLP decoding. The reconstruction
process for CLPs is the same as “basic” FGS.

Although the drifting error propagation can be avoided by cyclic
utilization of open- and close-loop motion compensation, the drifting
error for OLPs themselves may also lead to coding efficiency loss at low
bit-rate points compared with non-scalable coding. To efficiently control
the drifting error and meanwhile achieve the coding performance trade-
off within a wide bit-rate range, the motion estimation and mode
decision proposed in [7] is adopted for OLPs to keep the comparable
coding performance with base layer in “basic” FGS.

2. Leaky Prediction based Motion Compensation for CLPs Coding in
HOCFGS-I (HOCFGS-II)

Compared with “basic” FGS coding, HOCFGS-I provides an
efficient FGS coding solution without drifting error propagation and
efficiently exploits temporal redundancy for FGS enhancement among
the adjacent pictures for OLPs. However, for applications able to
support high decoding complexity, the temporal redundancy at FGS
enhancement layer can also be further exploited to improve the coding
performance for CLPs. As shown in Figure 2, block based progressive
fine granularity scalable (BLPFGS) is introduced for coding CLPs, in
which leaky prediction is used to generate high-quality reference for
FGS enhancement layer. BLPFGS extends MBPFGS to block based
PFGS with leaky prediction to more efficiently control drifting error and
improve coding performance. To avoid redundant motion information
coding and keep motion compensation process consistent for base layer
and FGS enhancement layer, only one set of motion information is used
for base layer and FGS enhancement layer. If the macro-block at base
layer is coded with intra mode, the corresponding macro-block will be
coded with “basic” FGS.

ENHANCED
LAYERS

Figure 2. One half of pictures are coded with open-loop fashion and the rest
coded with BLPFGS on the encoder side.

For each block coded with inter mode in base layer for CLPs, there
are two available references from base layer and FGS enhancement
layer reconstructions, respectively. To efficiently control drifting error
and improve coding performance, block based PFGS with leaky
prediction will be used to generate high-quality prediction from two
aforementioned references as described in [4]. To reduce overhead
coding to denote whether the current block use the base layer prediction
or high-quality prediction, the block size is dependent on the partition
pattern of its corresponding macroblock and restricted to not less than
8x8. For example, if 16x16 inter mode is selected for a maroblock, the
coding method is the same as MBPFGS with leaky prediction. If 16x8,
8x16 or 8x8 inter mode are selected for a maroblock, we need to code
more than one flag. Reference selection and prediction generation for
each block are based on the following two criterions:
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where mv denotes the estimated motion vectors for the current block
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quality and high-quality reference blocks, respectively. The case with
lower distortion will be selected to yield the prediction block for the
current block S,

2.1, Successive Re-quantization Coding of FGS Enhancement Layer

Bit-plane coding is the fundamental technique to support SNR
scalability functionality since it embodies arbitrary bit-stream truncation
in bit accuracy and it is one of key technique to improve FGS
enhancement layer coding performance. This sub-section proposes an
enhanced bit-plane coding method for FGS enhancement layer, which is
based on cyclic block FGS proposed in MPEG SVC. Each bit-plane for
the cyclic block FGS is categorized as “significance pass” and
“refinement pass”. “Significance pass” identifies those coefficients that
had reconstructed values of zero in the previous bit plane. A binary digit
is coded as a “significance bit” indicating whether the coefficient
transitions from zero to non-zero in the current bit plane. The sign and
magnitude data follow if a coefficient is already significant. The
“refinement pass” identifies those coefficients that have reconstructed
non-zero values in the previous bit plane. A binary digit is used to refine
the precision of the coefficient in the current bit plane. Different from
bit-plane coding of EBCOT in JPEG2000, no “remainder pass” is
introduced because it is block based coding and the currently coded
coefficient and its neighboring coefficients don’t belong to the same
frequency sub-band. For more detailed features for cyclic block FGS
coding, please refer to [6].

In MPEG-4 FGS, the transform coefficients at FGS enhancement
layer need to be organized by bit-plane alignment and then proceed to
bit-plane coding. In MPEG SVC extended from H.264/AVC, this re-
alignment can be finished by repeatedly decreasing the quantization step
6 from initial QP used in base layer. However, because different
reconstruction references are used to achieve prediction errors for base
layer and enhancement layer for BLPFGS, it can’t be implemented with
above method. A new bit-plane re-alignment method is introduced as
follows.

If reconstructed base layer at the previous time instant is selected,
the residual generation is the same as “basic” FGS, so the
aforementioned bit-plane coding process is not needed to be modified.
Otherwise, when the leaky prediction from base layer and enhancement
layer is adopted for a given inter-block, although non-zero coefficient
exists in base layer, we also need to code it with “significance pass”
because the corresponding sign and magnitude are not dependent on
base layer reconstructed residual value anymore. It should be noted that
in the aforementioned bit-plane coding process, if “significant bit” is
equal to one, the corresponding symbol magnitude also should be coded
because it can not be guaranteed equal to one when integer DCT-like
transform and its corresponding scaling and quantization are used. Such
method also guarantees that bit-plane can re-aligned after coding
“significance coefficient” for the modified approach. Therefore, for the
first bit-plane coding, there is no “refinement pass” pass is introduced
for these enhancement inter blocks coded with leaky prediction.

2.2, De-blocking Techniques

In H.264/AVC and SVC, a filter is applied to each decoded macro-
block to reduce blocking artifacts [8], which is caused by coarse
quantization of transform coefficients and block-wise motion
compensation prediction. The filter smoothes block edges, improving
the appearance of decoded frames and providing precision of motion-
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compensated prediction of future frames. The filtering on the block edge
is done according to Boundary-strength (Bs) and a pair of quantization-
dependent threshold parameters « and 3 . Because high-quality
references for the FGS enhancement layer are often reconstructed at
sub-biplane position, so the quantization step is estimated to determinate
a and f. In addition, when the neighboring blocks at the enhancement
layer have different predictions from base layer and the high quality,
respectively, the Boundary-strength calculation is treated as the case
with different references for motion compensation of the neighboring
blocks.

3. Decoding Complexity Analysis

In general, the reconstruction process for inter-pictures mainly
includes entropy (bit-plane) decoding, inverse integer DCT-like
transform and de-quantization, motion compensation process and de-
blocking filtering. For FGS enhancement layer decoding in HOCFGS-I
compared with “basic” FGS, an additional base layer reconstruction
process is introduced for OLPs to provide the reference for the
following CLP. Therefore, twice reconstructions are required for base
layer and enhancement layer for one half of inter-pictures (OLPs) and
once reconstruction is required for another half of inter-pictures (CLPs)
coded with “basic” FGS. Considering that base layer for inter-pictures
only covers the lowest bit-rate point and many blocks don’t contain any
non-zero coefficients, computation complexity for base layer
reconstruction is always lower than that at high bit-rate. For FGS
enhancement layer decoding in HOCFGS-II, the decoding complexity
for CLPs is similar to MBPFGS with leaky prediction. When decoding
FGS enhancement layer below the reconstruction quality which is used
as reference for the temporally subsequent FGS enhancement layer for
CLPs, twice reconstructions are required. If decoding FGS enhancement
layer with higher quality than that of reconstructed FGS enhancement
layer which is used as reference for the temporally subsequent FGS
enhancement layer for CLPs, an additional reconstruction without
motion compensation is further required. But for OLPs, only twice
reconstructions are required.

III.

To evaluate the performance for our proposed method, the proposed
scheme was integrated into MPEG SVC reference software JSVM1.0.
Furthermore, MBPFGS with leaky prediction also is implemented for
comparison. The test sequences include foreman, mobile, coastguard
and bus with QCIF@15HZ. The initial QP is set to 36 for base layer
coding. To achieve the same bit-rate at base layer for all schemes, the
initial QP is slightly modified in HOCFGS-I and HOCFGS-II. Two bit-
planes are appended for FGS enhancement layer coding. Only the first
picture is coded with intra-picture, and the others are coded with P-
pictures. In JSVM1.0, the “basic” FGS is implemented like MPEG-4
FGS for the temporal low-pass subbands coding. But different from
MPEG-4 FGS, H.264/AVC compatible coding approach and cyclic
block FGS coding are used for base layer and FGS enhancement layer,
respectively. To satisfy IPPPP... coding for low-delay application, the
GOP size is set to one and only the first picture is intra coded.

EXPERIMENTAL RESULTS

As shown in Figure 3, by efficient drifting error control, HOCFGS-I and
HOCFGS-II can achieve the comparable or slightly worse coding
performance with “basic” FGS at base layer. They obviously outperform
the “basic” FGS in PSNR performance for FGS enhancement layer,
especially for middle and high bit-rate points. Both HOCFGS-I and
HOCFGS-II can achieve higher coding performance than MBPFGS
with leaky prediction at low bit-rate points because no any enhancement
layer information is introduced into prediction loop of base layer and
inefficient reuse of the reconstructed residue from base layer in it. At
high bit-rate points, the coding performance for HOCFGS-I is lower
than HOCFGS-II and MBPFGS with leaky prediction because the
temporal exploration for FGS enhancement layer among adjacent



pictures is just restricted to OLPs. But it can be implemented with lower
decoding complexity. MBPFGS with leaky prediction can achieve the
higher coding performance at the several middle bit-rate points
compared with HOCFGS-II because the drift error propagation is not
very serious when their reconstruction qualities are equal or close to that
used as references. At the rest of points, HOCFGS-II always can achieve
better coding performance. On the other hand, when decoding FGS
enhancement layer with higher quality than that used as references, the
decoding complexity for OLPs is lower than MBPFGS with leaky
prediction.

IV. CoNcLUSIONS

This paper proposes an efficient FGS coding solution, in which two
approaches with different computation complexity are supported to be
suitable for different application requirements. The first scheme -
HOCFGS-I provide a simple extension to “basic” FGS with relatively
low computation complexity and can efficiently improve the coding
performance for FGS enhancement layer. For the second approach -
HOCFGS-II, coding performance for CLPs can be further enhanced by
two-loop prediction structure with BLPFGS. In BLPFGS, the MBPFGS
with leaky prediction is extended to block-wise leaky prediction based
motion compensation according to the corresponding block partition
pattern in base layer. And meanwhile, efficient bit-plane coding and
deblocking prediction techniques are also introduced for FGS
enhancement coding. This paper mainly focuses on describing our
scheme with P-picture coding for low-delay application. In fact, it is
able to be easily extended to MCTF or hierarchical B decomposition
structure in MPEG SVC, in which just the temporal low-pass subbands
are coded with the proposed solution.
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Figure 3. The rate distortion curves of different architectures for foreman,
mobile, coastguard and bus with QCIF@15HZ.
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