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ABSTRACT

In a typical MC-DCT encoding scheme, a large por-
tion of the bit rate is used to encode the location and am-
plitude information of the nonzero quantized DCT coeffi-
cients. Therefore efficient encoding of the DCT coefficients
is extremely important. In this paper we describe the Joint
Position-Dependent Encoding (PDE) approach to encode
the DCT coefficients. Joint PDE exploits the variations
in statistical properties of the runlengths and amplitudes
as a function of position by introducing a set of 2-D code-
books in which each quantized DCT coefficient is assigned
to one codebook in the set based on its location. Utiliz-
ing an MPEG-2 codec, we compare the bit rates using the
joint PDE variable length codes (VLC’s) with the bit rates
produced by the MPEG-2 VLC’s. We also examine how

performance is affected by the number of codebooks.

1. INTRODUCTION

For every nonzero quantized DCT coefficient within a block,
both location and amplitude information need to be en-
coded. In typical video and image compression scenarios,
most of the DCT coefficients in a block are quantized to
zero. Runlength encoding [3] is one widely-used and effec-
tive method to represent the location information that takes
advantage of the large number of coefficients quantized to
zero. This approach orders the DCT coefficients into a 1-D
vector (such as through a zigzag scan) and then encodes
the runlengths which are defined as the number of zero co-
efficients between consecutive nonzero coefficients. When a
nonzero coefficient is found, its amplitude along with the
corresponding runlength is encoded. The runlengths and
amplitudes can be entropy encoded in one of two ways.
They can be encoded separately requiring two distinct 1-
D codebooks or they can be encoded jointly with one 2-D
codebook. In the joint encoding approach, each (runlength,
amplitude) pair is treated as a single event and thus intro-
duces a significantly larger number of possible outcomes
compared to the separate encoding approach.

The MPEG-2 standard [2] uses the joint encoding ap-
proach and includes 2 Huffman codebooks in order to ex-
ploit the differences in statistics of the runlengths and am-
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plitudes among intra (original image) and inter (MC - pre-
diction residual) regions. However, the statistical proper-
ties of the runlengths and amplitudes also vary with posi-
tion (frequency). Since each of the MPEG-2 codebooks are
trained from a collection of all the intra or inter coefficients
within a block, these codebooks do not exploit the statistics
of the runlengths and amplitudes as they vary with posi-
tion. The Position-Dependent Encoding (PDE) approach
exploits these variations by introducing multiple Huffman
codebooks where each codebook is trained only from the
runlength and amplitude statistics of the coefficients as-
signed to that particular codebook. This allows the entropy
coder to efficiently exploit the pertinent statistics of each
DCT coefficient. Just like conventional runlength encod-
ing, PDE can be applied in a separate or joint encoding
environment.

Position-Dependent Encoding has been introduced [1, 4]
where a separate encoding approach is taken in which two
sets of multiple 1-D Huffman codebooks are designed. In
their work, a non-standard MC-DCT coder is used and the
results illustrate the potential of the PDE approach as an
effective method for bit rate reduction. In this paper, we
take a joint PDE approach in which one set of 2-D Huffman
codebooks are designed [5]. Since joint PDE offers the ben-
efit of exploiting the correlation between short runlengths
and large amplitudes and also between long runlengths and
small amplitudes, we should expect an increase in perfor-
mance over the separate PDE approach. In addition, we
use a full MPEG-2 codec to observe how joint PDE per-
forms in this environment. Since MPEG-2 allows Intra (1),
Predicted (P), and Bi-directionally predicted (B) frames,
we observe how joint PDE performs for each frame type
separately. The MC-DCT coder used in the previous work
does not include B-frames. Furthermore, we consider how
joint PDE performs in a practical setting. Thus, in order to
emulate the training in an actual coding environment, we
assume that the test sequence to be encoded is unknown
and therefore the training set does not contain the statis-
tics of the test sequence. In the previous work, the statistics
of the test sequence are included in the training set. Also,
since it 1s undesirable to have a large set of codebooks due
to increased complexity and storage, we examine joint PDE
performance with a reduced set of codebooks.



2. JOINT POSITION-DEPENDENT
ENCODING

Based on our knowledge of the encoder and the source, it is
possible to predict the behavior of the runlength and am-
plitude statistics. For example, in MPEG-2 quantization is
usually performed after a weighting matrix is applied to the
DCT block that favors low frequency coefficients over high
frequency coefficients. It is also widely known that most
video sequences contain predominately low frequency con-
tent. Based on these two observations, most of the nonzero
quantized DCT coefficients are concentrated in the low fre-
quency region with larger amplitudes compared to the am-
plitudes of the small number of nonzero quantized DCT co-
efficients in the high frequency region. This property is less
evident for inter blocks where the amplitudes of the DCT
coefficients are more uniformly spread throughout the block
and depend on the characteristics of the MC-residual signal.
In blocks where the nonzero coefficients are concentrated in
the low frequency region, the runlengths beginning in the
low frequency region are shorter than the runlengths be-
ginning in the high frequency region. The joint encoding
approach has the advantage of exploiting the correlation
that exists between short runlengths and large amplitudes
and also between long runlengths and small amplitudes.

In addition, the range of the possible runlengths varies
with the starting position of the run. Clearly, the range
of the runlengths decreases as the starting position of a
nonzero quantized DCT coefficient increases within a block.
Since MPEG-2 uses 8x8 block sizes, the runlength range
starting at position (0,0) within a block (DC) is 0 to 63.
Therefore, 6 bits are needed to represent all runlength pos-
sibilities. However, as we travel through the block starting
at DC and follow some specified scanning pattern, the num-
ber of coefficients remaining in the block decrease thus de-
creasing the runlength range. Therefore, using 6 bits to rep-
resent the runlengths for nonzero mid and high frequency
coefficients is unnecessary. This can lead to a considerable
advantage if there are many nonzero mid to high frequency
coefficients, which is the case for inter coded blocks.

Since joint PDE introduces multiple Huffman 2-D code-
books, the number of codebooks needed to achieve the ben-
efits of this approach is an important issue for practical con-
siderations. Fortunately, since neighboring coefficients tend
to have similar runlength and amplitude statistics, coeffi-
cients can be grouped together and share a codebook. We
can reduce the undesirable effect that grouping has on total
performance by discriminating against less important coef-
ficients. In other words, we can group many of the less im-
portant coefficients together while allowing more important
coefficients to have their own codebooks. For example, since
the luminance coefficients take up more of the bit rate than
the chrominance coefficients, it makes sense to separate the
statistics between the luminance and chrominance blocks
and assign more codebooks to luminance blocks. Also, since
there are less nonzero high frequency coefficients, we can
group many of these coefficients together, especially for in-
tra coefficients, without significantly affecting the perfor-
mance of the joint PDE approach. An example assignment
of four codebooks for any given block type is shown in Fig-
ure 1.
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Figure 1: An example assignment of 4 codebooks within a
8x8 block. Coefficients that share codebooks have identical
patterns.

3. COMPARISON WITH MPEG-2

In this section, we investigate the performance of the joint
PDE approach and present the results. Our experiments
use an MPEG-2 encoder operating within the high level and
main profile specifications. The details of the specification
can be found in [2]. I-frames are periodically inserted every
13 frames (N=12) and 2-B frames are inserted between I-
and P-frames (M=3). MPEG-2 default matrices are used
for coefficient quantization along with 4:2:0 chrominance
sampling. Runlengths are defined based on the zigzag scan
pattern and the DCT coefficients are uniformly quantized
for an amplitude range of 0 to 1023 (i.e. mquant ranges
from 2 to 62). Intra DC coeflicients are not coded using
PDE and are coded normally by MPEG-2.

In order to design the joint PDE Huffman codebooks,
the runlength and amplitude statistics are collected sepa-
rately for every coefficient within the following block types:
I- luminance (Y), I- chrominance (UV), P-Y, P-UV, B-Y,
and B-UV. This corresponds to a total of 382 different sets
of statistics: 63 for I-Y coefficients, 63 for I- UV coefficients,
64 for P-Y coefficients, 64 for P-UV coefficients, 64 for B-Y
coefficients, and 64 for B-UV coefficients. This segmenta-
tion supports a maximum of 382 codebooks and offers the
freedom to reduce the number of codebooks to any desired
level by appropriate grouping of the statistics.

The runlength and amplitude statistics are collected
from 14 progressively scanned video sequences. FEight of
these are 60 Hz camera video sequences (test sequences
1-4,7-10), another four are 24 Hz film sequences (test se-
quences 11-14), while two (test sequences 5-6) are sequences
that were synthetically generated (zoom and pan) at MIT.
The statistics are collected from a total of 13 frames of
each video sequence. This corresponds to one full group-of-
pictures plus one additional I-frame in the following group-



of-pictures.

Each of the 14 video sequences is encoded with MPEG-
2 at a target bit rate of 0.34 bits per pixel (bpp) using the
rate control specified in Test Model 5. The most bits are
allocated for I-frames and the least bits are allocated for
B-frames. Then the MPEG-2 VLC’s are replaced with our
joint PDE VLC’s and the bit rates are compared. In order
to maintain the same quantized DCT coefficients for a fair
comparison, the same mquant parameters derived from the
rate control using the MPEG-2 VLC’s are used for the joint
PDE VLC’s.

In the following experiments, each test sequence has a
set of codebooks that is trained from the statistics of the
remaining 13 test sequences. Therefore, there are a total of
14 different sets of codebooks, one for each test sequence.
This scenario assumes the test sequence is unknown and
thus its runlength and amplitude statistics are not included
in the training set.

3.1. Upper Bound on Performance

In this experiment, each coefficient is given its own code-
book. Even though this may lead to an impractical num-
ber of codebooks, this scenario provides an upper bound
on joint PDE performance and can be used as a reference
for a more practical scenario. Since MPEG-2 allows three
separate frame types with each serving different purposes,
we allocate separate codebooks for I-, P-, and B-blocks
within which we also separate the luminance and chromi-
nance blocks. As mentioned above, this corresponds to a
total of 382 codebooks. Results are presented in Figures
2, 3 and 4 for the first 10 test sequences. The average de-
crease in bit rate for I-, P-, and B-blocks is 7.1 %, 14.4 %,
and 22.8 %, respectively. The total bit rate using joint PDE
is reduced by 9.5 % on average.
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Figure 2: The required bpp using MPEG-2 (solid) and joint
PDE (dashed) VLC’s for I-blocks using 382 codebooks.

3.2. A Practical Example

The results presented here are what would be observed in a
more practical setting. The total number of codebooks are
reduced from 382 to 31: 8 Intra Y, 3 Intra UV, 13 Inter Y,
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Figure 3: The required bpp using MPEG-2 (solid) and joint
PDE (dashed) VLC’s for P-blocks using 382 codebooks.
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Figure 4: The required bpp using MPEG-2 (solid) and joint
PDE (dashed) VLC’s for B-blocks using 382 codebooks.

and 7 Inter UV. In this particular segmentation, the statis-
tics of the P- and B- blocks are combined to form one set of
inter blocks. In addition, many of the high frequency coef-
ficients are grouped together to share a codebook. Further-
more, escape codes are introduced by limiting the maximum
allowable codeword length to 13 in each of the 31 codebooks.
This reduced the average size of the set of codebooks to ap-
proximately 114 codewords. For comparison, MPEG-2 uses
2 codebooks with 114 entries each where we introduce 31
codebooks with an average number of 114 entries. Escape
codes were not used in the experiments presented in section
3.1.

More codebooks have been assigned to inter blocks since
they occupy more of the bit rate and also since joint PDE
performs significantly better for inter blocks compared to
intra blocks (section 3.1). Also, each intra block has one
less codebook since intra DC coefficients are not coded using
PDE while inter DC coefficients are given their own code-
books. For similar reasons, more codebooks are assigned to
luminance coefficients. The results are summarized in Fig-
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Figure 5: The required bpp using MPEG-2 (solid) and joint
PDE (dashed) VLC’s for Intra blocks using 31 codebooks.
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Figure 6: The required bpp using MPEG-2 (solid) and joint
PDE (dashed) VLC’s for Inter blocks using 31 codebooks.

ures 5, 6 and 7. The overall percentage decrease in the bit
rate is reduced from 9.5 % (using 382 codebooks) to only
7.6 %, a difference of less than 2 %. The maximum decrease
in total bit rate is 16.5 % and occurs with test sequence 8.
Similarly, the minimum decrease is 2.4 % and occurs with
test sequence 12. The average decrease in bit rate for intra

blocks is 6.7 % and the average decrease for inter blocks is
12.4 %.

4. COMMENTS

The results show that the joint PDE VLC’s outperform
the MPEG-2 VLC’s in all cases and that by using 31 2-
D Huffman codebooks, we can achieve an average decrease
of 7.6 % in total bit rate. In addition, our results also
suggest that the joint PDE approach performs better than
the separate PDE approach where a 5.8% average decrease
in bit rate is reported using 94 total runlength codebooks
and 14 total amplitude codebooks [1, 4].

The joint PDE approach can be used as an effective
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Figure T: The total bpp using MPEG-2 (solid) and joint
PDE (dashed) VLC’s using 31 codebooks.

method to reduce bit rates of video sequences transmit-
ted over limited bandwidth channels and also as an effi-
cient method to store video sequences. In a different set-
ting, the bits saved by the PDE approach can be used to
increase the quality of the coded video. Even though we
use an MPEG-2 encoder in this work, PDE can be applied
to other image and video compression standards using any
transform/subband filtering scheme.

In addition, the PDE approach can be tested over a
wide range of bit rates. From section 3.1 and the fact that
B-frames are allocated the least number of bits, the results
suggest that a negative correlation exists between allocated
bits and effectiveness of the joint PDE scheme. It would
be interesting to investigate how joint PDE performs at
very low bit rates (10 - 64 kb/s) using the H.263 standard.
However, at low bit rates, overhead (such as the motion
vectors) occupies a larger percentage of the bit rate and
therefore may diminish the overall performance of the PDE
approach.
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