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1. Introduetion

This document describes the Hybrid Extended MPEG (HEM) coding system, where the
coder, decoder, various functionalities and their complexities are analyzed in detail. This
coding system is being proposed as a standard for compression and decompression of
moving pictures as addressed by the second phase of the MPEG work. This document is
aimed at fulfilling the requirements of the ISO/MPEG proposal package description (MI’EG
91/100). X

The basic algorithm shares many similar features with the video coding system specified in
the MPEG Simulation Model (SM) [1]; therefore, the syntax is also very similar to the one

described in the CD 11172-2 [2]. HEM exceeds the SM quality in coding pictures at higher
rates by modifying the SM algorithm. In particular we believe that the followm<7 new features
contribute significantly to quahty over that achievable by the SM:

— Hybrid field-frame based approach (field-based motion compensation and frame-based
Discrete Cosine Transform).

— Optlmlzed bit allocations and quantizer assignment.
— Adaptxve Huffman code tables (according to JPEG standard).

The HEM has a hybnd coding structure with field-based motion compensation (MC) and
frame-based Discrete Cosine Transform (DCT). Motion estimation is first performed on
pairs of 4:2:0 subsampled fields. After motion compensation, odd and even fields are
merged by interleaving the rows into one frame, and the DCT is applied to the residual signal
on a frame basis. Bl[ allocation is done for the entire frame, and the quantizers are assigned
on the Macroblock level based on the bit allocation. After quantization, the DCT values are
encoded using the adaptive Huffman code table as in the JPEG standard.
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2. Description of the Hybrid Extended MPEG Algorithm
2.1 Overview of HEM

The compression algorithm starts with preprocessing where each CCIR601 field is converted
to a 4:2:0 subsampled field with 240x720 pixels of Y and 120x360 pixels of Cr and Cb. The
encoder operates on the subsampled sequence at 60 fields/sec. Details of the preprocessor
are given in section 2.2. -

Since each subsampled frame (fields merged) has dimensions four times the size of a SIF
picture, the processing complexity is slightly more than four times that of MPEG 1. HEM
performs source coding in intraframe, predictive, and bidirectionally predictive modes. It
also has a similar, yet modified set of data structures as compared to MPEG I. The data
structures include Groups -of Pictures (GOPs), Super Slices (SSs), Super Macroblocks
(SMBs), and Macroblocks (MBs). Each GOP has 12 frames with two bidirectionally coded
pictures between two predicted frames (M=3) (Fig.1). A Super Slice consists of one row of
Super Macroblocks, and each Super Macroblock has two Macroblocks spatially oriented in
the vertical dimension (Fig.2). :

The structure of the encoder is similar to the algorithm in the SM with the parameters set
differently, affecting the controls of various coding operations. The principal compression
techniques used in the encoder are still 2-dimensional Discrete Cosine Transform, Motion
Compensation, and Variable Length Coding (VLC). To improve motion prediction, motion
estimation is performed field by field on the same parity; i.e., even fields are used to predict
even fields, and odd for odd. The DCT is still applied on each 8x8 block after the two
motion compensated fields have been merged. The Macroblock Quantizers (MQUANTS)
are selected through an iterative process such that the total bit count generated in a frame is
within some margin of the bit allocation. Finally the DCT quantized values are encoded
using a Huffman table adapted to the statistics of the quantizer outputs. The decoded
pictures are converted back to the CCIR601 format through postprocessing.

Details of each module of the compression algorithm are described in the following sections.
The issues of compatibility to existing standards, complexity of the coder-decoder, and other
functionalities are covered in subsequent sections. The algorithm block diagrams, flow
charts, VLC tables, and syntax diagrams are also given. Finally, the listing of bit stream files
and the coding statistics are appended.

2.2 Preprocessing

The source video is converted from the CCIR601 format into a sequence of 4:2:0
subsampled fields through preprocessing. The sampling rate of the chrominance signals is
reduced vertically by a factor of 2. Since each CCIR601 field contains 243 lines of luminance
and chrominance signals, the last three lines out of those 243 in all three components are
dropped. Each of Cr and Cb arrays of size 240x360 is then vertically decimated to get arrays
of size 120x360 which are used in the coding. The decimation is carried out by processing
the Cr and Cb input arrays along each column with a symmetric eleven-tap FIR filter and
computing only 120 output samples per column. The output (column) signal y[n] is given by:

y[r]l=1/S é‘h[i]x[?_n —1i], 0<n<120, (1)

f==3
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where the input signal x[n] is extended by five samples at each end. The filter coefficients
are given by:

h = [3,0,—_25,0,150,256,150,Q,—25,0,3];

and the scaling factor § = 512.

2.3 Postprocessmo

The decoded video is converted from the 4:2:0 subsampled format back to the CCIR601
format through postprocessing. The sampling rate of the chrominance signals is increased
vertically by a factor of 2. Each of Cr and Cb decoded field arrays of size 120x360 is
vertically interpolated to get arrays of size 240x360. The interpolation is carried out by
processing the Cr and Cb 'mput arrays along each column to insert a sample after every input
sample. The interpolated output (column) sample y,[n] is given by:

Yol2n +1] =1/, 2 glilky[n — i}, 0<n<120, . (2)

I==1

where the decoded signal x;{n] is extended by one sample at the beginning and two samples
at the end of the colurnn Note that y,[2n] = x4[n], 0<n<120. The filter coefficients are
given by:

8 = [—1:9:9;_1] >

and the scaling factor §, = 16. Since each CCIR601 field contains 243 lines of luminance and
chrominance signals, three (black) lines are appended to the 240 lines in all three
components.

2.4 Predictive/Transform Coding Loop

Figure 3 summarizes the core of the compression algorithm. It shows tremendous
resemblance in structure to the SM hybrid coding loop. This coding loop is based on
temporal predictive coding with motion compensation and transform coding. It also contains
an embedded decoder to recover the coded pictures. A simple mechanism in the loop allows
the encoder to switch among the intraframe, the predictive, and the bidirectionally predictive
modes. One distinctive feature of the HEM which is different from the SM is that motion
estimation/compensation is performed field by field on the same parity, while all other
operations including the DCT and quantization are performed frame-based (Fig.4). A
Macroblock 1s the basic processing unit in most operations, where the MBs are scmned
within the SMBs down each Super Slice throughout the entire frame.

2.4.1 Intraframe Coding

Intraframe coding is used to encode the first frame (encoding order) of each GOP. It is
done ‘like the SM intra-coding where DCT is performed once on every 8x8 block in the
source picturc. After DCT, an MQUANT is assigned to every MB based on the statistics of
the DCT outputs. Then quantization is done utilizing the MQUANTSs and a non-uniform 8x8
matrix. The process of MQUANT assignment and quantization is reiterated until certain
requirements are met. Then a VLC table is generated based on the statistics of the quantizer

- ’
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outputs to encode the quantized DCT coefficients. The intraframe (I-frame) is reconstructed
through inverse quantization and inverse DCT. The decoded image is stored in a coded
picture memory as reference picture for future motion compensation.

2.4.2 Predictive Coding

Predictive coding is used once every three frames except on the first frame of a GOP. This
coding scheme requires motion prediction from a previously coded I-frame or P-frame
(predicted frame). Motion estimation is performed on the original luminance components of
both the current picture and a reference picture. Since motion estimation is more accurate
when performed on the same parity field, the even field of the reference frame is used to
predict the even lines of the SMBs in the current frame, and the odd field is used to predict
the odd lines. The motion compensated even and odd lines are then interleaved to produce a

" motion compensated frame. Then the intra/non-intra decision is made for each MB in the

P-frame based on the criterion in the SM algorithm [1]. According to this decision, either
the prediction error or the original data (in the case of an intra MB) is encoded through the
DCT. DCT is actually performed twice, once on the luminance of the original picture, and
once on the difference picture. The result of the first transform is used to evaluate
MQUANTSs. Again, the assignment of MQUANTS and quantization are repeated until some
criterion is reached. A new VLC table is then generated to encode the quantized output.
Each P-frame is also reconstructed by adding the prediction back to the decoded difference
picture. This recovered picture is used to predict the B-frames (bidirectionally predicted
frames). In addition to the P-frame Macroblock types used in the MPEG I standard, a new
MB type is defined. A non<coded MB with zero motion vectors, formerly considered as
skipped, is now defined with a 7-bit codeword. More on Huffman coding will be described in

a separate section.

2.4.3 Bidirectionally Predictive Coding

Bidirectionally predictive coding is used twice consecutively between two non-B-frames. In
this coding mode, motion estimation is performed twice, with forward prediction referencing
a past frame, and backward prediction referencing a future frame, where both reference
pictures must have been previously coded and decoded in either the intraframe or the
predictive mode. Again, motion estimation is field-based on the same parity. MB type
decisions for the B-frame are the same as the SM and their VLCs apply. As in predictive
coding, DCT is performed once on the luminance of the original picture, and once on all
three components of the difference frame. The result of the first transform is used to
evaluate MQUANTs. After some iterations of MQUANT assignment and quantization, a
new VLC table is generated for the DCT quantized coefficients. '

2.4.4 Motion Estimation

Motion estimation is performed on the luminance component of the original picture.
Specifically, it is applied to each 16x16 block in a field. If the current frame is a P- or B-
frame, the 16x16 block in the even (odd) field is found a best-matched block from the even
(odd) field of the previous I- or P-frame, and a set of motion vectors (horizontal and vertical
components) is obtained correspondingly. Note that there are two sets of motion vectors for
each 32x16 block in a frame where the odd and even lines are block-matched independently.
For a B-frame, an additional set of motion vectors is obtained from the next I- or P-frame
with the same process. All the motion vectors are with half-pixel resolution, and are
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obtained by full search. The ma.ximurrr search range is related to the field distance. Given a
field distance of F, the search range used in the proposal is [ (max{21 7E}+0.5),
max{21, 7F}+0 5] subject to the constraint of image boundary.

2.4.5 MQUANTAsszonment

MQUANTs are assroned to all MBs in a way to stablize the compressed quality in the
spatial-temporal domain. Their values are also adjusted iteratively to keep the bit rate output
under control. In this section, only the MQUANT assignment is -described. The rate
control is left for a foilowmo section.. :

As described previously, all three coding modes require DCT to be performed on the
luminance component of the original picture. For every 16x16.luminance Macroblock, the
value ACsrc is evaluated according to the following:

_ " 128 o
ACsrc = ACav * max (DCav %) 3)

. where ACav is the absolute AC average over the 4 8x8 blocks of DCT coefficients, DCav is
the average DC coefficient, 128 is a normalizing factor, and 96 is used to decrease the
sensitivity of the DC term for DCav values below 96. ACsrc is a factor that explores the
invisible distortion of a MB. MQUANT is proportionally assigned based on this value:

MQUANT 2¢ % ACsrc, forl andP frames;A | (4)
MQUANT 2¢%¢ % ACsrc, for B frames; ‘ (5)

where ¢ is determined by rate control, and g is a preset value so that the quantizers for B-
frames are slightly larger. According to this equation, MBs with higher texture are assigned
larger MQUANTS and vice versa. Smce every new MQUANT comes with an overhead in
\/IB type and extra bits to specify the new value, some measure is taken to limit the

occurrence of new MQUANTSs. After DCT has been applied on the original picture, ACsrc

is calculated for every 16x16 block of the entire frame. Based on the statistics of the
ACsrcs, one particular value (ACflat) is selected where the ACsrc of a MB is changed to
ACflat if any one of its neighbors has a value less than or equal to ACflat. Thrs step
attempts to assign MQUANTS of flat regions to the surrounding edges. Then again based on
the statistics of ACsrcs ACmax and ACmm are selected to limit the range of ACsrc, with
ACmin greater than ACflat. Any value outside of this range is cropped by the max or the
min. This step attempts to ix MQUANT in regions with ACsrcs that fall outside of the
range. These two steps not only-control the usage of MQUANT, but also helps to reduce
the artlchts associated with coarse quantization of edges.

2.4.6 Quantization and Inverse Quantization

Quantization and inverse quantization are done very similarly as in the SM. They utilize both
the Macroblock Quantizer and a Quantization Matrix (QM). As in the MPEG I standard, the
QM is downloadable in the sequence layer, and separate matrices can be used for intra- and
non-intra-quantization. The QM used in the simulations takes on intermediate shape between
the two default matrices in the SM. The only different feature introduced is the expansion of
end-of-block area before the intra-quantization. Each 8x8 block of an intra MB is zig-zag
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scanned to obtain a oné-dimensional array of increasing frequencies. Then a variable
threshold (Th) is applied on every element starting from the last coefficient and ending on
the fourth coefficient of lower frequency. The variable thresholding is performed this way:

for (i=63; i>=3; i=1) {
Th[i] = 2*MQUANT*QM][i])/16;
if (DCT[i}>Th(i] || DCT[i]<-Th[i]) break;
DCT[i}=0; -

where MQUANT is the Macroblock Quantizer assigned to the current MB, QM][i] is the ith
entry of the Quantization Matrix, and 16 is a normalizing factor. Any element in the zig-zag
scanned array with an absolute value lower than its corresponding threshold will be set to
zero. This thresholding proceeds from the coefficient of highest frequency and terminates
upon an element that exceeds the threshold. The purpose of this thresholding is to expand
the end-of-block area of each 8x8 block within an intra MB to cut down the number of bits
used for high frequency signals.

2.4.7 Rate Control

Rate control is achieved by adjusting the value of ¢ which is used to evaluate MQUANTS
(Eq. 3). Large cs contribute to coarse quantization and lowering of current bit rate. The
process of MQUANT assignment and quantization reiterates during the coding of a frame
until an optimal ¢ is selected for the frame. This value of ¢ is carried over to the next frame
so that a stable quality can be achieved in the temporal domain.

This rate control scheme begins by assigning target bits for I, P-, and B-frames such that
these target values meet the bit rate constraint. The variable ¢ 1s initialized for the first
iteration in the. MQUANT-quantization loop. It is also re-adjusted in each iteration in order
that the final number of bits produced by the current frame is within some § of the target
value. This § is a small fraction of the desired bit rate. To prevent indefinite looping, some
terminating conditions are used and are summarized in a flow chart (Fig.5). If none of those
conditions applies, ¢ must be adjusted before the next iteration. The adjustment of ¢ is
summarized in another flow chart (Fig.6).

After the last iteration, ¢ should have been changed more or less from its initial value.
Since this new ¢ will become the initial value for the following frame, the projected value of
bits generated for each frame type can be calculated based on this new ¢. If these projected
values were to be used as target bits, the resulting bit rate will eventually deviate from the
desired bit rate. Therefore the target bits used in the terminating conditions must be updated
based on the rate of change in bits due to the change in ¢. Also, at the end of each GOP,
the buffer occupancy must return to the initial state at the beginning of the GOP to achieve a
fixed dclay. Since the actual number of bits generated per frame varies in time, the buffer
state at the cnd of a GOP is indeterminate before the coding of the entire GOP is complete.
Therefore, the projected difference in this final buffer state must be monitored and the target
bit updating should absorb the buffer difference in advance.

In predictive coding, a simple switch is used to dectect a scene change. If the number of intra
MBs i1 a P-frame is greater than half the total number of MBs in a picture, a scene change is
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signaled. The initial value of ¢ will be raised by a small step for the current P- and the
following two B-frames to accommodate the increase of bit consumption. This switch helps
to speed up the iteration process that seeks for an optimal ¢. -

2.5 Parameter Selection

The assignment of parameters is automatic, and no single parameter in the simulations has
been optimized for any particular video sequence. However, there are three small sets of
parameters whose values differ for bit rates above and below 6 Mbits/sec. . The first set
“handles the initial assignment of target bits among different picture types. The second set
determines the shapes of the intra- and non-intra-quantization matrices. The third set selects
" the’max and the min ACsrc based on the distribution of the ACsrc on the current frame.:

2.6 Entropy Coding

Because of the great resemblance in structure between this algorithm and the MPEG 1
simulation model, the set of symbols produced is coded in a similar manner; we only
describe the differences below. ' : ' ' :

Macroblock Addressing and Coded Block Pattern from the MPEG I standard are not used
since not many MBs are skipped at high bit rate coding. The start codes and the header
information used in different layers remain the same. Those symbols that are handled
differently include-the following :

— The intra DC coefficients are differentially coded as in CD 11172-2, while the zero-runs
and non-zero amplitudes for all other quantized DCT coefficients are coded using the
JPEG approach. This approach optimizes the VLCs locally according to the symbol
statistics in each frame. Some data regarding the codebook information will be sent along
for the decoder to reconstruct the customized VLC table, and this information 1s inserted
as the extension data in the picture layer. : '

— Two pairs of motion vectors must be coded for each motion-compensated Super
_Macroblock because the odd and even lines of an SMB are motion estimated
independently. The differential motion vectors (DMVs) are encoded as in CD 111722

- with the prediction being the motion vector of the most recently motion-compensated
even MB. In other words, the prediction for an even MB motion vector will be that of
the previous even MB and the prediction for the odd MB motion vector will be that of the
current even MB. The motion vector prediction is reset at the beginning of a Super Slice.
For a P-frame, it is again reset if both MBs of an SMB are of types No MC or intra, or if
either one has type No MC while the other has type intra. For a B-frame, it is only reset

if both MBs are intra. No change in syntax from CD 11172-2 is required to encode the

DMVs.

— Macroblock types VLC tables for the three coding schemes remain the same except that a
new MB type is introduced in the P-frame. A No-MC and Not-Coded MB will be
encoded as type "0000001".

— The Macroblock Quantizer of the first MB in a Super Slice will be coded as the Super
Slice Quantizer. This value will be used by the Super Slice until it is over-ridden by a
different MQUANT. All Super Slice Quantizers as well as the new MQUANTSs are
coded with 5 bits as in the CD 11172-2. '



3. Compatibility Feature

The coder and decoder of the HEM algorithm shares many common elements with the
M:PEQ I.system. These elements include the 8x8 DCT, zig-zag scan, quantization, inverse
quantization, 16x16 motion estimation/compensation, and most of the VLC tablés. This
system c?nnot'claim total compatibility with MPEG I because the data structure has been
changed in the SMB level (see syntax diagrams). The MBs are scanned in a slightly different
order, and the motion vectors are predicted differently. However, these twg systems are
compatible up to the building blocks. Furthermore, the issues of forward, backward
~ upward, and downward compatibility have become less important due to the implernentatiox;
“of programmable chips which can operate as different systems by loading the corresponding
firmware. Given such technology, the key issue now seems to rest upon the commonality o:f
processing elements. - '

4. Random Access Feature

Random access is achieved by periodic reset to intraframe coding. Since intraframe coding

. does not rely on the previous frame for decoding, an intraframe is readily accessible. The
degree of random accessibility depends on the frequency at which intraframe coding is
invoked. If a P- or a B-frame is requested, the decoder will start decoding from the previous
intraframe until the requested frame is reached, ignoring all the intermediate B-frames.
‘Presently our -encoder invokes the intraframe mode once every 12 frames which is
determined by the GOP structure. The amount of time to reach a given frame is given by the
time to read the amount of bits representing the predictively coded frames of the GOP
anterior to the given frame. The worst case of random access time is thus given by the time it
- takes to read the entire predictive part of a GOP structure.

5. Coding/Decoding Deléy

Fig.7 shows the complexity block diagram of the Hybrid Extended MPEG (HEM) encoder.
Each module is labeled with a block number. Block number 1 down-samples the incoming
pictures from 4:2:2 to 4:2:0 using an 11-tap filter, and the results are being stored into frame
memories 2, 3, 4, and 5. Blocks 2 and 3 are used to store B-frames, and blocks 4 and 5 are
used for I- and P-frames which will be used as reference pictures for motion estimation.
Blocks 6 and 7 perform backward and forward motion estimation respectively. Blocks 22 and
23 store the corresponding odd-field motion vectors while block-matching on the even fields
is being performed. Block 8 performs DCT on the luminance signal and block 10 stores the
output of block 9, the ACsrc of each luminance Macroblock (MB). Blocks 19 and 20
perform motion compensation based on the motion vectors and the reconstructed reference
frames (blocks 18 and 17). Then block 11 performs DCT on the prediction error; the
coefficients are saved in block 12. These coefficients are quantized and the adaptive VLCs
are generated in an iterative process with a maximum number of 5 iterations. The final set of
quantized values are reconstructed through blocks 15 and 16. The timing requirement of
each module is shown in Fig.8. In Fig.8 the number attached to the arrow identifies the
processed frame number and the letter ’e’ or *o’ represents its field parity. The length of the
arrow implies the time duration for processing. The dash arrow associated with a memory
implies the reading of data being held. Since a B-frame has the longest delay among the
three frame types, the delay of the first B-frame (frame 1) is analyzed. Due to the nature of
bi-directional prediction, a delay of M frames is imposed. Besides this M-frame delay, there
is also a computational delay. The delay associated with the preprocessor is 1/20 of a frame.
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Since the HEM encoder does not perform quantization until DCT of the entire frame is
- finished, a one‘frame -delay is expected before quantization. Furthermore, since this
aloonthm uses a frame adaptive VLC, VLCs cannot be assigned until quantization of the
entire frame is done. Assuming that the quantization iterations of the entire frame are
completed within 1/4 frame, the total computational delay is 1.3 (1/20+1+1/4) frame
- Therefore, the encodmo delay is M+1.3 frames (wrth M >=2).

Fig.9 shows the block diagram of the HEM decoder. The structure looks exactly like the
MPEG I decoder except for the merge and separate fields modules which are simply address
generators. The post-processor performs chrominance vertical up-sampling from 4:2:0 to
4:2:2 using a 4-tap filter and converts each frame into interlaced fields. Each module in this
block diagram performs its operation according to the timing requirements shown in Fig.10.

The expected delay is 1/2 of a frame due to the conversion from the interleaved structure to
the mterlaced structure. : :

Since we are assuming an eucoder output buffer of 6 frames, the worst case delay is 360 ms.

Overall Delay Encoder Delay + Buffer Size + Decoding Delay
=3+13+6+0.5
= 10.8 frames

6. Coder/Decoder Complexity

Each module in the encoder timing diagram (Fig.8) has its required performance/capacity.
Table 1 shows the number of operations in the worst case for each Macroblock. Motion
estimation is performed twice per MB (forward and backward dlrectlons) The 8x8 DCT is
performed 10 times for each MB. (4 times on the luminance MB in block 8 of Fig.7 and 6
times on the prediction error in block 11). Quantization of 8x§ DCT is performed 30 times
due to the worst case iteration. VLC assignment is done 5 times (worst case iteration).
Inverse quantization and 8x8 IDCT are performed 6 times each for each 8x8 block in a MB.
Table 3 shows the requirements of each module. The pre-processor contains memory for 26
lines of the CCIR 601 input picture. Blocks 2, 3, 4, 5, 19, and 20 each contains 1 frame
memory (240x720+120x360+120x360 pixels per frame). Block 10 contains 1350 floating points
for ACsrcs, one for each MB. Block 12 contains all the DCT coefficients of an entire frame.
Blocks 22 and 23 contain 675 pairs of motion vectors (x and y components) of a field.
Blocks 6 and 7 complete motion estimation for one field in 1/2 a frame time or 1/60 of a
second. Block 8 performs DCT on luminance only, while block 11 performs DCT on all 3
components. Each must be completed in 1/2 a frame. Block 13 has to complete 5 iterations
of quantizations of 8x8 DCT on an entire frame in a 1/4 frame or 1/120 of a second. Blocks
15 and 16 perform 8100 (1350 MBs x 6 8x8 blocks) operations in 1/2 a frame.

Stmilarly, the number of operations of each module per MB in the decoder (Fig.9) is shown
on Table 2. VLC decoding on each MB is done once. Inverse quantization and inverse
DCT of 8xS block are performed 6 times in each MB. Table 4 lists the corresponding
required performance/capacity. The inverse operations in blocks 3 and 4 on the entire frame
are completed in one frame time. The decoder requires 2 frame memories to store the
reconstructed pictures and 1 frame memory in the post-processor to hold the output frame
for scanning of odd and even lines.
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7. Ad_ditional Functionalities
7.1 Fast Searches

Fast' search is achieved by playing the sequence at a reduced frame rate and decoding only
. ?he intraframes at the decoder end. Fast search is essentially constrained by the arnofmt of
information to be read from the channel since the coded intraframes require significantly
more bits than when motion compensated prediction or interpolation is usead. At 4
M]?ltS/SCC, the number of bits required by an intra—coded picture is typically less than 600
kbits. Therefore, at most 6 intraframes can be decoded every second given this bit rate. A
fac‘tor of 4 speedup is achieved by decoding every other I-frame and displaying it 6 times.
This amounts to decoding 5 intraframes per second with the resulting bit rate of 3 Mbits/sec.
Fast search in either forward or reverse direction is implemented in the same way. The
demo tape shows a video sequence in fast forward and fast reverse with a speedup factor of
4. The DC-picture mode from MPEG I could also be used to implement fast search without
adding complexity.

7.2 Low Delay Mode

Shorter delay may be achieved by changing some parameters in the HEM encoder. In the .
low delay mode, there is only one B-frame coded between two P-pictures (M=2). To reduce
the necessary buffer size, the periodic reset of the I-frame is eliminated. The GOP header is
still inserted every 12 frames to report the time codes, but the first frame of a GOP will no
longer be an I-frame except for the first GOP of a sequence. To terminate predictive error
propagation, every 2 out of 15 Super Slices in P-frames are coded in intramode; i.e., each P-
frame will have 2 Super Slices coded without temporal prediction, and these MBs are coded
with type intra. Hence there is no need to send extra information to define these "Intra-
Slices”. This implementation will sacrifice random accessibility, but such functionality is
usually not necessary where low delay pictures are required.

Scene change is detected in P-frames only. When such condition occurs, no DCT coefficient
will be sent for the following B-frame until the next P-frame is coded. Also, if the buffer
occupancy exceeds three quarters of the buffer capacity, the same measure will be applied

for the following B-frame.

Assuming a buffer size of 2 frames for the low delay mode, the overall delay is 193 ms.

Overall Delay = Encoding Delay + Buffer Size + Decoding Delay
=2+13+2+0.5
= 5.8 frames

If the first I-frame is not available to the decoder as in the case of channel-hopping or
delayed access, the decoder will fill up its reconstructed frame memories with the value 128
(the default reference DC values in intramode), and start decoding and displaying the
reconstructed pictures once synchronization is established. The image quality will gradually
build up in about 1/2 a second because the picture will be [ully replenished by intracoding in

S P-frames.
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7.3 Cell Loss Resilience

The cell loss resilience ~characteristic of the algorithm has been demonstrated by the
following simulation. The bit stream of a coded sequence is packetized into cells and each
cell contains 48 bytes. No link between the cell boundary and the bit stream syntax is made.
A uniform distribution of packet loss is simulated by simply dropping a packet at a ratio of
1E-4. When.a cell loss occurs, the decoder continues to decode the bit stream until it cannot
go on. The decoder then looks for unique codewords (marks) to resynchronize. The
undecodable blocks will be replaced with the corresponding segments frorn the previous
frame accordmcy to the encoding order.
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8. Figures, Tables, Flowcharts, and Syntax Diagrams
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Fig. 6 Adjustment of ¢

¢ = ¢ + (Target-bitn)/(db/dc)

db/dc = (bitn-bo')/(c—co)

co=¢
bo = bitn
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