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1 Abstract

Insertion of Intra-coded macroblocks(MBs) in a predictive video coding system is an efficient
and simple technique for error resilience [1], [9] at the cost of compression efficiency. The
loss of compression efficiency demands the restriction of this mode of operation to those
MBs that are ”important” (in terms of its impact in the future due to motion compensation)
and carry a high distortion (due to a loss in the past or present). Most conventional mode
selection algorithms have been ”greedy” where focus is on minimizing the distortion effects
of the loss of the current MB based on merely its history(loss/no loss of itself and its
precedents). It would be highly desirable to make a decision on the mode of a MB also
considering its impact on the future subsequent frames. A good possible solution to such
a problem would be to minimize the RD cost function using dynamic programming, but
the mere enormity of the joint optimization problem (number of possible operating mode
combinations of MBs) makes the solution intractable. In this project, we propose to simplify
the problem by joint optimization of a subgroup of MBs and arrive at some tractable locally
optimal solution for a subgroup of MBs that are closely related in time (dependent in time).
The decoder distortion is estimated using the recursive optimal pixel estimate (ROPE) [2]
in an extended manner to the future too. Simulations show a steady improvement over the
greedy solution as proposed in [2] and comparable to that in [3] at a reduced computational
complexity.

2 Introduction

In a video communication environment, unless a guaranteed quality of service (QoS) is
available between the source and the destination, packets may be lost or corrupted due to
traffic congestion or bit errors due to the impairment of physical channels. This is precisely
the case with the current day wireless networks and Internet where error-free delivery of data
packets can be guaranteed only by re-transmission of the lost/damaged packets. Such re-
transmissions have the disadvantage of significant delay and spurious increased bandwidth.
Broadcast applications even prevent the use of re-transmission schemes due to the network
flooding considerations. The spatio-temporal predictive encoding of the video stream causes
error propagation, where a single erroneously recovered sample causes errors in the same
and future frames. Also, the use of Variable Length encoding (VLC) mitigates the proper
functioning of the decoder due to loss of synchronization, so that even correctly received
samples after occurrence of errors are rendered useless. Thus, error resilience [6], [7] is an
important component of a video communication system.

As previously mentioned, the state of art techniques increase the error resilience of the
video stream by a ”greedy” solution [4] to the problem of mode selection. There has been



some work [3] to extend this to a locally optimal iterative computationally intensive solution.
In this project, we develop a computationally less expensive guaranteed locally optimal
solution to the problem of "non-greedy” mode selection. The scheme takes advantage of
the fact that motion estimation is restricted to a limited range around the position of the
current MB and hence we can define dependencies of MBs in time that are closely tied
together. This is also scalable to a farther time horizon in the future and past to make a
more accurate estimate of the operating mode of the current MB.

3 ”Non-greedy” locally optimal mode selection

The motion estimation restricts the temporal dependency of the MBs to within a search
range around the position of the current MB. The globally optimal mode decision problem
would be to optimize over the 299V, (99 MBs in one frame of a qcif sequence) for a joint
decision over N frames. Efficient dynamic programming algorithms are available to deal with
similar huge problems. But, as cited in [5], the problem is not as much the complexity of
the dynamic programming algorithm in itself as it is in populating the instantaneous costs
of the nodes (representing possible operating modes at any given time) in the temporal
tree of operating modes. Kannan, et. al in [5] used a smart pruning approach in their bit-
allocation problem to remove some suboptimal operating points in the process circumventing
the problem of high computational load estimation of the costs of the huge number of nodes
in the tree. A solution in a similar vein is harder to arrive at in our context since we have
the operating modes(I/P) of the macroblocks in addition to the quantization parameter as
a control parameter under which an argument as that in [5] does not extend easily. Hence,
we solve a locally optimal problem by defining a coding set whose modes are optimized
jointly. The coding set is defined as

K(ILH) = {iﬂacrll—i-lacgz—l—laci—}-la'-'ac?z—i—l} (1)

where %, is a macroblock at the current time instant, n and CZL 41 are the children of 4,
which have i as its significant parent. The siginificant parent is defined as the one at time n
which contributes most to the reference MB for an Inter(P) coded MB at time n + 1. The
cardinality of this set is 10 as there cannot be more than 9 children that i, as its parent.
Although there can be more than one child at n + 1, that has i, as its significant parent,
any of the children MBs at time n 4+ 1 will be a member of only one set (by definition of
siginificant parent, a MB cannot have more than one significant parent) unless there is tie
which can be broken randomly. This is illustrated in Fig. 1 shown below.

We see that the macroblock at position (1,1) is the significant parent of macroblock at
position (1,1) and (2,1) at time n+ 1 even though it is the parent to the other macroblocks,
it is not their significant parent (they do not derive a significant number of their pixels from
the MB at (1,1)).

This defines a subset of MBs in consecutive time instants that are optimized jointly.
This can be easily extended to include the grand-children at time n + 2 to arrive at more
accurate estimates of the effects of mode decisions at the current instant of time, n. We
will thus code the MB (1,1) at time n and MBs (1,1) and (2,1) at time n + 1 jointly. We
will thus consider the significant effects of the mode decision of MB (1,1) and not its effects
on all its descendants. This way we have broken up the problem of size 22*?° in the current
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Figure 1: Dependencies of macroblocks in time

case of two frames to 99 smaller tractable problems still taking into account the impacts of
the decision in the future although not precisely.

3.1 Problem Statement

We can further state the above mathematically as follows. The optimization problem being
solved is stated below, where M™ , M™t! are the vectors of modes of MBs at time n and
n+1,Dp(M™), Dypy1(M™, M™ 1) are the expected distortions of the frames at time n and
n + 1 at the decoder, R,,(M™), R,.1(M™"!) are the corresponding rates of the frames.

argminyn ppn1Dp(M™) + Dy (M, M"Y s t.Ry(M™) + Ry (M™1) < Ryudget  (2)

This can be further broken into smaller problems as explained earlier and can thus be
written as

argmmmg,mgﬂzkjvﬂdﬁ(m@+d7]§+1(mkamzﬂ)s t. 3oy (mk)+7"n+1( 1) < Rpudger (3)

where, N is the total number of MBs in a frame, m} is the mode of a MB k at time
n and m"+1 are the modes of the children at time n + 1.d&(m7), d¥,, (m2, m{*") are the
dlstortlons of the MB k at time n and the children MBs at time n + 1 respectively.

3.2 Calculation of the expected distortion

The expected distortion at the decoder is calculated using an extension to the ROPE [2] for
two frames. Let fi be the original pixel value at time n and position i, fn denote the pixel
value at time n and position 4 at the decoder, fTJL be the pixel value at position 57 and and
time n + 1 at the decoder. f,’L and ffl 41 are the corresponding quantized pixel values (at the



encoder). Note that, position j at time n + 1 is in the child MB and position ¢ at time n is
in the parent MB. The ff and fn are random variables as they could be lost/not lost in the
process of transmission with some probability p. The method by which the decoder combats
the occurrence of errors is by doing error concealment on the erroneously received MBs or
GOBs (group of blocks). The process of error concealment is compensating for the lost unit
of data with an estimate of what it could be. The easiest and probably the dumbest thing
that the decoder could do is perform a previous frame error concealment (i.e., replace the
MB or GOB lost in the current time with the corresponding unit in the previous frame).
At this point there is a mismatch between the encoder and decoder and if the subsequent
MBs are Inter (P) coded with the lost MB in current time as a reference then there is an
additional transmission distortion introduced which propagates further. This goes on until
the MB in the corresponding spatial location/s are INTRA coded. The distortion of the
child and parent MBs can be calculated easily by extending the ROPE [2] to two frames
using the four combinations of operating modes between the parent and any one child. The
expected distortion of a pixel is given as

- dn(m}) = S B{(fy — £
dy(mp) = Sicr(f2)? = 2% fo x B{fi)} + E{(fn))2

The recursive estimation of the first and second moments of the r.v. f}l) are listed below
For parent (I) and child (I)

(4)

}
} (5)

E{fi} = (1 -p)fi + pB{fi} (6)

B{(fi)’} = (1 = p)(£)* + pE{(f2)*} (7)
E{frjwrl} =(1-p) A7Jz+1 +pE{f’}7L} (8)
E{(f],)% = (L =p)(fL 1) + pE{(f))*} (9)

For parent (I) and child (P)

E{f,} = 1 —p)fi +pEJ, (10)

B{(f)*} = A=) (£ +pE{([)*} (11)
B{f].1} = (L= p)(B{f} + é00) + pE{f} (12)
E{(f3:1)%} = (L =p)(f111)” + pE{(f)’} (13)

For parent (P) and child (I)

E{fi} = (1 —p)(B{fi} + &,,) + pE{fi} (14)
E{(f)*} = (1 =) (£2)* +pE{(}})"} (15)
E{fi.} = -p)fl +pE{fi} (16)
E{(f])*} = (1= p)(fi)? + pE{(f))*} (17)



For parent (P) and child (P)

E{fi} =1 —p)(B{fi} +& )+ pE{fi} (18)
B{()"} = (1 =p) () +pE{()*) (19)
E{f]. }= (- p)(BE{fi}+ &) +pE{fi} (20)
E{(f,1)*} = 1 =) (fL)* + pE{(f)*} (21)

This is then used to make the best decision for the parent using the procedure described
below. This ensures that the parent makes a responsible decision considering its effects on
its children but the children do not necessarily cooperate with each other.

4 Rate control using varying quantization parameter and \

The optimization as described above does not make use of the benefit of varying quantization
parameters (QP), this provides very little freedom for rate control. Consideration of the
impact of current time mode decisions tends to push the encoder more toward selecting
INTRA mode v/s INTER mode, because the expected distortion in the later case tends
to be higher under losses and we can achieve some gains in the compression efficiency by
choosing say for example, an INTER coded MB with a lower QP than an INTRA coded MB
at some time to provide a good reference which results in improved quality for the MBs less
likely to be affected by errors. This added control parameter even though results in better
rate control comes with the problem of optimizing this control parameter. Even for say, five
possible QP choices, we would have 10 modes of operation (5 for INTER, 5 for INTRA)
and the exponentially complex problem only becomes more complex. The complexity could
be reduced by considering some smart pruning of suboptimal operating points as suggested
in [5]. This however has been implemented here by brute force search and the problem is
maintained tractable by restricting the QP choices to be just 3 (QP = 5, 10, 15). Some
rate control can also be obtained by varying the A according to

>\n+1 = An(l + 04)(2?:1R12 - nRtarget)) (22)
where « is given by
1
o= — 23
5Rtarget ( )

4.1 Reference picture selection

The above estimation of the distortion could also be extended to ”Reference Picture Selec-
tion” since we have some knowledge about the losses in the channel, we can use this to our
advantage and perform the INTER coding with the best previously received frame than
restricting the encoder to work with the immediate previous decoded frame. This is done
by estimating the cost of the INTER mode with the previous expected frame (time instants
n-1 and n-2) rather than the previous reconstructed frame. This results in some gains in
the performance in terms of gain in the SNR.



5 Results

The above scheme was implemented in H.26L [10], turning off the variable block size feature
and restricting the block sizes to 16x16 MBs. This was done simply for ease of implementa-
tion and the above mentioned algorithm is easily extendible to Variable Block Sizes which
results in some gains in coding efficiency. The spatial prediction in the INTRA mode is
turned off to avoid any propagation in errors due to neighboring MBs. An estimate of the
motion vectors from a buffered previously encoded sequence is used for determining the
temporal parent-child dependencies. The figure below shows a comparison of the proposed
"non-greedy” approach” with the ”greedy” RD-ROPE approach and the H.26L. non-robust
bitstream for the foreman sequence.
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Figure 2: Comparison of the greedy v/s "non-greedy” schemes

We also would like to view the above shown RD curve from another angle in Fig. 3
below where we show how the PSNR degaradation happens for the various schemes at a
given quality with varying rates for the different schemes. This is in some sense analogous to
DDF (Distortion-Distortion function) discussed in class except that we don’t have a channel
coder here by which we maintain a fixed transmission rate (Riota; = Rsource + Rehannet) I
which we case would truly compare the various shemes in fair manner.

We also would like to show the the quality degradation for the various loss rates in the
channel in Fig. 4 again for the Foreman Sequence.

In Figure 5, we would like to highlight the specific improvements in the results by point-
ing out some specific parts of the video sequence of 'Foreman’ to highlight the improvement
of the proposed ”non-greedy” scheme.

6 Conclusion and Future work

We proposed a ”"non-greedy” mode selection algorithm to improve the robustness of the
video stream to packet loss. the problem is formulated as a joint optimization problem
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Figure 3: Distortion degradation for the Foreman sequence

and optimized locally over a group of temporally related macroblocks to obtain a local
optimum. This reduces the complexity of the actual problem at hand leading to reasonable
gains in the performance over the ”greedy” approach. Simulation results show consistently
improved performance of over 0.3 - 1.02 dB improvement depending on the number of frames
encoded and the loss rates. The disadvantage of the above approach lies in the increased
computational load for a MB to estimate its end-to-end distortion which could be reduced
by considering the distortion model proposed in [8]. This work could also be extended
to considering the joint encoding of more MBs that are not restricted in the above defined
manner of parent-child dependencies where we can use a dynamic programming approach to
solve the problem and come up with a smart pruning strategy to weed out some suboptimal
operating points.
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Figure 5: Com arison of the reconstructed frames at the decoder using the t o di erent
schemes, greedy and non-greedy  PE, green bo es indicate the artifacts in the reconstructed
se uence, the 10 0sed scheme has hardly any artifact



