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H.264/AVC to HEVC Video Transcoder based on
Dynamic Thresholding and Content Modeling

Eduardo PeixotoMember, IEEE ;Tamer Shanablelviember, IEEEand Ebroul IzquierdoSenior Member, IEEE

Abstract—The new video coding standard, HEVC, was de-  In this paper, we build on our previous work [3], in which
veloped to succeed the current standard, H.264/AVC, as the we proposed a H.264/AVC to HEVC transcoder based on

state of the art in video compression. However, there is a lot of a metric called Motion Vector Variance Distance [3], and

legacy content encoded with H.264/AVC. This paper proposes and ) .
evaluates several transcoding algorithms from the H.264/AVC to another work in which we proposed a MPEG-2 to HEVC

the HEVC format. In particular, a novel transcoding architectur e, transcoder based on content modeling [4]. Here, we explore
in which the first frames of the sequence are used to compute other transcoding solutions based on a content-based mgdel

the parameters so that the transcoder can “learn” the mapping approach, in which the transcoder adapts the transcoding
for that particular sequence, is proposed. Then, two types of parameters based on the contents of the sequence being

mode mapping algorithms are proposed. In the first solution,
a single H.264/AVC coding parameter is used to determine transcoded, and further evaluates the concept of contegeb

the outgoing HEVC partitions using dynamic thresholding. The Modeling on the transcoder efficiency.
second solution uses linear discriminant functions to map the By definition, transcoding is the process that converts from

incoming H.264/AVC coding parameters to the outgoing HEVC one compressed bitstream (called the source or incoming bit
partitions. This paper contains experiments designed to study stream) to another compressed bitstream (called the tdadc

the impact of the number of frames used for training in . . .
the transcoder. Comparisons with existing transcoding solutions or outgoing bitstream) [5], [6], [7]. Several properties yna

reveal that the proposed work results in lower rate-distortion change during transcoding: the video format [8], [9], the
loss at a competitive complexity performance. bitrate of the video [10], [11], the frame rate [12], [13]eth
spatial resolution [14], [15], the coding tools used (i@ne
bitstream might useB frames, while the other might not,
or scalability layers are added to the target bitstream], [16
I. INTRODUCTION and even the insertion of new information on the video, such

HE new video coding standard, so called High Eﬁicieﬁsi\n[::]i;m[igmg [17], hidden data [18] or a layer for error
Video Coding (HEVC) [1], developed by the JCT-VC In transcoding, it is always possible to use a combination

group to replace the current H.264/AVC standard [2]. Thc?f a suitable decoder and encoder in tandem, completely

21)‘1” rg(s)s'lor?f 'irr]]ed'fl:eli\a/ri f:;);jergs 'Z gﬁtaéoerfg?\gggﬂge%ecoding the incoming bitstream and then completely re-
P 1on wirh d ures, su encoding it in the target format. Here, this is defined as the

Scfla:jt.’”;ty t(_:apablllttles, but rather to s&gplflt(r:]antly |m|rie thle d trivial transcoder While this approach usually achieves high
rate distortion periormance, compared to the curren "~ quality of the transcoded sequence and can be used for any

H'264/AV.C’ n o_rc!e_zr 0 aIIow_ for new applications, such a?arget conditions, it is not efficient from the point of view o
beyond high-definition resolutions (so calléfi’, 3840 x 2160 complexity

pixels, and8_K,_7680 X 4320 pixels). The two main categories of transcoders dremogeneous
. The motl\{atlon for a H.264/AVC to.HEVC tran_S.COdertranscoding (the conversion of bitstreams within the same
Is twofold: ('.) to be ready .to promote inter-operability forformat) andheterogeneous transcodiffige., between different
the !ega}cy wdep encoded in H.264/AVC format, when ne‘l%rmats). Homogeneous transcoding is commonly used to
applications using the HEVC.: Emerge, and_ (i) to be able Ttchange the bitstream in order to adapt it to a new functignali
take advantage of the superior rate-distortion performanfc such as a different bitrate or spatio-temporal resolutidet-

Rrogeneous transcoding can also provide the functioesiif
are launched that use the new standard, while the second Cjﬁ: 9 P

Index Terms—Transcoding, HEVC, machine learning.

b d straight to miarate the abundant existent vi mogeneous transcoding, such as reduction of bit rate and
€ used straight away 1o migrate the abundant existent vi nge of spatio-temporal resolution, but it is mainly dedin
content encoded in the H.264/AVC format.

by the change of format. The H.264/AVC to HEVC transcoder
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especially on algorithms for mode mapping, which is the main In other reported solutions, the idea of using the block mode
focus of this paper. Section Il details our previous worktatistics is expanded. Machine learning algorithms assl us
on the topic, which is used as benchmark to evaluate tteemap the modes in the incoming bitstream and decide how
transcoding options proposed here, while Section IV detathe modes in the target codec are tested, in the context of
these transcoding options. Finally, Section V presents tMPEG-2 to H.264/AVC transcoding [26], [27], [28]. All these
experiments and Section VI concludes the paper. solutions are built around similar ideas: first, few framés o
test sequences are transcoded using a trivial transcoder. F
these frames, some features are computed and stored for each
macroblock, along with the optimal mode used to encode said
A simple way of classifying the contributions reported ie thmacroblocks. Then, a machine learning approach is used to
transcoding literature is to separate them into algoritfions generate an algorithm to map features computed using the
mode mapping, algorithms for motion vector approximatiomcoming bitstreams into modes to be tested in the target
and algorithms for motion vector refinement. The goal @odec. The training is performed offline, with the goal of
the mode mapping algorithms is to use information on thfeveloping a single, generalized, mapping that can be wsed f
incoming bitstream in order to avoid testing all modes fafanscoding any MPEG-2 video. In the first of these solutions
the target format. On the other hand, the goal of the motigp6], the features used include the MPEG-2 macroblock @pdin
vector approximation algorithms is to maximize the reus@ode, the coded block pattern, and the means and variances
of the motion vectors in the incoming bitstream in order tfor each4 x 4 residual block, generating a total 87 features.
avoid costly motion estimation operations in the targebelec. In the other solutions [27], [28], the list of features was
Finally, the goal of the motion vector refinement algorithmexpanded to include the MPEG-2 DCT coefficients, neighbour-
is to improve the reused and approximated motion vectors isg macroblock information, coded block pattern, the motio
that a good prediction can be achieved. vectors, the mean and variance of thes 4 residual blocks,
The HEVC is able to use the same reference frame structgred the variance of the means and mean of variances for
as the H.264/AVC [20] and, if this is the case, it would nogach group of means and variances, generating a totidlof
need motion vector approximation algorithms. At the sanfeatures. A similar approach was presented by some of the
time, for the HM reference software [21], [22], the impacsame authors in the context of a Wyner-Ziv to H.264/AVC
of the motion estimation module in the complexity is muckranscoder [29]. In this solution, three features are used t
smaller than the impact for other implementations, and so Myénerate the mapping algorithm, being the SAD of the residua
refinement algorithms would not yield the same gain as gomputed in the Wyner-Ziv decoding process, the lengthef th
other transcoders. However, the HEVC uses a large numipestion vector generated by the Wyner-Ziv decoding process,
of modes, making mode mapping algorithms very importaahd information from the Wyner-Ziv reconstruction progess
for the transcoder. and the same offline training process is used.
In order to reuse the coding mode of a particular macroblockA transcoding solution from H.264/AVC to HEVC has
in the incoming bitstream, a range of algorithms have beeaiso been proposed by Zhang et. al. [30]. In this work, a
proposed. A simple mode mapping algorithm was proposetkthod to transcode intra frames is proposed, mainly based
in the context of a H.264/AVC to MPEG-2 transcoder [8]. Iron selective merging of the incoming H.264/AVC intra modes
this algorithm, the H.264/AVC macroblock types are classifi and mapping them to larger HEVC CUs and PUs, according
in three categories, skipped, inter and intra, for macrdtso to the prediction direction found in the H.264/AVC bitstnea
encoded in SKIP mode, inter or intra modes, respectivelyor inter pictures, it builds on the power-spectrum baségh ra
Then, in the transcoder, only the modes associated witle thelistortion optimization (PS-RDO) [31]. In this method, the
classes are tested. Another simple algorithm, used in thest of a motion vector in the transcoder is estimated froen th
context of VC-1 to H.264/AVC transcoding, was proposethotion vector variation and power-spectrum of the predicti
[23]. In this work, since the VC-1 codec offers a smallesignal resulting from that motion vector. The PS-RDO model
number of modes than the H.264/AVC (for instance, onlig used to determine both the CU partitioning and the motion
blocks sizes of16 x 16 and 8 x 8 are used for motion vector used for each PU.
compensation, and there is no skip mode for a macroblock),
the transcoder uses both the macroblock type and the size of
the transform used in VC-1, proposing some rules based on
heuristics, summarized in the form of a look-up table, tadlec  In this work, we build on our previous work of H.264/AVC
which modes are tested in the outgoing H.264/AVC video. to HEVC transcoder [3]. Two transcoders were proposed: one
The block mode statistics are used in a MPEG-4 ts based on MV reuse; and the other is based on a metric
H.264/AVC transcoder [24]. In this work, several test sesalled MV Variance Distance. Both are briefly discussed here
quences are transcoded using a trivial transcoder in orderthey are used to evaluate the proposed transcoders in this
to gather the macroblock mode conversion statistics. Tipaper.
information is then used to generate a look-up table, which i All transcoding methods presented in this paper are based
used during transcoding to decide which H.264/AVC modes1 mode mapping algorithms. Therefore, the main idea is to
are tested according to the MPEG-4 mode. A similar approacke the H.264/AVC information in order to decide the CU
was used in a H.264/AVC to MPEG-4 transcoder [25]. and PU partitioning, instead of testing every possible Cd an

Il. RELEVANT LITERATURE

IIl. PREVIOUS WORK



PUs. In this section, and for the remainder of this paper, the
testing of a CU is defined as the assessment of the best way to MUnsn_g = <5> M, @)
encode that particular CU (i.e., deciding the parameters - P e a nomme

partitioning, motion vectors, transforms, etc...) anddu@ng wheren is the current framen — o is the reference frame

a rate-distortion cost. Similarly, the testing of a moticttor used by the H.264/AVC motion vector and- 3 is the target

is defined as the evaluation of the cost of that motion VeCt%ference frame. If the scaling is necessary, then all motio

and comparing this cost W't.h the motion vectors that We{fctors are scaled to the frame which is closest to the durren
previously tested for that particular PU. In all cases, thiadlt frame. If any part of this CU was encoded using an intra

metrics used in the HM reference software are used. mode, then the metric does not produce a value. Before the
metric is computed, the motion vectors are propagated to the
A. A Transcoder based on MV Reuse 4 x 4 blocks (i.e., the minimum size in H.264/AVC), and then
This simple transcoder was presented before [3] for the sdke variance is calculated. This way, the motion vectors are
purpose of evaluating the effect of the motion vector reuseeighted according to the area that they represent.
technique [32], [33] in a H.264/AVC to HEVC transcoder, The idea of using this metric is that, if a large area has a
which is a technique that is ubiquitous in transcoding. It i®w value v, it means that all motion vectors in this area are
not by any means designed to be a very efficient transcoda@milar, and thus it is more likely that this partition willeb
but it is useful to identify the areas where the largest gain, encoded using a larger CU in the HEVC, as it is more likely
terms of transcoding efficiency, can be achieved. The warkflahat a single motion vector will accurately predict the whol
of the algorithm is the same for each coding unit (CU) in th€U. On the other hand, if the same area has a high valJue
HEVC, and it is based on two main ideas: then the motion vectors within this area are very differant]

1) If any part of this CU was encoded in intra mode ifhus it is less likely that this block will be encoded using a
H.264/AVC, then all possible intra and inter modes ar@rge CU in the HEVC (meaning it is more likely that it will
tested; otherwise, only the inter modes are tested. be split). This way, it is possible to combine the informatio

2) For any inter partition unit (PU), all H.264/AVC motionfor different H.264/AVC macroblocks and make a decision for
vectors within the current PU are tested. The motiod large block in the HEVC codec.
vectors are reused at integer-pixel level, without any Two thresholds are used to decide how a particular CU will
further refinement at this level. Then, at half-pixel an8e tested, namely,,.,, andT},., which defines three different
quarter-pixel, the default HM search is applied (testingggions 1 (v < Tiow), Roe (Tiow < v < Thign) and R
the eight neighbours at half-pixel level, then the eight’ > Thign)-
neighbours at quarter-pixel level). The transcoder algorithm works independently for each CU,

Note that this transcoder reuses the incoming motion veé€gardless of the CU size. The possible prediction unitssjPU

tors, but not the partitioning. All inter modes available ithat can be tested are divided in four groups: (i) SKIP; (iter

the HEVC are considered, including the Asymmetric Motiog?V < 2/V; (iii) all remaining inter modes2V x N, N x2N, the
Partition, AMP [34] - for these partitions, the AMP speed®MP modes, andV x N); and (iv) the intra modeS(V x 2N,

up setting, present in th& M/4.0rc1 reference software [21], N x N and PCM). In addition, the transcoder can decide if the
is enabled. The remaining HEVC settings are the same @Y Will be split or not (if so, the CU is split in four sub-CUs,
the low-delay configuration forifM4.0rcl, including the &S usual). Then, depending on the value of the MV Variance
fast mode decision flag (which is enabled). Therefore, thiistanceuv for this particular CU, four different settings can
transcoder saves complexity only by avoiding the motiop€ used:

estimation (which is performed using a fast motion alganith 1) if the CU is considered similar (i.e., if < T},,,), then
based on the Enhanced Predictive Zonal Search, EPZS [35]), only the PU groups (i) and (ii) will be tested and the

and by not testing all intra modes. CU will not be split;
2) if the CU is considered as dissimilar (i.e.uift> Thi4n),
B. A Transcoder based on MV Variance Distance then only the PU groups (i) and (iii) will be tested, and

the CU will be split.
3) if the CU is not similar nor dissimilar (i.e., f},, <
v < Thign), then the PU groups (i), (ii) and (iii) (i.e.,

This transcoder is based on a similarity metric, the MV
Variance Distance, and, according to this metric, make the
d?C'Slon of hQW o test a particular CU. The MV Variance all inter modes) will be tested and the CU will be split;
Distance metric produces a value> 0 for each CU that can and
be tested in the HEVC. This metric is based on the variance

. o . 4) if the valuev cannot be computed (i.e., if
of the H.264/AVC motion vectors, and it is computed as: one H.264/AVC partition within the CU was encoded as

intra), then all PU groups are tested and the CU is split.

_ 2)2 2)2
V=)t (Uy) @ The algorithm starts from the largest CU si#&l (x 64),
where 2 and 03 are the variances of each component afomputing the MV Variance Distance for that CU. Then,
the H.264/AVC motion vectors within the CU. If the motionaccording to thes value for the CU, the transcoder tests only
vectors do not have the same reference frame, they are scafedPUs for the groups indicated by the aforementioned rules
using the formula: If the rules state that the CU should not be split (i.ew i&



Tiow), then the transcoder selects the best mode, according to Total length: n frames
the modes tested, and proceeds to the next CU. If the CU is
split, the algorithm is applied in the same manner to each of
the four sub-CUs, computing a new similarity valudor the
sub-CUs, until the final possible depth is reached.

IV. PROPOSEDTRANSCODING SOLUTIONS

The transcoder presented in the previous section offers a  Training: T Transcoding:
good rate-distortion and complexity performance, andrsffe k frames n-k frames
an interesting insight into tackling the H.264/AVC to HEVC Model
transcoder. If the best mode to encode a given CU could Generation

be accurately predicted from information in the H.264/AVC

bitstream, then a large amount of computation could be savégésﬁsle nrgéér;ssc?nditr%ge %pé\r/a(l;if;r;é \:\gsl?:d tr$E§SCO<:29iSt*lZ Hf;ﬁif:meﬁé Sae"
with virtually no qua”ty loss. Even if the best mode cann hen, the transcoder builds the model-(with iF;n‘ormation gaige‘i)n the-
be predicted, if the less likely modes are ruled out, then thaining phase). Finally, it starts titeanscodingphase, where the model is
transcoding could still be made faster with a small penaity psed to select which partitions will be tested.

rate-distortion performance.

In the reviewed transcoder based on MV Variance Distance,_l_h dvant ¢ . the traini ‘ s that th
however, the choice of the thresholds is still a concern. € advantage or using the training stage IS tha e

First, the thresholds are used regardless of the depth of F?é’]SCOdlng parametgrs can be adapted to the content of the
CU, which gives the same tolerance to decide the split f8|,1rrent squgnce_ being transcode(_j. If the number of fra'.””es
a 64 x 64 partition and al6 x 16 partition. Second, and used for.tra|n|'ng is kept small, the impact on thefzansp@dm
most important, the same thresholds are used for diﬁerirﬂmplex'ty will be small as well, as the ratig7= will

sequences, regardless of the content of the sequences o lose to}. In addition, the trans_coder efficiency can be
guantization parameters used to encode it. Finally, ondy t proved, since the parameters. wil be.more related tq t_he
MV Variance distance is used in the decision loop - Oth&ontent, compared to atfa.”scc.’d'”g solution where no ng|n|
information from the H.264/AVC bitstream are ignored. is performed, or then training is performed using other oide
In order to overcome these issues, we propose two ndguences.
solutions: dynamic thresholding and content modeling gisin
linear discriminant functions. This transcoder also uses f A- Common transcoding settings
tures computed from information in the H.264/AVC bitstream The transcoding settings explained in this sections are
(such as the MV Variance Distance) to decide how to teife same for all of the proposed transcoding options based
a given outgoing CU. However, the thresholds used in thigy dynamic thresholding and content modeling using linear
proposed transcoder are computed adaptively for the durréiscriminant functions. Hence, these techniques, whiehtze
sequence being transcoded. Also, the features are only usetin novelty of this paper, can be better compared to each
to decide the modes for thel x 64 and32 x 32 CUs. As for other.
the 16 x 16 and8 x 8 CUs, the mode used in the H.264/AVC The MV Reuse and MV Refinement techniques are used in
bitstream is used in the decision process instead. all of the proposed transcoders. For any outgoing HEVC PU
Other solutions involving mode mapping using machinsize, all H.264/AVC motion vectors within the area defined by
learning algorithms have been proposed [26], [27], [28lhe PU are considered for integer motion estimation, and no
[29]. However, all these solutions attempt to build a singléurther refinement is performed at the integer pixel levéle T
generalized, mapping that can be used for transcoding awsarch is then followed by the default HEVC sub-pixel search
bitstream. Also, most of these solutions use a large numbetAlso, for all of the proposed transcoders defined in this
of features, and use a machine learning algorithm whosection, the dynamic thresholding and the linear discramin
training is complex, not being suitable for use in the pregbs functions are applied only to the lower HEVC coding defths
transcoder. and1 (i.e., for CUs of sizé4 x 64 or 32x 32 - in this paper, we
Both the dynamic thresholding and the linear discriminamtre always assuming a largest CU size&é# 64). For higher
functions are based on the same training stage. For a seqjuatepths (i.e., for CUs of siz& x 16 or smaller), a simple mode
of n frames, the firstt frames are used for training, andmapping algorithm that uses only the H.264/AVC partiti@nin
the transcoding operates in the followimg— k& frames, as is used. Note that the mode mapping for the higher depths is
shown in Fig. 1. When transcoding the training sub-sequenaely used if the algorithm chooses to split the larger CU.
(i.e., the firstk frames), all modes in the HEVC are tested, Tests have shown that keeping the exact same partitions as
and the H.264/AVC information is used only for traininghe incoming H.264/AVC leads to large rate-distortion &xss
purposes. Using the information gathered at this stage, ted the complexity reduction is small. For this reason, a
transcoder computes the thresholds or the weights for ttiéferent strategy has been designed. The rationale used is
linear discriminant functions, as explained in the follogi test HEVC partitions that are of the same size or larger than t
sections. H.264/AVC partition. A simple look-up table is used to dexid



TABLE |

PUs TESTED FOR AL6 x 16 CU ACCORDING TO THEH.264/AVC computing the variance, the motion vectors are also prapega
MACROBLOCK TYPE. to each4 x 4 block.
H.2647/AVC Macroblock Type
PSKIP 16 x 16 16 x 8 | 8 x 16 8 x8 INTRA n
SKIP/MERGE X X X X X X VA —
3 2N % 2N X X X X X 2
2 2N x N X X X
L N x 2N X X X
3 2N X nU X X X
g 2N x nD X X X f\
R x 2N X X X
é ZL i 2N X X X T[ O »
N x N -
INJX“RA X L8 K/ X
SPLIT X X
TABLE I -TC
PUs TESTED FOR A8 x 8 CU ACCORDING TO THEH.264/AVC 2

SUB-MACROBLOCK TYPE.

H.2647AVC Sub Macroblock Type Fig. 2. Computing the motion vector phase. Additionally tophases shown

—SRIP/MERCE BOKIP | 88 [ 8x4 [ 4x8 [ 4x1 | INTRA on the plot, the phase of th@, 0) motion vector is considered to lie
2 2N X 2N X X X X X
e INXN X X X
e SN N S S 2) Number of DCT CoefficientsThis simple incoming
o —riw S X feature is the number of non-zero DCT coefficients encoded
LS LSS D S in the H.264/AVC bitstream for a particular block. The mag-

INTRA X nitude of these coefficients is not used, just whether or not a

coefficient was transmitted. The idea of using the number of

) . ) . ) DCT coefficients is that, if there is a small number of DCT
which modes will be tested in the HEVC outgoing bitstreamygefficients for a given block, it means that the prediction f
according to the H.264/AVC macroblock and sub-macroblogkat plock was good and the residual is small and, therefore,
types. The complete look-up tables for thex 16 and8 x 8 4 good prediction may be found using a larger block. On the
CUs are listed in Tables | and II, respectively. other hand, if there is a larger number of DCT coefficients for
a given block, then the prediction for that block is not good,
and the block may need to be sub-partitioned to find a good
. ) ) . _ prediction. Naturally, the information on the motion vesto

In this technique, a single feature from the incomingyay help on this decision, but this will be considered later i
H.264/AVC bitstream is considered, and the mapping is pg;is paper.

formed using two thresholdsio,, and Thig. AS such, the 3y ey of DCT Coefficientsthis feature is computed as

training stag_e is usgd in _order to compute the_se threshol%sd — 3. C?, whereC; denotes the DCT coefficients within a
Here, four different incoming features are considered, ane

ime: th . di h H .- particular incoming block. Note that, since the minimumesiz
a time: the MV variance distance, the MV phase variancg,\ nich the feature is computed is for3& x 32 block, the

the number of DCT coefficients and the energy of DCh,mper of coefficients is the same whether the H.264/AVC
coefficients. The features are computed for each outgoing, , . s « 8 transform was used within the block. The

HEVC CU, and they are only computed if all incomingye, of ysing the energy of DCT coefficients is the same as
H.264/AVC macroblocks within that CU are encodedrter the number of DCT coefficients, but the energy gives a more

mode. Also, .aII incoming features produlce positive Valu%%mplete information about the magnitude of the residuah th
equal to or higher than zero. The MV variance distance Wﬂ%t the number of coefficients

explained in Sec. IlI-B, and the other features are expthine
next. Computing the thresholds
1) MV Phase Variance:Different from the MV variance
distance, which measures the variance of the magnitude ofn order to adapt the thresholds to the content of the current
the motion vectors, this feature is computed as the variahcesequence being transcoded, during the training stageiaihe-t
the phases of all incoming motion vectors within a particula&écoder computes the relevant incoming feature for each block
block. When multiple reference frames are used, the ideausing the H.264/AVC information, and stores these features
use the phase, instead of the magnitude of the motion vectdrsan arrayF? = [f¢ . fi, ..., f&_,], with elementsf?,
is necessary to overcome the limitation of scaling the nmotiovhered refers to the depth of the outgoing CU andefers
vectors so that they point to the same reference frame. Tioethe feature computed for a particular GUand N refers
phase is computed as: to the number of CUs. For the training frames, the computed
features are not used to decide which partitions will bestist
(3) instead, all HEVC modes are tested for these frames. Afeer th
decision for a given CU has been made, the transcoder stores
Note that the phase lies in the closed interyair, ], the mode chosen in an arra@® = [c¢f , ¢f , ..., % 4],
according to Fig. 2. Also, of particular interest, the phage wherec? refers to the class of thieth CU. In order to simplify
the (0,0) motion vector is considered to lie Clearly, before the large number of modes in the HEVC codec, the transcoder

B. Proposed Dynamic Thresholding

_ k k
phase = atan2 (mvn_m_a.y, mvn_m_a.z)
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Fig. 3. Mode distribution and threshold computation for eliént features: (a) MV Variance Distance; (b) MV Phase Vaéga (c) Number of DCT
Coefficients; and (d) Energy of DCT Coefficients. The seqedrging encoded is Basketball Drill, the data refers to tls¢ i frames and the CU i64 x 64
pixels.

stores the chosen mode information in three classes: (ieif tHEVC partitions will be tested. For this transcoder, acouyd

CU was split; (i) if the CU was encoded as SKIP or with #o the incoming feature valug? for the corresponding outgo-

2N x 2N PU; and (iii) if the CU was encoded using any otheing CU, the transcoder will apply the following rules, which

mode. are shown in Fig. 4.

argf;irbfgeagjgldn%;t:griéitc;o;% ttkr:ri:gr?onlfﬂg‘?dear\nu dsjej the tWO. If f&<T¢  (Ro, in the figure), then only the SKIP and
' ' ow high the 2N x 2N modes are tested, and the CUnist split.

(whered corresponds to the depth of the outgoing HEVC CU) © x bt

. i< 7d . .

using a percentile criterion. For each depth, the threshatd lr;ojée i>s tehégtgd(%r’ tlr?istrc]jee;aufrz’dtt?\eencogliys t:;itSKIP

compLiited as: « Otherwise (i.e., if7j,, < fi < T}, ,, shown as region
o T,

low 1S Chosen as the highest value for whigt% of Ry, in the figure), then all modes are tested for this depth,
the HEVC partitions withf{ < 7} ~are encoded using and the CU is split.

either the SKIP oRN x 2N mode.
o T}, is chosen as the lowest value for whighf of the

HEVC partitions with f# > Ty, , are encoded using a I I I >
higher depth (i.e., encoded in split mode). 0 T, Tﬁigh Feature
Note that the90% percentile is derived heuristically. This S A M )
could be though as the transcoder complexity control. Fig. 3 Ro Ry Rz

illustrates the computation of the thresholds using the fou

features. In the figure, it can be seen that, for all featuthes, Fi9- 4. Threshold-based feature classification.

higher the value of the feature, the more likely it is thatttha

CU is split in the HEVC. On the other hand, the lower the According to the incoming feature value, the transcoddstes

value of the feature, the more likely it is that the CU is erembd the outgoing PUs according to these rules. If the rules state

with a PU size o2 N x 2N. Regardless of the feature valuethe CU should not be split, it chooses the best mode, among

a small amount of CUs are encoded using the other modhsse tested, and proceeds to the next CU. Otherwise, if the

(class (iii)). CU is split, the algorithm is repeated for the four childredsC
Once the transcoding of the training sub-sequence is fumless the child CU is of siz&6 x 16, in which case a simple

ished, the thresholds are computed. For the rest of the fanmode mapping from the incoming H.264/AVC bitstream is

the transcoder uses the computed thresholds to decide whiskd.



C. Content-Modeling Using Linear Discriminant Functions features and the outgoing CU classes. The linear mapping is
based on the well-known least-squares method using a non-
iterative solution [39]. Thus, this method can be used m#
transcoder loop without hindering the transcoder comptexi
as SPLIT During the training stage, the transcoder computes all fea-
( A tures for each block, storing it in an arr&s? (whered refers
to the depth of the CU). Also, for the training sub-sequence,
I I p : - > all the outgoing HEVC modes are tested, and the decision for
0 Thign MV Variance Distance each CU is stored in an arrag@s®. The first modification,
. / compared to the dynamic thresholding solution, is that the
Further classified with transcoder stores the chosen mode information in only two
LDFs classes: (i) if the CU was split; and (ii) if the CU was not
split. Therefore, the transcoder is attempting to classifly
Fig. 5. Example of classification. All CUs with a MV Variancedbince \yhether the CU was split or not.

higher than the thresholﬂﬁ{, are automatically classified as split. For the : -
remaining CUs, linear discriminant functions (LDFs) are usedalassify it It was noted that one of the Incoming features, the MV

between split or not split. variance distance, has a very high correlation with one ef th

two aforementioned classes. A block with a high value for the
Start
Decision for a given CU

Automatically classified

MV variance distance is most likely to be split. For this @as
the incoming blocks with a MV variance distancehigher
than a threshold (¢, ,, computed as thé0-th percentile,
as explained in Sec. IV-B) are removed from the set on the

Compute the MV Variance assumption that they shall be split. For the rest of the iragm
Distance U using the blocks (i.e., for whichv < T} ), the classification is applied
H.264 MVs for this CU g

using the linear discriminant function solution. This pedare
is illustrated in Fig. 5.

No Apply the classification In order to use the linear discriminant functions, seven
using linear incoming features are considered for thkex 64 and32 x 32
discriminant functions CU sizes:

1) The total number of H.264/AVC partitions in the incom-
ing CU. This is the number of different inter-prediction

Compute the cost for blocks in the H.264/AVC for the region defined by the
the 2Nx2N SKIP mode current CU.
J 2) The MV variance distance, as introduced in Sec. IlI-B.
split the CU into four 3) The variance of th& component for the motion vectors
b-C ithi
Sub-cUs Test all PU modes at this within the CuU. .
i depth, and decide the 4) The variance of thg component for the motion vectors
Repeat the procedure best mode for this CU within the CU.
f°rea°§::tt;'i;’ {until 5) The MV phase variance, as introduced in Sec IV-B.
| 6) The number of DCT coefficients, as introduced in Sec.
Select the CU/PU partitioning with IV-B.
the minimum cost, among those 7) The average energy of the DCT coefficients. This is
tested energy of the DCT coefficients (as introduced in Sec.

— — IV-B) divided by the number of DCT coefficients. If
there are no non-zero DCT coefficients within the CU,
then it is considered as zero.

Fig. 6. Flowchart of CU mode decision using the linear disanamit function After it finishes transcoding the training sub-sequence, an
approach. after the CUs with MV variance distance > T,figh are
removed from the set, the remaining elements in the set are
In the previous sections the proposed transcoder uses ambgd to compute the optimal weights for the linear discramin
one feature at a time. However, an alternative approachdvotiinctions. Denote the sequence of feature vectors in this se
involve the use of many features in an attempt to better predihat belongs to classby X; = [x;1 X2 ... xi,N,i]T, where
the outgoing HEVC partitioning. There are several methods; is a N; x M matrix, M is the dimensionality of the feature
in the literature that could be used to classify a given seector andN; is the total number of feature vectors in class
of features [36], [37], [38]. Here, a simple method is use@oncatenating th&,; matrices for both classes (i.e., split and
called Linear Discriminant Functions [39]. The main reasomot split) results inX = [X, Xl]T, where X, represents
this method was chosen is that both the training and thiee feature vectors for clags (split) and X; represents the
classification themselves are very low complexity operatio feature vectors for clask (not split). At the same time, lst;
Basically, a linear mapping is computed between the incgmibe the ideal output vector for clagswhich is a column vector



comprised of zeros and ones, suchyas= [1x, , ONI]T and A. Evaluating the proposed approach

T . T
yi=[0n , In] - Againy =[yo yi]". _ In the following experiments, first the original sequence is
The training procedure consists of computing the optimug}, .o ded using H.264/AVC at High Profile, and usinglBR

. opt L. . ; ’ - )
weight vectorw;” that minimises the distance betwegn configuration withl reference frame. The reference software

and a linear combination of the training feature vectrs; JM 14.2 [40] is used.

such that Afterwards, the H.264/AVC bitstream is transcoded to
HEVC using one of the transcoding options. For HEVC, the
reference software for th& A/4.0rc1 encoder is used with the
default settings [21], with &4 x 64 largest CU (LCU) size
and LCUs are encoded in raster scan order, using the same
reference frame structure as the H.264/AVC (called the low-
delay reference frame structure in HEVC, with one reference
frame). For all transcoding options, fast motion estinratod
fast mode decision are used for HEVC , as defined in the
HM4.0rcl reference software.
which can be simply solved. Once the optimal weights are The QPs used to encode the H.264/AVC bitstream are
computed, using the classifier is a simple operation. Xet (37 32 27 221, and the same QPs are used for HEVC. Four
be the feature vector that needS to be C|aSSified as one Of éaauences are used to eva'uate the proposed transcoders:
two classes. This can be done by evaluating the output of tRi§sketball Drill832 x 480 50 Hz, BQMall 832 x 480 60 Hz,
feature vector against &l models, computing a set stores party Scene’32 x 480 50 Hz and Race Horse832 x 480
si, such as: 30 Hz. All of these sequences are part of the HEVC testing
opt dataset.
si = Xow; (6) Five options of the proposed transcoder are evaluated (i.e.
Then, the class of the sequencé: is determined by four of the dynamic thresholding solution and one using the

opt

Wi

= arg min || Xw; =y, 4
Eq. 4 indicates that the optimal weight vectef”" could
be obtained by minimising thé?-norm of the error vector
e; = Xw; — y;. Minimising this function using the.2-norm

leads to:
w = (XTX) "' Xy, (5)

7

choosing the class with the highest score: linear discriminant functions solution). Three other ops are
used as benchmarks. The full list of tested transcoders, as
¢ = arg mazx (s;) (7) referred to in this section, are as follows:

7

1) RT-FME: this corresponds to the trivial transcoder,
decoding the entire sequence and re-encoding using
the HEVC standard fast motion estimation and mode
decision algorithms. This option is used as anchor both
for BD-rate calculation and speed-up results.
RT-MVR: the transcoder based on MV Reuse: this
corresponds to the transcoder shown in Sec. IlI-B [3].
3) RT-MVVD: The transcoder based on the MV Variance
Distance as seen in Sec. llI-B, with parametérs, =
1, Thign = 100 [3].
4) PTDT-MVVD: The dynamic thresholding transcoder
(Sec. IV-B) using MV Variance Distance.
5) PTDT-MVPV: The dynamic thresholding transcoder
(Sec. IV-B) using MV Phase Variance.
e6) PTDT-NDCT: The dynamic thresholding transcoder
(Sec. IV-B) using the number of DCT coefficients.
PTDT-EDCT: The dynamic thresholding transcoder
(Sec. IV-B) using the energy of DCT coefficients.

Then, the following algorithm is applied to decide which
partitions are tested for each CU. When deciding which modes
will be tested for a given CU, the transcoder first computes
the MV variance distance. If v > T}, ,, then this partition
is split into four sub-CUs and the algorithm repeats itseif f
the CUs at the next depth (only the SKIP mode is tested at )
the current depth, before splitting). Otherwise, the tcadsr
computes the remaining features and applies the clasgificat
again for the four sub-CUs. If the outcome is split (i.e., if
the score for the split class is higher than the score for the
not split class), then this partition is split and the altori
repeats itself for the CUs at the next depth (again, only the
SKIP mode is tested at this depth). Otherwise, if the outcome
is not to split, then all modes at this depth are tested and th
partition is not split. Finally, the transcoder decides for the
best mode among those tested, and proceeds to the next CU])
This algorithm is shown in Fig. 6.

This algorithm is applied for thé4 x 64 and32 x 32 CUs. ) .
For the16 x 16 and8 x 8 CUs, the H.264/AVC macroblock 8) IT/TCC::)Mu-Is_ierlF.L;ZZr 322?.?; inn;?]?(lilbnngctitéigscc’der (Sec.
and sub-macroblock types are used, as explained in Sec. IV-A 9 '

Also, if there is an intra block within the CU, then the The experiments are designed to provide answers to the
algorithm is not used and all partitions are tested for tHat cfollowing questions: (i) how many frames are needed during

and the CU is split. the training process to build an efficient model; and (i) for
how long will the training model remain valid (i.e., for how
V. EXPERIMENTAL RESULTS many frames can the model be successfully applied). Thus,

In this section, we present two sets of experiments in ordéwee different training lengths were tested), 25 and 50
to evaluate the proposed methods. The first set is designedréanes, and, in order to investigate the impact of using the
evaluate the training stage of the proposed approach, widle same parameters for a longer period, three different lesngfth
second set evaluates the proposed transcoder in morecptacthe sequences were us@ds, 5 and10 seconds. The complete
scenarios. results are shown in Tables IlIl, IV and V, both in terms of



TRANSCODER RESULTS USINA O FRAMES FOR TRAINING USING RT-FME AS ANCHOR. BD-RATE FIGURES ARE SHOWN IN PERCENTAGE

TABLE Il

Basketball Drill BQ Mall PartyScene RaceHorses
Transcoder BD-rate  Speed-up| BD-rate  Speed-up| BD-rate  Speed-up| BD-rate  Speed-up
RT-FME 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
L‘g RT-MVR 2.29 1.09 2.27 1.08 1.39 1.10 1.94 1.10
o~ RT-MVVD 5.34 2.15 7.80 1.95 15.1 2.19 3.99 1.65
I PTDT-MVVD 3.61 1.77 4.36 1.85 2.69 1.79 2.77 1.50
g PTDT-MVPV 7.11 1.73 6.61 1.72 3.21 1.72 2.79 1.45
S PTDT-NDCT 5.13 1.89 6.85 2.03 2.92 1.88 4.08 1.67
— PTDT-EDCT 5.57 2.11 7.91 2.28 3.19 2.08 4.54 1.76
PTCM-LDF 4.93 2.00 5.98 2.12 3.23 1.99 5.42 1.71
RT-FME 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
» RT-MVR 2.24 1.09 2.15 1.07 1.35 1.10 1.95 1.10
Ll? RT-MVVD 5.80 2.14 7.10 2.01 14.2 2.16 3.70 1.76
- PTDT-MVVD 4.04 1.82 4.00 1.94 2.97 1.86 2.79 1.58
‘@ PTDT-MVPV 7.78 1.78 5.88 1.79 3.53 1.79 2.80 1.52
£ PTDT-NDCT 5.31 1.97 6.55 2.18 3.36 1.96 3.84 1.79
PTDT-EDCT 5.77 2.20 7.69 2.48 3.63 2.18 4.31 1.89
PTCM-LDF 5.43 2.08 5.58 2.26 3.59 2.09 4.94 1.76
RT-FME 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
n RT-MVR 2.36 1.09 1.89 1.07 1.09 1.10 2.05 1.10
= RT-MVVD 6.15 2.13 717 1.96 16.2 2.33 4.37 1.69
_g PTDT-MVVD 4.43 1.86 3.92 1.96 2.68 2.00 3.35 1.63
5 | PTDT-MVPV 8.26 1.81 5.33 1.80 4.15 1.96 3.34 1.56
S PTDT-NDCT 5.66 2.00 6.42 2.22 3.32 2.14 4.71 1.83
= PTDT-EDCT 6.09 2.25 7.58 2.58 3.58 2.40 5.33 1.94
PTCM-LDF 5.84 2.12 5.93 2.34 3.34 2.27 6.59 1.87
TABLE IV
TRANSCODER RESULTS USIN@5 FRAMES FOR TRAINING USING RT-FME AS ANCHOR. BD-RATE FIGURES ARE SHOWN IN PERCENTAGE
Basketball Drill BQ Mall PartyScene RaceHorses
Transcoder BD-rate  Speed-up| BD-rate  Speed-up| BD-rate  Speed-up| BD-rate  Speed-up
RT-FME 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
L‘g RT-MVR 2.29 1.09 2.27 1.09 1.39 1.09 1.94 1.08
~ RT-MVVD 5.34 2.16 7.80 1.96 15.1 2.19 3.99 1.66
I PTDT-MVVD 2.96 1.57 4.02 1.63 2.09 1.55 2.05 1.31
'%, PTDT-MVPV 3.38 1.52 4.48 1.55 2.14 1.52 2.04 1.29
S PTDT-NDCT 4.42 1.67 6.35 1.82 2.36 1.64 2.95 1.42
— PTDT-EDCT 4.68 1.79 7.00 1.98 2.63 1.78 3.36 1.47
PTCM-LDF 4.42 1.74 5.63 1.87 3.07 1.72 4.71 1.44
RT-FME 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
» RT-MVR 2.24 1.09 2.15 1.07 1.35 1.11 1.95 1.10
Ll? RT-MVVD 5.80 2.18 7.10 2.05 14.2 2.21 3.70 1.79
- PTDT-MVVD 3.64 1.72 3.82 1.79 2.55 1.73 2.45 1.48
S | PTDT-MVPV 4.17 1.65 4.12 1.69 2.65 1.68 2.42 1.44
§ PTDT-NDCT 5.06 1.84 6.28 2.08 2.96 1.84 3.29 1.64
PTDT-EDCT 5.28 2.01 7.09 2.31 3.29 2.04 3.78 1.73
PTCM-LDF 5.14 1.95 5.69 2.13 3.62 1.96 5.00 1.68
RT-FME 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
0 RT-MVR 2.36 1.09 1.89 1.07 1.09 1.10 2.05 1.10
= RT-MVVD 6.15 2.18 717 2.01 16.2 2.38 4.37 1.72
_g PTDT-MVVD 4.05 1.80 3.73 1.84 2.35 1.87 3.19 1.56
5 | PTDT-MVPV 4.52 1.72 4.09 1.75 2.75 1.84 3.08 1.50
S PTDT-NDCT 5.54 1.94 6.33 2.19 2.96 2.04 4.40 1.74
= PTDT-EDCT 5.77 2.13 7.26 2.48 3.39 2.31 5.04 1.85
PTCM-LDF 5.65 2.18 6.41 2.27 3.45 2.19 7.78 1.78

BD-rate [41] and transcoding speed-up. For all cases, REFMighly correlated to the HEVC motion vectors. The RT-MVVD
is used as anchor for both BD-bitrate and speed-up figuresshows good speed-up figures (up 2838, for PartyScene

Note that the speed-up figures for RT-MVR and RT-MVvVv»eéquence encoding seconds of the sequence, shown in Table
for this experiment are lower than those shown in the origin/, and 2.04 on average), but the RD loss is significantly

paper [3]. The reason is that in this experiment only orfigher, especially for the PartyScene sequence (Ui,
reference frame was used, instead of four. shown in Table |V) and BQMall (Up t8.80%, shown in Table

It can be seen that reference transcoder based on the Ml/seduences.
Reuse (RT-MVR) shows a loss of up #£29% in terms of Using the dynamic thresholding approach, the RD perfor-
BD-rate (for Basketball Drill sequence encodi2g seconds, mance loss is significantly lower, regardless of the feature
shown in Tables Ill, IV and V), and.9% on average, but used. In the worst case, the BD-rate l0oss8i86%, when
the speed-up is only ot.09, on average. These speed-upsing the MV phase variance as feature (PTDT-MVPV) (for
figures implies that relying on the MV reuse alone is nddasketball Drill sequence, usinty) frames for training and
sufficient for an efficient transcoder, as the gains in terfns wanscodingl0 s, seen in Table Ill). Among the features, the
complexity are rather low. On the other hand, the good RMV variance distance (PTDT-MVVD) presented the lowest
performance implies that the H.264/AVC motion vectors af@D-rate loss for the majority of the cases, with a BD-rateslos
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TABLE V
TRANSCODER RESULTS USINGO FRAMES FOR TRAINING USING RT-FME AS ANCHOR. BD-RATE FIGURES ARE SHOWN IN PERCENTAGE

Basketball Drill BQ Mall PartyScene RaceHorses

Transcoder BD-rate  Speed-up| BD-rate  Speed-up| BD-rate  Speed-up| BD-rate  Speed-up
RT-FME 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
g RT-MVR 2.29 1.09 2.27 1.09 1.39 1.10 1.94 1.10
o~ RT-MVVD 5.34 2.15 7.80 1.96 15.1 2.19 3.99 1.66
I PTDT-MVVD 2.24 1.40 2.93 1.45 1.47 1.36 1.09 1.14
'g PTDT-MVPV 2.36 1.36 3.10 1.40 1.43 1.33 1.03 1.13
S PTDT-NDCT 3.14 1.45 4.41 1.51 1.66 1.41 1.42 1.17
- PTDT-EDCT 3.40 1.52 5.31 1.68 1.80 1.46 1.61 1.19
PTCM-LDF 3.24 1.49 5.01 1.61 2.52 1.47 2.59 1.19
RT-FME 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
» RT-MVR 2.24 1.09 2.15 1.07 1.35 1.11 1.95 1.10
Ll? RT-MVVD 5.80 2.13 7.10 2.01 14.2 2.17 3.70 1.76
- PTDT-MVVD 3.24 1.60 3.12 1.65 2.18 1.56 1.97 1.35
S | PTDT-MVPV 3.52 1.54 3.18 1.58 2.19 1.66 1.91 1.32
§ PTDT-NDCT 4.44 1.69 4.90 1.79 2.59 1.74 2.46 1.44
PTDT-EDCT 4.70 1.79 6.09 2.05 2.78 1.77 2.91 1.50
PTCM-LDF 4.63 1.76 5.89 2.01 3.62 2.17 4.16 1.48
RT-FME 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
n RT-MVR 2.36 1.09 1.89 1.07 1.09 1.10 2.05 1.10
= RT-MVVD 6.15 2.13 717 1.97 16.1 2.33 4.37 1.48
_g PTDT-MVVD 3.90 1.72 1.89 1.76 2.04 1.75 2.86 1.43
5 | PTDT-MVPV 4.25 1.65 3.35 1.67 2.11 1.68 2.80 1.61
S PTDT-NDCT 5.16 1.85 5.40 1.95 2.68 1.90 3.81 1.70
= PTDT-EDCT 5.45 1.99 6.75 2.32 3.00 2.03 4.45 1.66
PTCM-LDF 5.51 1.94 7.35 2.14 3.69 2.06 7.59 1.68

. TABLE VI
ranging from1.09% (for RaceHorses sequence, withframes AVERAGE RESULTS FORPTCM-LDF, USING RT-FME AS ANCHOR.

for training and encodin@.5 s, seen in Table V) tot.43%

i i ini BD-Rate 4] Speed-up
(for Baske'_[ball Drill sequence, with0 frames for training Ataa FramLS wsadl b i
and encodingl0 s, seen in Table IIl). For most of the tests, 0 25 50 [ 10 25 50

255 | 489 445 3.34 | 1.95 1.69 1.44
58 4.88 4.86 4.57 | 2.04 193 1.85
10s | 542 582 6.03 | 2.15 210 1.95

the MV phase variance (PTDT-MVPV) also presents a very
low loss, close to PTDT-MVVD, with the notable exception
of Basketball Drill and BQMall sequences using frames
for training (seen in Table Ill), where the loss is among the
highest. However, the speed-up figures for both PTDT-MVVDsed for training compared to the length of the sequence
and PTDT-MVPYV are the lowest for the dynamic thresholdingeing encoded is the highe$t)(frames used for training and
approach. The fastest option for the majority of the casesédacoding only2.5 seconds).
using the energy of the DCT coefficients (PTDT-EDCT), atthe On the other hand, it can also be seen that the speed-
expense of a worse RD loss. USing the Linear DiSCI’iminan gain when encoding a |arger seguence is rather small.
Functions (PTCM-LDF), the speed-up figures are closer fhcoding5 seconds results in a speed-up gainldfs, 1.13
PTDT-EDCT, while the rate distortion performance loss |§nd 1.20, when usinglO, 25 and 50 frames for training,
lower. respectively, on average among all features and sequences,
Analysing the tables, it can be seen that, as expected, fifgnpared to encoding only/5 seconds. Encoding0 seconds
higher the number of frames used for training and the shorf@sults in a speed-up gain 004, 1.07 and1.09, when using
the sequence being transcoded, the better the rate distorfi0, 25 and 50 frames for training, respectively, on average
performance (although there are a few exceptions, notalginong all features and sequences, compared to encéding
when using the Linear Discriminant Functions (PTCM-LDFjeconds. Notice that the largest difference occurs whergusi
encoding5 and 10 seconds). However, apart from the MV50 frames for training and encoding shorter sequenees (
Phase Variance feature (PTDT-MVPV), this gain in perfond5 seconds), and even in this case the gain is Qol.
mance is rather low. Using5 frames for training results in  Table VI compares the number of frames used for training
—0.9%, —0.57% and —0.40% average BD-rate gains whenand the length of the sequence being encoded for the specific
encoding2.5, 5 and 10 seconds, respectively, compared tcase of the Linear Discriminant Functions (PTCM-LDF). Al-
using only 10 frames for training, on average among although there are a few outliers, the behaviour discussekin t
features and sequences. Usiitigframes for training results on previous paragraphs can be observed: the longer the tgainin
—1.15%, —0.59% and —0.38% average BD-rate gains whensequence and the shorter the sequence, the better the rate
encoding2.5, 5 and 10 seconds, respectively, compared tdlistortion performance (the lowest average 18s34%, occurs
using 25 frames for training. This happens for two reasondor training with 50 frames and encoding.5 seconds of the
generally, a longer training yields a better model, and thes sequence). At the same time, the shorter the training sequen
loss in the transcoding phase is lower; and because the twsd the longer the sequence, the fastest the transcoder (the
rate-distortion performance is obtained in the trainingt,pafastest option, a®.15, occurs for training withl0 sequences
when full encoding is being performed. Note that the largeahd encodingl0 seconds). However, for both cases, this
difference occurs when the ratio of the number of framaffference is rather small.

Length
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. . TABLE VI
Among the incoming H.264/AVC features that have been TRANSCODER RESULTS IN PRAGTICAL SCENARIOS

tested, the best compromise between complexity and rate-

distortion performance is obtained when a combination of s BD-Rate o]
. X L . X equence Method Speed-up| Average Low High

all features, combined by a linear classifier (in this case, RT-FME 1.00 0.00  0.00 0.00
i i i imi i _ i Kimonol | RT-MVVD 1.94 1.57 1.14 197
using Imea_tr discriminant fu_ncnons, PTQM LDF), is used. & oTLDE 553 sos 940 330
The experiments were carried out to find out the number 2 RT-EME .00 0.00  0.00 0.00
of frames needed for training and also if the model built is ParkScene| RT-MVWD | 2.27 431 2.67  5.60
. PT-LDF 2.91 4.22 3.14 449

robust enough to be used for a long period. From the results RT-EME 1.00 000 000 0.00
of these experiments, it was observed that the gain in rate-| - | Kimonol | RT-MVVD 2.16 296 195 4.09
. . . Q, PT-LDF 2.69 3.75 3.25  3.92
distortion performance of using more frames to generate the| < RT-EME 100 000 000 0.00
model is rather low. At the same time, while the rate-digtort ParkScene| RT-MVVD 2.91 9.83 507 144
. . . PT-LDF 3.06 4.42 4.83 3.74

performance losses of applying this model for a long period RTEME .00 000000 0.00
are small, the gain in complexity is also rather low. This | _ | Kimonol | RT-MVVD 2.04 279 202 355
H H : . PT-LDF 2.43 3.59 3.36  3.43

leads to the conclusion that a better transcoding optionldvou | & RT-EME 100 5:00———0-00——0.00
involve using less frames for training and encoding a shorte ParkScene| RT-MVVD 2.75 8.09 442 115
PT-LDF 2.72 4.26 5.02  3.49

sequence, repeating the training more often, in order tp kee
track of the properties of the sequence being transcoded. Th

way, the speed-up could be kept at roughly(for a low- )
delay configuration using only one reference frame - largeP’/0 With a speed-up factor of.94. However, the range of

speed-up figures are expected if more reference frames K RD 10Ss quite large (betweerb7% and9.83% of average
used), while the benefits of a small rate-distortion loss liouPitrate, being as high as1.4% when only high bitrates are
be retained. In addition, the transcoder would be robust §pnSidered, as seen in Table VII). This is expected, sinse th
the sequence properties are changed. The exact paraméf@gmd uses fixed thresholds that may not be suitable foy ever
could be changed according to the application, or it could F&9Uence. _

done adaptively, using algorithms to detect scene chadggs [ ©On the other hand, the proposed method, PT-LDF, is much
[43] to decide when to build a new model, or developing afiore reliable, with RD loss in the range95% to 4.42%.

algorithm specifically to decide when a new model should B¥S0. even performing the training for the firs0 frames, it
built. is also faster than RT-MVVD for all cases tested except one

(ParkScene withi PP1 structure, where both methods yield
the same speed-up factor. In addition, the PT-LDF offers the
B. Experiments in more practical scenarios same level of performance for both low and high bitrates.

In this set of experiments, the proposed LDF method is Finally, the results show that the method performs well for
evaluated in a more practical scenario. Again, the origieal all reference frame structures tested, and that it can Hedsca
quence is encoded using H.264/AVC at High Profile, howevé®r HD content.
three reference frame structures are used: (ilP&#hstructure
with 1 reference frame, denoted &8 P1; (ii) an IPP structure
with 4 reference frames, denoted BB P4; and (iii) anIBBP
structure withl reference frame foP frames and reference  In this paper, transcoding solutions based on dynamic
frame in each direction foB-frames, denoted a&BBP. The thresholding and content modeling are proposed, in which
reference software JM 14.2 [40] is used. parts of the sequence are used for training. During theitigin

Afterwards, the H.264/AVC bitstream is transcoded tetage, full re-encoding is applied, and the transcoder then
HEVC using three transcoding options: (i) the trivial treams uses this information, along with the information from the
der, RT-EZPS; (ii) the transcoder based on the MV Varian¢€264/AVC bitstream, to generate a content-specific maoalel t
Distance as seen in Sec. llI-B, with paramet&js, = 1, map the H.264/AVC partitions into HEVC CUs. Afterwards,
Thign = 100 [3], RT-MVVD; and (iii) the proposed method the transcoder applies this model to decide which parttene
with the linear discriminant functions, using the fittframes tested for the rest of the sequence. Experiments have shown
for training, PT-LDF. For these experiments, the referendkat the performance of this transcoder is better than aimil
software for theHd M9.1rcl encoder is used with the defaulttranscoding options based on fixed thresholds, yieldingvatio
settings [22]. rate-distortion loss at a competitive complexity perfonoe

The QPs used to encode the H.264/AVC bitstream ale particular, tests have shown that the proposed approach
{37,32,27,22}, and the same QPs are used for HEVQuising linear discriminant functions yields good resultsrein
Two sequences are used: Kimondd20 x 1080 24 Hz and difficult enviroments, such as using multiple referenceniea
ParkScend 920 x 1080 24 Hz. Both sequences are part of ther B-frames.

HEVC testing dataset. The results are presented in Table VIIAmong the transcoding options proposed, the dynamic
and Fig. 7. thresholding using the MV variance distance as the metric
The first thing that can be seen from these results is thasulted in the lowest RD loss, while the dynamic thresmgjdi
RT-MVVD does perform really well in some cases, such as faising the energy of the DCT coefficients as metric was
Kimonol usingl BB P structure, where it offers a loss of onlythe fastest, for most of the cases. Using linear discriminan

VI. CONCLUSIONS ANDFUTURE WORK
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IBBP; (e) IPP4 and (f) I PP1 reference frame structures.

functions to combine several features presented the bast co[s]
promise, with a speed-up close to the dynamic thresholding
using the energy of the DCT coefficients but at a lower RETG]
loss, compared to the trivial transcoder.

The work presented in this paper also opens up several inter-
esting directions for future work. For instance, other niaeh (7]
learning techniques could be used, instead of the simpadin 8]
discriminant functions, and different set of features dolok
explored to improve the transcoder performance. Also, new
options to decide when to re-build the transcoding model,(i. 9]
when to perform the training stage again) could be explored,
either based on scene change detection algorithms or a kjrod
of “internal control” to detect when the model is no longer
optimal and trigger a new training.
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