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Abstract— MPEG has produced standards that have provided
the industry with the best video compression technologies.
To address diverse Internet needs, MPEG issued a Call for
Proposals (CfP) for Internet video coding (IVC) in July, 2011.
The anticipation is that any patent declaration associated with
the baseline profile of this standard will indicate that the patent
owner is prepared to grant a free of charge license to an
unrestricted number of applicants worldwide. Three codecs have
responded to the CfP: Web video coding (WVC), video coding
for browsers (VCB), and IVC. WVC is in fact the AVC baseline,
and VCB uses the same coding tools as VP8. IVC has been
developed in MPEG from scratch by combining well-known
existing technology elements and new coding tools with royalty-
free declarations. In June 2015, the IVC project was approved
as ISO/IEC 14496-33 (MPEG-4 IVC). This standard can be
highly beneficial for video services in the Internet domain. This
paper describes the main coding tools used in IVC, and evaluates
its objective and subjective performances compared with WVC,
VCB, and AVC high profile (AVC HP). The experimental results
show that IVC’s compression performance is approximately equal
to that of the AVC HP for typical operational settings, both for
streaming and low-delay applications, and is superior to WVC
and VCB.

Index  Terms—H.264/AVC,
coding, VP8.

Internet, MPEG, video

I. INTRODUCTION
SO/IEC MPEG has successfully developed video cod-
ing standards over more than 20 years, such as MPEG-
1, MPEG-2, MPEG-4, MPEG-4 AVC, and High Efficiency
Video Coding (HEVC). The video coding performance has
progressed with the successive standards. For example, the
performance of MPEG-2 was doubled by MPEG-4 AVC,
and that of MPEG-4 AVC further doubled by the recently
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issued HEVC. MPEG also provides patent policy guidance
to deal with intellectual property rights (IPR) issues of the
standards. The common patent policy between ISO, IEC,
and ITU provides the patent holders of the standards with
following three types of options [31].

1) Type-1: The patent holder is willing to negotiate licenses
free of charge with other parties on a nondiscrimina-
tory basis with reasonable terms and conditions. These
negotiations are left to the parties concerned and are
performed outside ITU-T/ITU-R/ISO/IEC.

2) Type-2: The patent holder is willing to negotiate licenses
with other parties on a nondiscriminatory basis with
reasonable terms and conditions. These negotiations are
left to the parties concerned and are performed outside
ITU-T/ITU-R/ISO/IEC.

3) Type-3: The patent holder is not willing to comply with
the provisions of either type-1 or type-2; the recom-
mendation/deliverable will then not include provisions
depending on the patent.

All traditional MPEG standards have been type-2, and
MPEG-2 is a successful example of a type-2 standard. How-
ever, the type-2 standards have recently been challenged. The
high licensing cost of new standards is a major concern. For
example, licensing the recently issued HEVC has required at
least two patent pools of MPEGLA and HEVC advanced to
be set up, and in addition to the patent fees for products,
HEVC Advanced plans to charge for content. Some of the
major HEVC patent holders have not participated in either of
these two patent pools, and no doubt these IPR issues will
affect the wider adoption of HEVC. In several media market
segments, requests for royalty-free codecs from the industry
are increasing, particularly for Internet applications. The World
Wide Web Consortium, a leading Internet standard group,
is attempting to include a royalty-free codec specification in
the upcoming HTMLS5. Seven leading Internet companies;
Amazon, Cisco, Google, Intel Corporation, Microsoft,
Mozilla, and Netflix, announced the formation of the Alliance
for Open Media—an open-source project that will create a
new, open royalty-free video codec specification for the next-
generation media experiences [18].

MPEG-1 and MPEG-2 are becoming type-1 standards, as
the essential patents in these standards have almost expired,
and their coding performance cannot meet the requirements
for Internet video streaming and communications. To address
the diverse needs of the Internet, MPEG issued a Call for Pro-
posals (CfP) for Internet video coding (IVC) [1] in July, 2011.
MPEG envisaged the resulting standard to be potentially used
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in the following Internet applications:

1) real-time communications, video chat, and video
conferencing;

2) mobile streaming, broadcast, and communications;

3) mobile devices and Internet-connected embedded
devices;

4) Internet broadcast streaming, and downloads;

5) content sharing.
MPEG is designing the standard to contain a baseline profile
that meets the requirements outlined in the following. The
requirements fall into the following main categories.

A. IPR Requirements

This standard will be defined using processes and forms
compliant with the ISO/IEC Common Patent Policy and the
related guidelines. All technical contributions and related
patent statement and licensing declaration forms will be
accepted for consideration by MPEG. It is anticipated that
any patent declaration associated with the baseline profile of
this standard will indicate that the patent owner is prepared
to grant a free of charge license to an unrestricted number
of applicants on a worldwide, nondiscriminatory basis, and
under other reasonable terms and conditions to make, use, and
sell implementations of the baseline profile of this standard in
accordance with the ISO/IEC Common Patent Policy.

B. Technical Requirements

The baseline profile of the standard will achieve better com-
pression performance than that offered by MPEG-2 applied to
progressive video, and possibly comparable to that offered by
the AVC baseline profile. The standard will be designed to
permit efficient adaptation and integration with system and
delivery layers.

C. Implementation Complexity Requirements

Complexity will allow for the feasible implementation of
real-time encoding and decoding on generally available per-
sonal computers and mobile devices. The standard should
enable a tradeoff between encoder and decoder complexity
definitions.

Since the CfP was issued, three codecs have been pro-
posed to MPEG, and three corresponding tracks were set up
with similar goals. These are Web video coding (WVC) [2],
Video Coding for Browsers (VCB) [3], and IVC [4], [23].
WVC was proposed jointly by Apple, Cisco, Fraunhofer HHI,
Magnum Semiconductors, Polycom, RIM, and so on. WVC
is in fact the Constrained MPEG-4 AVC baseline profile.
VCB was proposed by Google, and the coding tools in it
are the same as those in VP8. IVC was proposed by several
universities (Peking University, Tsinghua University, Zhejiang
University, Hanyang University, Korea Aerospace Univer-
sity, and so on) and its coding tools were developed from
scratch. These three codecs attempted to meet the IPR require-
ment of Internet video coding with different strategies. For
WYVC, which is actually the AVC baseline profile, the list of
companies that formally supported the proposal for a royalty-
free baseline can be seen at (http:/wftp3.itu.int/av-arch/jvt-
site/2003_03_Pattaya/JVT-G036r2.doc). Unfortunately the list

does not cover all licensors of the AVC baseline. Google
intends to contribute VCB as a Type-1 codec, and in
March 2013, the company reached an agreement with
MPEG LA over its VP8 video codec, and 11 patent holders
agreed that any patented techniques used by VP8 can be used
without royalty payments.

IVC created a new type-1 standard by building on a royalty-
free foundation, including expired coding tools and some
new tools with type-1 declarations. The background of each
technical contribution was thoroughly investigated, and the
information summarized in an output document updated after
each MPEG meeting [19]. Recent test results within MPEG
showed that IVC’s compression performance outperformed
both WVC and VCB, and been determined to be approxi-
mately equal to that of the AVC high profile (AVC HP) for
typical operational settings, both for streaming and low-delay
applications [S]. Consequently, the IVC project was approved
as ISO/IEC 14496-33 (MPEG-4 IVC) in June 2015. It is
believed that this standard will greatly beneficial video services
in the Internet domain. In this paper, we provide an overview
of the coding tools in IVC, and evaluate its objective and
subjective performances by comparing it with WVC, VCB,
and AVC HP.

This paper is organized as follows. Section II presents the
main coding tools used in IVC. Section III compares the
objective performance of IVC with that of WVC, VCB, and
AVC HP. Section III evaluates the subjective performance of
IVC by comparing it with VCB and AVC HP. Section IV
concludes this paper.

II. CODING TOOLS

IVC is based on the traditional hybrid transform and motion
compensation framework, shown in Fig. 1. Only progressive
scan sequences are supported by IVC, and the input format
of an IVC encoder is YUV420. The basic coding unit is
a macroblock, which consists of one 16 x 16 luminance
block and two corresponding 8 x 8 chroma blocks. The input
macroblock can be coded with either intra mode or inter mode,
decided by the Mode Decision. If intra mode is selected, the
blocks in a macroblock are first predicted with intra prediction,
and the residues are processed with the modules of Transform,
Quantization, and Entropy Coding, sequentially. Finally, the
blocks are reconstructed and processed with deblocking to
obtain the decoded blocks. The decoded blocks are stored
in the Forward or Backward Frame Buffer to be referred to
by Motion Compensation. If inter mode is selected for the
current macroblock, Motion Compensation is invoked to find
the inter predictor, and the motion vectors used in Motion
Compensation are derived with Motion Estimation.

Unlike previous standards, IVC uses novel coding tools
in an attempt to obtain a reasonable tradeoff among coding
performance, computational complexity, and licensing cost.
The main technical features of IVC are summarized as
follows.

1) Variable Blocksize Intra Prediction: Either 16 x 16,
8 x 8, or 4 x 4 block intra prediction can be used
for the intra macroblock.
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Fig. 1. Block diagram of IVC encoder.

2) Low Cost Multiple-Hypothesis Motion Compensation:
Only one motion vector is estimated and coded for
multiple-hypothesis prediction.

3) Symmetrical Inter Prediction: Only forward motion
information is coded for bidirectional prediction.

4) Mean-Based Motion Vector Prediction: The motion
vector predictor of the current block is derived from
the mean of the two most related neighboring motion
vectors.

5) Resolution-Adaptive Interpolation Filter: The interpola-
tion filter for subpel motion compensation is adaptive to
video resolution.

6) Adaptive Nonreference P Frames: P frames coding
structure can be switchable between hierarchical and
nonhierarchical.

7) Partition-Dependent Transform: Either 16 x 16, 8 x 8,
or 4 x 4 transform can be used for block residues,
dependent on the macroblock partition size.

8) Logarithmic Domain Arithmetic Coding: The traditional
multiplications in arithmetic coding engine for range and
probability updating are replaced with additions in the
logarithmic domain.

9) Intensity-Based Deblocking Filter: The deblocking
process is simply based on the pixel intensity differences
between the border pixels around the block edge.

The following paragraphs describe the main coding tools
in IVC.

A. Variable Blocksize Intra Prediction

Spatial domain intra prediction is used in intra-macroblock
coding. The decoded boundary samples of adjacent blocks are
used as reference data for the spatial prediction. The luma
component in a macroblock can be coded by one 16 x 16 mac-
roblock partition, or four 8 x 8 macroblock partitions. Each
8 x 8 macroblock partition can be further coded with four

4 x 4 macroblock partitions. Intra_Vertical, Intra_Horizontal,
Intra_DC, Intra_Down_left, and Intra_Down_right are the five
prediction modes [24] used for a 16 x 16/8 x 8/4 x 4 mac-
roblock partition. The chroma components in a macroblock are
only coded by an 8 x 8 macroblock partition, and four pre-
diction modes (Intra_Chroma_DC, Intra_Chroma_Horizontal,
Intra_Chroma_ Vertical, and Intra_Chroma_Plane) can be used
for each 8 x 8 macroblock partition. The intra prediction
mode for each macroblock partition is directly coded into the
bitstream without prediction from the intra prediction modes
of neighboring macroblock partitions.

B. Inter Prediction

An inter macroblock can be coded by one 16 x 16
macroblock partition, two 16 x 8 macroblock partitions,
two 8 x 16 macroblock partitions, or four 8 x 8 macroblock
partitions. Five inter-prediction modes (skip, forward predic-
tion, backward prediction, multiple-hypothesis, and symmet-
rical prediction) are defined for inter-macroblock partitions.
For each inter-macroblock partition, one to four modes can
be selected depending on the current picture coding type and
partition size, as shown in Table I.

1) Skip: The skip mode skips encoding all syntax elements
except its mode type information. If Skip mode is selected for
the current macroblock, both the motion vector difference and
prediction residues are forced to zero.

2) Forward Prediction: This mode uses only one block in
one of its forward reference pictures to predict the current
macroblock partition. The motion vector difference and the
prediction residues of the current macroblock partition are
transmitted in the bitstream.

3) Backward Prediction: This mode uses only one block
in its backward reference picture to predict the current
macroblock partition. The motion vector difference and the
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TABLE I
INTER-PREDICTION MODES FOR EACH TYPE OF MACROBLOCK PARTITION

Mode

Ski Forward Backward Multiple-hyp Symmetrical
MBPa P prediction prediction othesis prediction
P 16x16 \/ \ y
P_16x8 \/ v
P 8x16 \ y
P_8x8 S v
B_Skip v
B 16x16 J V 3
B_16x8 \ v \/
B _8x16 \ v \/
B_8x8 v v v v
Reference frame Current frame
Fig. 2. Tllustration of low cost multiple-hypothesis prediction.

inter-prediction residues of the current macroblock partition
are transmitted in the bitstream.

4) Multiple-Hypothesis: A low cost multiple-hypothesis
prediction is used, as shown in Fig. 2. The inter predictor
of the macroblock partition (C) is derived by averaging two
forward predictors (P1 and P2) [10]. The motion vector (MV1)
of the first forward predictor is derived using the motion vector
prediction process, and the motion vector (MV2) of the second
forward predictor is derived by motion estimation constrained
with the first predictor [20]. Only the motion vector difference
of the second predictor and the inter-prediction residues is
transmitted in the bitstream.

5) Symmetrical Prediction: The symmetrical mode averages
one forward and one backward predictor to obtain the final
inter predictor for the macroblock partition, as shown in
Fig. 3 [4]. The motion vector (MV1) of the forward predictor
is derived by forward motion estimation. The backward motion
vector (MV?2) is derived by scaling the forward motion vector.
The scaling factor is decided by the distance (Distl) between
the forward reference frame and the current frame, and the
distance (Dist2) between the backward reference frame and
the current frame. Only the motion vector difference of the
forward predictor and the inter-prediction residues are trans-
mitted in the bitstream.

C. Mean-Based Motion Vector Prediction

A motion vector is predicted, and only the motion vector
difference (between the motion vector and its prediction) is
coded into the bit stream. To predict the motion vector of the
current macroblock partition (given by E), the motion vectors
of its left, above, left-above, and right-above macroblock

v Mv1
Mv2
_
PE— _ «— _
Dist1 Dist2

Forward
reference

Backward
reference

Current
frame

Fig. 3. Tllustration of symmetrical prediction.
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Fig. 4. Neighboring macroblock partitions and motion vector prediction.

partitions (given by A, B, D, and C, respectively) are used,
and the motion vector prediction process is shown in Fig. 4.
If there is no motion vector for one macroblock partition
(intra-macroblock partition) or the macroblock partition has
not been reconstructed, the motion vector of this macroblock
partition is set as a zero vector. If A—D are all unavailable, the
predictor of E is set as a zero vector; otherwise, if only one
of A-D is available, the predictor of E is set as that available
motion vector; otherwise, if C is unavailable, then it is replaced
with D. A—C are used to predict E by the following process.

The sign of each horizontal component of A—C must be
compared. If the sign of one motion vector X is different from
the other two, X is excluded from the motion vector prediction
process, and the predictor of the horizontal component is
the average of the horizontal components of the other two
motion vectors. Otherwise, the Euler distance of the horizontal
component of each pair of neighboring motion vectors is
calculated, and the motion vector pair with the smallest Euler
distance is selected. Then, the predictor of the horizontal
component is the average of the horizontal components of the
selected motion vector pair. The vertical component of E is
predicted in the same way as the horizontal component [25].

D. Resolution-Adaptive Interpolation Filter

Quarter-pel motion compensation is used for luma compo-
nent. A 2D separable Lanczos filter is used to generate the
subpel position values [11]. As shown in Fig. 5, three 1D
filters, F1, F2, and F3, are used to generate the subpel values
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Fig. 5. Integer samples (shaded blocks) and fractional sample positions
(unshaded blocks) for luma interpolation.

as

Ax,y = Z F1(z) % Ayyzy bxy= Z F2(z) % Axyz,y
< z

Cx,y = Z F3(z) % Ax+z,y
z

dyy = Z F1(2) ¥ Ay y+z hyy = Z F2(2) % Ax,y+7
< z

Nx,y = Z F3(2) % Ax y4z
z

exy = Z F1(z) *ay yy; ix,y= Z F2(2) * ax,y+;
z Z

Px,y = Z F3(z) * Ax,y+z
z

fx,y = Z Fl(z) * bx,y+z jx,y = Z F2(z) * bx,y+z
z z

dx,y = Z F3(z) * bx,y+z
z

8x,y = Z Fl(z) * Cx,y+z kx,y = Z F2(z) * Cx,y+z
z z

I'x,y = ZF?’(Z) * Cx,y+z
z

where A is the integer pixel, @ ~ r are the subpels, x and y
are the horizontal and vertical coordinates of subpels, F1 ~ F3
are the 1D interpolation filters given in Table II, and z is the
index of filter coefficients. Either 4-tap, 6-tap, or 10-tap filters
can be used as the interpolation filter, depending on the spatial
resolution of the given sequence [26]. The 4-tap filters are used
on the sequence larger than 1080p, the 6-tap filters are used on
the sequence between 1080P and 720P, and the 10-tap filters
are used on the sequence smaller than 720P.

The intention behind using resolution-adaptive interpola-
tion is to obtain a good tradeoff between low-pass property
and Gibbs artifacts (around the high-frequency band) in the
interpolation filter design. Usually a low-resolution video is
down-sampled from a high-resolution video with a low-pass
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TABLE 11
INTERPOLATION FILTER COEFFICIENTS FOR LUMA
Position 4-tap 6-tap 10-tap
1,-2,4,-10, 57,
1/4(F1) -6, 56, 15, -1 2,-9,57,17,-4,1 19.-7.3.-1.0
1,-2,5,-12, 40,
2/4(F2) -4, 36, 36, -4 2,-9,39,39,-9,2 40,-12.5, 2.1
0,-1,3,-7,19, 57,
3/4(F3) -1, 15, 56, -6 1,-4,17,57,-9,2 10,4, 2.1

TABLE III
INTERPOLATION FILTER COEFFICIENTS FOR CHROMA

Position Filter

1/8 -4,62, 6, 0
2/8 -6, 56, 15, -1
3/8 -5,47,25,-3
4/8 -4, 36, 36, -4
5/8 -3,25,47,-5
6/8 -1, 15, 56, -6
7/8 0, -6, 62,-4

+12 8 ~4 *2 *1
Current

Fig. 6. Relationship between the current frame with its reference frames [27].

filter, as the frequency bandwidth of low resolution is narrower
than that of high-resolution video. A short-tap filter (such
as a 4-tap filter) has a poor low-pass property but small
Gibbs artifacts (strong around the high-frequency band), so it
is suitable for high-resolution video (with a wide frequency
bandwidth). A long-tap filter has a good low-pass property but
large Gibbs artifacts, and is suitable for low-resolution video
(with a narrow frequency bandwidth). Using a resolution-
adaptive interpolation filter also controls the decoding com-
plexity. In modern video coding standards, subpel interpolation
is an extremely time-consuming video decoder module. Using
a short-tap filter for high-resolution videos can constrain the
decoding complexity. A more detailed explanation can be
found in [32].

Eighth-pel motion compensation is used for chroma com-
ponents. A 2D separable filter similar to that of the luma
component is used to generate the subpel position values. The
4-tap filters specified in Table III are used for calculating the
subpels of chroma components.

E. Reference Frames

Fig. 6 shows the relationship between the current frame with
its reference frames in the forward and/or backward directions.
The inter-prediction process can refer to multiple reference
frames in the forward direction, and is used in the forward
prediction and the multiple-hypothesis modes. In the current
ITM (IVC Test Model), the number of forward reference
frames can be customized up to 8. If the temporal position of
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Fig. 7. Adaptive nonreference P coding structure.

the current frame is ¢, then the current frame can refer to the
reference pictures at the locations shown in Fig. 6: t—1, r—2,
and t—4xn (forn =1,2,3, ...). The macroblock coded with the
backward prediction mode, the skip mode, or the symmetrical
mode can, however, only refer to the one backward reference
frame (the ¢ 4+ 1 frame in Fig. 6) [27].

In low-delay coding cases, nonreference P frame [13] cod-
ing uses three different levels of QP values for each group of
pictures (GOPs). A coding structure with nonreference P frame
coding is shown in Fig. 7. A typical example of a QP setting
is where the lowest value of QP is assigned to the P frames of
PO and P4; then, a larger QP value is assigned to the P frame
of P2, and the largest QP is assigned to the nonreference
frames of P1 and P3. A three-level hierarchical coding struc-
ture in terms of QP values is thus used in nonreference P frame
coding. Whether nonreference P frame coding is used (e.g.,
PO-P3) or not used (e.g., P4, P5, P6, and P7) for every four
frames can be adaptively determined based on the temporal
correlation, which is adaptively measured by the amount of
motion and bitrate [21].

F. Partition-Dependent Transform

Variable blocksize transform is applied on the prediction
residues to reduce spatial redundancy. The transform blocksize
can be either 16 x 16, 8 x 8§, or 4 x 4. Integer transforms of
16 x 16, 8 x 8, and 4 x 4 are derived by scaling and rounding
the discrete cosine transform cores of 16 x 16, 8 x 8, and
4 x 4, respectively [8], [9], shown in Fig. 8. For the inter-
macroblock partition, if the partition size is 16 x 16,a 16 x 16
transform is applied; otherwise, an 8 x 8 transform is applied
on each 8 x 8 block within this macroblock partition. For the
intra-macroblock partition, the transform size is coupled with
the partition size. If the partition size is 16 x 16, then a 16
x 16 transform is applied; if the partition size is 8 x &, an
8 x 8 transform is applied; otherwise, a 4 x 4 transform is
applied. The inverse transform processes are specified as

Ryxn = (TA]/wa * Cyxn * Tyxny + (11 < left_shift))

>> right_shift ()

where Ryxy is the N x N residual matrix, Tnxpy 1is the
N x N transform matrix, and Cyxy is the transformed
N x N matrix. For the 16 x 16, 8 x 8, and 4 x 4 inverse
transforms, the parameters of {N, left_shift, right_shift} are
set as {16, 14, 15}, {8, 4, 5}, and {4, 16, 17}, respectively.
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Fig. 8. Adaptive blocksize transform cores. (a) 16 x 16 transform core.
(b) 8 x 8 transform core. (¢) 4 x 4 transform core.

p3 | p2 | p1

pOlqo gl | g2 | g3

Fig. 9. Horizontal or vertical edge sample of 8 x 8 block.

G. Logarithmic Domain Arithmetic Coding

Coding a data symbol involves the following steps: 1) bina-
rization; 2) context model selection; and 3) arithmetic encod-
ing. A given nonbinary valued syntax element is uniquely
mapped to a binary sequence; a so-called bin string. Each of
the given binary decisions, referred as a bin in the sequence,
enters the context modeling stage, where a context model
is selected. Then, the bin value along with its associated
context model is passed to the regular coding engine or
bypass coding, where the final stage of arithmetic encod-
ing together with subsequent context updating takes place.
Binary arithmetic coding is based on the principle of recursive
interval subdivision, which involves the following elementary
multiplication operation. Suppose that an estimate of the
probability Pyvps(0.5, 1) of the most probable symbol (MPS)
is given and the given interval is represented by its lower
bound denoted as L and its width (range) represented by R.
Based on these settings, the given interval is subdivided into
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Fig. 10. Objective performance for 1080p HD sequences.
two subintervals: Ryps and Rpps as

Rmps = R * Pvips
Rips = R — Rwps.

2
3)
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An arithmetic coding method in a logarithmic domain is
adopted as the entropy coding engine [14]. In the binary
arithmetic coder, the multiplication in the Rpyps calculation
is substituted by addition in the logarithm domain. When an
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TABLE IV
CODING TooLS COMPARISON BETWEEN AVC HP AND IVC

Module AVC HP IvC
Transform 8x8, 4x4, Hardmard 16x16, 8x8, 4x4
Quantization  Post-scaling & scalar Scalar quantization
quantization,
QP range: 0~51 QP range: 0~63
Weighted quantization
Entropy Table based arithmetic Logarithmic domain
Coding coding, CAVLC arithmetic coding
Intra 16x16, 8x8,4x4 16x16, 8x8, 4x4
Prediction
9 modes for luma 5 modes for luma
4 modes for chroma 4 modes for chroma
mode prediction coding direct mode coding
Inter 16x16 ,16x8, 8x16, 16x16 ,16x8, 8x16,
Prediction 8x8/8x4, 4x8, 4x4 partitions  8x8 partitions

6-tap interpolation filter for
luma

Resoluation-adaptive
interpolation filter
for luma

Bilinear interpolation filter ~ 4-tap interpolation

for chroma filter for chroma

Median motion vector Mean-based motion

prediction vector prediction

Generalized B frames Low-cost
multiple-hypothesis

Hierarchical B and P frames ~ Adaptive
non-reference P
frames

Long-term reference frames

Loop filter Context adaptive

de-blocking

Pixel intensity
adaptive de-blocking
filter

MPS happens, the renewal of range is given as
LogRwmps = log R + log Puvps. 4)

Assume that the value of logR is represented by its integer
part s1 and fractional part ¢1, and the value of Log(Rmps)
is represented by its integer part s2 and fractional part 72,
respectively. When an LPS happens, the range is updated as

RLPS — R — RMPS — 2—Sl+ll _ 2—52-‘1—[2

~ 27 (L + 1) = 27525 (1 + 1)
as
2~ 1+x(0 <x <1). (5)

So, Ryps and Rpps are calculated only by additions and shifts
operations. After the value of Rppg is obtained, the renewed
lower bound is updated. Then, the renormalization process is
carried out, to guarantee that the most significant bit of the
updated range value is always “1.” After one bin is encoded
by the arithmetic coder, the estimated probability of the chosen
context should also be updated. The probability of each context
model is in fact initialized to be 0.5 for both MPS and LPS
at the start of coding. With the coding of bins, the adaptive
probability estimation of MPS on the logarithm domain is
performed. The probability estimation is fulfilled using only

TABLE V
TEST SEQUENCES AND RATE POINTS

Class A [1920x1080p] Rate 1 Rate 2 Rate 3 Rate 4

S03 Kimono(24fps) 1.6 Mbit/s 2.5 Mbit/s 4.0 Mbit/s 6.0 Mbit/s
S04 ParkScene(24£ps) 1.6 Mbit/s 2.5 Mbit/s 4.0 Mbit/s 6.0 Mbit/s
S05 Cactus(50fps) 3.0 Mbit/s 4.5 Mbit/s 7.0 Mbit/s 10.0 Mbit/s
S06 BasketballDrive(50fps) 3.0 Mbit/s 4.5 Mbit/s 7.0 Mbit/s 10.0 Mbit/s
Class B [832x480p] Rate 1 Rate 2 Rate 3 Rate 4

S08 BasketballDrill (50fps) 512 kbit/s 768 kbit/s 1.2 Mbit/s 2.0 Mbit/s
S09 BQMall (60fps), 512 kbit/s 768 kbit/s 1.2 Mbit/s 2.0 Mbit/s
S10 PartyScene(501ps) 512 kbit/s 768 kbit/s 1.2 Mbit/s 2.0 Mbit/s
S11 RaceHorses(30fps) 512 kbit/s 768 kbit/s 1.2 Mbit/s 2.0 Mbit/s
Class D [1280x720p] Rate 1 Rate 2 Rate 3 Rate 4

S16 Johnny(60fps) 384 kbit/s 512 kbit/s 850 kbit/s 1.5 Mbit/s
S17 KristenAndSara(60fps) 384 kbit/s 512 kbit/s 850 kbit/s 1.5 Mbit/s
S18 FourPeople(60£ps) 384 kbit/s 512 kbit/s 850 kbit/s 1.5 Mbit/s

additions/subtractions and shifts as in the following formulas:
LogPyps = LogPyps + Log f
if (LPS happens)

LogPwmps = LogPwps + (LogPyvps > cw)
if (MPS happens)

(6)

where f is equal to (1—27Y). Here, cw is the size of the
sliding window to control the speed of probability adaptation,
and is set as a constant value.

In summary, the arithmetic coder in IVC replaces the
traditional multiplications for range and probability estimation
update with additions, by combining the original domain and
the logarithmic domain. The reader can refer to [14] for
detailed explanations.

H. Intensity-Based Deblocking Filter

An expired patent of an intensity-based deblocking fil-
ter [15] is used to process all 8 x 8 block edges of a picture to
reduce the blocking artifact, except the edges at the boundary
of the picture. This filtering process is performed on a mac-
roblock basis after the completion of the picture reconstruction
process and before the deblocking filter process for the entire
decoded picture, with all macroblocks in a picture processed
in order of increasing macroblock addresses. The deblocking
filter process is invoked for the luma and chroma components,
respectively. For each macroblock, vertical edges are first
filtered from left to right, and then horizontal edges are filtered
from top to bottom. Sample values above and to the left of the
current macroblock that may have already been modified by
the deblocking filter process operation on the previous mac-
roblocks will be used as input to the deblocking filter process
on the current macroblock, and may be further modified during
the filtering of the current macroblock. Sample values modified
during the filtering of the vertical edges are used as input for
the filtering of the horizontal edges for the same macroblock.
If the level differences between the two border pixels in the
same block and between the two border pixels in different
adjacent blocks meet certain conditions, the edge is filtered.
Here, the edge is defined as edges between all 8 x 8 blocks
inside the macroblock, and the upper and left edges of the
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current macroblock. Three types of filtering methods are used:
strong loop, normal loop, and weak loop filtering [28].

Fig. 9 indicates eight sampling positions around two vertical
or horizontal sides of p and ¢ (the edge is expressed by the
bold line).

The conditions of loop filtering are defined as follows.

1) abs(p0 — pl) < p && abs(g0 —¢ql) < .

2) abs(g0 — p0) > abs(p0 — pl) && abs(g0 — p0) >

abs(g0 —g1).

3) abs(¢g0 — p0) < a.

4) abs(p2 — p0) < f && abs(g2 — —q0) < p.

5) abs(p3 — p0) < f && abs(g3 — ¢0) < p.

6) abs(p0 — pl) < min(3, f) && abs(g0 — ¢l) <

min(3, f).
The values of o and f are derived from parsing the syntax
elements of alpha and beta in the bitstream, respectively, and
their values are decided by the encoder.

1) If only the above conditions of (1)—(3) are satisfied, the

weak loop filtering is applied. The weak filtering process
is defined as

PO = ((g0— —p0)+2) > 2) + p0
Q0 = ((p0 — —q0) + 2) > 2) + q0.

PO and QO are sample values d after the filtering process
of p0 and ¢O0.

2) If only the conditions of (1)—(4) are satisfied, normal
loop filtering is applied, but for each chroma component,
if (6) is not satisfied, the above weak loop filtering
replaces normal loop filtering. Normal filtering process
is as follows:

Pl = (B*(p2—4q0)+4%(p0—q0)
+8#(q0— pl) +8) > 4) + pl

PO = (((p2 — q0) +4* (pl — q0) + (g1 — p0)
49 % (¢q0 — p0) + 8) > 4) + p0

00 = (((g2 — pO) + 4 * (g1 — p0) + (p1 — q0)
+9 % (p0 —g0) +8) > 4) + ¢0

01l = (3*(g2— p0)+4%(¢q0— p0)+38
#(p0—qgl)+8) > 4) +¢l.

P1, PO, Q0, and Q1 are sample values obtained after
filtering process of p1, p0, g0, and g1, respectively.

3) For macroblock luminance edges, if all the six condi-
tions are satisfied, strong loop filtering is applied. The
strong filtering process is

P2 = (4% (p0—q0)+5% (g0 — p2) +4) > 3)+ p2

Pl = ((16%x (g0 — pl)+ 6% (p2—q0)+7
*(p0 —¢0) +8) > 4) + pl

PO = (9% (p2—q0)+ 6% (g2 — p0) + 17
#(g0 — p0) + 16) > 5) + p0

00 = (9% (g2 — p0)+ 6% (p2 —q0)+ 17
*(p0 — ¢0) + 16) > 5) + ¢0

01 = ((16% (pO0—gl)+ 6% (g2 — p0) +7
*(q0 — p0) +8) > 4) +¢1

02 = (4% (g0 — p0)+ 5= (p0 — g2)+4) > 3))+42.
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P2, P1, PO, Q0, Ql, and Q2 are sample values
obtained after the filtering process of p2, pl, p0, 0,
g1, and g2, respectively.

1. Comparison With AVC HP

IVC and AVC HP have used a similar coding framework.
To help the reader to understand their similarity and differ-
ences, we summarize the coding tools in Table IV. Table IV
shows that although AVC HP has more efficient coding tools
than IVC, such as intra prediction and inter prediction, IVC
has more efficient tools than AVC HP, such as adaptive
blocksize transform, resolution-adaptive interpolation filters,
and multiple-hypothesis prediction, so it can be predicted that
IVC has a comparable performance to AVC HP.

III. PERFORMANCE EVALUATION

To evaluate the performance of IVC, we conducted a perfor-
mance test on the IVC test model (ITM12.0), and compared it
with WVC, VCB, and AVC HP. The following approach was
agreed upon by the MPEG video group for conducting the
test [16], to enable a comparison at approximately the same
bitrate points.

1) Produce, for each of the codec designs, bitstreams
that are within +/—3% of the target bitrates for the
sequences given in Table V.

2) Allow QP (or quantizer step size) variation within a
sequence in a periodic pattern of frame types (where
frame types are differentiated by syntax or by a reference
picture handling mechanism) within a sequence.

3) No per-sequence adaptation of the pattern of frame types
can be used.

4) No sequence-specific tuning of coding parameters (such
as enabling/disabling of special tools, certain modes,
limitation of motion search range, and so on) was
allowed.

5) No rate control was allowed.

6) No preprocessing was allowed.

7) No postprocessing of the decoder output was allowed.

Encoded bitstreams were provided for the following two
constraint cases.

1) Constraint Set 1 (CS1, Also Known As, RA): Structural
delay of processing units not larger than an 8-picture
GOPs and random access (RA) intervals of 1.1 s or less.

2) Constraint Set 2 (CS2, Also Known As, LD): No struc-
tural delay of processing units, with essentially no pic-
ture reordering between decoder processing and output.

The tests included AVC HP anchors produced by a JM 18.6
reference software encoder. Encoding of these anchors was
performed under the same configuration constraints as for
the other encoders. Detailed encoding settings for AVC HP
and WVC are given in [29] and [30], respectively. Detailed
encoding setting used in the generation of the VCB bitstreams
is listed in [22].

Tables VI and VII provide coding configurations applied to
the IVC encoder for the CS1 and CS2 cases. Other parameters
for the IVC encoder are set the same as those provided in [6].
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Fig. 11.  Subjective test results for 1080p HD sequences.
A. Objective Performance Positive percentages indicate a bitrate increase relative to the

Table VIII shows the performance of the three tested reference of the comparison.
encoders according to the established Bjgntegaard delta In the random access (RA) constraint cases (CS1), IVC
bitrate criterion [17], using AVC HP as the anchor. clearly outperforms WVC and VCB in terms of BD bitrate
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Subjective test results for WVGA sequences.
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in their overall average by 24% and 22.5%, respectively, and VCB by 15.8% and 6.5%, respectively, in terms of BD bitrate.
underperforms AVC HP by 11.6%. In the Low Delay (LD)
constraint cases (CS2), IVC clearly outperforms WVC and

IVC underperforms AVC HP by 6.5%, although in some
sequences, such as Racehorses, IVC underperforms VCB.
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Fig. 13.  Subjective test results for 720p sequences.

However, LD cases are mainly used in video conference
scenarios, and for these video sequences of Class D, IVC
is still clearly better than VCB. The R-D curves for HD
sequences are shown in Fig. 10.

B. Subjective Assessment

In addition to objective evaluation, we engaged a profes-
sional team to organize a formal subjective test to compare the
subjective performances between IVC, VCB, and AVC HP.
The bitstreams generated in the objective performance test of
Section III-A are reused in this subjective assessment.

A total of 36 viewing subjects participated in the experiment
on different days. All were young students, screened before
the test for visual acuity and color blindness, using the Snellen

chart and Ishihara color tables. All viewing subjects passed
the visual test, all are between 18 and 30 years old, and well
balanced in terms of gender.

The double stimulus impairment scale (DSIS) variant I test
method was used for the evaluation, which implies the use of
a basic test cell (BTC) where first the uncompressed reference
sample (SRC) of a video test sequence is shown, followed by
the compressed video sequences (PVS); this pair of stimuli
are repeated twice in the BTC. The timing of a DSIS BTC is
given in Table IX.

The above leads to a BTC with a total length of 50 in,
during which the evaluation of one test point is completed.
The literature on formal subjective assessment dictates that
a test session must begin with a “stabilization phase,” made
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TABLE VI
CONFIGURATION INFORMATION OF CS1 FOR IVC

#
Class Sequences QPI (ChangeQP Int}' a BFra
frame) Period me
Kimono 20(50), 24(200), 29, 33 6 3
Class ParkScene 24, 27(200), 31(100), 35(100) 6 3
A Cactus 23(200), 26(350), 30, 34 13 3
BasketballDrive 25,28,32,36 13 3
BasketballDrill 27(400), 32, 36(250), 41 13 3
Class BQMall 26(300), 31(300), 36, 40(400) 16 3
B PartyScene 31(250), 36, 39(200), 43(450) 13 3
RaceHorses 28(100), 33, 37(150), 41(200) 8 3
FourPeople 24, 30(400), 36(400), 40 16 3
CISSS Johnny 20(400), 25, 30, 33(400) 16 3
KristenAndSara 22(400), 28, 33(400), 37 16 3
TABLE VII
CONFIGURATION INFORMATION OF CS2 FOR IVC
Class Sequences QPI (ChangeQP frame)
Kimono 22,26, 31,36
ParkScene 22(100), 26, 30, 34
Class A
Cactus 23(200), 26(250), 30(250), 34(250)
BasketballDrive 28,31, 35(250), 39(250)
BasketballDrill 27, 32,37, 41(400)
BQMall 29, 34, 39, 43(300)
Class B
PartyScene 32(400), 36(200), 40(250), 44
RaceHorses 32(200), 36(100), 40(100), 44
FourPeople 23, 28(300), 34, 37
Class D Johnny 20, 24, 28(300), 31(300)
KristenAndSara 22,27, 32(500), 35(300)

up of five BTCs selected from those included in the test
session, with low, high, and mid quality. The insertion of the
stabilization phase at the beginning of a test session gives the
viewing subjects an immediate impression of the total range
of quality they will see during the test session. To verify the
degree of viewers’ attention, it is recommended that at least
two BTCs are inserted in each session, in which the SRC
is evaluated against itself. When designing a test sessions,
it is also recommended that the total length of each session is
kept under 20 min, to avoid loss of attention of the viewers.
To avoid any influence of the presentation order inside a
session, the randomization of the session content is changed
for every different group of viewers.

The DSIS method (described in the ITU-T recommendation
P910 as DCR) is based on the expression of the level of
“impairment;” i.e., the distance in quality from the “reference”
image shown first in a BTC. The scoring sheet of the DSIS test

TABLE VIII
PERFORMANCES OF IVC, VCB, AND WVC RELATIVE TO AVC HP

RA LDP
Class Sequences
WVvC VCB IVC WVC VCB 1IVC
Kimono 47.9%  245% 13.0% 37.0% 2.8% 5.0%
Class ParkScene 254%  38.0% 19.8% 17.0% 8.1% 7.3%
A Cactus 459%  322% 11.5% 254% 9.5% 4.2%
BasketballDrive 41.5%  32.1% 16.3% 28.1% 8.6% 6.6%
BasketballDrill 28.5% 155% 7.6% 17.9% 17.6% 4.6%
Class BQMall 302%  36.9% 5.8% 182% 73% 4.8%
B PartyScene 25.0%  32.5% -52% 13.5% 5.1% -7.2%
RaceHorses  22.2%  20.4% 21.6% 16.1% 4.2% 10.3%
FourPeople  46.2%  67.8% 18.6% 27.5% 40.9% 14.0%
Cﬁss Johnny 40.8%  412% 9.5% 22.9% 23.1% 13.5%
KristenAndSara 37.6%  34.3% 8.9% 21.8% 158% 8.3%
Average 35.6% 34.1% 11.6% 22.3% 13.0% 6.5%
TABLE IX
TIMING OF A DSIS BTC
Order Content Duration(second)
1 Mid gray 0.5
2 Message “A” 1
3 SRC (original video clip) 10
4 Message “B” 1
5 PVS (coded video clip) 10
6 Mid gray 0.5
7 Message “A*” 1
8 SRC (original video clip — same as before) 10
9 Message “B*” 1
10 PVS (coded video clip — same as before) 10
11 Message “Vote N” 5
TABLE X
SUBJECTIVE SCORES AND CORRESPONDING MEANINGS
Score Meaning
10 no impairment detected
9and 8 one or more impairments are detected by paying a lot of
attention
7 and 6 one or more impairments are detected with no doubt
5and 4 one or more impairments are detected quite easily
3 and 2 one or more impairments are detected in an evident way
land 0 one or more impairments corrupts the image in a serious way

provides a scoring box for each BTC, numbered sequentially.
The viewers identify the quality of the PVSs by providing
a number from O to 10 in the box, where 10 represents a
total absence of impairments and O represents impairments
so evident and diffused in the image to make it almost
unrecognizable. A good outcome for the test experiment is
strictly related to the level of viewers’ training, particularly if
they are inexperienced or new to the test procedure.
Explaining to the viewers what is expected from them
to properly assess the quality of the coded video clips is
important. The use of the score they select to assess the
impairment they do or do not see in the coded video clips
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must be explained, as shown in Table X.

The scores sheets are logged on an electronic spreadsheet
to compute the MEAN values. An indication of standard
deviation and confidence interval (CI) is given by setting the
excel formulas to 24 samples for the HD and wide video
graphics array (WVGA) resolutions, while the CI population
value was set to 32 for the 720p resolution. A postscreening
strategy is applied to the viewing subjects on the basis of the
score they each produced, and performing a correlation of each
score against the mean value obtained from the score of all
the viewers. A threshold of acceptance to the correlation index
was set to 0,75. All participants passed this test.

The test results for 1080p sequences, WVGA sequences,
and 720p sequences are given in Figs. 11-13, respectively.
IVC and AVC HP provide very similar results for the tested
cases. In the most cases, they have overlapping Cls, in some
cases, IVC 1is visually better than AVC HP, and in some
cases, AVC HP is better than IVC. IVC is clearly better than
VCB for most RA cases, which is in accordance with their
objective performance gap. IVC and VCB are similar for the
most LD cases, and for some sequences, such as Kimono and
RaceHorses, VCB is better than IVC, and for some sequences,
such as ParkScene, BQMall, and PartyScene, IVC is better
than VCB.

In general, the subjective performance of IVC is similar to
that of AVC HP for both RA and LD cases, and IVC is better
than VCB for the RA cases, and is similar to VCB for the LD
cases.

IV. CONCLUSION

This paper provides an overview of the coding tools used
in the MPEG IVC standard. Both objective and subjective
performance tests were conducted, and the performance of
IVC is shown to be comparable to AVC HP, and is better
than WVC and VCB. Our team has set up an open source
project XxIVC, which aims to develop a real-time IVC codec
for HD sequences. As of now, the decoder of xIVC can decode
1080p sequences in real-time on a PC platform.
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