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The MPEG Internet Video-Coding Standard

o address the diversified needs of the

Internet, the ISO/IEC JTC1/SC29/

WG11 Moving Picture Experts
Group (MPEG) started the project of
Internet video coding (IVC) in July 2011.
It is anticipated that any patent declara-
tion associated with the baseline profile
of this standard will indicate that the pat-
ent owner is prepared to grant a free-of-
charge license to an unrestricted number
of applicants worldwide. IVC has been
developed in MPEG from scratch by
combining well-known existing technol-
ogy elements and new contributions with
free-of-charge licenses. Recently, IVC’s
compression performance has been
determined to be approximately equal to
that of the advanced video coding high
profile (AVC HP) for typical operational
settings, both for streaming and low-
delay applications. In June 2015, the
IVC project was approved as ISO/IEC
14496-33 (MPEG-4 IVC). It is believed
that this standard can be highly ben-
eficial for video services in the Internet
domain. This article describes the main
coding tools adopted in IVC; evaluates
its performance compared with web
video coding (WVC), video coding for
browsers (VCB), and AVC HP; and pro-
vides the subjective comparison results
between IVC and AVC HP.

Background
Video-coding standards lie at the heart
of every aspect of video in our lives,
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including broadcast television, stream-
ing video on the Internet, digital cinema,
movies on optical disks, home mov-
ies, and video conferencing. The most
famous image-coding standards, JPEG
and JPEG 2000, are royalty free (Type-1).
To address the diversified needs of the
Internet, ISO/IEC JTC1/SC29/WGl11
MPEG issued the call for proposals
(CfP) for the type-1 standard of IVC [1]
in July 2011.

Three codecs respond to the CfP,
including WVC [2], VCB [3] and IVC
[4]. WVC is proposed jointly by Apple,
Cisco, Fraunhofer Heinrich Hertz Insti-
tute, Magnum Semiconductor, Polycom,
and Research in Motion Ltd. The cod-
ing tools in constrained AVC baseline
plus hierarchical P frames are adopted
in WVC. VCB is proposed by Google,
and the coding tools are the same as
those in VP8. IVC is proposed by sev-
eral universities (including Peking Uni-
versity, Tsinghua University, Zhejiang
University, Hanyang University, Korea
Aerospace University, and the Univer-
sity of Electronic Science and Technol-
ogy of China), and its coding tools are
developed from scratch. These three
codecs try to meet the intellectual prop-
erty rights policy requirement of IVC
with different strategies [5]. WVC and
VCB expect the patent holders would
like to grant a free-of-charge license for
the internet application scenarios. [IVC
aims to create a new platform by utiliz-
ing coding tools for which patents have
expired and new contributions with free-
of-charge licenses.
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In June 2015, the compression per-
formance of IVC was determined to
be approximately equal to that of AVC
HP for typical operational settings, both
for streaming and low-delay applica-
tions [6], and the IVC project was for-
mally approved as ISO/IEC 14496-33
(MPEG-4 1VC).

Coding tools in IVC

Similar to previous standards, IVC is
based on the traditional hybrid trans-
form and motion compensation fra-
mework, as shown in Figure 1. Only
progressive scan sequences are support-
ed by IVC, and the input format of an
IVC encoder is YUV420. The basic cod-
ing unit is macroblock. A macroblock
consists of a 16 X 16 luminance block
and two corresponding 8 X 8 chroma
blocks. The input macroblock can either
be coded with intramode or intermode,
which is decided by the mode decision.
If intramode is selected, the blocks in
a macroblock are first predicted with
intraprediction, and then the residues
are processed with the modules of trans-
form, quantization, and entropy coding,
sequentially. At last, the blocks are re-
constructed and processed with de-
blocking to obtain the decoded blocks.
The decoded blocks are put into a for-
ward frame buffer or backward frame
buffer for being referred to by motion
compensation. Otherwise, if intermode
is selected for the current macroblock,
motion compensation is invoked to get
the interpredictor, and the motion vec-
tors used in the motion compensation
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A block diagram of an IVC encoder.

are derived with motion estimation.
The main coding tools of the IVC are
described in the following paragraphs.

Intraprediction

Spatial domain intraprediction is used in
intramacroblock coding. The decoded
boundary samples of adjacent blocks
are used as reference data for the spatial
prediction. For the luma component in
a macroblock, it can be coded by either
one 16 X 16 macroblock partition or
four 8 X 8 macroblock partitions. Each
8 X 8 macroblock partition can be fur-
ther coded with four 4 X 4 macroblock
partitions. The four prediction modes
(i.e., Intra_Vertical, Intra_Horizontal,
Intra_DC, Intra_Down_left, and Intra_
Down_right) shown in Figure 2 can be
used for a 16 X 16 macroblock partition,
an 8 X 8 macroblock partition or a
4 X 4 macroblock partition. For the
chroma components in a macroblock,
they are only coded by an 8 X 8 mac-
roblock partition, and four prediction
modes (i.e., Intra_Chroma_DC, Intra_
Chroma_Horizontal, Intra_Chroma_
Vertical, and Intra_Chroma_Plane) can
be used for each 8 X 8 macroblock parti-
tion. The intraprediction mode for each
macroblock partition is directly coded
into the bitstream without prediction

T

from the intraprediction modes of
neighboring macroblock partitions.

Interprediction

An intermacroblock 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 interpre-

diction modes (i.e., skip, forward pre-

diction, backward prediction, multiple
hypothesis, and symmetrical prediction)
are defined for intermacroblock parti-
tions. For each intermacroblock parti-
tion, one to four modes are available to
be selected depending on the current
picture coding type and partition size,

as shown in Table 1.

1) Skip: Skip mode is one of the pre-
diction modes that skips the encod-
ing of all syntax elements except its
mode-type information. If skip
mode is selected for the current
macroblock, both the motion vector
difference and prediction residuals
are forced to zeros.

2) Forward prediction: Forward predic-
tion mode uses only one block in
one of its forward reference pictures
to predict the current macroblock
partition. The motion vector differ-
ence and the prediction residuals of
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The intraprediction modes for the

luma component.
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the current macroblock partition are
transmitted in the bitstream.

Backward prediction: Backward
prediction mode uses only one block
in its backward reference picture to
predict the current macroblock parti-
tion. The motion vector difference
and the interprediction residuals of
the current macroblock partition are
transmitted in the bitstream.

Multiple hypothesis: In this mode,
as shown in Figure 3, the interpre-
dictor of the macroblock partition
(c) is derived by averaging two for-
ward predictors (H1 and H2) [10].
The motion vector (MV1) of the first
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Table 1. The interprediction modes for each type of macroblock partition.

Mode Forward Backward Multiple Symmetrical
MBPart Skip  Prediction Prediction Hypothesis Prediction
P_16x16 Voo v
P_16x8 V V
P_8x16 N V
P_8x8 N v
B_Skip V
B_16x16 V N N v
B_16x8 N \J \J
B_8x16 V V V
B_8x8 v v v v

fa—2V]
— =

Reference Frame

Current Frame

FIGURE 3. An illustration of multiple hypothesis.

MV Mv2
Dist1 Dist2
Forward Current Backward
Reference Frame Reference

FGURE 4. An illustration of symmetrical prediction.

FIGURE 5. The neighboring macroblock parti-
tions for MVP.

forward predictor is the predicted
motion vector derived by the pro-
cess of motion vector prediction,
and the motion vector (MV2) of the
second forward predictor is derived
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by the motion estimation con-
strained with the first predictor.
Only the motion vector difference
of the second predictor and the
interprediction residuals are trans-
mitted in the bitstream.

5) Symmetrical prediction: Symmetrical
mode averages one forward predic-
tor and a backward predictor to get
the final interpredictor for the
macroblock partition, as shown in
Figure 4. The motion vector (MV1)
of the forward predictor is derived
by forward motion estimation. The
backward motion vector (MV2) is
derived by scaling the forward mo-
tion vector. The scaling factor is
decided by the distance (Distl) be-
tween the forward reference frame
and the current frame and the dis-
tance (Dist2) between the backward
reference frame and the current
frame. Only the motion vector dif-
ference of the forward predictor and
the interprediction residuals are
transmitted in the bitstream.

Motion vector prediction

A motion vector is predicted, and only
the motion vector difference (between
the motion vector and its prediction)
is coded into bitstream. To predict the
motion vector of the current macroblock
partition (given by E), its four neigh-
boring macroblock partitions of left,
above, left-above, and right-above (their
motion vectors are given by A, B, D, and
C, respectively) are used, as shown in
Figure 5. If there is no motion vector
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for one macroblock partition (intram-
acroblock partition) or the macroblock
partition has not been reconstructed, the
motion vector of this macroblock par-
tition is set as a zero vector. When the
partitions A, B, C, and D are all unavail-
able, the predictor of E is set as a zero
vector. When only one of A, B, C, or 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,
and A, B, and C are used to predict E by
the following process.

First, the signs of each horizontal
component of A, B, and C are checked.
If the sign of one motion vector
(denoted by X) is different from the
other two, then this motion vector X
is excluded from the motion vector
prediction process, and the predictor
of the horizontal component is the
averaging of the horizontal compo-
nent of the other two motion vectors.
Otherwise, the Euler distance of the
horizontal component of each pair of
neighboring motion vectors is calcu-
lated, the motion vector pair with the
smallest Euler distance is selected, and
the predictor of the horizontal com-
ponent is the average of the horizon-
tal component of the selected motion
vector pair. The vertical component of
E is predicted in the same way as the
horizontal component.

Subpel interpolation

Quarter-pel motion compensation is
adopted for the luma component. A
two-dimensional separable Lanczos fil-
ter is used to generate the subpel posi-
tion values [11], as shown in Figure 6.
Three one-dimensional filters, F1, F2,
and F3, are used to generate the subpel
values as follows:

dxy = D2 F1(2) * Avszy, by
=D F2(2) ¥ Axszys Cay
:ZF3(Z)*AX+Z,}' (D
dey= Z F1(2) *Axy+z, hxy
= z 2 (Z) * Ax,y+z’ M,y

=D F3(2) *Axy+- 2



ery =D F1(2) * axyiz iny
= ZFZ (Z) * Ax,y+z, Pxy

=Y F3(2) * axy+: 3)

fey =D F1(2) * baysz, juy
Z
= F2(2) * brytz Gy

=2 F3(2) * bays: “

gxy = Z F1 (Z) * Cxy+z, k,x,y
Z
=D F2(2) * Coysz Py

= 2F3 (2) * cxy+e (5)

where A is the integer pixel, a—r are
the subpels, x and y are the horizontal
and vertical coordinates of subpels, F1—
F3 are the one-dimensional interpola-
tion filters given in Table 2, 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.
The 4-tap filters are used on a sequence
that is larger than 1080p, the 6-tap filters
are used on a sequence that is between
1080p and 720p, and the 10-tap filters
are used on a sequence that is smaller
than 720p.

Eighth-pel motion compensation is
adopted for chroma components. A two-
dimensional separable filter similar to
that of the luma component is used to
generate the subpel position values. The
4-tap filters specified in Table 3 are used
for calculating the subpels of chroma.

Reference frames

Figure 7 illustrates the relationship bet-
ween the current frame with its refer-
ence frames in forward direction and/or
backward direction. The interprediction
process can refer to multiple reference

A1 Ao—1| @01 |bo1|Co-1|A1- Az
Ao Aop | @00 | Poo | Coo | A1 Az
d_i0 doo | €00 | foo | 900 | 1.0 dz o
h_yo hoo | fo0 | Joo | Koo | 10 ha o
n
N_10 No,o | Poo | 900 | o0 | Moo 2,0
Ay Aoo | ao1 | bos | Cot | At Az
Az Aoz | @02 | byp | Co2 | A1z Az

FIGURE 6. Integer samples (shaded blocks) and fractional sample positions (unshaded blocks) for

luma interpolation.

frames in the forward direction that are
used in the forward prediction and the
multiple-hypothesis modes. In the cur-
rent IVC Test Model (ITM), the num-
ber of forward reference frames can be
customized up to eight. Let the temporal
position of the current frame be t, and
the current frame refers to the reference
pictures at the following locations, as
showninFigure 7: 1 —1,1—2,and r—4* n
(forn =1, 2, 3, ...). On the other hand,
the macroblock coded with the back-
ward prediction mode, the skip mode, or
the symmetrical mode, can refer to only
one backward reference frame (i.e., the
t+ 1 frame in Figure 7).

In low-delay coding cases, non-
reference P-frame [13] coding uses
three different levels of quantization
parameter (QP) values for each group
of pictures. A coding structure with
nonreference P-frame coding is shown
in Figure 8. As a typical example of
QP setting, the lowest value of QP is
assigned to the P frame of PO and P4,
and 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. As a result, a
three-level hierarchical coding struc-
ture in terms of QP values is used in
nonreference P-frame coding. It can be

Table 2. Interpolation filter coefficients for luma.

Position (filter) 4-Tap 6-Tap 10-Tap

1/4(F1) (=6, 56, 15, ~1}/64 (2,-9,57,17, -4, 1}/64 {1,-2,4,-10,57,19, -7, 3, -1, 0}/64
2/4(F2) (-4, 36, 36, ~4}/64 12, -9, 39, 39, 9, 2}/64 {1,-2,5,-12, 40, 40, =12, 5, -2, 1}/64
3/4(F3) (1,15, 56, ~6)/64 {1, -4,17, 57, -9, 2)/64 (0,-1,3,-7,19, 57, -10, 4, -2, 1}/64
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Table 3. Interpolation filter coefficients
for chroma components.

Position Filter Coefficients
1/8 (-4, 62, 6, 0}/64
2/8 (6, 56,15, -11/64
3/8 (-5, 47, 25, -3)/64
4/8 {-4, 36, 36, -4}/64
5/8 (-3, 25, 47, -5)/64
6/8 (-1, 15, 56, ~6)/64
7/8 (0, 6,62, -4)/64

adaptively determined whether non-
reference P-frame coding is used (e.g.,
PO, P1, P2, and P3) or not (e.g., P4,
P5, P6, and P7) for every four frames
based on the temporal correlation that
is measured by the amount of motion
and bitrate in an adaptive manner.

Adaptive block size transform

Adaptive block size transforms are
applied on the prediction residuals to
reduce the spatial redundancy. The
transform block size 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 DCT cores
of 16 X 16, 8 X 8, and 4 X 4 respectively
[8], [9]. For the intermacroblock parti-
tion, 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 parti-
tion. For the intramacroblock 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,;
else if the partition size is 8 X 8, an 8§ X 8
transform is applied; otherwise, a 4 X 4
transform is applied. The inverse trans-
form processes are specified as

Rysn = (T nxw * Cyxn * Txn
+ (1 << left_shift)) >> right_shift,
(6)

where Ryxy iS the N XN residual
matrix, Tyxy is the N XN 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.

Logarithmic domain

arithmetic coding

Coding a data symbol involves the fol-
lowing steps: 1) binarization, 2) context
model selection, and 3) arithmetic encod-
ing. For a given nonbinary valued syntax
element, it is uniquely mapped to a bina-
ry sequence, a so-called bin string. Each
of the given binary decisions, which are
referred to as a bin in the sequence, en-
ters 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 encoding together
with a subsequent context updating takes

t-4 t-2 t-1 t t+1

FIGURE 7. The relationship between the current frame with its reference frames.
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place. Binary arithmetic coding is based
on the principle of recursive interval
subdivision that involves the following
elementary multiplication operation.
Suppose that an estimate of the probabi-
lity Pwmps (0.5,1) of the most probable
symbol (MPS) is given, and the given in-
terval is represented by its lower bound,
L, and its width (range), R. Based on
these settings, the given interval is subdi-
vided into two subintervals: one interval
of width, Rwvps and Rips.

Rwmps = R* Pups @)
Rips = R — Rwps. (8)

An arithmetic coding method in a
the logarithmic domain is adopted as the
entropy coding engine [14]. In the bina-
ry arithmetic coder, the multiplication in
the Rwmps calculation is substituted with
addition in the logarithm domain. When
an MPS happens, the renewal of range
is given as

LogRwmps = LogR + LogPwvps.  (9)

Assume the value of logR is repre-
sented by its integer part sl and fraction-
al part tl, and the value of Log(Ryps) 1S
represented by its integer part s2 and
fractional part t2, respectively. When
an LPS happens, the range is updated
as follows:

Rips = R — Rwmps
_ 27sl+t1 _ 27.r2+t2 ~ 2*51 *(1 + tl)
—27%% (1 412), since

2= 14+x(0<x<1). (10

So, Rwmps and Rips are all calculated
by just addtions and shifts operations.

PO P4 P5 P6 P7

FIGURE 8. An adaptive nonreference P coding
structure.



After the value of Ryps is obtained, the
renewed lower bound is updated. Then
the renormalization process is carried
out to guarantee that the most signifi-
cant bit of the updated range value is
always one. After one bin is encoded
by the arithmetic coder, the estimat-
ed probability of the chosen context
should also be updated. Actually, the
probability of each context model is ini-
tialized to be 0.5 for both MPS and LPS
at the start of coding. With the coding
of some bins, the adaptive probability
estimation of MPS on the logarithm
domain is performed. The probability
estimation is fulfilled using only addi-
tions/subtractions and shifts, as in the
following formulas:

LogPwmps = Logwmps + Log f,
if (LPS happens)

LogPups =+ (Pwps >> cw),
if (MPS happens)

(1D

where fis equal to (1 —27). Here, cw
is the size of the sliding widow to con-
trol the speed of probability adaptation,
and it is constant.

In summary, the arithmetic coder in
IVC replaces the traditional multiplica-
tions for range updating and probability
estimation updating with additions by
combining the original domain and the
logarithmic domain. Refer to [14] for
detailed explanations.

Loop filtering

An expired patent deblocking filter
[15] is utilized 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, as shown
in Figure 9. This filtering process
is performed on a macroblock basis
after the completion of the picture-
reconstruction process prior to the
deblocking filter process for the entire
decoded picture, with all macroblocks

BEEE DEEE

FIGURE 9. The horizontal or vertical edge sample
of an 8 X 8 block.

in a picture processed in order of in-
creasing macroblock addresses. The
deblocking filter process is invoked for
the luma and chroma components sep-
arately. For each macroblock, the ver-
tical edges are filtered first, from left
to right, and then the horizontal edges
are filtered from top to bottom. Sample
values above and to the left of the cur-
rent macroblock that may have already
been modified by the deblocking filter
process operation on previous mac-
roblocks shall be used as input to the
deblocking filter process on the current
macroblock and may be further modi-
fied 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 macrob-
lock. 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 cur-
rent macroblock. There are three kinds
of filtering methods: strong loop filter-
ing, normal loop filtering, and weak
loop filtering.
The conditions of loop filtering are:
m abs(p0—pl)<B && abs(q0—ql)
<p
m abs(q0—p0) > abs(p0 —pl)&&
abs(g0 — p0) >abs(¢0 — ¢1)
m abs(¢g0—p0)<a
m abs(p2—p0) < B && abs(g2 — ¢0)
<p
m abs(p3 —p0) < B && abs(g3 — ¢0)
<p
m abs(p0—pl) < min(3,8) && abs
(g0 — g1) <min(3,5).
As long as the first three conditions,
1-3, are all satisfied, the loop filtering
is active. For the luma component, if
condition 4) is also satisfied, the nor-
mal loop filter is applied. Strong loop
filtering is used when all of the six
conditions are satisfied for macroblock
luminance edges. For the chroma com-
ponents, only when conditions 4) and 6)
are also satisfied, the normal loop filter-
ing is used. The filtering processes are
defined as follows:
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= Weak loop filtering

PO = (g0 — p0)/4 + pO;
00 (p0 — ¢q0)/4 + 40.

= Normal loop filtering
Pl =(3*(p2—q0)

+4*(p0—q0)
+8*(q0—pl))/16 + pl,;
PO = ((p2—40)

+4*(pl —q0)+ (g1 —p0)

+9* (g0 —p0))/16 + pO;
00 = ((¢2 —p0)

+4*(ql —p0)+(pl —4q0)

+9*(p0—¢0))/16 + q0;
01 = (3%*(q2—p0)

+4%(qg0— p0)

+8%(p0—ql))16 +¢l.

m Strong loop filtering

P2 = (4*(p0—q0)

+5*(q0 —p2))/8 + p2;
P1 =(16%*(q0—pl)

+6*(p2—q0)

+7%(p0—¢0))/16 + p1,;
PO = (9*(p2—4q0)

+6*(q2 - p0)

+ 17 * (g0 — p0))/32 + p0;
00 = (9 *(q2 —p0)

+6*(p2—40)

+ 17 *(p0 — ¢0))32 + ¢0;
Q1 = (16*(p0—ql)

+ 6% (g2 — p0)

+ 7% (g0 — p0))/16 + gq1;
02 = (4*(q0 —p0)

+5%(p0—q2)/8 + q2,

where PO and QO are sample values
obtained after the filtering process
of p0 and ¢0, P1 and Q1 denote the
sample values obtained after the filter-
ing process of pl and ¢l1, and P2 and
Q2 denote the sample values obtained
after the filtering process of p2 and g2.

Performance evaluation

To evaluate the performance of IVC,
we conduct a performance test on the
newest ITM14 and compare it against
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WVC, VCB, and AVC HP. The follow-
ing approach had been agreed within
the MPEG video group to enable com-
parison at approximately the same bit
rate points [16]:

m Produce bitstreams for each of the
codec designs, which are within
+3% of the target bit rates for the
sequences given in Table 4.

Allow QP (or quantizer step size)
variation within a sequence within
a periodic pattern of frame types
(where frame types are differentiated
by syntax or by a reference pic-
ture handling mechanism) within

a sequence.
No per-sequence adaptation of the
pattern of frame types could be used.
No sequence-specific tuning of cod-
ing parameters (such as enabling/
disabling of special tools, certain

Table 4. Test sequences and rate points.

modes, limitation of motion search
range, etc.) was allowed to be used.
= No rate control was allowed to be used.
= No preprocessing was allowed to
be used.

= No postprocessing of the decoder
output was allowed to be used.
Encoded bitstreams were provided

for the following two constraint cases:

m Constraint set 1 [CS1, also known as
random access (RA)]: the structural
delay of the processing units not
larger than an 8-picture group of
pictures and random access intervals
of 1.1 seconds or fewer.

m Constraint set 2 [CS2, also known
as low delay, (LD)]: no structural
delay of the processing units, with
essentially no picture reordering
between the decoder processing and
the output.

The tests included AVC HP anchors
produced by a JM 18.6 reference software
encoder. Encoding of those anchors was
performed under same configuration
constraints as for the other encoders.
Detailed encoding settings of WVC,
VCB, IVC, and AVC HP can be found
in [16].

Table 5 shows the performance of
the three tested encoders according to
the established Bjgntegaard delta bit rate
(BD-BR) criterion [17], using AVC HP as
the anchor. Positive percentages indicate
a bit rate increase relative to the reference
of the comparison. In the RA constraint
cases (CS1), IVC clearly outperforms
WVC and VCB in terms of BD-BR rate
in overall average by 25.2% and 23.7%,
respectively, and underperforms AVC
HP by 10.4%. In the LD constraint cases

(CS2), IVC clearly outperforms WVC

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

503 Kimono, S04 Park Scene 1.6 Mbit/s 2.5 Mbit/s 4.0 Mbit/s 6.0 Mbit/s
S05 Cactus, S06 BasketballDrive 3.0 Mbit/s 4.5 Mbit/s 7.0 Mbit/s 10.0 Mbit/s
Class B [836x480p (WVGA]] Rate 1 Rate 2 Rate 3 Rate 4

S08 BasketballDrill, S09 BQMall, S10 PartyScene, S11 RaceHorses 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, S$17 KristenAndSara, S18 FourPeople 384 kbit/s 512 kbit/s 850 kbit/s 1.5 Mbit/s

Table 5. Performances of IVC, VCB, and WVC relative to AVC HP.
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RA LD
Class Sequences wvc VCB IvC wvc VCB IvC
Class A Kimono 47 9% 24.5% 9.3% 37.0% 2.8% -0.4%
ParkScene 25.4% 38.0% 18.6% 17.0% 8.1% 4.5%
Cactus 45.9% 32.2% 10.5% 25.4% 9.5% 3.2%
BasketballDrive 41.5% 32.1% 15.3% 28.1% 8.6% 5.6%
Class B BasketballDrill 28.5% 15.5% 6.6% 17.9% 17.6% 3.8%
BQMall 30.2% 36.9% 5.5% 18.2% 7.3% 3.8%
PartyScene 25.0% 32.5% -5.7% 13.5% 5.1% -7.3%
RaceHorses 22.2% 20.4% 20.1% 16.1% 4.2% 7.7%
Class D FourPeople 46.2% 67.8% 17.6% 27.5% 40.9% 12.0%
Johnny 40.8% 41.2% 8.5% 22.9% 23.1% 11.1%
KristenAndSara 37.6% 34.3% 7.9% 21.8% 15.8% 5.4%
Average 35.6% 34.1% 10.4% 22.3% 13.0% 4.5%
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FIGURE 10. Subjective test results for 1080p sequences.

and VCB by 17.8% and 8.5%, respec-
tively. IVC underperforms AVC HP by
4.5%. Although, in some sequences, e.g.,
Racehorses, IVC underperforms VCB.
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.

In addition to objective evaluation,
the MPEG video group has organized a
viewing test to compare the subjective
performance between IVC and AVC HP,
and detailed test mythology and results
can be found in [6]. From the results, it
is concluded that IVC and AVC HP pro-
vide very similar results for the tested
cases (in most cases with confidence

intervals that are overlapping, in some
cases IVC is visually better than AVC
HP, and in some cases AVC HP is bet-
ter than IVC). In general, IVC seems to
have slightly better performance than
the AVC HP anchors used in the LD
cases. Figure 10 gives some examples of
the test results on 1080p sequences.

As a general conclusion about the
IVC performance evaluation, the results
show that IVC is better than WVC and
VCB and is comparable with AVC HP
under both RA and LD constraints.

Condlusions
This article gives an overview of the
coding tools adopted in the MPEG
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IVC standard, which is a Type-1 stan-
dard aiming at being used in various
internet applications. The coding tools
in IVC are developed from scratch and
consist of well-known expired-patent
techniques and new tools with free-of-
charge licenses. During each coding
tool adoption process, comprehensive
prior art searches are conducted by the
proponents. All prior art of IVC coding
tools are recorded in an output docu-
ment called the collection of information
related to adopted IVC technologies,
and it is updated after each new norma-
tive tool was adopted. Both the objective
and subjective performance tests have
been conducted within the MPEG video
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group, and it has been determined that
the performance of IVC is comparable
with the AVC high profile. The next
steps are to push this standard into the
market and investigate new royalty-free
technologies for the next version of IVC.
It is anticipated that as existing patents
for video coding tools expire, these tools
may be added to IVC, further improving
its performance.

Resources

MPEG resources

The MPEG homepage (http://wgl1.sc29.
org/) provides information on its past and
present meeting documents. All of the
input contributions and output documents
of IVC can be found on the website.

Open documents

The website, http:/mpeg.chiariglione.
org/standards/mpeg-4/internet-video-
coding, has links to all IVC opened pub-
lications. The IVC working documents
are available, including the CD text, test
models, performance reports, and prior
art techniques related to IVC.
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