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ITU-T Recommendation J.188

A framework for an efficient parallel video transmission system including
codecs with functions of failure detection and picture quality evaluation

Summary

Parallel transmission links including codecs are often set up to realize a highly reliable contribution
and primary distribution of television programs, in particular of big events such as Olympics and
World Cup Soccer. This configuration, however, has the following issues:

1)
2)

3)

The reserve link is totally wasted during normal periods.

Switching to the reserve link should be perfect to avoid a disrupted television program,
when a failure occurs in a transmission link.

In addition, objective assessment of received video quality has been strongly demanded in
an actual operation of digital television program transmission.

This Recommendation, therefore, recommends a framework for methods that support solutions for
these issues. This framework mainly consists of the following three elements:

)
2)

3)

It reduces coding noise and improves picture quality compared to only one link by
outputting the average signal of two links, when both links are normal (Efficiency).

It detects a failure that occurs in one of the two links by monitoring the two links by
comparing them (Support of failure detection).

It evaluates the quality of the two decoded pictures by comparing them (Automatic picture
quality assessment).

Appendices show examples of methods in this framework. Such methods improve the operational
efficiency and reliability of parallel video transmission links.

Source

ITU-T Recommendation J.188 was prepared by ITU-T Study Group 9 (2001-2004) and approved
under the WTSA Resolution 1 procedure on 29 July 2002.
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The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
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ITU-T Recommendation J.188

A framework for an efficient parallel video transmission system including
codecs with functions of failure detection and picture quality evaluation

1 Scope

This Recommendation considers the parallel transmission link that is often used for contribution
and primary distribution of television. Particularly, it considers the case where the parallel link
includes compression encoders and decoders such as MPEG-2. Signal-to-noise ratio is improved by
reducing the compression coding noise through averaging of the two links, i.e. the utilization
efficiency of the links is improved. In addition, automatic detection of transmission failure is
supported through monitoring based on a comparison of videos over the two links. Further, the
assessment of picture quality such as estimation of signal-to-noise ratio is made possible by
utilizing the difference of coding noise in two links. This Recommendation recommends that
framework. The appendices describe examples of specific methods. Such systems are for use by
organizations such as communication companies or cable operators.

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published. The reference to a document within
this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

2.1 Normative reference
— ITU-T Recommendation J.143 (2000), User requirements for objective perceptual video
quality measurements in digital cable television.

2.2 Informative references

— ITU-T Recommendation J.144 (2001), Objective perceptual video quality measurement
techniques for digital cable television in the presence of a full reference.

— ITU-T Recommendation H.262 (2000), /nformation technology — Generic coding of
moving pictures and associated audio information: Video.

— ITU-R Recommendation BT.800-2 (1995), User requirements for the transmission through
contribution and primary distribution networks of digital television signals defined
according to the 4:2:2 standard of Recommendation ITU-R BT.601 (Part A).

3 Terms, definitions and acronyms

This Recommendation does not use any unusual terms or abbreviations.

4 User requirements

The user requirements for parallel transmission links that the framework described in this
Recommendation should fulfil are the following.

ITU-T Rec. J.188 (07/2002) 1



4.1 Improvement in efficiency of transmission link usage

The reserve link is totally wasted in parallel transmission links during normal periods that occupy
most of the time. The efficiency of transmission link usage should be improved by somehow
utilizing also the reserve link during normal periods.

4.2 Improvement in reliability by real-time failure detection

It is important, when failure occurs, to switch to the reserve link as soon as possible to reduce the
time during which disrupted pictures are output. Usually, operators monitor the link and switch to
the reserve link when failure occurs. It is required to reduce the burden on operators and the time
during which disrupted video is output, by automating this monitoring.

4.3 Improvement in efficiency of operation and maintenance by objective picture quality
assessment by use of only received pictures

The degradation due to compression coding changes according to picture content even when there is
no transmission error. The quality of received pictures should be automatically monitored. See
ITU-T Rec. J.143.

5 Recommended framework

This Recommendation recommends a scheme for efficient parallel transmission of television.

5.1 General configuration

Figure 1 shows the framework recommended in this Recommendation to fulfil the requirements.

Transmission

Encoder —X—*| Decoder > >
Input Output
dDetlay " Averaging » Switch —
video aqyustmen video
Encoder —X»| Decoder > >
’—> A
*-> Failure
»| detection
Ly Quality Quality
»| assessment
J.188_F01

Figure 1/J.188 — Recommended framework

This Recommendation assumes that codecs are included in each of the two links.

First, one of the two received videos is, if necessary, delayed appropriately so that the transmission
delays of both links would be the same. After that, averaging of two decoded pictures is performed
to reduce noise, which leads to efficient usage of links, while failures are detected by comparing the
two decoded pictures. Appropriate switching is performed according to this failure detection
information. In addition, when there is no transmission error, objective quality assessment of the
decoded pictures is performed by comparing the decoded pictures in the two links.
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5.2 Description of each element

5.2.1 Adjustment of delay difference

This framework requires that the delay of two videos should be the same for the following
averaging and quality assessment processing. It is recommended, therefore, that a delay adjustment
unit should be inserted (Figure 1). Specific methods may be reading time codes or matching of
pictures.

5.2.2 Averaging

The improvement in the efficiency of parallel link usage assumes that each of the links includes a
compression encoder and a decoder (Figure 2). It is recommended that the two decoded video
signals be averaged to cancel coding noise so that an improvement in signal-to-noise ratio could be
realized. For this, it is important to reduce the correlation between the two noise signals due to the
compression coding. Such methods include shifting video signals spatially and/or temporally, which
is described specifically in Appendix 1.

Transmission Normal
link

Encoder —X*| Decoder

video i video
— | Decoder T

Encoder

Reserved o
link Switching

J.188_F02

Figure 2/J.188 — Method for improvement in transmission efficiency

5.2.3 Failure detection

The parallel links considered in this Recommendation provide two received pictures. The
recommended framework takes advantage of this characteristic to perform precise failure detection
comparing to the case where only one received signal is available, i.e. the occurrence of failures is
detected by comparison of two received pictures. Appendix II describes the specific methods.

5.2.4 Objective picture quality assessment

Picture quality assessment, as in 5.2.2, assumes a compression encoder and a decoder in each of the
two links in a parallel system. It is recommended that the degradation of picture quality due to
compression coding be estimated by utilizing the difference of two coding noise signals.
Appendix III describes the theoretical background and a specific estimation method.

Appendix I

Averaging

I.1 Theoretical background

For improvement of efficiency of parallel links usage, we can reduce the correlation between the
coding noise signals of two decoded videos to increase the improvement of the SN ratio by
averaging.

Let x be the original signal, x;, x, the two decoded signals, and di, d, their coding noise,
respectively, where x; = x + d, x = x + d» (Figure 1.1). The noise power is supposed to be the same

ITU-T Rec. J.188 (07/2002) 3



in the two channels and is represented by n. p,,;, represents the correlation coefficient of d;
and d,.

x1=x+d1

| Encoder + Decoder }—» X1 tX)
X . 2
Averaging —— »
| Encoder + Decoder
.X2 =x+ dz

J.188_FI.1

Figure 1.1/J.188 — Averaging of two received signals

The coding noise d,, of the average signal of xy, x» is:

:x1+x2 —x:dl+d2

d
" 2 2

and its power n,, is:

n _GZ[dl +d2j _ ”(1+Pd1d2)
= —
2 2

When the noises of the two channels are independent, therefore, the averaging improves SNR by
3 dB. Conversely, as their correlation becomes larger, the improvement becomes smaller. From
experimental results, it has been found that an improvement of PSNR by 1 to 2 dB is realized.

1.2 Picture shifting method

In compression codecs, pictures are usually separated into many blocks and compression is
performed block by block by utilizing spatial and temporal correlation. In order to reduce the
correlation between the coding noise of two links, therefore, it can be considered that the picture is
relatively shifted in at least one of the links. The shifting methods include a spatial method and a
temporal method.

1.2.1 Spatial shifting method

Major picture coding schemes such as MPEG-2 (ITU-T Rec. H.262) perform an orthogonal
transform block by block with the typical size of 8 x 8§, and quantize the coefficients. By shifting
the block boundary in one of the links, therefore, we can make the coding noise of two links
different. Specifically, we shift the picture horizontally/vertically by a certain number of pixels.
This picture shifting can be represented as follows. The original picture is represented as a
one-dimensional signal for simplicity. N denotes the number of horizontal samples.

x(0),x(1),...,x(i),...,.x(N-2),x(N-1)

The signal after horizontal shifting of » pixels is represented as follows.
x(N-n),...,x(N-1),x(0), ...,.x(N-n-1)

In other words, the pixels that are shifted out of the right edge are inserted into the left edge.

Figure 1.2 shows an example where the picture is shifted horizontally by four pixels. In this figure,
the part Q, which is shifted out of the right edge due to the right shifting, is inserted into the left
edge. Figure 1.3 shows the configuration of this spatial-shifting method.

1) In the processing prior to transmission, when the video is distributed to two links, the
picture in one link is shifted horizontally or vertically by a certain number of pixels.

4 ITU-T Rec. J.188 (07/2002)



2) In the processing after transmission, the original position is recovered by shifting the
picture in the inverse direction. Then, the pixel values of the videos in both links are

averaged.
Shift
P Q » Q P
4 pels J.188_FI1.2
Figure 1.2/J.188 — An example of spatial shifting
Preprocessor . Postprocessor
R[Mbit/s]
Input » ENC DEC Output
picture ) picture
Averaging —
|
"> Shift ——> DEC |- Inverse | :
shift [
R[Mbit/s] |
v
Quality of

0. R[Mbit/s] with ot > 1

J.188_FIL.3

Figure 1.3/J.188 — Configuration of efficient parallel transmission
by use of spatial shifting

1.2.2 Temporal shifting method

MPEG-2 (ITU-T Rec. H.262), which is a major compression coding method for video transmission,
adopts the GOP structure where motion-compensated prediction pictures and non-prediction
pictures (I-pictures) exist periodically. Different picture types lead to different coding noise. If the
timing of an I-picture is different between the two links, therefore, the coding noise is different
between the two links even without the above-mentioned spatial shifting. We call this temporal
shifting. Usually the encoders in parallel links are operated independently from each other, realizing
temporal shifting. Therefore, no particular processing is needed before transmission. Thus in this
case, simple averaging without pre- or post-processing for shifting is sufficient, as depicted in
Figure 1.4.

R[Mbit/s]
Input Encoder Decoder > Output
video video
Averaging | ——»
|
Encoder Decoder > |

v
\/ Quality of

R[Mbit/s] O R[Mbit/s] with o> 1

J.188_Fl.4

Figure 1.4/J.188 — Configuration of efficient parallel
transmission by use of temporal shifting
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I1.1

Appendix I1

Failure detection and identification

Detection of failure

The picture is separated into many blocks, and the picture quality of both links is compared block
by block. When the difference is larger than a threshold, a decision that a failure has occurred is
issued. At this stage, however, it is still unknown which of the links has a failure. Figure 1.1 shows
the procedure.

1)

2)

11.2

Link A Link B

Comparison

it si

J.188_FIl1

Figure 11.1/J.188 — Comparison of image features
The processing is performed block by block in the typical size of 16 x 16. Let p denote the
block position.
Calculate {f 4i( p)}, {f Bi ( p)} (i=1,...,N), the image features in each block of two received
pictures A and B. Here, N denotes the number of utilized image features.
Compare the image features of A and B block by block, and when the difference for any

one of the features is larger than a threshold at the block, i.e.:

3i = |f4:(p) = [ (P T

judge that one of the received pictures is corrupted by transmission failure at the block.
Memorize this normal/corrupted information block by block. This information is utilized for
identification of the disrupted link described below.

Identification of disrupted link

Next, the disrupted link is identified. By utilizing one characteristic of failure in digital video
transmission, namely that both normal and corrupted parts coexist in a picture, a decision is made
that the picture that contains a larger difference of quality between the two parts has a failure, and
the disrupted link is thereby identified. Here, the corrupted part in a picture is known from the first
stage. Figures I1.2 and I1.3 show the procedure.

6
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1))
2)

3)

4)

5)

Normal picture Disrupted picture

{ Comparison \
Difference <« p » Difference

J.188_Fll.2

Figure 11.2/J.188 — Comparison of quality difference

a

)

p= gz(bj) bj p= gl(bj)

J.188_FIL.3

Figure 11.3/J.188 — Boundary and blocks

Identification is performed field by field.

From the previous failure detection processing, we know which parts of the picture are
corrupted. At this stage, however, it is still unknown which of the links has a failure.
Calculate D:{Di}(izl,...,N), the difference of image features between normal and

corrupted areas, for each link. Specifically, calculate the sum of absolute difference along
boundaries between normal and corrupted areas for each image feature as follows.

Let b; (j = 1,...,2n) denote the boundary between blocks in the picture (a side of a block).
Here n denotes the number of blocks in a picture (every block except those located on the
edge of the picture is supposed to have two boundaries, namely right and bottom sides).
Let, gi(b)), gx(b;) denote the two blocks which have b; between them (Figure I1.3).
Calculate the difference of the ith image feature between the normal and corrupted areas in
link A as follows. (Similar for link B).

Dyi= Y| fai(&iB )~ fai(22(5))

bjeC
Here, C represents all boundaries between normal and corrupted areas.

Compare HD A|| and,

D B” and judge that link A has a failure when the former is larger, and

vice versa. As HD

, use the maximum of the sums of absolute differences, i.c.:

HD”: maXDI-
I<i<N

Future J-series recommendations may also be utilized to identify the disrupted link.
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Appendix 111

Coding noise assessment

III.1  Theoretical background

The assessment of picture quality can be realized also utilizing the fact that coding noise in the two
links is different (see Figure I11.1).

x=x+d;
| Encoder + Decoder }—’ o’ (x1 ) G2 (X1 )
i o’ (Xl - Xz)
Xy =x+ d2 —
| Encoder + Decoder | > O (xl - xz)
2 /
s/n 20 (x) S/n
o (Xl —Xz)

J.188_FlIl.1

Figure I11.1/J.188 — Assessment of SN ratio

Let x be the original signal, x;, x, the two decoded signals, and di, d> their coding noise,
respectively. s represents the variance of x, and n the power of d; and d. Let p,; be the

correlation coefficient of x and dy, and p;;,4, that of d; and d,. The variance of x; is:
0% (x)) =6 (x+d))=s+n+2snp 4 (1)
The variance of the difference of x; and x; is:

6% (x; —x) =67(d) —dy) =2n(1-p 4142) )
Then:

1+B+2p .
’(x) _ ° Xdl\/g %5

Gz(xl—xZ) 2_2pdld2 n

)

If we assume that the coding noise is sufficiently smaller than the original signal and its correlation

is also sufficiently small, i.e. 1>>—+2p ;;.,/— , we obtain:
s s

6% (x))

G~ (x; —x3)

10log> = 0, +101log (4)
n

where o0 =101og(2-2p 4142) -

Experiments have shown that we can assume that & in Equation (4) depends only on the
configuration of the parallel system, not on the kind of pictures. It is possible, therefore, to estimate
the SNR of the received signal compared with the original by using only x; and x, that are obtained
on the receiver side.

8 ITU-T Rec. J.188 (07/2002)



III.2 Method for SNR estimation

Figure II1.1 shows the method.

1) In preparatory experiments, several kinds of pictures are encoded at several bitrates in the
actual transmission scheme, and the relationship between s/n and

o’ (1)
o”(x —x;)
is stored as a table.
2) During ordinary transmission,
o’ (x)
% (x; —x;)

is measured from two decoded pictures, and then s/n is estimated by referring to the table.

ITU-T Rec. J.188 (07/2002) 9
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