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1 Introduction
This contribution contains a review of the performance, position and the type of
the loopfilter [2,3,4,5,6], the outstanding points are studied and annexed to this
document. First the outstanding points are mentioned after which the experiments
and the results are discussed.

The introduction of a low pass filter after the frame memory could have the
following advantages:

• A reduction of high frequency artifacts introduced by MC.

• A reduction of quantization noise in the feedback loop.

• improvement of the prediction.

The filter could be controlled with:

• Displacement vector

• Prediction error

The introduction of a filter before the frame memory could have the following
advantages:

• reduction of the quantization noise,

• implicite image enhancement,

The filter could be controlled with:

• displacement vector



• quantizer

• prediction error

From theory [1] it can be shown that two filters are necessary *, i.e. one filter
which tackles the coding noise denoted with hn the second filter which improves
the prediction denoted with hn. In the case that motion compensation is not used,
both filters can be combined and the position is not important.
The introduction of the motion compensation causes for the modeling of the signal
a lot of problems. The process can not be seen as a Gaussian process anymore.
The influence of the block type discrimination causes a problem for the optimiza-
tion of the codec.

The decision which filter hp or hn increases the performance of the codec is depen-
dant on objective as well as subjective measures.
From [1] and previous work in [3,4] the hybrid coder could be improved by uti-
lize motion compensation only in the low-frequency range and encode the high-
frequency rage rather directly. This could be carried out by spatial optimum
filtering for motion compensating prediction.
Due to the quantization a second problem occures i.e. the reconstruction and
therefore the reconstruction error. This error yield in a quantization noise circu-
lating in the loop, and should be removed by a filter optimized for this process.
Splitting the problem into two parts, one has to identify for each problem the
optimum solution. The processes are not independant, so it is not easy to identify
the optimum solution.

In RM6 several modifications have been installed, described in doc 396. Due to
the introduction of e.g. the variable threshold technique the quantization noise is
reduced. This reduction is most visible in stationairy backgrounds, less vissible in
the moving areas, this will influence the performance of hn. The implementations
of the different motion estimation algorithms on the otherhand will influence the
performance of hp.
In the proceeding sections

2 Outstanding points from previous CCITT SG
XV/1 meeting

• Filtering in loop (Doc #356 and #376). The following topics have to be
checked:

— The number of filters in the loop
1 under the assumptions of Gaussian sources



• The position of th filter(s); before, after or both sides of the frame
memory

• The adaptivity of the filter(s) and how to control it

• The effectiveness of the filter(s) in the loop v.s. outside the loop

3 Draft workplan
1. Subjective picture quality applying filter inside the loop versus filter as post

processing

2. The number of filters;
Do we have to stick to the filter after the frame memory
(i.e. the 1 2 1 ) or could we shift the filter in front of the frame memory.

3. The adaptivity rules of the filters

• Motion vector

• Prediction error

• Energy of noise (look up tables)

4. The hardware complexity of the filters

• using pels inside the block (was only verified for 384kbit/s)

• using pels of neigbouring blocks

5. The characteristics of the filters

• Simplified version from doc 356 for hn
2

• Simplified version from doc 376 for hn

• Changing filter coefficients of hn (adaptively without overhead)

6. The implications of the optimized filters for higher bitrates

• 384 kbit/s

• 2 Mbit/s

7. Simulations of filter hpost.
2 see annexed figure



4 The possible positions of the loop filter
In figure 4 all mentioned filters are depicted i.e.

• the noise reduction filter hn

• the prediction filter hp

• the post processing filter hpos
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Figure 1: Possible filters inside and outside the loop

5 Evaluation of the different results
In order to reduce the noise a filter in front of the memory is preferable
Two measures are to be taken into account:

• Objective measure

• Subjective measure



The objective of this exercise should be to obtain the best picture quality at the
lowest complexity.
At the last meeting there was a need of explenation for the position and the number
of filters. It was recognized that the adopted filter is insufficient for the universal
coding approach. The filter control is not correct, at the moment the filter action
is controlled by the motion vector. I.e. in the case of MW = 0 the filter is not
active, also for blocks for which the motion vector is forced to zero. This approach
is not adequate. Just when a block has changed but the energy does not exceeds
the threshold filtering is necessary.

6 Observations
Taking into account the results of the various laboratories:

1. the noise reduction filter hn should operate inside the block boundaries,

2. the prediction filter hp could operate inside as well as outside the block
boundaries but inside is preferable,

3. the prediction filter hp should be adaptive, the control mechanisms are under
study,

4. the noise reduction filter is for further study, considering:

• the obtained picture quality

• the hardware complexity

7 Proposal
From the documents annexed to this contribution and doc 406 entitled — Loop
filter in p x 64 kbit/s Flexible hardware — it is difficult to obtain a conclusive
answer on the number and the position of the filters.
The subjective difference in quality between adopting hpott and hp is not conclusive.
As the meeting agreed upon the Reference Model 6, we therefore propose that the
filter maintains after the frame memory but:

• the filter operates inside the block boundaries,

• the adaptation3 the filter characteristics of the hp filter has to be verified

• the inclusion of the hn filter depends on the performance and the complexity.
3control mechanisms



• a work plan should be developed to fix the outstanding parameters as soon
as possible.
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8 Tape demonstrations
• Noise filter hn

• Prediction filter hp

— RM6 i.e. non adaptive hp

— RM6 directional hp

— RM6 post memory filter with edge preserving properties

• Prediction filter hn

— RM6 versus RM6 and hn

— RM6 and hn versus RM6 and hpost

• Filter(s) operating inside and outside the block boundaries



Simulation on loop filter, source: Source: Al-
catel



La Haye, November 21, 1988

Title : Simulation on loopfilter
Source: ALCATEL CIT (France)

The new loopfilter described on the document # 356 CCITT SGXV has been simulated. This
filter is located before the frame memory and the previous loop filter defined in the RM 6
algorithm is not used. This new filter is applied to both luminance and chrominance signals.

We found that there were two errors in the doc •#- 356 concerning the threshold values. The
real values have been confirmed by Japanese people abd are joined in the annex 1.

The statistical results and plots on SNR are given in the figures.

Conclusion

Up to now, using the threshold values given by Japanese people or using other values, we do not
find any improvement. In comparison with RM 6 results, we obtain a loss of SNR value about
0,1 dB (CLAIRE) to 2 dB (SWING). About subjective quality picture observed on CLAIRE
and BLUE JACKET, the blocking effect is a little reduced involving a slight blurredness and
a granular noise on motion, however the picture quality is very closed. Unfortunately we had
no time to display other sequencies. Regarding SWING result, this kind of filter seems to be
not compatible.



ALGORITHM
BIT RATE

3M6J
59,4 kbit/a

SOURCE : ALCATEL CIT
DATE : 20th November 1988

Sequence

Number of coded pictures

1) R.M.S. for luminance
1) R.M.S. for chrominance

2) 3NR for luminance
2) SNR for chrominance

3) Mean value of the step size

4) Mean value of the number of
non-zero coefficients

5) Mean value of the number of
zeros before the last non-zero
coefficient

4) Mean value of the number of
bits per signif block

Intra
TYPE Fixed nf
OF Inter nf
MB Fixed MC f

Coded MC f

Intra
TYPE Fixed nf
OF Inter nf
LUMI Fixed MC f

Coded MC f

Intra
TYPE Fixed nf
OF Inter nf
CHRO Fixed MC f

Coded MC f

Attribute

Class. Index
8) •— • — — — .-.--. — . — .
Number EOB words

bits Motion vectors

Coeff. Y
Coeff. C
Coeff. Total

TOTAL

CLAIRE

150

3.3094
2.5778

37.74
39.91

18.94

2.70

4.39

13.06

0
257
81
8
48

2
1237
118
100
123

1
656
21
86
25

583

332

860

332

3500
305
3805

5912

MISS AMERICA

50

3.2760
3.1148

37.82
38.26

19.35

1.89

2.46

8.44

1
201
103
18
70

4
1124
96
232
122

2
536
73
132
45

743

571

1103

548

2238
677

2915

5880

SALESMAN

140

7.3922
3.1641

30.76
38.13

26.85

2.41

7.17

13.11

3
239
111
8
32

11
1227
176
88
75

4
685
16
77
4

680

328

895

264

3636
100
3736

5903

BLUE JACKET

166

5.4486
3.2466

33.41
37.90

22.39

3.06

7.17

15.96

I
269
99
4
21

3
1317
159
49
52

2
705
32
41
9

571

310

773

157

3807
295
4102

5913

SWING
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A Filtering in the loop, Source: N T A
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Source : Norway
Subject : Improvement of MC prediction by using:

FILTER OVER BLOCK EDGES
ADAPTIVE DIRECTIONAL LOOPPILTER

1 Introduction
This document deals mainly with twe different methods to make batter prediction for coding
of block data. Simulation results are also obtained for loopfilter with and without filter over
blockedges and for using one or three scanning classes. In the following section loopfilter is
described.

2 Adaptive directional filter
The oidea here is to make the filtering more adapted to the block data to be coded. The 1 2 1
loopfilter is known to give good results concerning noise reduction. On the other hand, this filter
removes some of the details in the prediction. This is particularly noticable for reconstruction
of edges.

The here proposed approach may be summarized in the following way:

• When the MB is classified as having a well defined 'orientation', one os filter F2 - F5 (fig.
1) is used.

• Otherwise the 'ols' 1 2 1 filter Fl is used as loopfilter.

• The filter is switched oin and off with the motion vector as in RM6

The general effect of this kind of filtering is for instance that predicted edges are not smeared.
The effect is often that the block is represented by the prediction only. This gives both an
objective saving of bits and a subjectively better reconstructed block with less 'edging'.

2.1 Scanning classes
Having introduces classification of data blocks according to direction, it is natural to investigate
the use of different scanning classes connected to the different orientations of the data. The
proposed scanning classes are shown in Figure 2. Simulations are shown using both one and
three scanning classes together with directional filters.

2.2 How to find direction
The directions are obtained for each MB. At least at 64 kbit/s coding it does not seem useful
to define directions for each subblock. Moreover, if the direction information is sent as side
information, definition for each subblock would produce too much overhead.

The calculation of direction may be obtained in two waus:
1. On the original data block at the coder

2. On the predicted block. The same calculations are made both at the coder and decoder

Advantages of 1: More exact directional information is obtained
No extra burden on the decoder
The method of finding the directionb does not have to be
standardized.

Advantages of 2: No extra overhead bits are needed
Slightly better performance

1



We have used approach 2 in the simulation results to be presented here.

The determination of filter to be used is done according to the method described in [1]. There
are listed two 'quality measures' of the direction: S2+S3 and Q. We have used two limits for
the two quantities: Ll=10000 and L2=0.4. If S2+S3 < LI or Q < L2 we yse filter Fl and
scanning class SCI. Otherwise we use the appropriate directional filter and scanning class.

The direction to be used is signalled for each MB. It is proposed to use a VLC for the coding.
A proposal of such a VLC is given in Figure 3. It is based on the statistics of the dirrerent
directions from the test sequences CLAIRE, MISS AMERICA and SALESMAN.

3 Conclusions
The following observations could be made.

• Filtering over block boundaries give little SNR gain but reduced blocking

• Adaptive directional transform gives both objective and subjective improvement and
should be considered. More work should be cone on a simpler method for filter deci-
sion.

• Different scanning classes togehter with directional filtering gives a small saving in bits.

Reference

CCITT SGXV Working Party XV/1, Specialist Group on Coding for Visula Telephony. Doc
#381.



1 2 1
2 4 2 Fl - used with no direction
1 2 1

0 0 0
1 2 1 F2 - used with horizontal orientation.
000

001
0 2 0 F3 - used with 45 deg orientation.
1 0 0

0 1 0
020 F4 - used with vertical orientation.
010

100
0 2 0 F5 - used with 135 deg orientation.
0 0 1

Figure 1. Loopfilters.

ZIG - ZAG SCI

1 2 3 4 8 10 12 18
5 6 7 9 11 13 16 20
14 15 17 19 21 22 23 24
25 26 27 28 29 30 31 32 SC2
33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48
49 50 51 52 53 54 55 56
57 58 59 60 61 62 63 64

1 5 14 25 33 41 49 57
2 6 15 26 34 42 50 58
3 7 17 27 35 43 51 59
4 9 19 28 36 44 52 60 SC3
8 11 21 29 37 45 53 61
10 13 22 30 38 46 54 62
12 16 23 31 39 47 55 63
18 20 24 32 40 48 56 64

Figure 2. Scanning classes. SC2 is used for vertical structures and SC3 for
horizontal structures. Otherwise SCI is used.



Fl F3 F2
Vertical Horizontal

F5

Figure 3. Coding tree forthe VLC to be used to signal which filter to use.

Table 1. SNR gains for the different modifications Ml -

CLAIRE

MISS AMERICA

Ml

.1

M1+M2

• 3

M1+M3

.38

.24

M1+M4

.03

.05

M1+M3+M4

.63

.26

Table 2. Simulations to be shown in split mode.

CLAIRE MISS AMERICA

RM6
M1.M2
RM6
RM6

M1.M3
M1.M3
M1.M4
M1.M3

RM6
RM6
RM6
RM6

Ml
M1.M3
M1.M4
M1.M3



A Post memory filter with edge preserving prop-
erties, Source: BTRL
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TITLE: LOOP FILTERS IN RM6
SOURCE: UK
DATE: NOV 88

This paper describes some variants of the standard loop filter configuration in RM6.

Post frame memory filter with edge preserving properties

The existing RM6 filter was modified to give it edge preserving properties. This was
done by first calculating the absolute difference between the pixel to be filtered and
its filtered value and comparing this difference with a pre-determined threshold. If
the difference was greater than the threshold then the pixel examined was not
filtered else the pixel was filtered as normal. The filter was additionally modified
such that the threshold was set to infinity for the pixels existing on the edges of
previous frame blocks with a given block. The situation is illustrated in Figure 1.

Motionpredictedblock

Pixels to be filtered a tall times
(Infinite threshold)

Figure 1. Filter a dap tivity illus tra tion

This filter was studied with several threshold values ranging between 0 and 32. Some
suprising results were obtained. With a threshold of 32 the codec peformance was
almost identical to RM6. Results of thresholds of 0 and 8 are reported in detail. A
threshold of 0 implies that only the previous block boundry pixels were filtered.
Table 1,2,3 4, 5 and 6 show the results for thresholds of 0 and 8 for MISSA BLUE
JACKET and CLAIRE. The results are most significant for CLAIRE with an
improvement in SNR of 0.1 dBs and a reduction in mean quantiser step size of more
than 1 for a threshold of 0. The results indicate the most important part of the block
to filter and that the contribution the intra block, block boundry discontinuities have
to prediction error is much greater than distributed quantisation error.

Pre and post frame memory filters operating within the block

It has been shown a filter placed before the frame memory which operates across
block boundries can lead to good results. A problem with this configuration is that it
can be considerably more complex to realise in hardware than a post memory filter
operating-within a block. A filter configuration is outlined here which has some of
the advantages of both the pre and post frame memory filters. The arrangement is
shown in Figure 2.



Intra block
boimdry filler

Frame
memory Intra block

filter

prediction-
frame

frame

filter
on/off filter

on/off

Figure 2.

The pre frame memory filter (FMF) is activated as a function of how the block was
coded in the previous frame, and the post frame memory filter is activated if the
block was motion compensated, thus no overhead is required for either filter. The
pre FMF is a simple spatial filter to reduce distributed quantisation noise. The post
FMF is a filter as descibed in the above section. Table 7 illustrates a result where the
pre FMF is activated for block which were motion compensated in the previous
frame. So far the results are worse than RM6. This may be due to excessive filtering
and could be reduced by using a less severe filter for the pre FMF.



DETAILS OF REFERENCE FILE 

x fr8me 8iza ................ ..35 2 
y frame size ............... ...200 
Bitrata ..................... ..lS 
Number of frames ............ ..3 0 
Run time control module nanw...RM 6 Vl.l /GGS/Oct 88 
Image source file name .......... /grrhua/~iko/img/sourae/~aaa 
Image 8ink file nams...........g8p rb 
--------------------_________________L__---- 1 FRAM& 15 I-------I *ljg~~g,-- 
RMSE value of luminance.....................3.18 3.44 
signal to noire ratio.Y.....................38.0 7 37.45 
Signal to noise rati0.U ..................... 37.96 37.33 
Siqnal to noise ratio.V............b........39.14 38.06 

mean quanti aer 8 ep 8 ze .................... 
2.60 

0 
No of non-zero transmitted coef8 ............ 
No of zero trau8mitted coefs................l.O 0 

No of FIXED (NO MC) maoro block8............22 3 
No of IMTRA macro bloaks .................. ..l 
No of FIXED + MC maorc block8 ............ ...9 
No of INTER (NO MC) macro block8 ........... .123 
No of INTBR + MC ............................ 40 

19 84 
1.b 
1.19 

212 
2 

3: 
69 

Macro ala08 0 010 010 . . . . . . . . . . . . . . 244 
0 I 0 

Macro ala66 1 0 I 0 
0 I 0 

Macro ala88 2 0 I 1 
0 1 1 

M8oro class 3 0 I 1 
0 I 1 

Macro ala88 4 110 
0 i 0 

Macro ala88 5 1 I 0 
1 I 0 

Macro cl888 6 1 I 1 
1 I 1 

moro ala88 7 1 I 1 
1 I 1 

1 I 1..............4 9 43 

0 IO ............... 23 23 

1 I l..............ll 10 

0 1 0..............3 4 22 

1 I 1..............7 10 

0 I 0..............2 4 21 

1 I 1..............15 16 

l&or0 ah88 8 (IMTRA)....................l 2 

kfaoro attribute8 ............................ 044 
EOB bit8 .................................... 952 929 
notion vector bit8 .......................... 272 682 
Y aoef bits ................................. 2773 2426 
Cr aoef bit8 ................................ 224 363 
cb aoef bit8 ................................ 383 261 

Total bit8 per f rame ........................ 5823 
Buffer 8tatu8 ............................... 1435 1930 



DETAILS OF RBFBRBNCB FILB 

x frauha aiza ............... ...35 2 
y frame aize ................ ..28 8 
Bitrate ..................... ..15 
Huuhrofframea ............ ..15 9 
Run tiom oontrol modulr nama...RM 6 Vl.l /GGS/Oat 88 
Image aouroe file name ......... /gr~~auiko/img/source/blua 
Image sink file nama...........gap rb 
---------_---------------------------------- 1 M 15 '-------------15A~RAGEI---- 
RHSE value of lumkrmoa.....................5.2 3 
Signalto noise ratio.Y.....................33.7 7 34.40 
Signalto noiaa ratio.U.....................37.11 37.18 
Signal to noiar rati0.V ............ . ........ 38.12 38.29 

mean cpantiser atep sire ..................... 19.00 
No of non-zero transmitted ooefa............3.0 0 
No of zero transmitted aorfa................~.O 0 

ko of FXXED (NO MC) maoro blooka ............ 
Itw of IUTRA macro blocks ................. ...3 
No of FIXED + MC maaro bloaks ............ ...2 
No of IHTBR (HO MC) maaro bleak"............: s 
No of INTBR + MC ........................ ..e.. 

Maaro alas8 0 010 010 .............. 
0 I 0 

Maoro oh88 1 0 I 0 1 I 1..............13 
0 I 0 

Maaro ala88 2 0 I 1 0 1 0..............2 8 
0 I 1 

Maaro olus 3 fJ I 1 1 I 1.; ......... ...3 
0 I 1 

Macro clan8 4 1 I 0 0 1 0..............2 7 
0 I 0 

Haor0 alas8 5 1 I 0 1 I 1 ............ ..O 
1 I 0 

Maoro olasr 6 1 I 1 0 I O..............lS 
1 I 1 

Maaro clan8 7 1 I 1 1 I 1..............9 
1 I 1 

Maoro alam 8 (lx!!RA) ................. ...3 
_. 

Maaro l tt ib t r u aa ............................ 
EOB bit l ..................................... 560 
Hotion vmator bits .......................... 76 
Y ooef bit8 ................................. 4089 
Cr oorf bits ................................ 193 
Cb aorf bit8 ................................ 138 

*otal bit8 per f r8am ........................ 1 
Buffer status ............................... 1860 

22.61 
2.66 
3.22 

289 
2 
5 
80 
17 

294 

9 

23 

4 

22 

3 

22 

11 

2 

530 
640 
133 
4000 

::I 

5906 
2205 



DETAILS OF REFERENCE PILE 

x frame 6iZO ................ ..35 2 
y  frame 8izo ................ ..28 8 
Bftrato ..................... ..15 
tWmber of fraams ............ ..7 9 
Run time aontrol module nanrs...RM 6 Vl.1 /GGS/Oct 88 
Image aourae file name ......... /graham/meiko/i.mg/aourae/alair 
Image aink file naam...........g~ rb 
-------------------------------------------- , FRJQfJ$ 15 ,----------I A~~~,---- 
RMSE value of luminanae.....................3.3 1 3.44 
Signalto noiir ratio.Y.....................37.7 3 31.45 
Signal to noha ratio.D.....................38.2 7 38.35 
Signal to noiae ratio.V............J........41.5 5 41.55 

man quaIltf aer 8 ep 8 20 ..................... 
Wo of non-zero transmitted aoefa............J.O 0 
Ho of zero transmitted ooefe................2.0 0 

B f  PIlLED (NO MC) oa 6 
NZ Zf IHTRA macro blZO...; 

...................... . 

LQo'of FIXED + MC maoro block8 
.. ..l 
............ ...3 

Ho of INTER (NO MC) maaro blooka............g 7 
Loo of INTBR + nc ............................ 36 

19 09 
2.64 
1.81 

271 
2 
11 
66 
43 

naaro class 0 010 010 .............. 283 
0 I 0 

l4aaro ala88 1 0 l-0 1 I 1..............13 5 
0 I 0 

Macro alam 2 0 I 1 0 , 0..............3 4 28 
0 I 1 

Maaro alam 3 0 I 1 1 I 1..............2 3 
0 I 1 

Waaro ala8a 4 1 I 0 0 , 0..............3 0 26 
0 I 0 

Macro alasa 5 1 I 0 1 1 1..............5 4 
1 I 0 

Mauro class 6 , 1 I 1 0 , 0..............3 1 27 
1 I 1 

naoro ClaJwJ 7 1 I 1 1 I l..............~ 8 14 
1 I 1 

Maaro alarra~ 8 (INTRA) .................. ..l 2 

Racro attrib t u 08 ............................ 547 
EOB bit8 .................................... 040 124 
Motion orator bits .......................... 156 318 
Y aorf bits ................................. 3398 3690 
Cr aoef bits ................................ 203 12? 
Q aoef bita ................................ 290 217 

?fotal bit8 per f ram0 ........................ 5879 
Buffer 8tatu8 ............................... 1489 1857 
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DETAILS OF REFERENCE FILE .:"+ 
;; 8,: ..:a 

x frame AZ l ................ ..35 2 
y frame size ................ ..28 8 
Bitrate ..................... ..15 
Nuder of frame8 ............ ..3 0 
Run time oontrol module mum...RM 6 Vl.l /GGS/Oot 08 
Image source file name ......... /gr~~/meiko/~/source/missa 
Image 8ink file name ......... ../graham/nmiko/J/aink/m.i88 a 
--------------_----------------------------- 1 m 15 I-------------13A~RAGEI---- 

RHSE value of lum.inauoe.....................3.2 1 
Signalto nohe ratio.Y.....................3~.0 1 3;.39 
Signal to noise ratio.U.....................38.0 3 37.43 
Signalto noi8e ratio.V............(........39.4 7 38.28 

meau quanti8er step size ..................... 20 14 
-0 of non-zero tranrmitted ooef8............2.0 0 1.i2 
HO Of zero transmitted O~f8................2.0 0 1.30 

ho of FIXWI (NO XC) maoro blook8 ..... ..- 
MO of INTRW maoro blook8 .................. ..l 2 
No of FIXED +-MC maoro blook8 ............. ..T 31 
No of IRTER (NO MC) maoro block8............12 4 78 
Ho of INTER + MC ............................ 39 69 

hot0 alas8 0 010 010 .............. 246 
0 I 0 

Maoro oh88 1 0 I 0 
0 I 0 

/ mOX0 Oh88 2 0 I 1 
I 0 I 1 
/ &Or0 Oh88 3 0 I 1 

0 I 1 
/ t&Or0 Ola88 4 1 I 0 

0 I.0 
Maoro 01-8 5 1 I 0 

1 I 0 
MaOr Ola88 6 1 I 1 

1 I 1 
lh#ZO Oh88 7 111 

1 I 1..............3 5 40 

0 1 0” .............. 27 24 

1 I 1..............12 11 

0 I 0..............3 8 22 

1 I l..............lO 10 

0 1 0..............2 3 22 

1 I 1..............18 15 
lil 

Maoro Ol&88 8 ml!RA)....................1 2 
I 

aa ttributeb 
EOi? f :a 

............................ 
............................. ..t .... 988 

Motion vmator bit8 .......................... 265 
Y ooef bit8 ................................. 2932 
Cr ooef bit8 ............. . ................... 274 
cb ooef bit8 ................................ 366 

033 
925 
667 
2494 
350 
238 

fatal bit8 per f rame ........................ 5824 
Buffer 8tatU8 ............................... 1490 1950 



DETAILS OF RBFBRENCE FILE 

x frame ,LZO ................ ..35 2 

LEE ai=e 
................ ..28 8 

..................... ..15 
mluber of frames ............ ..15 9 
Run time aontdol module nune...RM 6 Vl.l /GGS/Oat 88 
Image aourae file namm........./graham/mefko/i.mg/sourc s / 
Image sink file name...........g*p rb 
-------------------------------------------- 1 FRAME 15 I 
RWB value of luminanae.....................5.2 5 
Signal to noise ratio.Y.....................33.7 2 
Sigrral to noiae ratio.U.....................37.14 
Signal to noise rati0.V .......... ..* ........ 38.25 

mean qua&i ser 8 ep axze ..................... 
No of non-zero transmitted aoefa............2.0 0 
blo of zero trumaitted aoef8................3.0 0 

Loo of m (NO MC) maoro bl OQ l k ............ 
No of R#TRA maaro bloaka ................. ...3 
Ho of FIXED + MC maare bloaka ............ ...2 
No of IHTZR (NO MC) maaro bloaks............g 5 
Ho of INTBR + MC ............................ 12 

22 72 
2.;0 
3.23 

290 
2 
4 
80 
17 

Maaro alasa 0 010 010 . . . . . a . . . . . . . . 295 
0 I 0 

Maaro ala88 1 0 I 0 1 I 1..............16 8 
0 I 0 

Maoro da88 2 0 I 1 0 I 0..............28 23 
0 I 1 

Naoro ala88 3 0 I 1 1 I 1..............4 4 
0 I 1 

Naoro ala88 4 1 I 0 0 1 0..............25 22 
0 I 0 

Maoro ala88 5 1 I 0 1 I 1..............4 3 
1 I 0 

Maoto alass 6 1 I 1 0 I 0..............19 23 
1 I 1 

Maoro ala88 7 1 I 1 1 I l..............ll 11 
1 I 1 

Maoro alua 8 (INmA).................... 2 

Maoro attribute8 ............................ 
BOB bita .................................... 660 
Motion weator bits .......................... 

ii59 Y aoef bit8 ................................. 
cr ooef bit8 ................................ 167 
Q, aoef bit8 ................ . ................. 166 

b25 
643 
128 
4023 
169 
206 

20tal bit8 per f  rame ........................ 5906 
Buffer 8t&tU8 ............................... 1886 2215 

. 
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DBTAILS OF BBFBBBNCB FILE 

x frame *is* ................ ..35 2 
y fralnm aizr ................ ..28 8 
Bitrate ..................... ..15 
Number of frainea ............ ..3 8 
Run time control module naam...AW 6 Vl.1 /GGS/Oct 88 
Image aourae file naun ......... /grsham/msiko/Lng/sourc~/mi8aa 
Image rink file nanm...........gep rb 
---------------------"------------------------I w 15 I-------I A~~GEI-- 
RMSB value of lum.inanao.....................3.2 0 3.48 
Signal to noim ratio.Y.....................38.0 3 37.32 
Signrlto noise ratio.IJ.....................38.0 3 37.39 
Signal to noiaa ratio.V............1........39.2 6 38.17 

lnoul quanti *or s etp 8 so ..................... 
190 of aon-sero trmmaittrd coefs............2.0 0 
No of sero trmamitted cod!8................2.0 0 

L f  FIXBD (NO MC) 
Nz zf INTRA amcro blzr 

blooks ............ 
.................... 1 

No of ?IXZD + MC macro blocks...............1 1 
No of IUTRR (NO MC) more blooka............119 
lvo,of INTER + MC ............................ 39 

20 62 
l.iS 
1.41 

217 

t9 
78 
68 

Maoro alas8 0 010 010 .............. 246 
0 1 0 

Maoro cl-8 1 0 I 0 1 I 1..............4 l 40 
0 I 0 

Maarc alms 2 0 I 1 ,o I 0..............3 4 23 
0 I 1 

Maorc ala88 3 0 I 1 1 I 1 .............. 4 10 
0 I 1 

Macro ala88 4 1 I 0 0 1 0..............2 6 21 
0 I 0 

taoro Oh88 5 1 I 0 1 I 1.:............13 10 
1 I 0 

Maoro class 6 1 I 1 0 1 0..............2 6 23 
1 I 1 

moro ala88 7 1 I 1 1 I 1..............14 15 
1 I 1 

kfaoto alaa 8 (IHTRA) ........... ..S......l 2 

Mqro attribut 08 ............................ 824 
ROB bit8 ..................................... 928 922 
mtion vector bfta .......................... 286 656 
Y ocef bits ................................. 3040 2542 
cr corf bita ................................ 222 349 
Q, coef bita ................................ 255 220 

hotal bit8 per f  r8mm ........................ 5827 
Bmffer 8tata8 ............................... 1426 2008 

-mLET 3 . 



DIETAILS OF REFERENCE FILE 

x frame 8ize ................ ..35 2 
y frama size ................ ..20 0 
Bitr8te ............ . ....... ...15 
ulmber of framer ............ ..7 9 
Run time oontrol module mmo...RX 6 Vl.l /GUS/Oat 00 
Image 8ourae file mum ......... /gr~rm/~iko/irng/sourae/aIrfr 
Image aink file name ........... /grahadmeiko~hd&..~~c;ai r 
-------------------------------------------- -------I *~~~~,--- 

RMSE value of lum.inanas.....................3.3 6 3.49 
Signal to noise rati0.Y ..................... 37.59 31.30 
Signal to noi8e rrtio.U.....................38.3 4 30.25 
Signal to noise ratio.V............&.........41.6 0 41.57 

meml quulti 8er 8 ep 8 xe ..................... 
No of non-zero tran8mitted aoef8............3.0 0 
No of zero trammitted aoef8................3.0 0 

19 51 
2.i7 
2.01 

No of FfXFD-(btO MC) maaro bloaJc8............27 2 
Ho of INTRA maoro block8 .................. ..l 
No of FIXED + MC maaro blooks ............ ...2 
No of IBITER (NO MC) maoro bloaks............~ 5 
100 of INTER + MC ............................ 36 

Maaro ala88 0 010 010 .............. 
0 I 0 

Maaro ohs8 1 0 I 0 1 I 1 ............ ..a 
0 I 0 

Maaro ala88 2 0 I 1 0 I 0..............3 7 
0 I 1 

Maaro ala88 3 0 I 1 1 I 1..............2 
0 I 1 

Maaro ala88 4 1 I 0 0 1 0..............19 
0 I 0 

Maoro alara 5 1 I 0 1 I 1..............9 
1 I 0 

mar0 ala88 6 1 I . 0 1 0..............2 9 
1 I 1 

lharo oh88 7 1 I 1 1 1 1..............17 
1 I 1 

Mearo ola88 8 (mJ!RA) .................. ..l 

Mmaro attrib t u e8 ............................ 
BOB bit8 .................................... 792 
Motion veator bit8 .......................... 133 
I aoef bit8 ................................. 3683 
Cr aoef bit8 ................................ 189 
Q, aoef bit8 ................................ 242 

ti!otal bita pat f  ream ........................ 
Buffer 8trtu8 ............................... 1574 

273 
1 
9 
65 
44 

283 

5 

28 

4 

25 

5 

27 

14 

1 

543 
732 
309 
3690 
123 
230 

5881 
1898 
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