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1. Introduction

This document summarizes loop filter investigations performed in the Japanese natinal
committee. The studied items are the number and positions of filters(Annex 1), filtering
method on block boundaries(Annex 2), picture qualities in high bit-rate operations
(Annex 3) and loop filter robustness under IDCT mimgtch condition (Annex 4).

2. Summary of Experimental Results

.This section summarizes conclusions of Annex 1 - 4.
(1) Number and positions of filters (Annex1)

- By using an improved loop filter before frame memory, block-shape and
mosquito noises are significantly reduced.

- A combination of RM6 type loop filter and an adaptive post filter gives better
picture quality than only RM6 type loop filter but slightly worse picture quality
than only the adaptive loop filter.

- From complexity and picture quality points of view, candidates for final deci-
sion can be: a) RM6 type loop filter plus an adaptive post filter and b) adap-
tive loop filter. Here, the adaptive filter should be placed before frame memory
in order to use coding results as adaptation sources.

(2) Filtering method on block boundaries (Annex 2)

- For RM6 type filters, the picture quality difference between 8x8 and 10x10 is
insignificant. :

- Improved adaptive filters should be 10 x 10.

- Hardware complexity comparison depends on implementations.

(3) Picture qualities in high bit-rate operations (Annex 3)
- At 384kbps, loop filter is essential from picture quality point of view.
- At 1.5Mbps, loop filter is not essential.
- RM6 type (1 2 1) loop filter does not give worse picture quality than others
in high bit-rate operations.
(4) Loop filter robustness under IDCT mismatch condition (Annex 4)

- Adaptive loop filters using local characteristics (decoded image pel values)
are not robust enough under IDCT mismatch condition.
- RM6 type loop filter is very robust.
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3. Consideration

Generally speaking, adaptive filters, such as the filter described in Doc. #356 or the sim-
plified version, give remarkably better picture quality than RM6 type filter. Using local
characteristics of a decoded image and other coding results is considered as a key to get
good picture quality. In Doc. #207 and #376 from The Netherlands, a filter using decoded
image local characterictics was also reported. Unfortunately, the use of decoded image
pel values for adaptation causes serious picture quality degradation under the’ IDCT mis-
match condition. This means that such kind of adaptation method can only be used in post
processing.

On the other hand, RM6 type loop filter gives sufficient picture quality in high bit-rate
operations. In low bit-rate operation, an adaptive post filter can improve picture quality.

As to the block boundary processing, filtering over the boundary is essential if the loop fil-
ter is placed before frame memory. In case of the loop filter placed after frame memory,
however, exceeding the boundary does not give siginificant improvrment.

3. Conclusion

Extensive study results have been provided for consideration of the meeting. We hope at
least the hardware structure is decided at this meeting so that we can start to design the
Flexible Hardware.

END.

-2- Loop Fitter
#4068



Annex 1 to Document #406 Annex1 to Doc.#406

- December 6, 1988
TITLE: Number and Positions of Filters in Codec

SOURCE: Japan

1. Introduction

This ducument discusses the number and positions of filters used in codec. The following
four schemes are tested:

M1: RMB6 type loop filter placed after frame memory (same as RM6)

M2: an adaptive filter before frame memory

- M3: RMB6 + the adaptive filter used as a post filter

- M4: RMG6 + the adaptive filter used as a loop filter (before frame memory)

From picture quality and hardware complexity points of view, the followings are summa-
rized.

- M2 fgives a considerably better picture quality than M1.
- M2 gives a slightly better picture quality than M3.
- M2 gives a picture quality equivalent to that of M4.

- the number of filters for good picture quality is minimum with M2.

2. Experiment *

Coding simulations have been carried out changing filters. The above four schemes were
tested. Figure 1 shows the experimental system. Here, F1, F2 and F3 denote possible
filter positions. The following two filters are used in this experiment:

- Type A: same as one in RM6, controlled by MCV.

- Type B: same as described in Doc.#356*, adaptively controlled by block type,
local characteristics of image, signficant coefficients and pel position.

In this experiment, improvement by adaptations for RM6 type filter in F1 has not been
tested because source informations for adaptive control of filter in F1 are limited.

* an error is included in Doc#356, "(average step size)" should be replaced with “(..)/8.0".

Then the four systems are:
- MI: Type A filter in F1. (same as the original RM6)
- M2: Type B filter in F2.
- M3: Type A filter in F1 and Type B filter in F3.
- M4: Type A filter in F1 and Type B filter in F2.

#406
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3. Simulation Results

Table 1 shows average SNYs of the whole sequences. In the table, SNY does not
change significantly. Subjective piture quality, however, is improved when the Type B is
used. From observations of decoded sequences, the following points are obtained:

(1) Generally speaking, decoded images of M2, M3 and M4 are same in picture quality
and better than that of M1. The obvious improvements are found in reduction of block-
shape noise and mosquito noise.

(2) The mosquito and block-shaped noises are slightly reduced with M2 and M4 com-

pared with M3.
Claire Miss Am. | Salesman Swing Blue J.
M1 37.97 37.88 30.79 30.90 33.50
M2 38.20 38.05 30.91 30.64 33.74
M3 38.04 37.94 30.83 30.94 * 33.55
M4 38.02 37.91 30.82 30.53 33.63
Table 1. SNY (dB)
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Figure 1. Filter Experimental System
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4. Discussions

As a conclusion of Section3, RM6 can be improved in reduction of block-shape and
mosquito noise by introdicing an adaptive filter e.g. one described in Doc.#356.

Table 2 shows the number of filters in a set of coder and decoder. Considering the number
of filters and performance, M1 and M4 are not attractive solutions. In Table 3, M2 and
M3 are compared from performance and complexity points of view. The complexity com-
parison in the table is based on very rough estimation. The evaluation is rather qualita-
tive and may change accoding to implementations.

5. Conclusion

A set of RM6-based simulations have been carried out in order to study the number and
positions of filters in px64kbps codec. From the results, the following points have been
concluded:

(1) By using improved loop filter, block-shape noise and mosquito noise
observerd in RM6 simulation are reduced. For better picture quality than with
RMBS6, adaptive loop filter or adaptive post filter is required.

(2) From a view point of total complexity to get the better quality, adaptive loop
filter is suggested. '

END.
N
~
| Ml M2 M3 M4 .
Number of loop filters | 2 2 2 4
Number of post filters { O 0 1 0
Table 2. Number of filters
Picture Numberof |Numberof | Filter complexity |Filter complexity
quality loop filters | post filters for compatibility (for good quality
M2 |slightly |2 0 - +
better
M3 |slightly |2 1 + -
poorer

Table 3. Comparison of M2 and M3

-3- -5-— Number and positions of filter
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. December 6, 1988
TITLE: Filtering Method on Block Boundaries

SOURCE: Japan

1. Introduction

This ducument discusses the so-called 8x8 and 10x10 issue.

2. Simulation

Simulations have been carried out changing filter characteristics and filtering bounds.
Two filters are tested in this experiment. One is the RM6 type filter and the other is a
simplified filter(F2M), which is based on the one in Doc.#356. F2M is described in
Annex 4 to this ducument.

3. Simulation Result

The simulation result is shown in Table 1. The SNY values with RM6 and those with
RM6-10x10 are almost the same. On the other hand, the SNY with F2M-10x10 is 0.2-
0.4 dB higher than that with F2M-8x8.

From subjective evaluation, the followings points are summarized:

(1) The deocded sequences with RM6 and RM6-10x10 are very similar. A slight
improvement can be observed in RM6-10x10.

(2) The decoded sequence with F2M-10x10 is obviously superior to the one
with F2M-8x8. Block-shape and mosquito noises are reduced with F2M-
10x10.

4. Hardware Complexity

Estimations of hardware complexity for realizing 8x8 and 10x10 filters depend on imple-
mentations. For 8x8 filters, a function to change filter coefficients for filtering of block
boundary pels is needed. On the other hand, 10x10 filters require an additional block line
memory. In dedicated hardware approach, which might be employed in high bit-rate oper-

Claire Miss Am.| Salesman | Swing Blue J.
RM6 3797 37.89 30.82 30.87 33.57
RM6-10x10 | 38.08 37.96 30.79 30.88 33.54
F2M-8x8 37.86 37.77 30.77 30.32 33.48
F2M-10x10 38.25 38.08 31.04 30.50 33.75

Table 1. SNY (dB)
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ations, the additional block line memory might be a problem. In a computer-like hardware
using DSPs, .changing filter coefficients might cost a harder problem than a block line
memory because the hardware may have already successive large memories.

5. Conclusion

From the experimental results, the followings can be concluded:

= 1 (1) When RM6 type filter is employed, the picture quality difference between 8x8
pesitien * 3nd 10x10 is not significant.

(2) When an improved loop filter, e.g. F2M, is used, the difference is significant
F?2 pesilion  and the filter should be 10x10.

(3) Hardware complexity estimation depends on implementations.

END.

Filtering Operation Bounds -2- -7 -



Annex 3 to Doc. #406
Hardware Experiments on Loop Filter Characteristics
Using the nx384 kbit/s Flexible Hardware, the following four loop filter

characteristics have been compared at 384 kbit/s (p=5 for video rate) and
1536 kbit/s(p=23 for video rate);

Fil-1 Fil-2 Fil-3 Fil-4
1 24 1 121 111 000
2.4 2.4 2.4 242 181 010
1 24 1 121 111 000

In the Flexible Hardware used, the on/off of loop filter is controlled by
the motion vector. Average step sizes and coded picture frame rates were
measured as shown in the attached figure for the following four sequences
each of which is 25 seconds long;

1) One person close up (Scene B6 in Doc. #363)
2) Split screen with panning
3) Three person seated side by side (Scene Bl in Doc. #363)

4) Three person standing up at the end of meeting (Scene B2 in Doc.
#363)

Decoded pictures for the first two sequences are demonstrated in the
meeting.

Sequence 1 Fil-4 / Fil-2 / Fil-1 at 384 kbit/s
Fil-4 / Fil-2 / Fil-1 at 1536 kbit/s
Sequence 2 Fil-4 / Fil-2 / Fil-1 at 384 kbit/s
Fil-4 / Fil-2 / Fil-1 at 1536 kbit/s

According to the statistical data as well as the observation of the decoded
pictures, we can conclude as follows;

- At 384 kbit/s, loop filter is essential to improve coding efficiency. The
current 121 filter (Fil-2) or weaker filter gives an optlmum Stronger
filters make worse the performance.

- At 1536 kbit/s (hence at lower step sizes), coding performance is less

sensitive to the filter characteristics, including the case without

filter and the current 121 case. Stronger filters again make worse the
performance.

END
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“ANNEX 4 of Document#406*
Title : Influence of IDCT missmatch
Source : Japan

1. Introduction

In this document influence of the loop filter to decoded images under IDCT
mismatch condition is described.

2. Simulation
The scheme to emulate IDCT mismatch is as follows.
MHE = ’—/' -
1) One pixel per one coded block is influenced by mismatch error. “
2) The value of mismatch error is +1 or -1 selected by rand2m number.
3) The location of mismatch pixel is also selected by randam number.

if( coded block )
if( (random()%64) < 49) {
if( (random()%2) == 0) err = 1;
else err = -1;
block{random()%64] += err;

}

Remark: random() is subroutine at 4.3BSD UNIX [0, 2*31-1].
% n represents modulo n.

In this document two types of loop filter are evaluated. One is the same as
RMS6, and the other is loop filter(F2M) simplified from F2 filter in Doc.#356.
For F2 filter was turned out not robust against IDCT mismatch. Simulation are
performed at p = 5 for two sequences. The F2M filter algorithm is as follows:

a) Selection of pizels
IF{ the block is coded or MCV is not zero } THEN

the pixels in the block are input to the filter
ENDIF

b) Filtering process
All variables are integer.
x(0,0) = Input pixel
{x(i,j),i=-1,1,j=-1,1} Neighbouring pixels
thl = max|nint{stepsizex1.25/8.0}, 2]
th1l5 = nint{float(thl)«1.5}
th2 = nint{float(th1)+2.0}
{61(i)i=-1,1,j=-1,1}={1,2,1 2,4,2 1,2,1}
yo = [{ sum( x(i)+61(i5) } + 8] / 16

1]
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y(l) = { x(-l,-l) + X(0,0) * 2 + x( 1, 1) +1 } / 4
y(2) = { x(-l, 1) + x(0,0) * 2 + x( 1,-1) +1 } / 4
y(3) = {x(0,-1) +x(0,0) *2 +x(0,1) +1} /4
y(4) = {x(-1,0) + x(0,0) x2 + x(1,0) +1} /4
z(k) = absolute( y(k) - x(0,0) )
ym = y(k), where z(k) = min z(1)

1=1234

IF{ absolute( yo - x(0,0) ) less than thl } THEN
output = yo
ELSE IF{ absolute( ym - x(0,0) ) less than th2 } THEN
output = ym
ELSE
IF{ ym > x(0,0) } output = x(0,0) + th15
ELSE output = x(0,0) - th15

ENDIF
121 ' 100 001 O©010 Q0O
242 020 020 020 121
121 001 100 010 000
yo y) y@ y@ y@)
Filter coefficients for calculating Filter coefficients for calculating y(i),
yo, low pass filter. edge preserving filter.

absolute (ym - x(0,0) ) if ym > x(0,0)
if ym < X(O:O)
output=x(0,0)-th15

th2
output = ' yo, output = ym, edge pre-
low pass filter serving filter
thl=max{nint(stepsizex1.25/8.0), 2}
“ th15=th1%1.5
th2=th1+2.0 a
0 thl

absolute ( yo - x(0,0))

Figure 1: F2M filter adaptation by stepsize
3. Conclusion

The simulation results are shown in the table 1,2 and figure 2,3. From
the results F2M filter is weak in respect of the immunity against IDCT
mismatch. It seems that adaptive processing controled by decoded pixel
value is not sufficiently robust against IDCT mismatch.

— {1 —
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RM6 vs F2M vs F2MMISMATCH
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