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Introduction

This paper describes briefly the common scheme proposed bg' the Algorithm
Group 3 of the european project VADIS (referenced as proposal n°9) and gives in
annexes the useful information (VLC tables, statistics ...).

The block diagrams of the encoder and decoder are shown next page.

This 4.2.2 coding scheme is based on a two dimensionnal PRMF frequency
splitting in 8*8 subbands.

PRMF means Perfect Reconstruction Modulated Filters, a newly developped
subband technique by CCETT, and which will be presented in the early 1992 at the
ICASSP conference in San-Francisco.

This PRMF subband scheme combines the advantages of subband techniques
and can be implemented with a fast algorithm leading to a very efficient hardware
implementation, with a total number of multiplications and additions comparable to the
best 8*8 DCT solutions. (#A =7.5 and #M=2.5 per pixel for a 2D 8*8 splitting for
PRMF to be compared with B.G. LEE algorithm for a 2D 8*8 DCT: #A=7.25 and
#M=3).

These PRMF permit also local field/frame decisions which seems not to be
possible in any other type of subband techniques.

Nevertheless a lot of particular points are still open to discussion and certainly
need some more experiments. Many feedbacks are expected from, for example, hardware
implementation people, but the general framework of this codec is now quite stable and
presented in this paper.

A simple hardware cost evaluation is also given in this document.

All the numbers will be related to luminance signals (except when specified).
Chrominance signals are treated rather similarly except that some horizontal dimensions
are to be divided by 2 due to the horizontal sub-sampling. This has to be known to
estimate the hardware cost of a complete Y/DB/DR codec. At first approximation except
for boxes ME and SM the cost for DB+DR is the same as for Y

On paths will be indicated the numbers of bits transferred per clock cycle except
when followed by the '/ signifying that this number of bits is transferred at lower
frequency (example 12/256 is equivalent to 12 bits each 256 cycles).

#A and #M mean respectively number of additions and multiplications per cycle
(per pixel), #I and #O mean number of input bits and output bits per cycle. #MEM
means size of the memory in bits.

10/11/91 CCEBTT-TAVICEP Page 2
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Furthermore this fast algorithm needs 3 lines of internal memory, this is in the
worst assumptions a 3*720*16= 34560 bits memory. (At first approximation
these 3 lines are the overcost of this subband chip compared to a DCT chip)
Furthemore some extra memories are needed, like in a DCT chip to perform for
example the transposition process (8*8*16=1024 bits).

The computational cost is the same for |S B| and [SB-1], and in fact as for DCT,

the same chip can perform both operations.

The inputs of the subband box is MB_fr based, the output is SB_MB_fr based
(internally BL_fr (8*8 pixels) are converted into SB_BL (8*8 transformed
pixels)) - '
A frame FR is scanned in horizontal stripes ST of 45 MB_fr. Similarly in the
subband domain a stripe ST contains 45 SB_MB_fr.

The chrominance signals are also split in 8*8 subbands by the same filter bank.

[SB|or [SB-!|

[#A = 7.5, 16bits wide|

[#M = 2.5, 16bits wide, fixed coefficients]

|#MEM = 36,000) '

|#1 = 8 and #O = 12 for the bandwidth of the chip for coefficients|

" 36 bits -

L 3016720 ¢

SB_MB._fr

Selection of Modes: [SM| and |SM-1

In fact this box has to be split in 2 parts: The decision part, and the action part.
The decision part is just needed at the encoder side and for luminance signal only,

The decison part: (just for the encoder and luminance signal)

Inputs: 2 paths on 12 bits each, one giving an original SB_MB_fr, the other one
giving the predicted SB_MB_fr coming from the prediction loop.

10/11/91 CCETT-TAVICEP Page 9
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Fora SB_MB_fr, 4 energies are calculated (energies on a SB_MB _fi base, see
"VARIOUS LAYERS"), leading to 2 decisions coded theén on™2 bits for a
whole SB_M_fr with a total cost of #A = 2*2*16*8 , and also #M = 2%2%1 63
if L2 norm is chosen, no multiplication if L! norm is preferred.

An internal storage of 2 times 16*16 pixels on 12 bits is also needed
#MEM=2*12*16*16=6144 bits.

@ decision part (just at encoder side and for luminance signal)
|
#M =2

(#MEM = 6000]

[#1 = 12*2 #0=12 for the bandwidth of coefficients|

The action part; needed at encoder and decoder side for both luminance and

chrominance signals: same complexity in and

This part performs the appropriate action on the received SB_MB_fr, knowing
the predicted SB_MB_fr and the decision taken in the decision part. According
to the decision taken, the predicted SB_MB _fi are substracted (or added) or not
from the original SB_MB_fi, and a field to frame subband representation
conversion is performed if needed. (This field/frame commutation is rather close
to two 8*4 DCT on BL_fi basis commuted with one 8*8 DCT on a BL fr
basis, except that here the commutation is performed in the subband domain, with
a different technique). This local field/frame conversion is possible with a
subband PRMF bank, but seems not to be possible with any other subband
technique.

NOTE: The SB_MB_fi2 for frame 1 in a GOP are forced to be INTRA coded.

SB MB fil SB_MB fi2 MODE
INTER INTER FRAM
INTRA INTER FIELD
INTER INTRA FIELD
INTRA INTRA FRAME

The global cost is #A = 2, no multiplication. No m

SB_MB_fr is scanned in a g

ood manner.

@ or EI\E decision part

emory is needed if the

[#1 = 12*2 for the input coefficients bandwidth]

#0 =12

10/11/91
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Subband weighting and quantization: @ and |Q-1

DECISION BOX (just for luminance and encoder) ACTION BOX
Macre-Block Flag

omGmaL 12
Y Y

PREDICTRD 13

B MB_ &

ORICINAL 13 MODIFTED 13

I3_ME_fy et BBy —

228 MODIFIED C L %
Modd sslaction -1 SB_MB_tr Mode 3 M3_8
— -

MB Flag ns 12 M3 Flag 1234 12
PREDICTED _ﬂ *- nmmn_

SB_MB_fr SB_MB _fr i

@ for Chrominance signals

Block [Q]

After splitting each subband pixel (transformed coefficients) is multiplied by a
weigthing factor which depends on its frequency location (its location in a
SB_BL of 8*8 pixels) and on the buffer regulation factor. This weigthing factor
is the same along a whole stripe for a subband (pixels with same location in a
SB_BL). After that each subband is linearly quantized. The quantizer is the same
for all subbands.

Without going into details we have: W(sb) = weigthing factor for subband sb,
F(sb) = frequency location factor of subband sb, RF = regulation factor,
sb=0,63

P(sb)=Min[F(sb)-48, RF)']+RF
P(sb)=Max[0,P(sb)]
P(sb)=Min[175,P(sb)]

-P($b
W(sb)=2++ (552

10/11/91 CCETT-TAVICEP Page 11
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if P(sb) is to be calculated, W(sb) can be calculated by means of binary shift by

-i
P(sb)/16 bits of WM(i) = 2"['1‘31, i = mod(P(sb),16). These W M
coefficients can be stored permanently and they need (accuracy is to be verified)
16*15 = 240 bits. : ‘
Nevertheless P(sb) (sb=0,63) have to be calculated once for a whole frame.

If RF is the incoming regulation factor, internally a set of up to three different RF
factors can be needed:

-For frames 2-10 in a GOP
* RF is used for all SB_MB_fr not coded in (INTRA,
INTRA) mode

(see Selection of Modes: [SM] anda [SM-T])

* RF-8 is used for all SB_MB_fr coded in (INTRA,
INTRA) mode

-For frame 1 in a GOP
* RF-8 is used for all SB_MB_fr coded in (INTRA,
INTRA) mode -

* Otherwise, RF is used for SB MB_fi2, and the SB MB_fil
blocks need the RF factor sent for the previous frame (8bits
memory)

Each subband has a F(sb) factor (7 bits max) and that for intra and inter modes.
Presently the intra mode is used only for field2 of frame 1 (Intra refresh) in a
GOP, then for sb numbers from 32 to 63 in a SB_BL of frame 1. For all others
fields the inter mode is used.

These tables can be found in Annexe 1. They show a vertical symmetry, because
they are presently field based: The upper 8*4 coefficients represent a 8*%4 subband
block field1 based with the DC subband at upper left. The lower 8*4 coefficients
represent a 8*4 subband block field2 based with the DC subband at lower left.
When Frame mode is chosen, SB_BL (containing a 8*4 field] and a 8*4 field2
subband block) are converted into a SB_BL of 8*8 coefficients frame based. The
same 8*8 tables are taken with DC at upper left. (See Various layers part of
this paper).

These tables can be externally loaded and cost #MEM = 2*7*8*4 = 448 bits.

For the Quantization process, if c(sb) is a subband pixel, q(sb) the quantized
subband pixel and Param a fixed parameter (=.2) the formula is as follow

c(sb)=c(sb)*W(sb) ! multiplication by the weigthing factor.

If (c(sb) .GE. 0) then
q(sb)=int(c(sb)+Param)
else
q(sb)=int(c(sb)-Param)
endif

The multiplication by the weigthing factor costs just 1 multiplication per pixel.
The quantization process cost is then a bit test, an addition, and a truncation .
Total cost (P(sb) counted for 1 add., W(sb) calculation neglected).

10/11/91 CCETT-TAVICEP Page 12
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@ chip

#A =2

#M =1

|#I = #0O = 12 bits for coefficients]
|#MEM = 700|

2SB_MB _{r

Block _ [Q-1

Formula:

P(sb)=Min[F(sb)-48, RF)]+RF ! see [Q] cost for F(sb)

P(sb)=Max[0,P(sb)]

P(sb)=Min[175,P(sb)] ! calculated for a whole Stripe
P(sb)

W(sh)=2**["7¢ ] ! see [Q] cost for W(sb)

For RF the same remarks as in @ are of course valid. (internal modification of
RF according to the mode selection of the traited SB_MB_fr)

To reconstruct ¢(sb):

If (q(sb) .EQ. 0) then
. ¢(sb)=0
else if (q(sb) .GT. 0) then
c(sb)=nint ( ( q(sb)+pq2(sb) ) * W(sb) )

else )
c(sb)=nint ( ( q(sb)-pq2(sb) ) * W(sb) )

endif

Pq2(sb) are values between 0.0 and 0.5 , defined for each subband nevertheless
a fixed value for all subbands should be possible, and will be experimented. Pq2
tables cost 6*8*4=192 bits. (because of the verntical symmetry, and the use of

same tables for INTRA and INTER fields). Double cost for DB+DR,
10/11/91 CCETT-TAVICEP Page 13
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chip

#A =2
|#1 = #O = 12 bits for coefficients]
|#MEM = 900

Motion estimation: |ME

Motion vectors are calculated between original and previously decoded frames.

Blocks are MB_fi based (16*8 field based window). Then two blocks for a
MB fr.

Search area is -16:+15 horizontally and -8:+7 vertically (in a field).

Double prediction strategy: Each MB_fi can be predicted by using either the field
of same parity in the previous frame or the other field.

Frame i-1 Frame i

When field 2 is intra coded (frame 1 in a GOP), the next frame is predicted by
using just field2 as possible predictor, avoiding then error propagation.

\cldl\ EFicldl\ \
Field2 Field2

Frame 1 Frame 2

For a GOP the various searchs are then:

Fr1l Fro Fri10 Frl

(To save power consumption it is possible to inhibit the prediction of field2 for
frame 1 in a GOP).

Full search block-matching at pel accuracy and then local half-pel accuracy search,
bilinear interpolation.

10/11/91 CCETT-TAVICEP Page 14
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This double prediction strategy cost the same numbers of operations than one
block rnatching tec;hniquc with frame based blocks of 16*16 and a search window
of -16:15 * -16:-15.

' An implementation in .8 micron technology with a systolic architecture like in the
. Thomson chip STI3220 is possible with two identical chips in parallel.

They both receive the reference MB_fr, but one receives the odd lines of the
search window ( theri from field 1, MB_fil only) and the other one the even
lines (then from field 2, MB_fi2 only).

They both give at the output the minimal distorsions and the corresponding
vectors for the two MB_fi in the reference MB_fr. ‘

An outside comparison between the distorsions has to be done to select finally
which prediction is kept for each MB_fi.

'For each chip: Number of transistors = 725000

Area = 115 mm?
Package = 80 pins ceramic
#1 = 3 paths on 8 bits, one for the reference block, the 2
others for the search window
Internal Frequency =27 MHz
(Values kindly given by Mr R. PACALET from ENST-FRANCE,
fax=33.1.45.80.40.36)

Field1l

Frame i-1 Frame i

[First ME chip] [Second ME chip|
DISTORSIONS
pmem CONTROLS
) A s v '
et CONTROLLER SEARCH AREA
~ = COMPARATOR ARRAY <"--(m.m-mu field)
- INPUT REGISTERS
~— < 10 mm2 e REFERENCE BLOCK
——p 40000 Tr
etilfncne
el 8
(= " ' INTEGER PIXEL UNIT = T <p—r| I
T 256(16°16) PROCESSING 17| <l E e OUTPUTS
T ELEMENTS T~
‘: 93 mm2 T ==
[T 620000 Tr T ! suBrEL [4056 bt
4 UNIT RAM
> . 12mm2 2.8 mm2
=1 cso00Te | 250001
ME| chip

10/11/91 CCETT-TAVICEP Page 15
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Motion compensation: |MC

Classical block in a hybrid DCT coding scheme. _
Prediction of a 16*8 block in a field with a 16*8 block taken in the previous

decoded frame by applying a displacement vector given by the motion estimation
process.

Frame memory: |FM

The decoded frame after is stored in a frame memory, to be afterwards
used for [MC].

[#1 = #0O = 8 bits for coefficients
[#MEM = 3,318,000 (=720*576*8)|

Variable length coding and decoding: |VLC| and |VLD

Each stripe in the subband domain (2*2*64*45) is composed in fact of 64
subband stripes SB_ST (a stripe inside a subband) of size 2*2*45 (see Various
layers).

To go from a ST representation into a SB_ST representation (or inverse
conversion for decoder), a block to line conversion is needed, which cost
2*2*64*45*12bits of memory. At the same time a counter works to calculate in

each SB_ST the number of non-zero pixels. |#MEM = 138,200

The VLC strategy used here is clearly related to the approach chosen in [1,2]
where HDTV/TV compatibility were explored. Nevertheless, as compatibility is
not claimed here, this strategy could be simplified and use for example the same
VLC blocks oriented (8*8), like in most DCT based codec, and take for example
MPEG1 VLC tables... Thereafter will be explained, nevertheless, the VLC and
VLD used in our simulations, even if this part could be greatly simplified,
especially in term of memory (djvi if k ori .

[VLC] block: Just for the encoder

The SB_ST are VLC encoded. One word to specify the number of non-zero
pixels (nb_nz) in a SB ST followed by the relative addresses and the values of
non-zero coefficients (nb_nz pairs).” Addresses and values are coded using

ACVLC techniques (arithmetically computed VLC, a VLC technique created by
Thomson LER).

A ACVLC table is fully described by means of 8 words of 4 bits.

example: 3211111B describes a full VLC table.

Each subband has different ACVLC tables for addresses and non-zero
coefficients and also for intra and inter and they can be down-loaded to optimize
the coding efficiency at different bit-rates. The intra tables are just used for the intra

10/11/91 CCETT-TAVICEP Page 16
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refresh fields (field 2 frame 1 in a GOP => sb 32 t0 63 in a SB BL, then
ACVLC tables for sb=0,31 are not useful in that presented scheme, and
consequently they are not counted). Cost in memory: #MEM = 32#32¢] +

32%64*1. [#MEM = 3072 bits|

ACVYLC pringiple. (extract from CMTT/321-E document)

) 13141516 17 Ig describes a VLC in that way: .

A '6LC word includes k groups of bits, which lengths are 1, 1, ..., Iy
All the bits belonging to the first k-1 groups are set to one. ’l'hc last group
is the only one that must contain at least one zero.

The arithmetic rules to encode an integer value ¢ are the following ones:

-ife<Sl=211-] then ¢ is coded with 1 bits
-if S1<e<§;+212-1 then the codeword is constituted of two
' informations:

*the prefix made of 1, bits equal to '1'
*the suffix, which is r}hc ¢-S) value, binary coded with 1, bits

-and more generally if S;<e s S;,q =S;+2li+1- 1
*the prefix is filled with Ij + 15 +13 +...+ ]; bits equal to '’
*the suffix, which is the e-S; value, binary coded with 1, ; bits

ex 3211111B ACYLC
the value 0is coded '000'
the value 2iscoded '010'
the value 6is coded ‘110
the value 7is coded '111.00'
the value 9iscoded '111.10' -
the value 11 iscoded '111.11.1.0'

The maximum VLC word length is 32 bits.
The relative addresses of non-zero coefficients are directly coded that ‘way, the
non-zero coefficients are previously modified:
1 >0
-1-> 1
2 > 2
-2 -> 3..infact,i->2%-1;-i->2i (i2])
These now positive values are coded by classical ACVLC techniques.

For luminance signals, the Nb_nz values of four consecutive SB_ST inside a
ST are put together, and bit '0' Is transmitted if all the nb_nz; , i= 10,3 are equal
to zero (<=> nb = ¥ nb_nz; = 0), in the other hand bit '1' is transmitted
followed by the sequential VLC coding of the 4 nb_nz; .
Nb_nz; VLC coding:

nb_nz; =0 then bit '0' is transmited

nb_nz; 0 then bit '1’ followed by the binary value on 8 bits = 9 bits

For chrominance signals, nb is the sum of eigth nb_nz; , four consecutive
nb_nz; from DB and four from DR. Bit '0' is transmitted if nb = 0, in the
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nb_nz; from DB an

Motion vectors are encoded with a sim
- The MB_fil and MB_fi2
field 2 of the previously decoded frame.
Oor 1, 0 if same parity,
Inside a ST, the moti
MB_fi2) are VLC enc
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g:

smitted followed by
d the 4 nb_nz; from DR
Nb_nz; VLC coding:

nb_nz; =0 then bit '0' is transmited
nb_nz; « 0 then bit '1' followed by the binary value on 7 bits = 8 bits

if( '(op'c(i) eq. pc(i-1)) .a

else if( (pc(i) .eq. pe(i-1))
'1'+ '0' + 3bits

else

'+ '1' + 'pc(i)' +11bits :
! All other cases, pe(i) is just one bit

endif

! 11 bits to encode mv(i),
! be decided

This is the
1 either. (see Motion Estimation).
on vectors mv(i) (i=0,44) rela
oded that way:

nd. (mv(i).eq.mv(i-1) ) then
! Same motion vector than previous block

and. (
| Differenc

the sequential VLC coding of the 4

ple VLC. More sophisticated VLC are
can be predicted by using either field] or

iction-choice (pc) equal to

tive to MB_fil (resp.

Imv(i)-mv(i-1)| .le. .5) then
¢ with previous vector is (dx,dy)
! with ldx! < .5 and Idyl < .5

the scanning is to

A simple VLC is also used to encode the two mode decisions for a SB_MB_fr.

SB_ MB fi1||SB MB fi2|| MODE VLC 1 VLC 2

[~ INTER NTER RAM 07 e
INTRA INTER FIELD 110"
INTER INTRA FIELD 11 N
INTRA INTRA FRAME 107 7

VLC 1 is used for pictures
VLC 2 is used for picture 1 i
to be in INTRA mode to pe

The Regulation Factor, at
encoded and costs 8bits.

2-10in a GOP (see
n a GOP, for the simp]
rform the intra

block: just for decoder.

For VLD and the use of
The first '0' found give
which lengths are I,
set to one. The last
The 1, bits gives th

]MUX] box: see next page

equal to Sy ; + (e-S

"VARIOUS LAYERS")

’

¢ raison that Field2 is forced

the ACYLC 1115314 1 I [ Ig:
thcvalucofk(Aé S 11 5
12, ..., Iy, all the bits
group is the only one th
¢ value e-Sy | then ¢ is

-refresh, with 10 frames periodicity.

present time, is constant over a whole frame, is FLC

cast one zero).
k-1)-
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Buffer memory capacity: |BUF

Itinludes Y+DB+DR
|#MEM = 800,000 bits at 4Mbit/s|
[#MEM = 1,200,000 bits at 9Mbit/s]

Buffer regulation:

A regulation strategy is needed to smooth the intra refresh peak bit-rate and to
have at the buffer output a constant bit-rate. The goal is obtained by modifying the
regulation factor RF used in the subband weigthing box.

At present time this regulation factor is constant over a whole frame, but should
and could be changed at each stripe.

Global size of picture buffers for Y/DB/DR:
Encoder or decoder:

ust one Fi/Fr or Fr/Fi conversion is n

(288+16)*720*8 = 1,750,000 bits for Luminance
(288+16)*360*8*2 = 1,750,000 bits for DB+DR
THEN GLOBALLY Y+DB+DR = 3.500.000 bits

Just one Frame Memory is needed

720*%576*8 = 3,320,000 bits for Luminance
360*576*8*2 = 3,320,000 bits for DB+DR

Data buffer size

800,000 Bits at 4Mbit/s bit-rate (<=> 200 ms)
1,200,00 Bits at 9Mbit/s bit-rate (<=> 133 ms)

As noted before it is maybe possible at the decoder side to merge into an unique

memory the [Fr/Fi |process and the [FM] process, because the video lines

needed in are also stored in [FM] (Nevertheless, as I am far from being a
hardware specialist, this point is let to the decision of hardware people ...)

HDTV/TV compatibility:

HDTV/TV compatible codec has already been detailed in [1,2] for progressive
scannings. Promising results are already obtained for interlaced scannings with
the use of a PRMF bank and will be demonstrated, but nevertheless the codec
presented here is a non-compatible one.
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Coding delay:

The maximun delay between the encoder and decoder is two times one field, plus
the data buffering. This delay can be reduced for particular needs by acting on the
buffer regulation to artificially reduce the buffer size (ex: an admitted excursion
from 0% to 50% for the buffer, reduces the data buffer delay by a factor of 2).

Others:

Fast Forward and Fast Reverse are obtained by picking up in each GOP the
intra coded field 2 of frame 1.

(1] J. Mau , "HDTV/TV COMPATIBLE CODEC WITH PQMF FILTER BANK",THIRD HDTV
WORKSHOP, TORINO 1991

2] J. Mau , "SYSTEME DE CODAGE NUMERIQUE EN SOUS-BANDES MULTISTANDARD ET
COMPATIBLE, GRETSI 1991

In annexes you will find the tables for :
ACYLC at 4 and 9 Mbits, for non-zero coefficients and addresses, for
inter and intra modes.
F(sb) and PQ2(sb) for intra and inter modes.
SNR of the whole frames in a sequence under the numbers 1, 2,.. 10
which are the numbers of the frames in a GOP. Under GOP is the mean
SNR for a GOP. SNR are given for Y, DB, DR.

Count of Bits for a frame (Y+DB+DR) in a sequence, and under GOP
the total number of bits until the beginning of the sequence.

Several items averaged over a sequence.
Bit-stream files and corresponding bit-rates

Mean SNR for Y,'DB, DR over the sequences
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