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On:Blocksize.and Overhead'for,Displacement Vectors -
'in Block Matching. and Object Matching videotelephone Codecs

,Movement compensated predlctlon and lnterpolatlon is a key element
of source codlng of television’ sxgnals down to some kbit/s for
“bidlrectlonal videoconference or videotelephone appllcatlons. A
~comparison between block matchlng and object matching technlqueS'
is made in this paper with spec1al regard to the ch01ce of blocksrze
and the- resultlng overhead needed as a descrlptlon of the movement
vectors. ‘ '

Two objective flgures are used for the comparlson
' a) The galn by movement compensatlon (mean square dev1atlon)

b) The amount of overhead b1ts for the dlsplacement vectors.- o
V_One subjectlve flgure will be con51dered

c) 1ntroduced artefacts in the reconstructed plctures.

. Flgure 1 shows a ba51c block dlagram ‘of the coder and decoder with :
movement compensatlon. The structure of this coder is 1dent1cal

At the input side after the scan conver51on (SC) there is the
motlon analyzer MA determlnlng dlsplacement vectors from the origi-
~nal pictures O ~and O (m is the frame number and the delay time

 of n*t corresponds to the delay time within the DPCM. loop,_n is the
number of skipped fields +1 and t is the field period). The
estimator E is controlled by the output s1gnal cf MA and calculates»
an estimated picture Sh for prediction from the previous recostruc-
- ted plcture Rm—n' In the DPCM loop the residual prediction errors
are transformed (DCT), quantlzed (Q) and coded for transmission,
also the inverse transform (IDCT) is performed in order to generate
" +he recontructed picture in the time domaln. After varlable length




coding*(VLC) and bufferlng (B) the quantlzed predlctlon error 51gna1
the classification map and ‘control bits of the quantizer and the
'overhead 1nformatlon for the changed areas (moved blocks or ocbjects)
with thelr correspondlng movement vectors are multiplexed (MUX) be-
fore transmission. Dlsplacement vectors are only calculated from the
luminance 51gnal the chromlnance vectors are extrapolated luminance
vectors. : ' L ‘

The decoder performs basically inverse operations. In order to
-achieve-smooth movements skipped fields are interpolated motion-
adaptively by evaluating'the transmitted ‘displacement parameters.
This involves the necessity of measurlng "true" dlsplacements, not
only mlnlmlzlng the predlctlon error or some other cost function.
The used technlque of movement compensatlcn and 1nterpolatlon by
’object matchlng and the quantlzlng strategy are- explalned in detail
“in /1/.°A technlque for mot10n~adapt1ve interpolation measurlng
"true" dlsplacements at the- recelver side w1thout u51ng the trans—;,
mitted vectors is descrlbed in /2/ A '
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>.Figure-1. Structure of motion compensateddcoder and_decoder\ o

'For the lnvestlgatlons descrlbed here we reduced the number of luml-

[nance plxels per. active line to 256 and the number of chromlnance

pixels per ‘active llne to 64. The luminance signal has 288 lines andiv

the chroma SLgnals U, V have 144 lines each. The field frequency 1s

“,ireduced to 12.5 Hz._The horlzontal resolution is somewhat lower

than the agreed resolutlons w1th1n COST 211 blS and study Group XV
of CCITT, but this doesn't affect the comparlson aimed at. Numerical

~_results valid for the “higher resolutlon can be calculated from the

',flgures to be presented

Movement compensatlon by block matching is performed by subd1v1d1ng
the fields to be coded in n*n blocks (here n=8 and n=16 are con-

' sidered). For each block a displacement vector is calculated and, if

| this vector 1s unequal zero, this vector has to be coded and trans-

mitted. For the comparison made dlsplacement vectors are found by
searchlng the minimum of the absolute value distance functlon




(window = n*n, full‘search).

./.’

Object matching can be considered asvan extension of block matching.
Adjacent changed blocks (also 8+%8 and l6*16 are considered) are

concatenated to changed areas, which, under ideal conditions (sta-

tlonary background, no occlu510ns, constant illumination) represent
one moving object. For this ob]ect only one representative movement
vector is calculated based on a movement model and transmltted The
non ideal behaviour of natural scenes led us to calculate one or two

models in order to solve problems of occlu51ons and changlng shape.

"For comparlson we used the COST sequences 'Spllt' 'Trevor' and
'cut' as scene materlal Flrst the transfer function of the quan-
vtlzer has been set to one in order to study the gain of both move—-
~ment compensatlon technlques and the necessary overhead bltS for -

' the displacements vectors w1thout any 1nfluence from the quant;z;ngv
procedure. ' '

In the follow1ng Flgures 2 through 8 the inverse normallzed mean

v:square dev1atlon has been drawn (in db), which can be considered as
S a 51gnal to noise ratlo. Curve a) corresponds to the dev1at1on bet-.l{
_ ween the actual fleld to be coded and. the precedlng fleld w1thout |
: motlon compensatlon, curve b) to the deviation between the estimated

*5_‘p1cture when'’ motlon compensatlon has been used. In Flgure 6 7 and 8,t

3 ,,area is:

‘curve c) shows the deviation between the orlglnal and the recon-l
structed plctures when quantlzlng down to a. flxed rate of 256 kblt/s:
has been used. The used formula w1th summlng over the whole plcture

'ZZIKO - Ry)?
R Ch

For curve a) the expression in the nominator is (Om - R Y,
for curve b) (O' - S ). _

S/N = =-10%log

Figure 2 shows the results of block matchlng Whlth 8*8 blocks,
Figure 3 whith 16%16 blocks. Flgure 4 shows the results for object
matchlng when the boundaries of the objects are approximated by 8%8
blocks, and Figure 5 by 16%*16 blocks.
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Figure 4.: Object Matching based on blocksize 8*8
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s
. The results shown in Figure 2 through 5 are not surprLSLng. It'
quite clear ‘that block matching w1th 8*8 blocks yields a hlgher galn
than with 16*16 blocks due to the fact of a more precise circum-

scribing of the mov1ng areas. On the other hand, block matchlng with

16*16 block needs approximately one third of the amount of overhead
bits as compared to 8*8 blocks. ' '

 It's also quite clear that object matchinq with three dimensional
translatlon as the movement model results in a lower gain when cod-
ing human people with changlng shape. We are working on a better
segmentation and better suited movement models. But the curves show
_clearly, that the used movement model of 3 D translation is valid
in the zoom and pan part of the Cut sequence (fleld nunber ‘180~ -270),
resultlng in a s1gn1f1cantly ‘higher gain. This is mostly due to the
fact that object matchlng is able to eliminate wrong measurements
‘and allows. the transmlsslon of. non-lnteger representatlve movement
’,vectors. '

For block matchlng ‘the amount of overhead blts has been calculated o
‘as follows.‘l bit per block moved-unmoved discrimination, 244 bits
per moved block for the two (lnteger) components of the dlsplacement
‘vector (thlS allows to code dlsplacements from -8...+8 plxels). ‘The -
~luminance s1gnal resolutlon mentioned above glves theoretlcal maxi- -
mum values (1n the case of a completely moved fleld) of 2592 bits
"for 16*16 blocks and of 10368 bits for 8*8 blocks. Us1ng the correct
. dCOST format these flgures w1ll be 3645 and 14580 bltS. Hav1ng in Rt
| mind the amount of blts per coded field allowed (some 25000 bits a '
when codlng at 320 kblt/s), a look these flgures is very 1nterest1ng.

.The calculatlon of overhead blts for object matchlng is somewhat
more compllcated and explalned 1n detail in /1/. Bas1cally, the

boundaries (approx1mated by 8*8 or 16*16 blocks) "of the moving ob-
- jects and the (non integer) components of the movement vector, now
representatlve for one changed area and not for one block, have to
be transmitted . With a llmltatlon to 8 moving objects and two para-
meter sets for the movement model (1n order to solve the problem of
'occlu51ons) per mov1ng area, the theoretlcal maximum amount of bits
is 1344 when the contours are approx1mated by 16%*16 blocks and 3648
’blts when usmng 8*8 approx1matlon. These flgures are 51gn1flcantly
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lower than the block matching'figures;_On the other hand,

as men-

"~ tioned above in the case of objects with changing shape the gain by

- movement compensation will be lower. The following table shows

. measured mean values and maximum values of overhead bits for the

COST sequences. -

. block matching 8*8
block matching 16*16

~ object matching 8%8
object matching 16%16

Split -

‘mean/max

3499/3852
1032/1128

1500/1864
559,781

Trevor
mean/max

3319/4020
973/1216

1331/1936
- 384/554

Cut
mean/max

'3718/5928

1200/2040

1549/2970

448/806

’:Table 1l.: OVerhead bits for movement conpensation

The results concerning the galn would 1mply a preference for block
, matchlng But looklng at S/N flgures of reconstructed plctures '
pwhen coding the scenes at a flxed rate of 256 kblt/s, another i

answer w1ll be found.

'"Flrst the blg amount of blts needed for transm1ss1on of the dls-1

'”_placement vectors is no more avallable for codlng the re51dual pre-,

f diction errors. Second, -and more 1mportant block matchlng works'p

© with 1nteger dlsplacement vectors, this 1mp11es the 1ntroductlon of

sartefacts at the blockborders in the estlmated plcture and, due to,

e
ciTes J...Llll.L |9 A%

These artefacts (mostly short horizontally and vertically oriented

“line pieces)

‘are distributed all over the moving area.

The principle

of object matchirng alloWS”such*artefacts’only*at‘the“border5“ofwthe

moving. area, not inside. Experiments'have shown, coding with differ-

sent blocksize for movement compensatlon and for block quantizing

(e.qg.

8*8 for block matchlng,

16*16_for ‘transform coding)

gives

worse results. Object matching allows different blocksizes. Never-
theless we found that object matching with 16*16 approximation of
the contour of moving.areas.and 16*16 block quantizing gave the best
" subjective impression of the reconstrﬁcted pictures,.Also block




matcﬁing and block quantizing with common blocksize 16*16 is super-

ior to the common_blbcksize 8*8,
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Figure 7.: Coding at 256 kbit/s with Object Matching (16*16)
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‘The accumulatlon of the artefacts mentloned above causes the
decrease in S/N ratlo after each scene change as shown in Flgure
6 c). We tried to reduce this annoying effect and eliminated the

i dlscontlnulty of the displacement vectors at the block borders by
ihterpoTatlﬂg the veatcrs bilinearily, resulting in non-lnteger
displacements; this implies also blllnear 1nterpolatlon‘of the
amplitudes when calculating'the,estimated'picture, which increases

a_the amoﬁnt of calculations needed by 14 operations per moved pixel.
Figure 8 shows, that the gain by movemeﬁt'compensation is somewhat
higher and the artefacts are reduced (not eliminated); nevertheless
object matchlng yields better S/N ratio and a better subjectlve
picture quallty ' - '
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Figure 8.: Coding at 256 kbit/s with Block Matching (16%16)
with interpolated non-integer displacement vectors




Conclusions:

'ffCompared to object matchlng,_block matchlnq glves hlgher galns by“w'”
- movement compensatlon when codlng objects with changlng shape. On
the other hand, a SLgnlflcantly ‘higher amount of bits 1s needed
5j for the”transm1551on of the dlsplacement vectors, this amount beeing_
no moore avallable ‘for the coding of the: residual predlctlon errors.
In the case of changlng camera parameters (zoom, pan), the |
galn of object matching is higher with a lower overhead needed. v
~>Wlth object matching "true" dlsplacements are estlmated ThlS allows ’
the use of the transmltted dlsplacement vectors for motlon adaptlve .

1nterpolatlon of sklpped fields; nevertheless there is the poss1-r.
© bility to 1mprove “the performance u51ng a more- sophlstlcated post—'
"‘iproce581ng 1n order to dlsplay smooth movements on. the recelver 51de.'
i A coding scheme with”blodk matching and'blocktquantizing.should use
'Ithe same blocks1ze for movement compensatlon and quantlzlng, and a‘77
.;blllnear lnterpolatlng calculatlon of the estlmated plcture glves '_
‘better plcture quality. Otherw1se hlgh frequency artefacts are. 1ntro-e
kﬂduced -When the transm1s510n rate 1s llmlted ‘Theseaartefacts are

»dcon51derably 1ower w1th object matchlng.

In our experlments a blocks1ze of 1 *. I
atwon,and quantlzlng ylelded the best subjectlve plcture quallty.

f a bltrate of 64 kblt/s 1s almed at the amount of 7680 blts per

The results presented make us recommend for standardlzatlon a block-
" size of 16*16 both for block matchlng and block quantlzlng._The _
mipos51b111ty of decodlng 51gnals with movement compensatlon by object

matchlng should be 1ncluded in a future standard R




