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A Method and Device for Estimating Movement

The invention relates to a method and device for estimating

movement in video signals.

Prior Art

The data-reducing coding/decoding of digital video signals

is in many cases based on a movement-compensated

interpolation of picture element values (interframe coding).

For this purpose, movement vectors or displacement vectors

are required for picture element blocks.

These movement

vectors are normally generated in the encoder by means of

movement estimation.

A comparison is carried out in each case for a picture

element block with e.g. 8*8 luminance picture elements from

the current image within a search zone consisting of an

'enlarged picture element block of e.g. 16*16 luminance
picture elements of the preceding image and referred to as

search window.

By means of MSE (mean squared error) or MAE

(mean absolute error), within the search zone the 8*8 block

with the highest correlation is determined and from the
spatial position of the latter compared to the block from
the current image the respective movement vector is

determined.

i

This method is extremely compute-intensive and requires very

high cycle rates.

Even in hierarchical search methods

complex and high-speed hardware is required.

Igventiog.

The aim of the invention is to provide a less compﬁte-

intensive method of estimating movement.

This aim is

fulfilled by the method described in Claim 1.
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ar e requlred -for this purpose. These notion vectors are normally generated
i'n the encoder by neans of notion estimation. In this process, a
conmparison is carried out in each case for a pixel block having, for
exanple, 8*8 |um nance plxels fromthe current inmage inside a search area
whi ch consists of an enl arged pixel block of, for exanple, 16*16 |um nance
pi xel s of the preceding inmage. The MSE (neay squared error) or MAE (nean
absolute error) 1is used inside the search area to deternm ne the 8*8 bl ock
havi ng t he hi ghest correlation and its spati al position in conparison to

t he bl ock fro he , curr |s sed,.to determne the res

noti on vector. ﬁl d d‘&’q §' Sreé#éﬂ/ t&’ﬁ”ﬁfﬂ% ‘o Siglit :ft polha‘ﬁ Jr\g?]eoa
requires very dewvileecifock fne s thxid aacaodiing tandHeasinventienre iBhistain
requl red even i3 (9 £4350 by AV i RGbed B R im 7.

In conventional methods of estimating movement, picture
element values with a full word length of e.g. 8 bits are
used. Detailed investigations have now shown that a
movement estimation can also be effected by analysing ohly
specific bits, e.g. the MSB or the two MSBs, of the picture
element values. For this purpose these bits (of the picture
element values of the current and the preceding and/or
following image) are linked by logic operations and the
individual results for the different block positions of the
current block (e.g. 8*%8 block) within the search window are
in each case combined. By means of a following minimum or
maximum comparison, the respective vector for the current
block is then deterﬁined. The logic operations are
preferably EXOR and/or EXNOR functions, the results of which
within the respective search block are counted and/or added.

In principle the method acéording to the invention consists
in that for the estimation of movement in video signals,
where in each case within a search zone a reference picture
element bloék_(BS) is compared with corresponding picture
element blocks (SAS) of one or several adjacent images and a
movement vector is detérmined in accordance with the '
position of the principally highest correlation, in this
comparison of the picture element values in each case only
the MSB (most significant bit) and/or further of the MSBs
(most significant bits), provided with the general reference

MSBs in the following, is/are used.

Advantageous further developments of the method according to
the invention are described in the associated dependent

claims.
I —
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Inventlon It is the object of the invention to specify a nmethod for
notion estimation which is | ess demanding conput ationally. This object is
achi eved by neans of the nethod specified in Caiml. It is also
the object of the invention to specify a device for the nmethod according to
the invention. This object is achi-eved by nmeans of the device specified in
Claim?7. - Pixel values having a full wgrd | ength of, for exanple, 8
bits are used in conventional notion estima- tion nethods. Detailed

i nvestigati ons have shown that it '

In principle the device according to the invention for
estimating movement in video signals, where in each case
within a search zone a reference picture element block is
compared with corresponding picture element blocks of one or
several adjacent images and a movement vector is determined
in accordance with the position of the principally highest
éorrelation, is provided with:
- storage means for storing the reference picture element
block and the picture element blocks of one or several
adjacent images;
- EXOR or EXNOR gates which are connected to the storage
means and which are in each case supplied with only the MSB
(most significant bit) and/or further of the MSBs (most'

- significant bits), referred to in general in the following
as MSBs, of these picture element values;
- means for the addition, counting and/or intermediate
storage of the comparison results for each of these picture
element values from the EXOR or EXNOR gates which determine
the movement vector from the search position with the
minimum or maximum of the sum or the counting result.

Advantageous further developments of the device according to
the invention are described in the associated dependent
claims.

Drawings
Exemplary embodiments of the invention will be described
making reference to the drawing in which:

Fig. 1 shows a block from the current image and a search
zone from the preceding image;

Fig. 2 is a block diagram of a movement estimator according
to the invention; ’ _

Fig. 3 is a block diagram of a further movement estimator
according to the invention.
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-2-+" 1I's also possible to performnotion estimation by evaluat- ing only
specific bits, for exanple the MSB or the two MSBs, of the pixel val ues.
For this purpose, these bits (fromthe pixel values of the current and of
the preced- . ing and/or follow ng i mage) are conbi ned by neans of l|ogic
operations, and the individual results for the various block positions of
the current block (for exanple, 8*8 block) are respectively conbi ned

i nside the search wi ndow. The respective vector for the current block is

then determ ned by neans of a subsequent m ninmum or maximum conpari son.

The | ogic oper g lQR a HfmentdP! Y EXOR and/or EXNOR functions whose

results are c¢ ] 1si de the respective search bl ock.

In principle, Thet blocks shawsd ifcddadi dg nedaties for reasons of clarity of
layout, to a block size of 2*2 picture elements. 1In reality
block sizes of e.g. 8*%8 or 16*16 picture elements are used.
For the determination of a first combination result, in
consecutive cycles CL in an EXOR or EXNOR function the MSBs
of the picture elements of the current block are logic-
linked with the MSBs of the search zone picture elements

. A...T (size of the search zone can be arbitrarily selected)

in accordance with the following table:

EXOR cL
10a 1
208 2
3®F 3
4 @G 4

For the determination of the second combination resuit, in
consecutive cycles CL the MSBs are logic-linked in
accordance with the following table:

EXOR CcL
168 1
28 cC 2
306 3
4 @ H 4

i

The sequence can differ:
A)

In accordance with the above tables, firstly with the cycle
CL ='1', MSB '1' (or the several MSBs corresponding to. the
position of MS '1') are simultaneously logié-linked in a
corresponding number of EXOR functions with the MSBs (or the
several MSBs corresponding to the position of MSB '1') of A,
B, C,...,N, whereupon in cycle CL = '2', MSB'2' is
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I nvention consists in that for the purpose of notion estimation in picture
Signals, in which nmethod inside a search area in each case a reference

pi xel block (BS) is conpared with correspondi ng pi xel bl ocks (SAS) of one
or nore nei ghbouring i mages and a notion vector is deter- mned in
accordance with the position having the highest correlation in principle,
in this conparison of the pixel values in eagh case only the MSB (nost
significant bit) and/or further ones of the MSBs (nobst significant bits), :
denot ed bel ow gdmerlaaneoass IYoRvgic/ArkabnpatdkedesiEXOR or EXNOR functions

Advant ageous dg, Q‘é‘d penc?)én ttheB el hod - q.;:ceq__rcdl ngm.}eo lt'{ﬁ[‘h%g,i ilgé;%‘lggééog\{__

fromthe associ at tclding." "’ I'npri
accordi ng to thde epdputs Of fdresetEXOR @n |EWQR)rquthnﬁjr@'%|Jgha¢%¢hl n

whi ch devi ce | RYisde R[ITRRAHA qy,%mﬁ% fcyasga;o}éqef erﬁmvpi lerpd ock is

conpared with corre Qndln er bIo e or nej ourin |nages_

and a notion Vg&gﬁeéggng of the searc zone QT%éi élt e case
EXOR functions the minimum of these sums, and in the case of
EXNOR functions the maximum of these sums is determined for
the search zone, and from the associated search position
(i.e. where as many as possible of the 2*2 MSBs of the two
blocks are identical) the corresponding movement vector is
determined.
B)
Firstly, with the cycle CL = '1', in parallel EXOR~ or EXNOR
functions MSB'1l' is logic-linked with MSB'A', MSB'2!' is
logic~linked with MSB'B', MSB'3' is logic-linked with MSB
'F', and MSB'4' is logic-linked with MSB'G' and directly the
combination result or sum of these four individual results
is determined and intermediately sﬁored. Then, in cycle CL
= '2' in parallel EXOR functions MSB 'l' is logic-linked
with MSB 'B', MSB '2' is logic-linked with MSB 'C', MSB ‘'3°
is logic~linked with MSB 'G', and MSB '4' is logic-linked
with MSB 'H' and the corresponding combination result is
determined etc. Féllowing the processing of the search zone
for a block, in the case of EXOR functions the minimum of
these sums, and in the case of EXNOR functions the maximum
of these sums is determined for the search zone and from the
associated search p051tlon (e g. where as many as possible
of the 2*2 MSBs of the two blocks are identical) the
corresponding movement vector is determined.

The movement estimator according to Fig. 2 is suitable for
version A) and contains block storage means BS for the
picture element values or the required bits (e.g. the MSB or
the 2 or 4 MSBs) of these values of the current block. The
picture élements values or the corresponding MSBs for the
search zone are stored in search zone storage means SAS.
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deterni-ned in accordance with the position having the highest correlation
in principle, is provided with: - storage means for storing the reference

pi xel block and the pixel blocks of one or nore neighbouring inmages; - EXOR
or EXNOR gates which are connected to the storage neans and to which only
the M5B (nost significant bit) and/or further ones of the MSBs (nost
significant bits), 6 . -3- denoted bel ow

general |y as MSBs, of these pixel values is
The required bit or the required bits of these picture

element values are fed to EXOR or EXNOR gates G1,
G2,...G6... One output of BS, via which the MSBs '1', '2°,
'3' and '4' are output, is connected to all the gates. From
SAS a number of lines corresponding to the number of picture
elements of the search zone is in each case connected to one
of the gates Gl1, G2...., G6. The gate output values are
added for each of the search positions in each case in an
adder. Advantageously, on the basis of the 1-bit values
this addition of the individual results can be carried out
using counters €1, €2,...,06... For each search for a
block, the maximum or minimum of the counting results is
determined in following comparator means COM and from the
associated search position the corresponding movement vector
is determined.

If a plurality of (n) MSBs are analysed in parallel for the
search, the circuit can be extended in different ways:

a) n gates, n counters (in the case of MSB and MsB™? or
Msp~!
an appropriate fashion;

b) preferably n gates, a counter operating at n-fold speed
or an adder;

and MSB'z, n = 2), which are arranged in parallel in

C) as a) or b) but to/from one or several of the MSBs from
BS and from SAS prior to the analysis in the gates a defined
value, e.g. 48, is added or subtracted. This defined value
: or defined values can be continuously adapted to the image
statistic;
d) not always the same bits are analysed, e.g. within a
block in each case two of the bits MSB, MSB™' and MSB™2 are
selected.

These possibilities can also be combined in an appropriate
fashion. '
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or are fed; and - neans for adding, counting and/or buffering the com
parison results for each of these pixel values fromthe EXOR or EXNOR

whi ch determ ne the notion vector fromthe search position having
the m ni num or the nmaxi rum of the sumor of the counting result.

Advant ageous devel opnents of the device according to the invention follow
fromthe_ associ ated dependent cl ains. Dr awisngs Exenpl ary .
enbodi ments of the invention are described with the aid of the drawings, in

gat es,

which: Fig. 1 Theshowvendnbosstimposehatording ko efig rﬂag's asulitable for
the search area,dfHiBd ) RIKE A ﬂ@%o«ﬁ%gstc?ra s, & % Ofde dLREF am Of
a notion estimator accor |ng e Thvention;

picture element values or the requ1red blts (e.g. the MSB or
the 2 or 4 MSBs) of these valuestof.the current block. The
picture element values or the corresponding MSBs for the
search zone are stored in search zone storage means SAS. BS
has four (depending.upon the block size) outputs, each of
which is connected to one of the fourth EXOR or EXNOR gates
Gl...G4 and via which the required bit or required bits of
these picture element values are fed to the'gates. Similar
applies to SAS. The gate output values are added for each
of the search positions in each case in an adder circuit co
and intermediately stored for all the search positions.
Advantageously, on the basis of the 1-bit values this
addition of the individual results can be carried out using
counters. For each search for a block, the maximum or
minimum of the counter results is determined in following
comparator means COM and the corresponding movement vector
is determined from the associated search position.

The extension possibilities referred to with reference to
Fig. 2 can be applied in a corresponding fashion in the
circuit according to Fig. 3.

The invention can also be used to form (e.g. local) movement
vectors in a decoder. '

‘
In the case of a moving image content in interlaced images,
the vector search can also be carried out within blocks
which are composed only of lines of one field.

The search zone can also be non-square and/or varied in its
dimensions, in particular as a function of search results
preceding in respect of time and/or space.
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Fig: 3. . shows a block diagramof a further notion est i mat or
according to the invention. Exenpl ary enbodi nent s The bl ocks
represented in Fig. 1 relate for reasons of clarity to a block size of 2*2
pi xels. In actuality, block sizes of, for exanple, 8*8 or 16*16 pixels are
used. In order to determine a first conbina- tion result, the MSBs of the
pi xel values of the current block are conparged with the MSBs of the search
area pixels A... T (the size of the search area can be chosen arbitrarily)

are cgrrbi ned iméhﬁx@fam?y@nc:d:mkﬁ%sm {ihpl eméit &XChh cth&NEEX bHiNgeapBhI N

accordance with the follow ng t : . OR . CL

| [err] A gbr are erencg bfbcf byzcom?%§+fo%3wf%k corresp%ndlng
blocks of a preceding and a following image (double-sided

block matching).

Instead of MSE or MAE it is also possible to use other
methods of fault level calculation. Instead of determining
the movement vector in accordance with the respective
highest correlation, it is also possible deliberately not to
select the position of the highest correlation if a closely
located position is better adapted to the surrounding
vectors.

The invention can be applied for example in MPEG TV systems,
in digital video recorders and in moving image transmission
via telephone lines (ISDN).
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3'Lerf].F 3 4 [err] G 4 In
order to determ ne the second conbination result, the NMSBs—are—ecembined—n —

successi ve cl ock pul ses -4- i
accordance with the follow ng table: EXOR ““SShegLHaSEee eplaced
el 1 > terrr e IR
. 9
Claims
1. A method of estimating movement in video signals

wherein in each case within a search zone a reference
picture element block (BS) is compared with corresponding
picture element blocks (SAS) of one or several adjacent
images and a movement vector is determined in accordance
with the position with the principally highest correlation,
characterised in that in this comparison (Gl1...G6, Cl...Cs,
COM) of the picture element values, in each case only the
MSB (most significant bit) and/or further of the MSBs (most
significant bits), referred to in general as MSBs in the
following, is/are used.

2. A method as claimed in Claim 1, characterised in that
in the comparison the MSBs of the picture element values
from the reference block (BS) and from the search zone (SAS)
are logic-linked with EXOR- or EXNOR functions.

3. A method as claimed in Claim 2, characterised in that
in the logic-linking, for each of these picture element
values the result of the EXOR or EXNOR function is added or
counted, and the movement vector is determined from the
search position with the minimum or maximum of the sum or
the counting result.

4. A method as claimed in Claim 3, characterised in that
at least n=2 MSBs for each picture element'value *(from?) n
EXOR or EXNOR functions are added or counted; where in each
case either n parallel counters are used or a counter with
n-fold speed is used.

5. A method as claimed in one or more of Claims 1 to 4,
characterised in that priér to the comparison, to/from one
or more of the MSBs defined values, in particular adapted to

* ¢ L M § %



3 [err] G 3 4 lerr] H

The sequence can differ: A) In accordance with the L &Ee | .n

tables, the first step at clock pulse CL='1"' is to conbine | eBlaced
the plurality of MSBs corresponding to the position of MSB ' ' ﬂ ﬂ

MSBs (or the plurality of MSBs corresponding to the position ' f

A B C ...,Nsinultaneously in a cprresponféng nunmber of EXOR functi ons,
after which at clock pulse Cl1="2'" MSB '2' is Sinultaneously conbined with

the MsBs of B, C, .....0.in . these EXQR or Eﬁgﬁﬁ;guncti s, etc., The

i ndi vi dual resdft $"89% ﬁ&aoﬁs&h ST L 3 f%‘g{?ﬁns are
sunmmed and buf fsabédraoteshch case. After processing of the search area for a
bl-ock, in the case of EXOR func- _ _

' 6. A method as claimed in one or more of Claims 1 to 5,
characterised in that in the comparison, within a picture
element block different ones of the MSBs are analysed for
different picture element values.

7. A device for a method as claimed in one or more of
Claims 1 to 6 for estimating movement in video signals,
wherein in each case within a search zone a reference
picture element block (BS) is compared with corresponding
picture element blocks (SAS) of one or more adjacent images,
and a movement vector is determined in accordance with the
position with the principally highest correlation, provided
with: |

- storage means (BS, SAS) for storing the reference
picture element block and the picture element blocks of one
or more adjacent images; '

- EXOR or EXNOR gates (G1, G2,...,G6...) which are
connected to the storage means and which are in each case
supplied with only the MSB (most significant bit) and/or
further of the MSBs (most significant bits), referred to in
general as MSBs in the following, of these picture element
values; _

- means (Ci, C2,...,C6,...COM, CO) for the addition,
counting and/or intermediate storage of the comparison
results for each of these picture element values from the
EXOR or EXNOR gates which determine the movement vector from
the search position with the minimum or maximum of the sum
or counting result.

8. A device as claimed in Claim 7, characterised in that
at least n=2 MSBs for each picture element value in n
parallel EXOR or EXNOR gates (G1,G2,...,G6...) are added or

A



tions the m nimum of these suns, in the case of EXNOR functions the maxi num
of the suns are determ ned for the search region, and the correspondi ng
notion vector is determined fromthe associ ated search position (that is to
say, where as many of the 2*2 MSBs of the two bl ocks are equal). B).
Firstly, at clock pulse CL="I" in parallel EXOR or EXNOR functions MSB '1'
i's conbined with MSB ' A", M5B '2' is conbinegywith MSB 'B', MSB '3 is
conbined with VSB '"F and MsSB '4' is conbined with MSB'G, and the

conbi nation re r [ t

determ ned and t%%%d u sé%%é%gﬁ§ %&'?1£ﬁg¥ ?gééféffgi é%ﬁﬁgﬁgﬁlgre
EXOR functi onsul@ 'or qne QAUNLRY W\}fﬂh nEPld spm is' u$§deonb| ned with
MSB 'C, MSB '3' is conbined with MSB'G and MSB '4' is conbined with M5B

L oa0d e et espanding conbl nal LONK °B &1 5 7 SE B M Bhallee L8 1
' . that prior to the comparison, to/from one or more of the
MSBs defined values, in particular adapted to an image
statistic, are in each case added and/or subtracted.

10. A method or device as claimed in one or more of Claims
1 to 9 for use in MPEG TV systems, in digital video '
recorders and/or in moving image transmission via telephone
lines (ISDN).
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for.’a block, in the case of EXOR functions the ninimum of these suns, and
in the case of EXNOR functions the maxi mum of these sums, is determned for
t he search region, and the corresponding notion vector is determ ned from
t he associ ated search position (that is to say where as nany of the 2*2

MBBs of the two bl ocks as possible are equal). The notion estimtor
according to Fig. 2 is | 12
Abstract

The data-reducing coding/decoding of digital video signals
is in many cases based upon a movement-compensated
interpolation of picture element values. For the
determination of the movement vectors for picture element
blocks, a comparison is in each case carried out for a
picture element block from the current image within a search
zone consisting of an enlarged picture element block. By
means of MSE or MAE, within the search zone the block with
the highest'correlation.is determined and from the spatial
position of the latter compared to the block from the
current image the respective movement vector is determined.
This method is extremely compute-intensive and requires very
high cycle rates. Even in hierarchical search methods,
complex and high-speed hardware is required.

In accordance with the invention, the movement estimation is
carried out by the analysis of only specific bits, e.g. the
MSB or the two MSBs, of the picture element values. For
this purpose these bits are logic-linked by means of EXOR
and/or EXNOR functions and the individual results for the
different block positions of the current block within the
search window are in each case combined. By means of a
following minimum or maximum comparison the respective
vector for the current block is then détermined.

Fig. 2.
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sui.t-abl’e: for_version A) and contains bl ock storage neans BS for the pixel
‘val u&%/twrequi red bits (for exanple, the.MsSB or the 2 or the 4 NMSBs)
of these values of the current block. The pixel values or the correspon-
ding MSBs for the search region are stored in search region storage neans
SAS. The required bit or the requi rbd bits of these pi xel values are fed
to EXOR or EXNOR gates A, @&,..., G5... An output of BS via which the NMSBs

1', '2', '3 and '4' are successively out p'UT—I‘s—C'OTTn'eg‘E'd—rU—aTE‘T‘he
gates. Fromthe SAS a nunber of |ines correspﬁndi rBJ tol he BunbeE of the
pi xel s of the sga a-@a are connected tojone of the gates GlL, @&,...,
&..., in each '

tefse. :- gate out put val ues es d,for each @f the
search position$ in onejadder each. Because g? thggrlr?bi'-l' val ues,'j)it i's
advant ageousl y. for this summ ng off the individual results to be
perfornmed using b Cl, C2,..., C6....] igr egch sgprchnpor @ bl ock,

t he nmaxi mum or tﬁgm"i]mof t he

P Q@ R S T
Fig.1B

8BS Gi C1
s
| VEC
. G4 T C4
SAS T
G5 C5
1
G6 Cé
. . COM  Fig.2
L ] ® L
T G
BS U
G2 | . .
_ . VEC
G3 -
SAS - ;
| | Fig3
G4 co COM
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colnter results is deternmined in subsequent conparator AEHMENT) SHEETS  S(

d.)..to paged
correspondi ng notion vector is deternmined fromthe ass t*ﬁ!i?él@&r epse

posi.ti on. If several (n) MBBs are eval uated in #hEHAIRE fopagede.Z. to paged
search, the circuit can be extended in various ways: q) isg(s) npagednd.etos paged
(n=2in the case of M5B and MSB-[err] or_MsB-[err] 4 RBgrgoer r | pagedi \hto paged

are arranged CoMgQERDRA Hatidb %@'A@é o ey SLELARLY N gates, a count gt
operating at n tines the speed, or an adc eePe)f as ’g’?%orpm (hmtmg@é]pﬁ hﬂﬂ' ]35

evaluation in the gates a fixed val ue, for exarrpl e 48, ~rs—added—to-o1
subtracted from one or The sinesmtish +BEalBBS thr st Red SAS. aTllievice

for motion estimation in picture signals.

Prior Art _
Motion-compensaﬁed interpolation of pixel values
{s a fundamental approach (interframe coding) in many
. instances in the case of data-reducing ccdiné/decoding of
digital picture signals. Motion vectors for pixel blocks
are required for this purpose. These mdtion vectors are
normally generated in the encoder by- means of motion
estimation. In this process, a comparison is carried out
in each case for a pixel block having, for example, 8*8
luminance pixels from the current image inside a search
area which consists of an enlaiged pixel block of, for
example, 16*16 luminance pixels of the preceding image.
The MSE (mean squared error) or MAE (mean absolute error)
is used inside the search area to determine the 8*8 block
having the highest correlation, and its spatial position
in comparison to the block from the current image is used
to determine the respective motion vector. This method is
"‘extremely demanding computationally and requires very
'high clock pulse rates. Complex and fast hardware is
still required even in the case of hierarchical search

methods.

Invention

It is the object of the invention to specify a
method for motion estimation which is less demanding
computationaily. This object is achieved by means of the
method specified in Claim 1.

It is also the object of the invention to specify
a device for the méthod according to the invention. This
object is achieved by means of the device specified in -
Claim 7.

Pixel values having a full word length of, for
example, 8 bits are used in conventional motion estima-
tion methods. Detailed investigations have shown that it

This is the repl snt shoet s e e
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fixed value or these fixed val ues can be continuously matched to the inmage
statistics; and d) not always the same bits are evaluated. For exanple, two
of the bits MSB, MSB-[err] and MSB-[err] are respectively selected inside a
bl ock. These possibilities can aLsQ be appropriately conbined.

The notion estimtor according to Fig. 3 1S suitable for version B) and

tai bl ock BSf | . | _bits
(for ™ oxanple. ThormaspoRaip1elte Srkbtn HdElon Udidhdlid by SHLLER:
current bl ock. e PRLE| spearificoPithe £orr exgmple dihey M3Wsof othehsweear ch

area are storedspe Se&sff Cthé/fkel values. For this purpose, these bits
(from the pixel values of the current and of the preced-
ing and/or following image) are combined by means of
logic operations, and the individual results for the
various block positioris of the current block (for
example, 8*8 block) are respectively combined inside the
search window. The respective vector for the current
block is then determined by means of a subsequent minimum
or maximum comparison. The logic operations are prefer-
ably EXOR and/or EXNOR functions whose results are
counted and/or added inside the respective search block..

In principle, that [sic] method according to the
invention consists in that for the purpose of motion
estimation in picture signals, in which method inside a
search area in each case a reference pixel block (BS) is
compared with corresponding pixel blocks (SAS) of one or
more neighbouring images and a motion vector is deter-
mined in accordance with the position having the highest
correlation in principle, in this comparison of the pixel
values 'in each case only the MSB (most significant bit)
and/or further ones of the MSBs (most significant bits),
denoted below generally as MSBs, is/are co:hpared [8ic].

Advantageous developments of the method according
to the invention follow from the associated dependent
claims.

In principlé, the device according to the inven-
tion for motion estimation in picture signals, in which
device inside a search area in each case a reference
pixel block is compared with corresponding pixel blocks
of one or more neighbouring images and a motion vector is
determined in accordance with the position having the
highest correlation in principle, is provided with:

- storage means for storing the reference pixel block and
the pixel blocks of one or more neighbouring images;

- EXOR or EXNOR gates which are connected to the storage
means and to which only the MSB (most significant bit)
and/or further ones of the MSBs (most significant bits),
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.storage neans SAS. BS has four (depending on block size) outputs, of which
each is connected to one of the four EXOR or EXNOR gates GlL... &4, and via
which the required bit or the required bits of these pixel values are fed
to the gates. The corresponding statenent, holds for SAS. The gate output
val ues are summed for each of the search ™positions in an adder circuit CO

in each case a f -, _ed sear. 0gyd i S hgg 1- bi t
val ues, this gg%%gﬁée%?l?‘ﬁeg%%%f%#dﬂafgr@u t ?%gﬁgggvgﬁ%ggegagflﬁg be
performed usi ngrcaumt §ed; &od each search for a block, the maxi numor the

m ni num of the_coiiahe! FASUdSidg, E8hREThHCHnUET oFUBUEFR1ing HHERT E1f
means COM and the corresgon I ng notion vector is, d tg‘{ﬁrg ned from t.he
. [

: d
associ at ed seaPBFipge| rpsrlits for eaph of Fhrge P 489 RTPRERE | n
relation to Fi gxoR ean BXMNOR[Fa sk £owhEeR0odditegninien thiee mtitricn t vectar di ng

to Fig. 3. from T&ei nsveearzlztcihonpcé%rit?.loﬁo Rgvgzszsd ék?e f glri@imqmor or the
maximum of the sum or of the counting result.

Advantageous developments of the device according

to the invention follow from the associated dependent

claims.

Drawings
Exemplary embodiments of the invention are

described with the aid of the drawings, in which:

Fig. 1 shows a block composed of the current image and
| the search area from the preceding image;
Fig. 2 shows a block diagram of a motion estimator
according to the invention; and
Fig. 3 shows a block diagram of a further motion

estimator according to the invention.

Exemplary embodiments
The blocks represented in Fig. 1 relate for

reasons of clarity to a block size of 2*2 pixels. In
actuality, block sizes of, for example, 8*8 or 16*16
pixels are used. In order to determine a first combina-
tion result, the MSBs of the pixel values of the current
block are compared with the MSBs of the search area
pixels A...T (the size of the search area can be chosen
arbitrariljr) are combined in successive clock pulses CL
in an b:.'XOR or EXNOR function in accordance with the

following table:

EXOR CL
lea 1
2 B 2
3 ®F 3
4 © G 4

In order to determine the second combination

result, the MSBs are combined in successive clock pulses
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.exanpl e, local) notion vectors in a decoder. In the case of a

novi ng i mage content for inter- |laced inmages, the vector search can al so be
carried out inside blocks which are conbined only fromrows of a field.

The search area can al so be non-square and/or be varied in its extent, in
particular as a function of search result-s4which precede in tine and/or in

space. -1:
P CL in accordance with the following table:

EXOR CL
leB 1
20C 2
3 &G 3
4 e H 4

The sequence can differ:
A)

In accordance with the preceding tables, the
first step at clock pulse CL=’1l’ is to combine the MSB
‘1’ (or the plurality of MSBs corresponding to the
position of MSB ‘1l’) with the MSBs (or the plurality of
MSBs corresponding to the position of MSB ‘1‘’) of A, B,
C, ...,N simultaneously in a corresponding number of EXOR
functions, after which at clock pulse Cl=’2’ MSB ‘2’ is
simultaneously combined with the MSBs of B, C, ...,0 in
these EXOR or EXNOR functions, etc. The individual
results at the outputs of these EXOR or EXNOR functions
are summed and buffered in each case. After processing of
the search area for a block, in the case of EXOR func-
tions the minimum of these sums, in the case of EXNOR
functions the maximum of the sums are determined for the
search region, and the corresponding motion vector is
determined from the associated search position (that is
to say, where as many of the 2*2 MSBs of the two blocks
are equal). ' '
B) -

Firstly, at clock pulse CL=’1l’ in parallel EXOR
or EXNOR functions MSB ‘1’ is combined with MSB ‘A‘, MSB
r2' is éombined with MSB ‘B’, MSB ‘3’ is combined with
MSB ‘F’ and MSB ‘4’ is combined with MSB ’G’, and the
combination result or the sum of these four individual
results is determined and buffered. Subsequently, at
clock pulse CL=’2’ in parallel EXOR functions MSB ‘1’ is
combined with MSB ’B’, MSB ‘2’ is combined with MSB ‘C’,
MSB ‘3’ is combined with MSB ‘G’ and MSB ‘4’ is combined
with MSB ’‘H’ and the.corresponding combination result is

determined, etc. After processing of the search region
' This is the replacement shest
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.I'n the case of the vector search for a reference block, as well, the
Lnvention can be perfornmed by a conparison with correspondi ng bl ocks froma
precedi ng and from a subsequent inmage (doubl e-sided bl ock matching).

"The invention can be applied, for exanple_ in MPEG TV systens, in digital
vi-deo recorders and in the case of the t‘r§n§m’ ssion of noving imges over

telephone 11 ne?oélasgépdck, in the case of EXOR functions thd minimum of
these sums, and in the case of EXNOR functions the
maximum of these sums, is determined for the search
region, and the corresponding motion vector is determined
from the associated search position (that is to say where
as many of the 2*2 MSBs of the two blocks as possible are
equal).

The motion estimator according to Fig. 2 is
suitable for version A) and contains block storage means
BS for the pixel values or the required bits (for
example, the MSB or the 2 or the 4 MSBs) of these values
of the current block. The pixel values or the correspon-
ding MSBs for the search region are stored in search
region storage means SAS. The required bit or the
required bits of these pixel values are fed to EXOR or
EXNOR gates Gl, G2,..., G6... An output of BS via which
the MSBs ‘17, ’2’, ‘3’ and '4’ are successively output is
connected to all the gates. From the SAS a number of
lines corresponding to the number of the pixels of the
search area are connected to one of the gates Gl, G2,...,
G6..., in each case. The gate output values are summed
for each of the search positions in one adder each.
Because of the 1-bit wvalues, it is advantageously
possible for this suﬁming of the individual results to be
performed using counters Cl, C2,..., C6.... For each
search for a block, the maximum or the minimum of the
counter results is determined in subsequent comparator
means COM, and the corresponding motion vector is
determined from the associated search position. |

If several (n) MSBs are evaluated in parallel for
the search, the circuit can be extended in various ways:
a) n gates, n counters (n = 2 in the case of MSB and MsB™?
or MSB'! and MSB™?), which are arrahged correspondingly in
parallel; ‘ . ’
b) preferably n gates, a counter operating at n times the
speed, or an adder;
¢) as a) or b), but before the evaluation in the gates a
fixed value, for example 48, is added to or subtracted

from one or to several of the MSBs from BS and SAS. This
' This is the reptacement sheet
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Caims 1. Met hod for notion estimation in picture signals, in which
net hod inside a search area in each case a reference pixel block (BS) is
conpared with correspondi ng pi xel blocks (SAS) of one or nore nei ghbouring
i mages and a notion vector is determined in accordance with the position

havi ng the hi ghest correlation I n princkpﬁe- characterized in that in
of the pixel values in each case

LEI? tﬁgnpwgg ?%ﬁ%‘ﬁgsr’g&uﬂ Qt thess éwér Yakuefer canePeofcHel B Mot

significant bi ina):chdenebedhbeiﬁa\geeseaeiéhaé MpRg, is/are conpared. Zhe

VeBs of “the pi S0 P51 BRYTKP. CBETBARE ST oAb B TS

fromthe two of the bits MSB, MsB~! and MSB™? are respectively
selected inside a block. _

These possibilities can also be appropriately
combined.

The motion estimator according to Fig. 3 is
suitable for version B) and contains block storage means
BS for the pixel values or the required bits (for
example, the MSB or the 2 or the 4 MSBs) of these values
of the current block. The pixel values or the correspon-
ding MSBs for the search area are stored in search a.reé.
storage means SAS. BS has four (depending on block size)
outputs, of which each is connected to one of the four
EXOR or EXNOR gates Gl...G4, and via which the required
bit or the required bits of these pixel values are fed to
the gates. The corresponding statement holds for SAS. The
gate output values are summed for each of the search
positions in an adder circuit CO in each case and buffer-
ed for all search positions. Because of the 1l-bit values,
this summing of the individual results can advantageously
be pérformed using counters. For each search for a block,

. the maximum or the minimum of the counter results is
determined in su.blsequent comparator means COM, and the
corresponding motion vector is determined from the
associated search position. .

The expansion possibilities named in relatiom to
Fig. 2 can be applied correspondingly in the circuit
according to Fig. 3.

'i‘he invention can also be used to form (for
example, local) motion vectors in a decoder.

In the case of a moving image content for inter-
laced images, the vectof search can also be carried out
inside blocks which are combined only from rows of a
field.

The search area can also be non-square and/or be
varied in its extent, in particular as a function of
search results which precede in time and/or in space.
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search area (SAS) using EXOR or EXNOR functions. 3. Met hod according to
Claim 2, characterized in that in the conbination the result of the EXOR or
EXNOR function is added or counted for each of these pixel values, and the
notion vector is determned fromthe search position using the m nimum or

t he maxi num of the-sumor of the counting result. 4. Met hod accordi ng
to Caim3, characterized in that at |eastt n=2 MSBs for each pixel value
[lacuna] n EXOR or EXNOR functions are added or counted, in each case
either n parallel coungfir ghbetageusedtie wae@mmtméawhhfasrta'. rmsfé:hmcsq)eed

5. Met hod co d| n to more_of ¢ ai
t hat before thgi egikegﬂbal ﬁ&gentﬁoﬁar |cuf° A?/ ues nat %ké to an
i mage statisti cpmpaemespanthv@:yrmmmmocéqﬁolfrm adpreceding @ndbne or

more of the MSBgomba subsWihBA€ 2:GGEdiBGubPeOBEa8s BREEKChattRLAZ) 1 1O 5,
The invention can be applied, for example, in
MPEG-TV systems, in digital video recorders and in the
case of the transmission of moving images over telephone
lines (ISDN).
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.characterized in that during the conparison in the case of different pixel
val ues different ones of the MSBs are eval uated inside a pixel block. 7.
Device for a nethod according to one or nore of Clainms 1 to 6 for notion
estimation in picture signals, -9- in
whi ch device inside a search area in each 8aSe a reference pi xel bl ock (BS)
IS conpared w t&é:{)nr‘sr espondi ng

1. Method for motion estimation in picture signals,
in which method inside a search area in each case a
reference pixel block (BS) is compared with corresponding
pixel blocks (SAS) of one or more meighbouring images and
a motion wvector is deéermined in accordance with the
position having the highest correlation in principle,
characterized in that in this comparison (Gl...GS§,
Cl...C6, COM) of the pixel values in each case only the
MSB (most significant bit) and/or further ones of the
MSBs (most significant bits), denoted below generally as
MSBs, is/are compared.

2. Method according to Claim 1, characterized in
that in the comparison the MSBs of the pixel wvalues are
combined from the reference block (BS) and from the
search area (SAS) using EXOR or EXNOR functions.

3. Method according to Claim 2, characterized in
that in the combination the result of the EXOR or EXNOR
function is added or counted for each of these pixel
values, and the motion vector is determined from the
search position using the minimum or the maximum of the
sum or of the counting result.

4. Method according to Claim 3, characterized in
that at least n=2 MSBs for each pixel value [lacunal n
EXOR or EXNOR functions are added or counted, in each
case either n parallel counteré being used or a counter
with n times the speed.

5. Method according to one or more of Claims 1 to 4,
characterized in that before the comparison fixed values,
in particular values matched to an image statistic, are
respectively added and/or subtracted to or from one or
more of the MSBs.

6. Method according to one or more of Claims 1 to 5,
characterized in that during the comparison in the case
of different pixel values different ones of the MSBs are
evaluated inside a pixel block.

7. Device for a method according to one or more of

Claims 1 to 6 for motion estimation in picture signals,
' This is the replacement sheet
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.pikél bl ocks (SAS) of one or nor e nei ghbouri ng i mages and a notion vector
I.s determ ned in accordance with the position having the highest

correlation in principle, provided with [sic]: - storage neans (BS, SAS)
for storing the reference pixel block and the pixel blocks of one or nore
nei ghbouring i mages; - EXOR or EXNOR gates' (Gl, &,..., G5...) which are

connected to the storage neans and to whych only the MSB (nost significant
bit) and/or further ones of the MSBs (nobst significant bits), denoted bel ow

%gner al | 3(/:668 MﬁB%hJ.eh td’@ﬁ.fb@i xfbidal ueSsésreh areal eth aadh d@sesa(Cl,
corrparl son reE%FTEe’?‘%? %}O ad% ggsbfggrt‘{?{]ﬂqﬁfees‘fjé"%& #%%erelin tgngXNCR
gates, which plttel Blusclgsas)i off vretor morsnndighieanting dmagiemnahdvi ng
the mnimum ol {he;IRXIJARY 10€ S0 As 1 GRUALMRAAELCWtn the
position having the highest correlation in principle,
provided with [sic]: '
- storage means (BS, SAS) for storing the reference pixel
block and the pixel blocks of one or more neighbouring
images;
- EXOR or EXNOR gates (Gl, 62,..., G6...) which are
connected to the storage means and to which only the MSB
(most significant bit) and/or further ones of the MSBs
(most significant bits), denoted below generally as MSBs,
of these pixél values is or are fed; and
- means (¢1, ¢2,..., C6,..., COMN, cCO) £for adding,
counting and/or buffering the comparison results for each
of these pixel values from the EXOR or EXNOR gates, which
determine the motion vector from the search position
having the minimum or the maximum of the sum or of the
counting result.
8. Device according to Claim 7, characterized in
that at least n=2 MSBs for each pixel value are added or
counted in n parallel EXOR or EXNOR gates (Gl, G2,...,
G6...), in each case either n parallel counters being
used or a counter with n times the speed.
9. Device according to Claims 7 or 8, characterized
in that before the comparison fixed values, in particular
values matched to an image statistic, are respectively
added and/or subtracted to or from one or more of the
MSBs. |
10. Method or device according to one of more of
Claims 1 to 9 for use in MPEG-TV systems, in digital
video recorders and/or in the case of transmitting moving

images over telephone lines (ISDN).

This is the replacement sheet

R O N AR

Date: 19 OCT 199



8. Device according to Caim7, characterized in that at |east n=2 MSBs
f.or each plxel val ue are added or Counted in'n parallel EXOR or EXNOR gates
(G, @&, &6...), in each case either n parallel counters being used or
a counter mnth n tinmes the speed. 9. Device according to Clains 7 or 8,
characterized in that before the conmparison fixed values, in particular

val ues matched to an inmge statistic, .apg cespectively added and/or
subtracted to or fromone or nore of the MSBs. 10. Met hod or device-
according to one of nore of Clainms 1 to 9 for use in MPEG TV systens, in
digital video recordeMBTROD/AND | DEYICE CRoRE MOTIONIESTIMATIONDOVI Ng i nages
over tel ephone lines (I1SDN). _

Abstract

In most cases data reducing coding/decoding of digital picture
signals is based on motion compensated interpolation of pixels.
For generating the required motion vectors each pixel block of
the current picture is compared with corresponding blocks out of
a search window in an adjacent picture. Using MSE or MAE, a
block within the search window having the highest correlation is
selected and the corresponding motion vector is obtained from
the spatial position of that block with respect to the block of
the current picture. This method requires excessive computation
capabilities and very high clock rates. Even in case of
hierarchical search methods a complex and fast hardware is
required. The inventive motion estimation is performed using
evaluation of only the MSB or several MSB's of the related pikel
values. These bits are concatenated by EXOR and/or EXNOR
functions and the results combined.

FIGURE 2.
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