1 » ' TI' TLE OF THE | NVENTI ON MOTI ON PI

CONVERTI NG APPARATUS BACKGROUND OF THE | NVENTI ON Fi'el d of
the I nvention The present invention relates to a notion picture

converting apparatus for a notion picture conpression format conversion.
More specifically, it relates to a notion picture converting apparatus
which is intended to inprove a speed of a notion picture format conversion
by reducing an anmount of operation for a mgtion vector detection.
Description of the Prior Art Recently, a digitization of a

t el econmuni cati on techni que has m@@gﬁ g %I_DJ Is also in
progress to digitize a current a St EbybL such a}/
NTSC/ PAL/ SECAM A new bro techyli que is
applied to, is a direct br gg%ﬁgé*’ gﬁiwfga‘;%&?h%&ﬁ% %ﬁ%é%’rﬁgs

mul ti-channel service, a ground, a _high definition:

-tel evision broadcastl ng (ATV: d&8 on demand or

the like. n_such_a notion plcture S connunlcated by a
digital si gnal %‘anﬂ% ‘%’r%b?%’ﬁ??*s'l&n | arge amount of information. A

notion picture |mage congaesm on technique is _essential in order to
performa real-tine% BeenSn iivenhign reditesitkoapdmoFinpp@ieture

converting apparatus for a motion picture compression

wayve broadcastl ng for

format conversion. More specifically, it relates to a
motion pictur9 converting apparatus which is intended to
improve a speed of a motion picture format conversion by
reducing an amount of operation for a motion vector
detection.
Description of the Prior Art

lRecgntly,' .a digitization of a telecommunication
technique has been advanced, and a plan is also in progress
to digitize a current aﬁalog broadcasting system sucfx-as
NTSC/PAL/SECAM. A new broadcasting service, which a
digital technique is applied to, is a direct broadcasting
by satellite for providing a multi-channel service, a
ground wave broadcasting for a high definition television
broadcasting (ATV: Advanced Television), a video on demand
or the-like. Howevef, when such a motion picture is
communicated by a digital signal, a common problem is a
iarge amount of information. A motion picture image
compression technique is essential in order to perform a

real-time reproduction at a high frame rate and to suppress



2 a.traffic of a network. ~In order to efficiently conpress notion
picture inmage data having a |arge anmount of information, an approach for
reduci ng redundancy by the use of a time- axis direction or a correlation
~in the tinme-axis direction is used. A typical approach is an MPEG (Moti on
Picture I|mage Coding Experts Goup) system This is discussed by

| SO IEC/JTCL/ SC2/WA | and is proposed as standards. In this system
adopted is a hybrid system of a conbination yof a notion conpensating
coding, a DCT (Discrete Cosine Transform coding and a variable |ength
coding (VLC). A constituti n of i cal MPEG codi ng apparatus i s shown
in Fig. 15. A\%UFF@% ?%H 0 a nmotion vector detecting section
~and a subtracter. In the nDtlon vecto dete ng section, the current
T e divided it BEARRUES: SABLRLSNE I SaRBresd [ORRS b oP PO
- between each bl ock and_a previous frane previously held in_a frang nenory

. a notion vect orifdggetdRE_d HaFingcr BRFEE aﬂ%’é’dl etfed-‘-Piffﬁé'é‘adeé‘Paté@
‘by shifting the previous frame fromthe location of the current _frane
“block to the RPRECARIDCH IR aBUFdRS ReGRNAAMNCYAtRE FBet §&e ¢ Hpat time-
the subtracter. = In the subtracter, a_ differential inmge between the
current frame AXLsHblrertdosted 3 m}geba‘éap@u;atmle time-akiscdbRecsion

image is then discrete-cosine transformed and quanti zed by DCT
is used. A typical approach is an MPEG (Motion Picture

Image Coding Experts Group) system. This is discussed by
ISO-IEC/JTC1/8C2/WGll and is proposed as standards. In
this system, adopted is a hybrid system of a combination
of a motion compensating coding, a DCT (Discrete Cosine
Transform) coding and a variable length coding (VLC). A
constitution of a typical MPEG coding apparatus is shown
in Fig. 15. A current frame is input to a motion vector
detecting section and a subtracter. 1In the motion vector
detécting section, the current frame is divided.into
rectangular blocks. By calculating the correlation
between each block and a previous frame.previously held
in a frame memory, a motion vector.is detected for each
block. A predicted image generated by shifting the
previous frame from the location of the current frame block
to the-point which the motion vector indicates is then
input to. the subtracter. In the subtracter, a
differential image betﬁeen the current. frame and the
predicted image is calculated. The differential image is

then discrete-cosine transformed and quantized by DCT



3 neans and quanti zing neans respectively. The data is variable-length

. coded by variable |ength coding neans and is then output outward. At this
time, the notion vector detected by the notion vector detecting section is

al so-coded by notion information coding means and is then output outward

together with the data. At the sane tinme that the quantized data is input

to the variable length coding neans, it is also input to inverse

~quantizing means The data is restored into ghe differential image via

i nverse DCT neans. In an adder, the current frame predicted image and the

differenti al imagﬁ are added to , each other, so that fhe curreqH%frane I S

reconstitut ed. MEABS ARAsAUANTEIRGnRSANS TLEPIGEIRELY rand MHenBRT S nis
preparation for the subse uent frame coding In_such a series of
codi ng processi KX L& k%mb@nEﬁBhCQ§34|h¥echthéb%ﬁ|L9P%%%t69ddéﬂé@ﬁ4RF
section to perform an operation. A study has been heretofore undertaken to
reduce or mrnﬂ@ﬂ?tﬂﬁstgﬁﬁcéﬁﬁpﬁﬁ pokeard . si ASe tinls tdagucttla sotion
sinplification is adapted in an equivalent manner to all macro blocks, a
notion vector déeetpinAetmaedign tihe derteionreectiorTdetactiing B@stokon sis
defined so that the processing unit thereof nmay be set to the macro bl ock
(16 X 16 pi xel s3isoThedest by hbdadlon dSnficssatieh cokddngd mesms \gred is rithren
the block itself is used because of a |arge notion; Non-MC coded: a sinple
di fference betwewliput outward together with the data. At the same time
that the quantized data is input to the variable length
coding means, it is also input to inverse quantizing means.
The data is restored into the differential image via
inverse DCT means. In an adder, the current frame
predicted image and the differential image are added to
each other, so that the current frame is reconstituted.
The reconstituted frame is stored in the frame memory in
preparation for the subsequent frame coding.

In such a series of coding processing, it takes much
of time for the motion vector detecting section to perform
an operation. A study'has been heretofore undertaken to
reduce or simplify this processing. However, since this
reduction or simplification is adapted in an equivalent
manner to all macro blocks, a motion vector detection
precision is deteriorated. The motion vector is defined
so that the processing unit thereof may be set to the macro
block (16X16 pixels). The macro block is classified into

three types (Intra: the block itself is used because of

a large motion; Non-MC coded: a simple difference between



4 frames is operated because of |ess notion; and MC coded: a nornal
noti on conpensation) in accordance with the notion vector thereof. Known
is a nmethod disclosed in Japanese Patent Application Laid-open No.
4-181888 in which a block determning circuit is provided before the
notion vector detecting section whereby the macro block is classified so
that the processing is changed in response to a classifying result.
However, when the notion is determned by this nethod, the block is
conpared to the block alone positioned in the nmacro block itself
(corresponding to_the mnotion vectgrbggéin the previous  frane. The bl ocks
r

are sinmply cl assFRPEF gy RRKTRYS usg ot LassRobhoniwaRd ¥G,coded
determ nation as haviqg no nption, the notion detection is not perforned
for this block?® DOTMAY, MALiQRhSompaRsahigngi (hh FATIEdaREeiWikBorkhet
factors of a digital broadcasting comunication technique as described
above. An uncon‘ﬁ?&é‘é’é’d HOrPEl tUPTeREs- bebEROWReAd A oRetheosd disehesegdgiiml
VTR for a broadcasting station in the broadcasting station or the |iKke.
The digital - VIRRR3NEHE RIE/NEgAPPLLAAT Lon Khaid-RiRgn gNali t4~18h888 in
deterioration is not noticeable during a dubbing. However, the
di gitization catiRé§ha2pbdpickrdietegminingecdrdadt rfsme v bdeds befomen tdck
Moreover, since the digital VIR is |arge-sized and expensive, it is |ess
motion vector detecting section whereby the macro block
is classified so that the processing is changed in response
" to a classifying result. However, when the motion is
determined by this method, the block is compared to the
block alone positioned in the macro block itself
(corresponding to the motion vector 0) in the previous
frame. The blocks are simply classified by whether or not
there is motion. When a block is detérmination.as having
no motion, the motion deteétion is not performed for this
block. |
On the other hand, a digital VIR is one of important
factors of a digital broadcasting communication technique
as described above. An uncompressed digital VTR has been
heretofore used as the digital VTR for a broadcasting
$tation in the broadcasting station or the like. The
digital VTR has an advantage in that it has a high quality
and a deterioration is not noticeable during a dubbing.
However, the digitization causes a problem in which

recorded information is increased. Moreover, since the

digital VTR is large-sized and expensive, it is less



general |y used. However, recently, advance in a band conpression technique
and i nprovenent of recording density allow a snmall-sized/ household digital
VIR to be devel oped. A DVC (Digital Video Cassette) format
standardi zed by HD digital VTR conference is used for this digital VIR
DVC data is characterized by the followwng manner. That is, the data is
conpressed in a spatial direction by the use of DCT, the data is then

vari abl e-1ength coded by Huffman codi ng. Al tshough the DVC data has a |arge
amount of information because of conpression without the use of a

time-direction correlation, it has the high qualify and it is easily
edited for eacﬁ?qmiiﬁuﬁ mrg?wﬁ"rﬁ:@ t FQ%BVG taa%"sa’h‘a%pt"é‘d & obRRg:
it may be captured into,a conputer, it is expected that the DVC data i s
nmore frequent| FARRESFAL10Me tERRREAUE, BRE SUNMBRFREERRNYs e AYRTAANT
demand for exchanging the notion picture inmage through the network, it is
difficult to t GaRsdEY/ pédow e smalb/csdged /housghold ddaidprhd/RR bA he
transm ssion performance of the network. In this case, the nmethod, in

whi ch the noti &eveierade | meye P¥Cst bPdgidak havDlerdafassat ek dbenmas
converted into an inmage format such as MPEG when required, is effective in
vi ewof an ef f egttiandaxdigiedabyti BR dkgbtiadcVIRAtOhfeglencendits used €ourthis
format conversion has been heretofore perfornmed by the use of an excl usive
har dwar e, digital VTR. DVC data is characterized by the following

manner. That is, the data is compressed in a spatial
direction by the use of DCT, the data is then
variable-length coded by Huffman coding. Although the
DVC data has a large amount of information because of
compression without the use of a time-direction
correlation, it has the high quality and it is easily
ed;ted for each frame. Furthermore, since the DVC data
is adapted so that it may be captured into a computer, it
is expected that the DVC data is more frequently usea in
the future. In the system such as the video on demand for
exchénging the motion picture image through the network,
it is difficult to transmit/receive the DVC data at real
time depending on a transmission performance of the
network. In this case, the method, in which the motion
picture image is stored as the DVC data_and tﬁe data is
converted in_to an image format such as MPEG when required,
is effective in view of an effective use of a disk resource.
Although a motion picture format conversion has been

heretofore performed by the use of an exclusive hardware,



6 it is desired that the notion picture format conversion is perforned by
the use of a software in consideration of an inage quality, a cost, a
flexibility toward various formats, a | abor of inplenenting into a
conputer, a conpatibility with the conputer, an ease-to-distribute or the
i ke. However, there is a problemin which it.takes a |ong
processing tine for the software to decode the DVC data and encode into
MPEG at one tinme. In view of the above prohlem it is an object of the
present invention to reduce a |oad applied to a notion vector detection in
MPEG encode and to inprove a-conversion speed of a notion picture .
conversion. As thelprdgpized mhabrthecrotion aicbarepfosaadi RPRRAGHAONS
a method disclosed in Japanese Patent Application Laid-open No. 4-181888
in which a bl ocks RRYEPRMRANgYctheunse ofprospfswanre dn conhidepatdon of
vector detection in the MPEG encode whereby a macro block is classified
so that the prcovesthage gJuEhaibged ancossponseflexibicl bsgi kpward evatious
However, this nmethod involves the follow ng problens: 1. A
cl assifying by fotmhatk ,de2 ell@bomngod r tmpllemeningwintypesa atonpultean, V&
coded and others). Although macro blocks are classified into three types
of blocks in NREpatibddiifiyxatitinthe compptrdn; Rens ecajviedis o ibiuite or
Intra where notion vector is not found in previous franes.

the like. :

However, there is a problem in which it takes a long
processing time for the software to decode the DVC data
and encode into MPEG at one time. In view of the above
problem, it is an object of the present invention to reduce
a load applied to a motion vector detection in MPEG encode
and to improve a conversion speed of a motion picture
conversion. As the prior-art motion vector detection
processing, known is a method disclosed in Japanese Patent
Application Laid-open No. 4-181888 in which a block
determining circuit is provided prior to the motion vector -
detection in the MPEG encode whereby a macro block is
classified so that the processing is changed in response
to a classifying result. However, this method involves
the following problems:

l. A classifying by a block determining circuit is
of two types alone (non-MC coded and others). Although
macro blocks are classified into three types of blocks in
MPEG, classification is not performed in connection with

Intra where motion vector is not found in previous frames.



7 . 2. A determnation of the block determning circuit as to whether
or not the notion is detected is nade in accordance with a sinple

di fference between bl ocks, which causes the probl em about detection
precision of a notion vector whose length is O. As descri bed above,
since the classification of the nmacro block is insufficient and the
classifying nethod is not effective, the problemrerains about a |ess
reduction of the processing and a deterioration of the notion vector _
detection precision. SUMVARY OF THE | NVENTI ON The
present invention has been _achieved in order to_ _solve the above probl ens.

Therefore, it is an duj ed d8Fermidnak IR ML itha kliask detasuiRingrsircuit
encodi ng. According to the present invention, an input and an output of
each block ar @9 ¥Rt wWhethaxrwDVRogatd o tpe dat deteespgdctiisangde in
Before the DVC data i s decoded, the data is classified in accordance with
an extent of aaffiepdanre Wikhcas bnpikr, difiesignawbetreedimtocksyedhied.
According to a first aspect. of the present invention, there is provided a
not i on pi ct ur e C@NER? tthe Ppphigmiaboni cdetenpivsepreqirioneafisafmotion
capturing an orthogonally transfornmed digital inmge signal from an
out si de; a frawectenowhoser IssmgthgianOi.nage; bl ock readi ng neans for
readi ng bl ocks or a nmacro block fromthe frane nmenory in
As described above, since the classification of the
macro block is insufficient and the classifying method is
not effective, the problem remains about a less reduction
of the processing and a deterioration of the motion vector
detection precision.
SUMMARY OF THE INVENTION
The present invention has been achieved in order to
solve the above problems. Therefofe, it is an object of
the present invention to reduce MPEG encoding. According
to the present invention, an inﬁut and an output of each
block are limited to DCT/DVC data and MPEG data,
reSpectively. Before the DVC data is decoded, the data
is classified in accordance with an extent of a motion of
a macro block, whereby MPEG encoding is reduced.
According to a first aspect of the present invention,
there is provided a motion picture converting apparatus
which comprises: input means for capturing an orthogonally
transformed digital_image signal from an outside; a frame

memory for storing .an image; block reading means for

reading blocks or a macro block from the frame memory in



8 response to a request; region dividing section controlling neans for
sending a read request to the block reading neans; conponent extracting
nmeans for extracting a direct-current conmponent al one of the captured

i mge; two |owresolution frame nenories for storing extracted

I nformation; notion detecting nmeans for detecting a notion in accordance
with the information in the lowresolution frame nenories; a region
dividing section including macro block clasgifying neans for |abeling the
macro block in response to a notion detection result by the notion
detecting neans and | abel storing neans for storing a |label of the

{ . A Gro
bl ock; decodi ngrﬁﬁaﬁsl;seaﬁ%mcmﬁw%bmmnmrwe%ngiwsaogmvﬁaﬁfl%e
macro block in response to the label in the |abel storing neans, and
out put nmeans fmeapsgt vked senddmd iy readcoerRAusSEgndlo Yhgs bhark naepding
block is labeled in three types in accordance with the extent of the
noti on t her eof peawsguscompdnerhcotikhyactiiang emaansg ferchangeacting a
accordance with the | abel, whereby a |oad applied to a notion vector
detection is redivedt-arxént componentpadomes ofohher saptuire ddmagere dwat
hi gh speed. According to a second aspect of the present invention,
there is provi dedwt-lreswiubiopi cfnameconemoirires affiear atsiso r hgr eextvherteidhe
| abel storing nmeans in the first aspect outputs the |abel indicating that
the notion of timfowmation; motion detecting means for detecting a motion

in accordance with the information in the low-resolution
frame memories; a region dividing section including macro
block classifying means for labeling the macro block in
response to a motion detection result by the motion
detecting means and label storing means for storing a label
of the macro block; decoding means; an encoding section
for changing an encoding of the macro block in response
to the label in the label storing means; and output means
for outward outputting the coded signal. Thus, the macro
block is labeled in three types in accordance with the
extent of themotion thereof previous to the encoding. The
encoding is changed in accordance with the label, whereby
a load applied to a motion vector detection is reduced,
so that a motion picture conversion is performed at high
speed.

According to a second aspect of the present invention,
there is provided the motion picture converting apparatus

wherein when the label storing means in the first aspect

outputs the label indicating that the motion of the macro



9 block is small, the encoding section selects a small notion vector
search area so that a notion vector detection nmay be performed. Thus, it
is possible to inprove a notion vector detection precision in the encoding
sect i on. According to a third aspect of the present invention, there
I's provided the notion picture converting apparatus -wherein the region
dividing section in the first aspect further includés resolution
converting means for converting a resol uti by interpolating an input
i mge. Thus, when the resolution of a |owresolution search area is too
| ow for the notion detectign due to an insufficient extracting Qy the,
conponent ext r REPPK FedAalk hthe eagoding sechipn $akeThef Fg'eﬁalt mgtion
| ow-resolution frame nenory is converted, whereby the resolution of the
sear ch area(uﬁﬁ%kornﬁﬁéﬁé& area sq\thali Agnetian F@AtP RGREECEAOMBay
present invention, there is provided the notion picture converting
appar atus wherkg npﬁﬁéo@émﬁmerﬂhlﬁ(t r 36t ilSg pesmibla e IMPEIVEsPpeBPtion
sanpl es the direct-current conponent and a | owfrequency conponent of the
captured i mage, vestorhdetegbhoni preicis iercinothenctnaed ingy @ezt DUT- neans
for performng an inverse DCT for the |owfrequency conponent extracted by
t he conponent extractAegerdang. tdtuthigidhaepagiavifethe prpeseniginwenbéon,
performed by the use of a pixel value of an actual inage not DCT data, the
det ecti on precitsheneciks provided the motion picture converting apparatus
wherein the region dividing section in the first aspect
further includes <resolution converting means for
converting a resolution by interpolating an input image.
Thus, when the resolution of a low-resolution search area
is too low for the motion detection due to an insufficient
extracting by the component extracting means, the
resolution of the data read from the low-resolution frame
memory is converted, whereby the resolution of the search
area can be improved. -

According to a fourth aspect of the present invention,
there is provided the motion picture converting apparatus
wherein the component extracting means in the first aspect
samples the direct-current component and a low-frequency
component of the captured image, and the region dividing
section includes inverse DCT means for performing an
inverse DCT for the low-frequency component extracted by
the component extracting means. Thus, since a pattern

matching can be performed by the use of a pixel value of

an actual image not DCT data, the detection precision can



10 be inproved. According to a fifth aspect of the present

I nvention, there is provided a notion picture converting apparatus which
conprises: input nmeans for capturing an orthogonally transformed digital

i mage signal froman outside; a frane nenory for storing an inmage; bl ock
readi ng means for reading blocks or a macro block fromthe frame nenory in
response to a request; region dividing section controlling neans for
sending a read request to the bl ock reading]a means; conponent extracting
means for extracting a specific conponent ?one resol ved by an orthogonal
basis fromthe captured image; inverse orthogonal transform neans for
perform ng i nvésclmprav@dnal transformwith respect to extracted
information; two frame nmenories for storing the information obtained by
said inverse orthog@esoxrdingfee & fbihd aspecso fdhepreaent inyesnbien,
for detecting a notion in accordance wth the information obtained by said
i nverse orthogdihdrerasspoomiteshss motiegi picdiudeliconyertiioyg iappadiatys
macro bl ock classifying means for |abeling said macro block in response to
a magnitude ofwhichicompyisesr impptimésnsdialr maptonr ipgtan orddiceydnably
means and | abel storing neans for storing a |label of said macro bl ock;
decodi ng neans;treneHoetiedy digdiain irfaaye Ghizngya Dof pomean ash tgide ;sai ficamer o
bl ock in response to the label in said | abel storing neans; and out put
means memory for storing an image; block reading means for

reading blocks or a macro block from the frame memory in
responsetoaaréquést;regiondividingsectioncontrolling
means for sending a read réquest to the block reading
means; component extracting means for extracting a
specific component alone resolved by an orthogonal basis
from the captured image; inverse orthogonal transform
means for performing inverse orthogonal transform with
respect to extracted information; two frame memories for
storing the information obtained by said inverse
orthogonai transform means; motion vector detecting means
for detecting a motion in accordance with the information
obtained by said inverse orthogonal transform means; a
region dividing section including macro block classifying

means for labeling said macro block in response to a

magnitude of a motion vector output by said motion vector. -

detecting means and label storing means for storing a label
of said macro block; decoding means; an encoding section
for changing an encoding of said macro block in response

to the label in said label storing means; and output means



for outward outputting the coded signal. Thus, the notion detection is
performed w thout a high-load processing such as a whole search. The nacro
“block is |labeled and the encoding is then changed in accordance with the

| abel, whereby the |oad applied to the notion vector detection is
reduced, so that the notion picture conversion is performed at . high speed.
According to a sixth aspect of the present invention, there is provided a
nmotion picture converting apparatus which gpnprises: input nmeans for
inputting a digital inmage -signal constituted of a macro bl ock which is a

collection of blocks, each Ql ock bei orth nal | ransformed: a 4
nenory :‘or 'sto-'°rﬁg°§‘§i“@5‘¥&‘$€ﬁ-u?%§|€%§r&ﬂgg‘gls&cﬁaiéadﬂ?&sr'regﬁ? ,?%{;J_S‘HE
readi ng said blocks or sajd nacro blqQck,  fromsaid . frane nenory in respopse
to a request: MARFSFEIARHRRF LUEREE W LAPREIZ Pighrload RIOCERARY S0FBad
request to said bl ock readi ng neans; conponent extracting, e

] ns, for
extracting a did%ec® - VBPLENSRIFPBnenThE BREFQ okt 05 ke dit u}éﬁeaﬁéjge&}n‘?vxb'he_

| ow-resolution frame nmenmgries for storing extracted information;, notjon
det ecti ng mean®AeRdingt dst ithpn ehangedusimgreRETANNG YL the ol aPrdw
resolution franme nenories; a region dividing section including nmacro bl ock
cl assi fyi ng ne&ereby| hbel legdArpl hedr §obitd& Mot LRRoVESHOE WeteqRion

output fromsaid notion detecting neans, notion vector restoring neans for
is reduced, so that the motion picture conversion is

performed at high speed.

According to a sixth aspect of the present invention,
there is provided a motion picture converting apparatus
which comprises: input means for inputting a digital image
signal constituted of a macro block which is a collection
of blocks, each block being orthogonally transformed; a
frame memory for storing said digital image signal; block
reading means for reading said blocks or said macro block
from said frame memory in response to a request; reéion
dividing section controlling means for sending a read
requeét to said block reading means; component extracting
means for extracting a direct-current component alone from
a captured image; two low-resolution frame memories for
storing extracted information; motion detecting means for
detecting a motion ‘using the information in said low-
resolution frame memories; a region dividing section
including macro block élassifying means for labeling said
macro block in accordance with an output from said motion

detecting means, motion vector restoring means for



12 restoring a notion vector of the macro bl ock whose notion is detected
I n accordance with a result of said notion detecting neans, and | abel
storing neans for storing a |abel of said nacro bl ock; decodi ng neans; an
encodi ng section including DCT neans, quantizing neans, variable Ilength
codi ng nmeans, inverse quantizing nmeans, inverse DCT -nmeans, frame nmenory
nmeans, an inmage differentiator, an imge adder,” a notion vector detecting
section in which search area changing neanﬁ is located, and notion .

i nformati on codi ng nmeans; and out put neans 8r outward outputting the
coded signal, wherein said notion vector detecting section in said .
encodi ng sect i opestAring anBetden Veator whithe saere bheekrvhnse mpPthacmhe
notion detection result by said notion detecting neans in said region

di vi di ng secti obs deteched imt aogorsiance dwiddt inrrésulpeoiforsaid mothion
a classifying is performed in accordance with the extent of the notion
of the macro bldekectimgy meams, veotbrlalbed s¢oasisey ymeanso foimcktardng ias
detected fromthis classifying result, whereby the load applied to the
encoding i s reduzled]l sd tdwmid thacmot ibkdiockj; cdecodimy eneans ;i ampeehooddangat
hi gh speed. According to a seventh aspect of the present invention,
there is provi dedethenmincudity UDEeTCaREas | Nfuanbiaiagumeses civasiable

region dividing section according to the sixth aspect is replaced by the
region dividindlength coding means, inverse quantizing means, inverse DCT
means, frame memory means, an image differentiator, an
image adder, a motion vector detecting_section in which
search area changing means is located, and motion
information coding means; and output means for outward
outputting the'coded signal, wherein said motion vector
detecting section in said encoding sectiqn limits a motion
vector search area in accordance with the motion detection
result by said motion detecting means in said region
dividing section, whereby a motion wvector detection is
performed. | Thus, a classifying is performed in
accordance with the extent of themotion of the macro block.
The motion vector of a necessary macro block alone is
detected from this claésifying result, whereby the load
-applied to the encoding is reduced, so that the motion
picture conversion is performed at high speed.
According to a seventh aspect of the present
invention, there is 'provided the motion picture converting
apparatus wherein said region dividing section agcording

to the sixth aspect is replaced by the region dividing



13 section according to the fifth aspect, and said notion vector
detecting section in said encoding section limts the notion vector search
~area by the use of the notion vector detected by said notion vector
~detecting nmeans in said region dividing section, whereby the notion vector
detection is perforned. Thus, the notion vector detection is
performed at high speed. . According to an eighth aspect of the present
i nvention, there is provided the notion pig%gre converting apparatus
wherein said notion vector detecting secti in said encoding section is
elimnated fromsaid encoding section in the seventh aspect, whereby said
encodi ng sect is@ctibes accotsting thethst iGhfvbcaspent al angusajsbgnoten
notion vector detected by said notion vector detecting neans in said
regi on dividi nyesswerotet@btidng sedtvian s sxidtencedting iseatoiopnl Vmetsr
detection in the MPEG encoding is renoved. B1RI EF DESCRI PTI ON
OF THE DRAW NGEhe motiba cgcidr asdazshecseaf byhehw assat oifn\tdre ot wohl
beconme nore readily apparent fromthe followi ng detailed description taken
i n conjuncti onwedtot htetleatedgdbyl Baihmdtion vectby détduwining means in
constitution of a notion picture converting apparatus according to a first
enbodi ment of sidial pregedh diweMimg,section, whereby the motion vector
detection is performed. Thus, the motion vector
detection is performed at high speed.
According to an eighth aspect of the present
‘invention, there is provided the motion picture converting
apparatus wherein said motion vector detecting section in
said encoding section is eliminated from said encoding
section in the seventh aspect, whereby said encoding
section does not detect the motion vector -at all but uses
the motion vector detected by said motion vector detecting
means in said region dividing section. Thus, the load
associated with the motion vector detection in the MPEG
encoding is removed.
BIRIEF DESCRIPTION OF THE DRAWINGS
The object and aspects of the present invention will
become more readily apparént from the following detailed
description taken in conjunction with the drawings in
which:
Fig. 1 shows a constitution of a motion picture

converting apparatus according to a first embodiment of

the present invention;



14 Fig. 2 is a flow chart show ng an operation of the whole notion
pi cture converting apparatus of the first enbodi nent of the present

i nventi on; Fig. 3is a flowchart showi ng a processing flow in
accordance with a difference between | abels in an encoding section;

Fig. 4 shows the constitution of a second variation -of the notion picture
converting apparatus of the first enbodi nent; ‘Fig. 5 shows the
constitution of the notion picture convertjng apparatus according to a
second enbodi nent of the present invention,4 Fig. 6 is a flow chart
showi ng the operation of a region dividing section of the notion picture
converting apparatuFigco? disgatHlowe cheornd kebognent openaeioprefekhe
i nventi on; Fig. 7 shows a nethod of extracting a conponent from an
i nput i nage andvlmmlenmetsierD@icetled converting. apparatabowicizhe Ehoditng
a flow of a notion detection processing of the notion picture converting
appar at us accoremihgd imehite secoind priesdmeninoéntiien present invention;

Fig. 9 shows the constitution of the notion picture converting apparatus

according to a third ridpod nita low chart showing a processing flow in
accordance witﬁ a difference between labels in an encoding
section;

Fig; 4 shows the constitution.of a second variation
of the motion picture converting apparatus of the first
embodiment;

Fig. 5 shows the constitution of the motion picture
converting apparatus according to a second embodiment of
the present invention;

Fig. 6 is a flow chart showing the operation of a
region dividing section of the motion picture converting
apparatus éccording to the second embodiment of.the
present invention;

Fig. 7 shows a method of extracting a component from
an input image and an inverse DCT method;

Fig. 8 is a flow chart showing a.flow of a motion
detection processing of the motion picture converting
apparatus according to the second embodiment of the
present invention;

Fig. 9 shows the constitution of the motion picture

converting apparatus according to a third embodiment of



15 the present invention; Fig. 10 is a flow chart showi ng the flow
of the processing to narrow a search area and to detect a notion vector
Fig. 11 shows an exanple of an input notion picture image to the notion
pi cture converting apparatus of the third enbodi nent; Fig. 12 shows
the exanple of the input notion picture inmage to a first variation of the
notion picture converting apparatus of the third enbodi nent; Fig. 13
shows the exanple of the input notion pictuig i mage to the second
variation of the notion picture converting*apparatus of the third

enbodi ment ; Fig. 14 shows the exanple of the input notion picture

i mge to the sechadpresieat dmwvénthengoti on picture converting apparatus
of the first enbodi rent; Fig. 15 shows the constitution of a typica
MPEG codi ng apparat@®ig. 10 I8 ga fdahoshaxtD\éhbéwingt tie afRossend| the
digital VIR Fig. 17 shows the DVC format of the household digital
VTR, and pidcess iakpwd hlaeyet adedreletaraanang tbedebvecana mettion
froma component in a direction of a maxi muminage gradient of the notion
vector. vector;

Fig. 11 shows an example of an input motion picture
image to the motion picture converting apparatus of the
third embodiment;

Fig. 12 shows the example of the input motion picture
image to a first variation of the motion picture converting
apparatus of the third embodiment;

Fig. 13 shows the example of the input motion picture
image to the second variation of the motion picture
converting apparatus of the third embodiment;

Fig. 14 shows the example of the input motion picture
image to the second variation of the motion pictufe
converting apparatus of the first embodiment;

Fig. 15 shows the constitution of a typical MPEG
coding apparatus;

Fig. 16 shows a DVC format of a household digital
VTR;

Fig. 17 shows the DVC format of the household digital
VTR; and

Fig. 18 shows the method of determining the motion

vector from a component in a direction of a maximum image

gradient of the motion vector.



16 DETAI LED DESCRI PTI ON OF THE PREFERRED EBMODI MENTS Preferred
embodi ments of the present invention will be described below wth
referencé to the acconpanyi ng draw ngs. [ Enbodi nent 1] Fi g.
1 shows a constitution of a notion picture converting apparatus accordi ng
to a first enbodi nent of the present invention. . In the first place,
the apparatus of the first enbodinent will be described in sunmary. The
apparatus is for converting a DVC-format |$_ﬁ i mage into an MPEG f or mat
| mage and outputting the converted imge. e apparatus is characterized
by that a rough notion vector I s detect ed by a macro bl ock unlt a_Imcr o
block 1is classifiedREIXIHeRRNRESCRIP I : ' 2L ML '
processi ng associated with an |nage coding is reduced The DvC forrrat Wi II
be descri bed bel ow i rPhefefred enbodfiments o theprdsenndiniventign ¥40d)
shows frames obtained as a result of an extracting of a |um nance signal
and a chrom narce degratibed abeAby cobihr iefesentieorto Athkurdawomea hydmey
is 720 X480 pixels in size. A chromnance frane is 180X480 pixels in size.
When the frane dsadingged into small bl ocks (DCT bl ocks) for DCT, the

| um nance frame is divided into 90 X 60 bl ocks equal in shape as shown in
Fig. 16(a). Wile, tpiempodaementnqe)frame is divided into

Fig. 1 shows a constitution of a motion picture
converting apparatus according to a first embodiment of
the present invention.

| In the first place, the apparatus of the first
embodiment will be described in summary. The apparatus
is for converting a DVC-format input image into an
MPEG-format image and outputting the converted image.
The apparatus is characterized by that a rough motion
vector is detected by a macro block unit, a macro block
is classified in response to a magnitude of the vec1;.or,
whereby a processing associated with an image coding is
reduced. The DVC fdrmat will be described below in brief
with reference to Figs. 16 and. 17.- Fig. 16(a) shows frames
obtained as a result of an extracting of a luminance signal

and a chrominance signal in an A/D converting section. A

luminance frame is 720X 480 pixels in size. A chrominance

frame is 180X 480 pixels insize. When the frame is divided

into small blocks (DCT blocks) for DCT, the luminance frame

is divided into 90X 60 blocks equal in shape as shown in

Fig. 16(a). While, the chrominance frame is divided into



17 blocks in which the blocks are different in shape in the rightnost
colum alone. Fig. 16(b) shows the block taken out fromthe frame of Fig.
16(a) and shows a size of each block. A lum nance block is 8 X 8 in size,
whilg a chrom nance block is of two sizes of 8 X 8 and 4X16. Sone DCT

bl ocks are together collected, so that the macro block is formed. Fig.
16(c) shows the constitutionof the macro block. The nmacro block conprises
four |um nance bl ocks adjacent to each othgg in a row and two chrom nance
bl ocks corresponding to the four |um nance blocks. The ri ght nost
macro bl ock conprises four | um nance bl ocks, each |um nance bl ock whose
two sides are ieekatinowhieh gheeblogks iargadédfignrnt in shapei a| fhe
and two chrom nance bl ocks corresponding to the four |um nance bl ocks. An
arrangenent - of 2ighhmost bodsimn alione § r Fveg - i k6 thowhhowsFEhe h¥ogk taken
collection of 27 macro blocks is referred to as a super block. A single
frame has 5-rowutX A0emotbhenframeerf Bligckd6(a) Rimd sidyve)a sheesoft ech
arrangenment of the super blocks in one frame. Fig. 17(f) shows the
constitution ofpideksuper Nwcingnoet iBL6E” ofs B7X8crinblsdcks, Rhidletq a
data conpression, in order to equalize an image quality in a screen after

the conpressi dhPofihandesbliduk 2 f RiddieicRedlof gCRBeaqdr a1X 160 Some
consideration of a dropout and a particular reproduction, an order of

data is changmir b1ddks are together collected, so that the macro block
is formed. Fig. 16(c) shows the constitution of the macro
block. The macro block comprises four luminance blocks
adjacent to each other in a row and two chrominance blocks
corresponding to the four luminance blocks. The
rightmost macro block comprises four luminance blocks,
each luminance block whose two sides are adjacent to the
other two luminance blocks, respectively, and two
chrominance blocks corresponding to the four luminance
blocks. An arrangement of the macro block in the frame
is shown in Fig. 17(d). A collection of 27 macro blocks
is referred to as a super block. A single frame has S5-row
X 1l0-column super blocks. Fig. 17(e) shows the
arrangemént of the super blocks in one frame. Fig. 17(f)
shows the constitution of the super block constituted of
27 macro blocks. Prior to a data compression, in order
to equalize an image quality in a screen after the
compression and to distribute an influence of a code errdr
in 'consideration of a dropout and a particular

reproduction, an order of data is changed. This



18 processingisreferredtoasashuffling. Intheshuffling, one éuper bl ock
Is selected fromeach colum, and one macro block is then taken out from
each super block, so that one video segnent is constituted of five macro
bl ocks. At the tine of the conpression, the DCT, quantization and
vari able length coding are controlled-so that the data may be al ways
within a predeterm ned anount in each video segnent. Thus, in the DVC
format, the DCT is perfornmed for each blockg and spatial-direction
redundancy is renoved. The constitution of the apparatus of the
first enbodinment wll be described bel ow Input_ means 101 for capturing
the i mage fromPHPSREELAG, 19 DGR o i §S1dShulklirgr i ndnethe St bhag
bl ock readi ng nmeans 103 for reading the bl ocks or the _macro bl ock are
connected to e&F SRRRAF blasHpdsehelectat finon raghscodanry, and pREIPAGTR
direct-current conponent alone of the inage, two low resolution frane
menori es 105a, blgBpk s then itakextouktfxrmiedohepen, bhorkonsaetbeti age
means 106 for detecting a notion using the information in the
| ow-r esol uti on ¥idee segmentess ramstivabedmaérbiveomkcrbadsipetsng Mtahbe
107 for labeling the macro block in accordance with an output from the
nmoti on det ecti figimearst 10he a compoes siondi ngheecDCAn giuarntntzatliing | abdl
storing neans 114 and region dividing section controlling nmeans 109,
decodi ng neans vibOiabhhe length coding are controlled so that the data may
be alwéys within a predetermined amount in each video
segment. Thus, in the DVC format, the DCT is performed
for each block, and spatial-direction redundancy is
removed.
The constitution of the apparatus of the first
embodiment will be described below. Input means 101 for
capturing the image from an outside, a frame memory 102
for storing the image and block reading means 103 for
reading the blocks or the macro block are connected to each
other. Component extracting means 104 for extracting a
direct-current compbnent alone of the image, two low-
resolutionframememoriesiOSa,105bforstoringextracted
information, motion detecting means 106 for detecting a
motion using the information in the low-resolution frame
memories 105a, 105b, macro block classifying means 107 for
labelj.ng the macro block in accordance with an output from
the mdtion detecting means 106, a region dividing section
113 including label storing means 114 and region dividing

section controlling means 109, decoding means 110, an



19 encoding section 111 and output nmeans 112 are sequentially connected
to each other. An operation of the whole apparatus of the first .
embodi nent wi |l be described below with reference to a flow chart of Fig.
2. In the drawing, a step is abbreviated to St. Step 101: In.the
first place, the input neans 101 wites the DVC-format input image into
the frame nenory 102. Step 102: The region dividing section
controlling neans 109 sends a block read r guest to the block reading
means 103. \Wen the bl ock readi ng neans 103 receives the read request, it
sends the imge (blocks No. 1 through No. N) t he copmponent extracti
Tane 104, | enaR@ngRRCEREnChin ARACERREREABS obh S 07 S BLA L iR
direct-current conmponent alone fromeach bl ock. Step 104: The
conponent extr #ANMPGCHEANSOLRGR | PEBE-he extracted data into the

| ow-resolution frane nenory 105a in order of extracting. Step 105:
When the i mage wittémniopenstion ofetbeutwhmler appardory odsfhe §Fr§t
header frame of a notion picture sequence to be processed, Step 106:
The region di vietibgd imenitonitdrbe ddsmglbﬁdaimelQWQHdbhmﬁﬂégnFﬁatoeﬂ flowe
macro blocks in the frane are intra blocks, and it sends the | abel

i ndicative of ahart of Fig. 2. 1In the drawing, a step is abbreviated

to St.

Step 101: In the first place, the input means 101
writeé the DVC-format input image into the frame memory
102. |

Step 102: The region dividing section controlling
means 109 sends a block read request to the block reading
means 103. When the block reading means 103 receives the
| read request, it sends the image (blocks No. 1 through No.
N) to the component extracting means 104.

Step 103: The component extracting means 104 samples

- the direct-current component alone from each block.

Step 104: Thé component extracting means 104 writes
the extracted data into the low-resolution frame memory
105a in order of extracting.

Step 105: When the image written in the low-
resolution frame memory 1l05a is of a header frame of a
motion picture sequence to be processed,

Step 106: The region dividing sectionlcontrolling
means 109 determines that all tﬁe macro blocks in the frame

are intra blocks, and it sends the label indicative of a



20 |arge notion vector of the macro block to the |abel storing neans 114.
Step 107: Wien the witten inmage is not the header frane, the notion
detecting neans 106 reads the current image and the previous inmge from
the {owresolution frame nenories 105a and 105b, respectively. Step
108: The notion detecting neans 106 checks the notieon of each macro bl ock
and outputs the rough notion vector. Step 109: The macro bl ock
cl assifying neans 107 | abels the nacro blogﬁs in three types of "large
notion", "notion detected" and "snall noti®h" in accordance with the
magni t ude of the rough notion vector. The |abels of the macro bl ocks are
sent to the Fl Aargediotionivechenmst thimmacro blgckpterpheprbedgiepring
di viding section controlling neans 109 checks a status of a queue in the
| abel storing meams 114. Step 111: When the macro bl ock | abels for
one frame are stored in the queue, a nmacro block read request is sent to
t he bl ock readi ng neatsed 0807 YWiwhenhehld ookiteadi imageedss ntd3 tleecheaderrhe
read request, it sends the inage (the macro blocks of ID No. 0 through M
to the decodi ngframanstheOmotion dé&teptihyy miéeems t héédeeadisng heamsrtét
receives the

image and the previous image from the low-resolution frame

memories 105a and 105b, respectively.

Step 108: The motion detecting means 106 checks the
motion of each macro block and outputs the rough motion
vector.

Step 109: The macro block classifying means 107
labels the macro blocks in three types of “large motion”,
“motion detected” and “small motion” in accordance with
the magnitude of the rough motion vector. The labels of
the macro blocks are sent to the FIFO label storing means
114.

Step 110: The'region divi@;ng section controlling
means 109 checks a status of a queue in the label storing
means 114.

Step 111: When the macro block labels for one frame
are stored in the queue, a macro block read request is sent
to the block reading means 103. When the block reading
means 103 receives the read request, it sends the image
(the macro blocks of ID No. 0 through M) to the decoding

means 110.

Step 112: When the decoding means 110 receives the



21 macro block of ID No. mfromthe block reading neans 103, it takes out
- a header |abel fromthe queue in the | abel storing neans 114. Step
113: Wien the | abel is indicative of the small notion or the notion
detected, an inverse DCT is perforned for the nmacro block of ID No. m
After the macro block 1is thus restored to the original imge, the image is
sent to the encoding section 111 together with the l'abel. Wen the |abel
is indicative of others, nothing is perfor P for the macro block of ID
No. m The unchanged macro block is then sent to the encoding section 111

together with the | abel. Step 114: The encoding sectjon 111 en&gges
the macro bl oSagrpeleebne£nEDd¥eednnframakbe1Pd oGk maadhag peapfells,
| abel . Step 115: The out put nmeans 112 outputs the data encoded b

the encodi ng sddt ittrkesionus ehdeaderdbabelt frompphragysue in theglpbeis:
The region dividing section controlling neans 109 checks the status of the
gueue in the | a@risgomeansrebhs. 114. Step 117: Wien the | abels
stored in the queue are used up, the imge held in the | owresolution
frame nenmory 105a i Steptikdh: iWwhenttbel babedsdlsutiinstidatieenefivehelonpll
Step 118: When the current franme is not the last frane
motion or the motion detected, an inverse DCT is performed
for the macro_block of ID No. m. After the macro block
ié thus restored to the original image, the imagé isxsent
to the encoding section 111 together with the label. When
the label is indicative of others, nothing is performed
for the macro block of ID No. m. The unchanged macro block
is then sent to the encoding section 111 together with the
label.

Step 114: The encoding section 111 encodes the macro
block input from the decoding means 110 in response to the
label. |

Step 115: The output means 112 outputs the data
encoded by the encoding section 111 to the outside of the
apparatus.

Step 116: The region dividing section controlling

‘means 109 checks the status of the.queue in the label
storing means 114.

Step 117: When the.labels stored in the queue are

used up, the image held in the low-resolution frame memory

105a is written into the low-resolution frame memory 105b.

Step 118: When the current frame is not the last frame



22 of the notion picture sequence to be processed, the region dividing
section controlling means 109 subsequently sends the block read request to
. the bl ock reading nmeans 103 for the next franme processing (step 102).

A nmet hod of reading the macro block by the use of the bl ock readi ng neans
103 (step 102) will be described below Each neans of the apparatus of
this enbodi nent uses a block ID which is a serial nunber fromthe left
upper block to the right Iower block in thg,frame in order to process the
frame for each block or macro block. Per fraime, the block IDis set to No.
0 through N and the macro block IDis set to No. O through M The bl ock
readi ng means 198 themsebor michuge Jeguense trabe pESSe§SeSy Ehenrgpdor

or macro block in response to the block or macro block read request from
the regi on di vidivigdiog sestiom contingl htagameans 10hsuhseasest Lyheepdsck
I D No. O through N or the macro blocks of the macro block ID No. O through
M are sequentithéybbacguread requist st fdee dflockdierding deaasby 03hdor
notion detecting neans 106 (step 107) will be described below. The notion
det ecti ng. meanstié6nexadsf mamenpracesEing 2( spiepelld h. si ze) correspondi ng
to the macro block of ID No. mfromthe |owresolution frane nmenory 105a.
The notion detectinganeanhodO@flseadtagsthd avacesoblbcdn ksearthd uaeecaf
corresponding to the search area of the nmacro bl ock
the block reading means 103 (step 102) will be described
below. Eachmeans of the apparatus of this embodiment uses
a block ID which is a serial number from the left upper
block to the right lower block in the frame in order to
process the frame for each block or macro block. Per frame,
the block ID is set to No. 0 through N and the macro block
ID is set to No. 0 through M. The block reading means 103
fetches the image from the frame memory for each block or
macro block in response to the block or macro block read
request from the region dividing section controlling means
109. The blocks of the block ID No. 0 through N or the
macro blocks of the macro block ID No. 0 through M are
sequentially output.
The method of reading the data by the motion
detecting means 106 (step 107) will be described below.
The motion detecting means 106 reads a template (2 X2
pixels in size) corresponding to the macro block of ID No.:
m from the low-resolution frame memory 105a. The motion

detecting means 106 also reads a low-resolution search

area corresponding to the search area of the macro block



23 of ID No. mfromthe |owresolution frane nenory 105b. The notion
detecting neans 106 perforns the notion detection in order of the nacro

bl ock I D nunbers 0 through Min a manner as descri bed bel ow (step 108).
When the notion detecting nmeans 106 obtains the tenplate and the | ow
resolution search area, it starts pattern matching using them The notion
detecting neans 106 detects, froma reduction search area, the block of
size equal to the tenplate having the high ét correlation with the pattern
of that tenplate. A sumof absolute differefiCe, a ratio of the tenplate to
the search area in a lum nance value or the |ike can be used as the
pattern matchi mgf IDnNanym fzome thehdomwptiase etdon A5ameRenesy 1958 okde
to use a threshold value in deciding correlativity. If the .
correlativity dmesiontdetecht e meanshid 6 performsh&hematoioyedeterkgon
means 106 outputs the information indicating an absence of the bl ock

hi ghly correl atigl ottker bife tieemadtockloick I MNonumperisat0 ithrowdghcdt iing a
the notion vector undetected. When the highly correlative block is
detected, the mnperdaisccdesgr ibeds bdbowef istep al €&t er Whemn ttiee smatdlon
area as an origin and outputs the rough notion vector indicating a

position of theigeeeeiad Hheshks s obtadnsdetket itempisene 20d tthesdiows a
packet, including the macro block ID and notion information (the notion
vect or undet ectyedls 81 uthied GedydWld08a yett 0§t agk st patwer® matching using
| them. The motion detepting means 106 detects, from a
reduction search area, the block of size equal to the
template having the hig'hest correlation with the pattern
of that template. A sum of absolute difference, a ratio.
of the template to the search area in a luminance value
or the like can be used as the pattern matching. In any
case, the motion detecting means 106 is allowed to use a
threshold value in deciding correlativity. If . the
correlativity does not reach the threshold value, _'the
motion detecting means 106 outputs the information
indicating an absence of the block highly correlated with
the macro block of ID No.,in, that is, indicating the motion
vector undetected. When the highly correlative block is
detected, the motion detecting means 106 defines a center
of the search area as an origin and outputs the rough motion
vector indicating a position of the detected block. The
motion detecting means 106 transmits a packet, including

the macro block ID and motion information (the motion

vector undetected or the rough motion vector) of the macro



24 . block in which the notion detection is perforned, to the nacro block
cl assi fying neans 107. The nmethod of classifying the macro bl ocks by
the macro bl ock classifying means 107 (step 109) will be described bel ow.
The- macro bl ock cl assifying neans 107 reads the notion information from

t he packet input from the notion detecting neans 106. Wen the nmagnitude
of the rough notion vector is 0, the |abel indicative of the small notion
i s added to the packet. Wen the rough nnt%gn vector is absent, the |abel
i ndicative of the large notion is added t©°the packet. I n ot her cases,
the | abel indicative of the notion detected is added to the packet. Then,
the macro bl odkdacksinfyhaghnthesmodian sstrectione isppeafiormedhetPabhe
storing neans 114. The | abel storing neans 114 adopts a FI FO system and
it thus adds macrorhihogk tackhpatfyiag medms qubde i n sequence. I n

t he encodi ng section 111, an encoding (step 114) of the macro bl ock i nput
fromthe decodi ng mTires Mébhod odccdramstEyingh tthe mi¢for blocketgehhehe

| abels will be described belowwith reference to the flow chart of Fig.
3. St ep msiro Vbdodiheclassd iy Ded s | $0i7nd( stepvel 09§ Whicl Inobeon
det ect ed, Step 122: The encoding section 111 perfornms the -notion

vector detectidesdoibele blow. blTek.macro block classifying means 107
reads the motion information from the packet input from
the motion detecting means 106. When the magnitude of the
rough motion vector is 0, the Jl.a'b-el indicative of the small
motion is added to the packet. When the rough motion
vector is absent, the label indicative of the large motion
is added to the.packet. In other cases, the label
indicative of the motion detected is added to the packet.
Then, the macro block classifying means 107 transmits the
packet to the label storing'ﬁeans 114. The label storing
means 114 adopts a FIFO system, and it thus adds.the
transmitted packets to the queue in sequence.

In the encoding section 111, an encdding (step 114)
of the macro block input from the decoding means 110 in
accordance with the difference between the labels will be
described below with reference to the flow chart of Fig.
3.

Step 121: When the macro block label is indicative
of the motion detected,

Step‘122: The encoding section 111 performs the

motion vector detection for the macro block.



25 Step 123: Wien the | abel is indicative of the small notion, the
encodi ng section 111 omts the notion vector detection (step 122).

The encoding section 111 calculates the difference between the nmacro
bl ock and the block of size equal to the macro block positioned in the
notion vector inthesearcharea. The differentialsignal is divided into

bl ocks (8X8). Step 124: The DCT is perforned for each bl ock.

Step 125: When the label is indicative of the large notion, the encoding
section Il omts the notion vector detecti®®n (step 122), the difference
calculation (step 123) and the DCT processing (step 124) and performnms the
quanti zation and the saepabea :| @hginh thedilapel oe.indicatives ofi thhemall
apparatus of this enbodinment, the region dividing section 113 is provided

prior to the engediieg, theratyodifgnBece iimakl someiesstheeslotioac e@ctvre
with the extent of the notion thereof. The subsequent macro bl ock

processing is chagaedidwer egxephe 12a¢, appl pd@ t CenébaimRf | Oflevesbar 111
detection can be reduced. In a first variation of the apparatus

according to _ t 881Nt £k BNt fe £ BRCRNS QR 5 eHd RAckld DB REithe
the small notion vector search area for the macro bl ock |abeled as the

smal | motion SO0L88ckO sl i0dNddifa IIES OfheVRELXo FAIREE s itibhddlith the
case, although the load requited for the processing of the macro bl ock

| abel ed as motion vector in the search area. Thedifferential signal
is divided into blocks (8X8).

Step 124: The DCY is performed for each block.

Step 125: When the label is indicative of the large
motion, the encoding section 111 omits the motion vector
detection'(step 122), the difference calculation (step
123) and the DCT processing (step 124) and performs the
quantization and the variable léngth codiné alone.

Thus, in the apparatus of this embodiment, the region
dividing section 113 is provided prior to the encoding,
whereby the macro block is classified in accordance with
the extent of the motion theréof.. The subsequent macro
block processing'is changed, whereby the load applied to
-the motion vector detection can be reduced.

In a first variation of the apparatus according to
the firét embodiment, the encoding section 111 may select
the small motion vector search area for the macro block
labeled as the small motion so as to perform the motion
vector detection. In this case, although the 1load

required for the processing of the macro block labeled as



26 ,the small notion is increased, a notion vector detection precision is
| nproved as nuch as an anount of increase. Thus, the difference between
the macro block and the block of size equal to the nacro bl ock positioned
in t.he notion vector in the search area is reduced, so that a

guanti zation error is reduced. - Fig. 4 shows the constitution of a

second variation of the region dividing section 113 of the notion picture

converting apparatus of the first enbg%i ment . In addition to the
~constitution of the region dividing secti shown in Fig. 1, resolution

converting neans 406 is l|located between a | owresolution frame nmenory 402b
and notion detbeét Bmglieaes kos. i ningrepssd ul SRR FEFRET AERSSHIARN 2
resol ution conversion is performed by interpolating the input image. Thus,
when the resol pregisiginthe Loprowed @s omuchaasham @mawnt 0of| dRcEEaINhe
notion detection due to an insufficient extracting by conponent

extracting neaBhuéQlthehdifdedandebetiwedr e maend Hkook amd the block

| ow-resol ution frane nmenory 402b is converted, whereby the resolution of
~the search areefcahzeeceigualowedthe macro ki ddik rposatianesti iof thee modniam

di viding section of the notion picture converting apparatus of the first

- enbodi nent, theectod saiiDChi@anseasctli speear et waesdtbed componatiat a
extracting means 104 and the |lowresolution frame nenory 105a. The
conponent extrgaantd #@e06nl@4ror is reduced.

Fig. 4 shows the constitution of a second variation
of the region dividing section 113 of the motion picture
converting apparatus of the first embodiment. In
addition to the constitution of the region dividing
section shown in Fig. 1, resolution converting means 406
is located between a low-reésolution frame memory 402b and
motion detecting means 403. In the resolution converting
means 406, a resolution conversion is performed by
interpolating the input image. Thus, when the resolution
of the low-resolution search area is too low for the motion
detection due to an insufficient extracting by component
extracting means 401, the resolution of the data read from
the low-resolution frame memory 402b is converted, whereby
the resolution of the search area can be improved.

In a third variation of the region dividing section
of the motion picture converting apparatus of the first
embodiment, the inverse DCT means is disposed between the

component extracting means 104 and the low-resolution

frame memory 105a. The component extracting means 104



27 samples a lowfrequency conponent as well as the direct-current
conponent . Before the |ow frequency conponent is input to the

| ow-resolution franme nmenory 105a, the inverse DCT is performed for the

| ow-§ requency conponent by the inverse DCT neans, whereby it is possible
to forma lowresolution inmage suitable for the notion detection by the
notion detecting nmeans 106. In this case, although the |oad applied to the
cal cul ation by the inverse DCT neans is ihiéeased, the pattern matching
can be performed by the use of a pixel val of an actual inmage not DCT
data, and the resolution can be also changed in accordance with the DCT

| ow-frequency aempbest ext lau-efreguenky caympenendxt asct iwglheads8 1bhe
Therefore, the detection precision is inproved. Next, as a specific
exanpl e, consi deirébe-copterf compdhentpi ct uBefomegeta®e slomrirequgnecy
14(a) into the apparatus of the third variation. |In Fig. 14(a), the

search area of @okpéhant TBG MWt adktheclowesesdlutciomn £ reime memoanyud b 589
the macro bl ock. Both of the macro bl ock and the block A conprise four

bl ocks having egwal PeFéeses.pch 144 nBer@okmenk vk athel Woackirequency
illustrated in Fig. 14(b). 1In the 1/4 macro block, the pixels of pixel

value 10 alterd@hgoteht bhertRexEhoebePba m¥aheg Ghetredy dttl isepossible
arrangenent. In the 1/4 block A all the pixels have pixel value 5. Fig.
14(b) al so showsot Berd 4 MEskOrBsedktibmhifilge suitable for the motion
detection by themotion detecting means 106. Inthiscase,
although the load applied to the calculation by the inverse
DCT means is increased, the pattern matching can be
performed by the use of a pixel.value of an actual image
not DCT data, and the resolution can be also changed in
accordance with the DCT low-frequency component extracted
by the component extrac{:ing means 104. Therefore, the
detection precision is improved.
Next, as a spécific example, consider the input of
a motion picture image as shown in Fig. 14(a) into the
apparatus 6f the third wvariation. In Fig. 14(a), thg
search area of a certain macro block includes a block A
of size equal to the macro block. Both of the macro block
and the block A comprise four blocks having equal patterns.
A 1/4 macro block and a 1/4 block A are illustrated in Fig.
14(b). In the 1/4 macro block, the pixels of pixel value
10 alternate with the pixels of pixel value 0 in a lattice

arrangement. Inthe 1/4 blockA, all the pixels have pixel

value 5. Fig. 14(b) also shows the 1/4 macro block in which



28 the DCT is performed. Wen such a notion picture image is input to the
apparatus of the third variation, the conponent extracting means 104
sanpl es the DCT | ow frequency conmponent, t hat IS, t he

conponents substantially equal to O except the direct-current conponent
fromthe macro bl ock. The inverse DCT nmeans perfornms the inverse DCT, so
that the image having a wunifornpixel value is forned. Thus, thenotion
detecting neans 106 detects the rough notion vector toward the position
of the block A As can be seen from t2® above description, in the
apparatus of this enbodinment, the region dividing section 113 is provided

prior to the engpdiperi RsapprTeared! wikeadsagH npuho B¥Endptia tance etmagieng
the data into MPEG data, whereby the classifying is perforned in

accordance Wity t DRp@Xt &8 fhet RPpgEtd €8s Ob #f Nehev&hd fY oekriSiviem, t bhe
| ow-frequency conponent and/or the direct-current conponent alone of a DCT

coefficient is ébsrﬁéofxghtt «PPLE®1n eh@%td;)s?nioﬁheshﬁtﬁqébopltih@ pert heow-

pattern matching I's very Tow. Since nuc an i mage energy is

concentrated i fregghg%g nmpon a preci si et erdd¥ b h8AtsS
| ess noti ceabl erh{%g‘ﬁebﬁy deteri r%’;{t?lﬁgﬁ ine"(r:%as% of.l%ﬁ'e Orrg?ghi ng US!f)éhg t he

e TR e YT el 54 | SBhogpgl i ehOgRsu i den
section 111 component from the macro block. The inverse DCT means
performs the inverse DCT, so that the image having a
uniform pixel value is formed. Thus, the motion detecting
means 106 detects the rough motion vector toward the
position of thé block A.
As can be seen from the above description, in the
apparatus of this embodiment, the region dividing section
113 is provided prior to the encoding in a process of
decoding input DVC data and encoding the data into !fIPEG"
data, whereby the classifying is performed in accordance
with the extent of the motion of the macro block. Since
the low-frequency component and/or the direct-current
component alone of a DCT coefficient is used for the motion
detection, the load applied to the patternmatching is very
low. Since much of an image energy is concentrated in the
low-frequency component, a precision deterioration is
less noticeable than the deterioration in case of the
matching using the actual image. In such a manner, since

the regiondividing section 113 previously classifies each.

macro block at high speed and the encoding section 111



29 perfornms the notion vector detection for the necessary macro bl ock
al one in accordance with the classifying result, the processing can be
therefore reduced. The apparatus of this enbodinment is intended to reduce
an encode tine in a notion picture format conversion and to acconplish

the notion picture format conversion by a software. . [ Enbodi nent 2]
Fig. 5 shows the constitution of the notion picture -converting apparatus
according to a second enbodi mrent of the present invention. In the

first place, the apparatus of the second efBodi nent will be described in
summary. The apparatus of this enbodinent is for converting the DVC-format
i nput i mage i Per fbembPEGd aiorelonmeeetowl detedattiomy for thenweecegsary

i mage. The apparatus of the second enbodinment is different fromthat of
the first enbodidgerd ivlddle aQ@id i it iaFcotdanci wdthi vibeng lsess i6yinGs.
The region dividing section 508 is for detecting the notion of the inage

and for |abelingegsath, Mo proclddimgcoadinse whidretdiee magdiaste. of Thiee
notion thereof. The constitution of the apparatus of this enbodi nent

will be descrihggbhehews Bl vhige cibédemedd ods divitdnted seot irsddd8, anhhe

notion picture converting apparatus of the second enbodi nent is equal to

that of the firsdcode time in a motion picture format conversion and to
accomplish the motion picture format conversion by a
software.

[Embodiment 2]

Fig. 5 shows the constitution of the motion picture
converting apparatus according to a second embodiment of
the present invention.

In the first place, the apparatqs of the second
embodiment will be described in summary. The apparatus
of this embodiment is for converting the DVC-format input
image into the MPEG-format image and oufputting the
converted image. The apparatus of the secoﬁd embodiment
is different from that of the first embodiment in the
constitution of a region dividing section 508. The region
dividing section 508 is for defecting the motion of the
image and for labeling each macro block in accordance with
the mégnitude of the motion thereof.

The constitution of the apparatus of this embodiment
will be described below. .Exclus ive of the region .dividing
section 508, the motion picture converting apparatus of

the second embodiment is equal to that of the first



30 enbodi nent.  The region dividing section 508 conprises conponent
extracting nmeans 501 for extracting a specific conponent alone of the DCT
i mage; inverse orthogonal transform neans 502 for perform ng the inverse
DCT for the extracted information; two frame nenories 503a, 503b for
storing the i mage obtai ned by the inverse orthogonal - transform nmeans 502;
noti on vector detecting neans 504 for detecting the notion in accordance
with the inmage obtained by the inverse ortgggonal transform neans 502;
macro bl ock classifying nmeans 505; |abel storing nmeans 506; and region

di vidi ng section controlling ans 5Q7. The ¢ro bl ock, ns
505, the | abel SRBPH ﬁ&QHimnség% ﬁﬁﬂlﬂﬂaJ&%g&&ﬁgdﬁﬁ?ﬁhﬂnsg®ﬁ(#%mgrlses
controlling neans 507 are the sangp as the macrq bl ock classlfylﬁg @
107, the | abel %‘?’BPPH&“M’FSI%&W-MOF“?ﬁESr efilohodi FFFHLAF CLRE] B Pe°l
controlllng means 109 of the first enbodi ment, respectively.
operation of thROBPPALKTsaLPNEhiQE oM RER: iMRge; bé’H‘é@EFFbé@FB’éPSﬂ/naihe
operation such as the input of the inmage by input nmeans 509, the read of
the bl ock by LtBRRSEEA® RGansahd250r PRELSTH D the iRy eTAROI £o1 £hfe
menory 510, the decode by decodi ng neans 513, the encode bg an encodi ng
section 514 andexheaga@wammﬁnnmnmlgy,ouwpuﬁran@amﬁquueg faagafl 3%s fope
operation of the notion picture converting apparatus of the first
enbodi nent. Thesworiog phet umagenedtainedppar athe dinverseecpnghogonal
enbodi nent is
transform means 502; motion vector detecting means 504 for
detecting the motion in accordance with the image obtained
by the inverse orthogonal transform means 502; macro block
classifying means 505; label storing means 506; and region
dividing section controlling means 507. The macro block
classifying means 505, the label storing means 506 and the
region dividing section controlling means 507 are the same
as the macro block classifyingmeans 107, the label storing
means 114 and the region dividing section controlling
means 109 of the first embodiment, respectively.

The operation of the apparatus of this embodiment
will be described below. The operation such as the input
of the image by input means 509, the read of the block by
block reading means 512, the stor'age of the image by a frame
memory 510, the decode by decoding means 513, the encode
by an encoding section 514 and the coutward output by output
means 514 is the same as the operation of the motion picture

converting apparatus of the first embodiment. The motion

picture converting apparatus of the second embodiment is



31 different fromthat of the first enbodinent in the operation of the
regi on dividing section 508. The operation of the region dividing
section 508 will be described belowwth reference to the flow chart of
Fig... 6. This operation corresponds to the operation froma conponent
extracting (step 103) to a labeling (step 109) in the flow chart of Fig. 2
illustrating the whole operation of the notion picture converting
apparatus of the first enbodi nent. In theg,drawing, the step is
abbreviated to St. Step 201: The conponent extracting neans 501
sanples the speC|f|c conponent al one of the inmage received.from the bhock

readi ng neans Sisfferent Sfggmygbhaghcofnielge HFFRBgRRPOHIRSN ) HieLRE
502 performs the inverse DCT for the extracted data. . Step 203: The
data i s sequentdRBFIthPRL t@ﬁ ithe ceediopl odiviiding SegeleBnords 503aThe
Step 204: The notion vector detecting neans 504 reads the current inmag
fromthe frame aRS®RY1803 2 ainghget veginas diviginigal sgehdPantS6F el nhge
Next, the previous inmage is read fromthe frane menory 503b, so that a
time- directi slesguibedt belovharitimgee ferdscer ion&de Hlaw t¢hast ofioFig.
results, the notion vector detecting nmeans 504 obtains a .
spedfic di r ecté -on Tobponperadfiamecovriemponts ot coft heagpephrédion Theom a
speC|f|c direction neans a direction of
component extracting (step 103) to a labeling (step 109)
in the flow chart of Fig. 2 illustrating the whole
operation of the motion picture converting apparatus of
the first embodiment. In the drawing, the step is
abbreviated to Sst.
Step 201: The component extracting means 501 samples
the specific component alone of the image received from
the block reading means 512.
Step 202: The inverse orthogonal transform means 502
performs the inverse DCT for the extracted data.
Step 203: The data is sequentially written into each
block in the frame memory 503a.
Stépzo4:Themotionvectordetectingmeans504reads
the current image from the frame memory 503a and determines
a spatial gradient of the image. Next, the previous image
is read from the frame memory 503b, so that a time-
direction gradient of the image is determined. From these
two results, the motion vector detecting means 504 obtains

a specific-direction component of the motion vector of

each block. The specific direction means a direction of



32 a maximumimage gradient in the block. The notion vector detecting
means 504 perforns the pattern matching for a block candidate within a
one-di mensional range in accordance with the obtained conmponent in the
direction of the maxi mum gradi ent of the notion vector, so that it
obtains the notion vector. The notion vector detecting neans 504 sends the
notion vector to the nmacro block classifying neans 505. Step 205:
The macro bl ock cl assifying neans 505 Iab$% the macro bl ock in accordance
with the magnitude of the notion vector. e | abels are classified in the
follow ng manner. That is, if the notion vector exceeds the normal search
area of the na@ 81 HRYR IRATL,GERALENY d4a ERQ Pdagik ¢ hTRh@MRE 48R BRCTPE
the notion vector is within a predetermined mcro region, the | abel is
i ndi cative of tIREQFBRERINBENE I oPRELOTAFLhe HRatkpan MatGhingatP¥eaos
the notion detected. The |abels of the macro blocks are then output to the
| abel storing rde@ek 5osndidate THeibbénat idon cofetdhimensionat oxangeti iy
means 501 (step 201) and the operation of the inverse orthogonal '
transf orm neana@&Rrdange MAh ihé dbtdiéned mmmpenenti in ddieaidirgdbion
conponent extracting neans 501 sequentially receives the blocks of the
bl ock | D nunberesf Chérmanghmiim gead ient hef btbekmotddionyewtarns, 548. tkat. it
shows the _
obtains the motion vector. The motion vector detecting
means 504 sends the motion vector to the macro block
classifying means 505.

Step 205: The macro block classifying means 505
labels the macro block in accordance with the magnitude
of the motion vector. The labels are classified in the
following manner. That is, if the motion vector exceeds
the normal search area of the macro block, the label is
indicative of the large motion. If the motion vector is
within a predetermined micro region, the 1label is
indicative of the small motion. In other cases, the label
is indicative of the motion detected. The labels of the
macro blocks are then output to the label storing means
506.

The operation of the component extracting means 501
(step 201) and the operation of the inverse orthogonal
transform means 502 (step 202) will be described below in
detail. The component extracting méans 501 sequentially
receives the blocks of the block ID numbers 0 through N

read by the block reading means 512. Fig. 7 shows the
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33 conponent extracting and the inverse DCT. The |eft upper block is.
defined as the origin. As shown in the drawng, a right directionis
defined as a positive direction of x-axis, while a downward direction is
defined as a positive direction of y-axis. The conponent extracting neans
501 nasks the block of ID nunber n with a mask in which all the
conponents .on the x-axis are 1 and the other conponents are 0. Next, the
i nverse orthogonal transform neans 502 perggrns a two-di nensi onal inverse
DCT for the masked bl ock. Consequently, as®Shown in the drawi ng, the inmge
having no gradient in the y-direction, that is, the inmge whose cross
section taken atompoaentaexirdctingaand|tthe invensexDETi.s Thecdedit nppere
cross section of an optional value of y is output. The inmage is then
witten in the blogkeisedefiinstBas sthep o2lilz)ini n &5 gshdwnr bhetbecdrayiiing,

| denotes a strength of the inmage. Next, the conponent extracting nmeans
501 nmasks the saneijhacidixdct Donuisedefined tds t Hepordk iive viicdcalibnt e
conponents on the y- axis are 1 and the other conponents are 0. Then, the
I nver se orthogoxabxtisgnehdle arkowvnwdzdkifectionhes dewinedensiaopasitive
I nverse DCT for the masked bl ock. Consequently, as shown in the draw ng,

the image havi ngireetdioaticchtyddaxife xrHeréshponenthaixtisactifig feas svsoge

cross section taken along the plan surface parallel to the y-axis is equal

to the cross sefasRB e¢heabDpék0oEl Ivahmber n with a mask in which all
the components on the x-axis are 1 and the other components
are 0. Next, the inverse orthogonal transform means 502
performs a two-dimensional inverse DCT for the masked
block. Conseqguently, as shown in the arawing, the imaée
having no gradient in the f—direction, that is; the iﬁage
whose cross section taken along a plan surface parallel
to the x-axis is equal to the cross section of an optional
value of y is output. The image is then written in the
frame memory 503a (step 203). In Fig. 7, reference symbol
I denotes a strength of the image. Next, the component
extracting means 501 masks the same block (of ID number
n) with the mask in which all the components on the y-
axis are 1 and the other components are 0. Then, the
inverse Crthogonal transform means 502 performs the
two-dimensional inverse DCT for the masked block.
Coﬂsequently, as shown in the drawing,.the image having
no gradient in the x-direction, that is, the image whose
cross section taken along the plan surface parallel to the

. y-axis is equal to the cross section of an optional value



34 of x is output. The image is then witten in the frame nenory 503a’
(step 203). Thus, the frame nenory 503a sinultaneously holds the inage
havi ng no frequency conponent in the y-direction and the inmage having no
~frequency conponent in the x-direction. Since the i mage having no
gradient in the y-direction and the image having no-gradient in the
x-direction have one-dinensional information alone, it is useless to wite
all the two-dinensional inages in the franme_nenory 503a. Therefore,

one-di nens ional information in the x-direcBfon and one-di mensional
information in the y-direction may be extracted fromthe inage having no
gradient in thef§-x isreatiput andideinagee ilsavinen Nerdtiairenin i thehframe
direction, respectively, SO t hat t he extracted information nay be

witten in the demdEynMS08y F63p 2AbB9r.nattrueky, thestfwahef memory 503a
t wo- di nensi onal masking by the conponent extracting neans 501, the inverse

orthogonal tranEhel fhedtsHP2 HEvdsertpem ihaqenendiviengi onal freyaeaey
DCT for the DCT conponent |ocated in the position transmtting the nask,

wher eby ?aCh(NEbﬁ%GEBQHNE& thef oy DRt retd foh hape dthectimigénthdvtng no
y-direction is obtained. A notion detection processing in the notion

vect or detecﬂfgbﬁggﬁg Q%ﬁéﬁﬁengogh\gﬂé Pegdesdd 494, bel ow with
reference to the flow chart of Fig. 8.

Since the image havi_ng no gradient in the y-direction
and the image having no gradient in the x-direction have
one-dimensional information alone, it is useless to write
all the two-dimensional images in the framg memory 503a.
Therefore, one-dimensional information in the x-direction
and one-dimensional information in the y-direction may be
extracted from the image having no gradient in the y-
direction and the image having no gradient in the x-
direction, respectively, so that thé _ektracted
information may be written in the frame memory 503a.
Alternatively, in stead of a two-dimensional masking by
the component extracting means 501, the inverse orthogonal
transform means 502 may perform the one-dimensional
inverse DCT for the DCT component located in the position
transmitting the mask, whereby each one-dimensional
information in the x-direction and the y-direction is
obtained.

A motion detection processing in the motion vector
detecting means 504 (step 204) will be described below with

reference to the flow chart of Fig. 8.



35 Step 211: In the first place, the notion vector detecting neans
504 reads the inmage having no gradient in the y-direction corresponding to
the macro block of No. mfromthe frame nenory 503a. Step 212: Next,
in the image having no gradient in the y-direction, an attention is paid
to a point A at the center of the macro block. A gradient Ix in the x-
direction is calculated fromthe pixels on a straight line parallel to the
X-axi s passing through the point A Referegge synbol | denotes the
strength of the image. | x denotes the gradifent of the |um nance in the
x-direction on the point A and is given by dividing the difference
bet ween the | um nanceSV¥@pudd by Anditheinfdrss: vibbacehe thexapedion vector
calculation result is tenmporarily held in the notion vector detecting
means 504. detest ingp merns fl4 greads tthe doagei hyvimgnposgraddedd: imhe
pi xel value located in the position equal to the point A used for
det erm ni ng t hetiyeagi-diireatite ceozriesptindingoho CheemaZ?) blookt b€ Nomge
having no gradient in the y- direction of sone previous frames stored in
the frame memuyfoédb.the frabeemebky The3avti on vector detecting neans
504 calculates a gradient | t in the tinme direction fromthe read pixel
It denotes a change istépe2pxeNext ucipethefimage having no gradient in
the y—direction} an attention is paid to a point A at the
center of the macro block. A gradient I_x in the x-
direction is calculated from the pixels on a straight line
parallel to the x-axis passing through the point A.
Reference symbol I denotes the strength of the image. I_x
denotes the gradient of the luminance in the x-direction
on the point A and is given by dividing the difference
between the luminance values'by a distance between the
pixels. A calculation result is temporarily held in the
motion vector detecting means 504.
Step 213: The motion vector detecting means 504 reads
the pixel value located in the position equal to the point
A used for determining the gradient in the x-axis direction
(step 212) from the image having no gradient in the y-
direction of some previous frames stored in the frame
‘memory 503b.
Step 214: The motion vector detecting means 504
calculates a gradient I_t in the time direction from the

read pixel. I_t denotes a change in the piiel value per

frame.



36 Step 215: The notion vector detecting neans 504 calculates -1t/]
Xx fromthe gradient Ix in the x-axis direction and the gradient I t in the
time direction which are previously held in the notion vector detecting
means 504 (step 212). Wien | x is 0, since an inage speed is not found in
principle, the conponent in the x-direction is indefinite and an
i ndefinite signal is then output. This value of -1t/1x represents a speed
conponent in the x-direction of the conponggt in the direction of the
maxi mum i mage gradi ent of the notion vector? It can be also said that the
value of -It/l-x represents that the notion vector to be determined is
projected in the dirstepoRlsf: tBeemmdtioni werte¥ adetRchHinghdemrsit S84 n
the macro block and further projected in the x-axis. Step 216: Next,
the notion vectoaldelateisng IrehiE_x50zomedde tgeadiags Ha it bh§r BdpXdS
in the x-direction corresponding to the macro block of No. mfromthe
frame nenory SdBrection afitleph@lgradieniteIsaninnehecrime direction whiigh
of the conponent in the x-direction (steps 212 through 217), the notion
vector detecti ngregnevidbisélgeheld ndn the moadiomivector retecyiag means
direction. Step 218: The notion vector detecting nmeans 504 reads the
pi xel s from thespgagstepvizl® o Glehepd! xi id I, xainder ant iimage speed is
previous franmes stored in the frame '
not found in principle, the component in the x-direction
is indefinite and an indefinite signal is then output.
This value of ~I_t/I_x represents a speed component in the
x-direction of the component in the direction of the
maximum image gradient of the motion wvector. It can be
also said that the value of -I_t/I_x represents that the
motion vector to be determined is projected in the
direction of the maximum image gradient on the point A in
the macro block and further projected in the x-axis.
Step 216: Next, the motion vector detecting means
504 reads the image having no gradient in the x-direction
corresponding to the macro block of No. m from the frame
memory 503a.
Step 217: In the same manner as the calculation of
the component in the x-direction (steps 212 through 217),
the motion  vector detecting means 504 determines a
gradient I_y in the y-axis direction.
Step 218: The motion vector detecting means 504 reads
the pixels from the image having no gradient in the x-

direction in some previous frames stored in the frame



37 nmenory 503b. Step 219: The notion vector detecting neans 504
calculates the gradient I t in the time direction. Step 220: The
noti.on vector detecting neans 504 cal culates the y-direction conponent  -|
t/1_y. This conponent in the y-direction is the speed conmponent in the
y-direction of the conponent in the .direction of the  maximmimge
gradient of the notion vector of the macro block of ID No. m . Step
221: Through the above process, the conponegigs (-It/1 x, -1 t/I_y) of
t henoti on vector inthedirection of the maximumimage gradient are
obt ai ned. Next, in order_ _to detect the notion vector of the nmacro bl ock of
ID No. m the BBRPEY AA3I®r detecting neans 504 perforns the pattern
matching. At this tine, the search area is limted to the one-dinensiagnal
search area fromthe PFeRi ALy Thg MPEHCBONTRFERLs IRt RELRG iRPADECOHH
in the direction of the maximuminage gradient. The one-di nensi onal
search area is @alrudas®mebhewgred imntel_thdoudhe pémet diFekipRing
froman addition of the notion vector conponent in the direction of the
maxi num i mage gradi enftep 230ralbe metion orecherpsieieating means 504
constant | ength about the point B on the straight |ine perpendicular to
the direction oélthdates nivhe nHgdigrearti tom. compon€nép 222t /The <ot iMivis
vect or detecting neans 504
component in the y~-direction is the speed component in the
y-direction of the component in the direction of the
maximum image gradient of the motion vector of the macro
block of ID No. m.
Step 221: Through the above process, the components
(-I_t/I_x, -I_t/I_y) of themotion vector in the direction
of the maximum image gradient are obtained. Next, in order
to detect the motion vector of the macro block of ID No.
m, the motion vector detecting means 504 performs the
patternmatching. At this time, the search area is limited
to the one-dimensional search area from the previously
obtained components of the motion vector in the direction
of the maximum image gradient. The one-dimensional
search area is a line segment which passes through a point
B resulting from an addition of the motion vector component
in the direction of the maximum image gradient to a located
vector on the point A and has a constant length about the
point Bon the straight line perpendicular to thedirection
of the maximum image gradient.

Step 222: The motion vector detecting means 504



38 perfornms the pattern matching for the image in the one-di nensional
search area and thus obtains the notion vector. Al t hough the pixe
at the center of the nmacro block is selected as the focus pixel A any

pi xel may be selected as long as the pixel is present in the macro bl ock.
Furthernore, the gradients in the tinme and spatial directions may be
determ ned by calculating the sinple difference between the pixels or by
fitting the straight 1lines by the use of a gethod of | east square.

As descri bed above, in the apparatus of t hi 3 enbodi ment, the region

di viding section 508 is provided previous to the encoding in the process
of decodi ng t hepetfiprmsDVEhdat patberencoditchine don ithe timadPEdniathe
whereby the classifying is perforned in accordance with the extent of the
moti on of the neseodliimetisidhal ngehlteh mxexranét thusoebttainspebefmotion
frequency conponent alone of the DCT coefficient is used so as to thereby
formthe inmageyd8¥bg no frequency conponent in the y-direction and the
i mge having no frequency conponent in the x-direction. Then, the

conponent of the notigrtxeayar the phiked actimn ceaitéheo fexheumacragblock
gradient is calculated fromthe gradients in the spatial and tinme axis

directions of the sd1@ELEd 4§ tife HouPistdliar | Q_xﬁbga.iﬁéll Ryl s8leeticd
of the macro block fromthe one-dinensionally limte
as long as the pixel is present in the macro block.
Furthermore, the' gradients in the _time and spatial
directions may be determined by calculating the simple
difference between the pixels or by fitting the straight
lines by the usé of a method of least square.

As described above, in the apparatus of this
embodiment, the region dividing section 508 is provided
previous to the encoding in the process of decoding the
input DVC data and encoding the data into the MPEG data,
whereby the classifying is performed in accordance with
the extent of the motion of the macro block. During the
motion detection, the specific frequency component alone
of the DCT coefficient is used so as to thereby form the
image having no frequency component in the y-direction and
the image having no frequency component in the x-direction.
Then, the component of the motion vector in the direction
of the maximum image gradient is calculated from the
gradients in.fhe spatial and time axis directions of the
images. It is also possible to obtain the motion vector

of the macro block from the one-dimensionally limited



39 search area by the pattern matching. The nagnitude of the thus
obt ai ned notion vector is used for the classifying of the macro bl ock.

In such a manner, since the region dividing section 508 previously

cl assifies each macro bl ock at high speed and the encoding section 514
perforns the higher-precision notion vector detection for the necessary
macro bl ock alone in accordance with the classifying result, the
processi ng can be therefore reduced. The agﬁgratus of this enbodinent is

i ntended to reduce the encode tine in the tion picture format conversion
and to acconplish the notion picture format conversion by the software.
(Enbodi nent 3] search drea By shenpas tern madiivtingent The magnptusenpf the

i nvention and shows the constitution.-of the notion picture converting
apparatus for prdorobhgines mution veector det erxsédnfar thghcdpaaiibying
narrowi ng the notion vector search area in accordance wth the output from
the notion deteftthg fi@@YD block.For the description of the apparatus of
this enbodinent, thenmethod of detecting the notionvectorwill be first

described in sunmary.1rA 0K o) meaier, deivcéi the segtiomn di*idimgrsentbdnng

section 925 obtains the notion of the macro bl ock | abeled as the notion

detected with gof ¢L8620LE Iy 1IN PUss £ab® mackhe bI¥d PRV arigh speed
and the encoding section 514 performs the higher-precision
motion vector detection for the necgssary macro block
alone in accordance with the classifying result, the
processing can be therefore reduced. The apparatus of
this embodiment is intended to reduce the encode time in
the motion pictui'e format conversion and to accomplish the
motion picture ﬁormét conversion by the software.

[Embodiment 3]

Fig. 9 shows a third embodiment of the present
invention and shows the constitution of the motion picture
converting apparatus for performing the motion vector
detection at high speed by narrowing the motion vector
search area in accordance with the output from the motion
detecting means.

For the description of the apparatus of this
embodiment, the method of detecting the motion vector will
be first described in summary. A motion vector detecting
section 924 in an encoding section 925 obtains the motion

of the macro block _labeled as the motion detected with

reference to the previous frame. The motion vector



40 detecting section 924 is characterized by that it limts a notion
vector search range in accordance with the output from nore specifically,
a region dividing section 911 whereby it perforns the notion vector

det ecti on. Next, the constitution of the notion picture converting
apparatus of the third enbodinment will be further described. |nput neans
901 for capturing the inmage fromthe outside, a frane nenory 902 for
storing the inage and bl ock readi ng neans 3 are connected to .each

ot her. Conmponent extracting nmeans 904 for extracting the direct-current
conponent al one_of the image; two |ow_  resolution frape nenpries

: . . . 90%a, .
905b for stoHrﬁF?ﬁﬁtléﬂtF&&ﬁ&?qrﬁ%ﬁr&ﬁiQ#@rﬂﬁFﬁ§+%ﬁﬂeRXi%@aﬁﬁéﬁsféﬁétﬁor

detecting the notion using the information in the low resolution frane
menori es 905a, OB ien vapter fearchgrangetinRaaardapcadvaghibeocteuk
classifying neans 907 for |abeling the macro block in accordance with the
output from t HErem: i Berdetsmet hficeddy 006, ragiomn dieiding &% Addns
909 for restoring the notion vector of the macro block whose notion is
detected i n acotreluaby Jitt lIperfrermnesdhe giothennyeichrriedetecidgareans 906,
| abel storing neans 908 and region dividing section controlling nmeans 910
for sending the read Nexjuestthe thenisitddiutbadi ngfnethe o@FEiem fpicture
.controlling elenents in the region dividing section 911; decodi ng neans
912; an encodi ngpseertdngd28pparatus of the third embodiment will be
further described. 1Input means 901 for capturing the
image from the outside, a frame memory 902 for storing the
image and block reading means 903 are connected to each
other. Component extracting means 904 for extracting the
direct-current component alone of the image; two low-
resolution frame memories 905a, 905b for .storing the
extracted information; motion detecting means 906 for -
detecting the motion using the information in the low-
resolution frame memories 905a, 905b; a region dividing
section 911 including macro block classifying means 907
for labeling the macro block in accordance with the output
from the motion detecting means 906, motion vector
restoring means 909 for_festoring the motion vector of the
macro block whose motion is detected in accordance with
the result of the motion detecting means 906, label storing
means 908 and région dividing section controlling means
910 for sending the read requést to the block reading means

903 and for controlling elements in the region dividing

section 911; decoding means 912; an encoding section 925



41 including DCT neans 914, quantizing neans 915, variable {ength coding
means 91, inverse quantizing nmeans 917, inverse DCT neans 918, a frane
menory 921, an image differentiator 913, an inage adder 920, a notion
vector detecting section 924, and notion information coding nmeans 922;

and output neans 926 are connected to each.other. Search area changing
means 923 is located in the notion vector detecting section 924. The
operation of the notion picture converting , ﬂpparatus of the third

enbodi nent will be described below. Al though a basic operation flowis
equal to the flow chart of Fig. 2 illustrating the o e]ﬁeratigﬁé_’of th

appar at us of wm9¥Q¢é§9ePSSHNﬁ§ﬂs ¥t gARPRT AR B S RRER 'tWQ%P%ﬁﬁe
first enbodinents is that the notion vector restoring neans 909 rece Yes
the packet out dngiyht fOd#Rg MBRBSK 9kt adBVIRFTR FEARS N g ¢ H&%gﬁ
notion vector is restored to the notion vector and the packet IS then
transnitted tdnhersebdiCEtmeangeddsd 008, fmamet MENQUEY e lgndBnsinage
in the region dividing section 911 detects the rough notion vector of the
macro bl ock i naigfénentdadian B3, sear ihageadden? 2fhe anBOtd A Jegetor
classifying means 907 «classifies the macro bl ocks in accordance with the
det ect ed rough detechingcsectionmd2ée amd mot ppotinformahion ¢odingpeeanas
of the first enmbodinment, the notion vector of the macro bl ock | abel ed as
the notion deteg3d32zf and output means 926 are connected to each other.
Search area changing means 923 is located in the motion
vector detecting section 924.
The operation of the motion picture converting
apparatus of the third embodiment will be described below.
Although a basic operation flow is equal to the flow chart
of Fig. 2 illustrating the operation of the apparatus of
the first embodiment, the difference between the third and
first embodiments is that the motion vector restoring
means 909 receives the packet output by the macro block
classifying means 907, the rough motion vector is restored
to the motion vector and the packet is then transmitted
to the label storing means 908. Themotion detectingmeans
906 in the region dividing section 911 detects the rough
motion vector of the macro block in the low-resolution
search area. Then, the macro block classifying means 907
classifies the macro blocks in accordance with the
detected rough motion vector. In the motion picture

converting apparatus of the first embodiment, the motion

vector of the macro block labeled as the motion detected



42 i.s searched fromthe direction of - by the notion vector detecting
section in the encoding section 111. On the other hand, the apparatus of
the third enbodinment is characterized by that the search area is limted
in accordance with the rough notion vector obtained by the notion
detecting neans 906 in the region dividing section 911 whereby the search
Is perforned. The processing to detect the notion vector at high speed by
narrowi ng the notion vector search area will be described with reference
to the flow chart of Fig. 10. In the dramﬁné? the step is abbreviated to
St. Step 301: The notion vector restoring neans 909 reads the |abel
fromthe packetisnpearched tfromache dipektidmssf fiby teamo®0dn vector
Step 302: If the label is indicative of the small notion of the large
motion, the pacdetectiinpnssttioed tim the kakddiigrsegtiransl POS wonh thee
packet unchanged (step 305). |If the read label is indicative of the

notion detectesither hafdfp tHE3: appardddid i eFal tHet ithirdf enBidefthds
rough notion vector) is read fromthe packet, .Step 304: the rough

notion vector obharBeddriid® byoWhasolthbons&gaEah #F8a |5sr aSniesd SAn

that it may have the original resolution, whereby the notion information

in the packet igcdB¢dabe with the rough motion vector obtained by the
motion detecting means 906 in the region dividing section
911 whereﬁy the search is performed. The processing to
detect the motion vector at high speed by narrowing the
motion vector search area will be described with reference
to the flow chart of Fig. 10. In the drawing, the step
is abbreviated to St.

Step 301: The motion vector restoring means 909 reads
the label from the packet input from the macro block
classifying means 907.

Step 302: If the label is indicative of the small
ﬁotion of the large motion, the packet is transmitted to
the label storing means 908 with the packet unchanged (step
305). If the read label is indicative of the motion
detected,

Step 303: the additional motion information (the
rough motion vector) is read from the packet,

Step 304: the rough motion vector obtained in the

" low-resolution search area is restored so that it may have
the original resolution, whereby the motion information

in the packet is updated.



43 . Step 305: The notion vector restoring neans 909 transmts the
packet to the |abel storing neans 908. Step 306: Wen the decodi ng
means 912 receives the nacro block of No. mfromthe bl ock readi ng neans
903,.it fetches the header packet fromthe queue in the |abel storing
means 908. After the decode processing by the |label - -in the apparatus of

the first enbodi nent (step 113), Step 307: if the label is indicative
of the small or large notion, the macro bl ock of No. mand the | abel are
sent to the encode section 925. |If the lab&® is indicative of the notion
det ect ed, Step 308: the notion vector is fetched fromthe packet,
and the macro bl ock cdtdy. 3wsandrhbée Motbtdbnanvedien restoringhaeanHdPig
section 925. Step 309: The search area changi ng nmeans 923 in the

notion vector detfabmAi¢sSadie aPadRétdaiceriheectabelews teeianghmeases sH08 hat
the new search area may be smaller than the original search area and be

i ncluded in the origigw@dp $68%CHnhancandAdcddengeneaned 9D imscetoksr the
Step 310: The notion vector detecting section 92 obtains the notion

vector fromt h%&@)ﬁ%%b?& BifNRE .SRAEEBm @hRAblock rd¥ddggcnehad sbaveitin
the apparatus of this enbodinent, the region dividing section 911 is
provided previpys-hast i &NradHRS FhéREtPHISEStak fdsendnt Rethe label
| storing means 908. After the decode processing by the
label in the apparatus of the first embodiment (step 113),

Step 307: if the label is indicative of the small
or large motion, the macro block of No. m and the label
are sent to the encode section 925. If the label is
indicative of the motion detected,

Step 308: the motion vector is fetched from the
packet, and the macro block of No. m and the label are then
sent to the encoding section 925.

Step 309: The search area changing means 923 in the
motion vector detecting section 924 determines a new
search area so that the new search area may be smaller than
the original search area and be included in the original
search area about the received motion vector.

Step 310: The motion vector detecting section 924
obtains the motion vector from the newly determined search
area.

As described above, in the apparatus of this
embodiment, the region dividing section 911 is provided

previous to the encoding in the process of decoding the



44 input DVC data and encoding the data into the MPEG data, whereby the
classifying is perforned in accordance with the extent of the notion of
the macro block. Since the encoding section 925 perfornms the notion vector
detection for the necessary macro bl ock al one in accordance with the
classifying result, the processing can be therefore -reduced. During the
notion vector detection, since the nption vector detecting section 924
narrows the search area and perforns the sgarch in accordance with the
rough notion vector obtained by the notion detecting nmeans 906 in the
region dividing section 911, the notion vector can be obtained atGhé%EE

r ¢

speed.  The appmut BVCoiatpi andeppsdicnd thej Apkadea to Wf MRh
the encode tine and to acconplish the nmotion picture format copversion gy
the software, othgreky tbet gdasaifvipgcisr peafirEredndn BFFATHARCRIWLh
first enbodi nent. Next, as the specific exanple, consider the input
of a notion pi dthe eextege af hmwmonisngofl gy Macsot hdodpparhingeofhe
this enbodinment. In Fig. 11(a), the search area of a certain macro bl ock
i ncl udes a bl oEndodbnghs st ioqual 5i pesifoens thg rok v Ve oE IdetREting
sumof all” the pixel values in the macro block is equal to the sum of al
the pi xel val uekor nhdaddexsary macra hlock &l enhechn daceydancienwiithethe
such a macro bl ock that each pixel value in the block Bis |ess than each
pi xel value indlessbfydng result, the processing can be therefore
reduced. During the motion vector detection, since the
motion vector detedting section 924 narrows the search
area and performs the search in accordance with the rough
motion vector obtained by the motion detecting means 906
in the region dividing section 911, the motion vector can
be obtained at high speed. The apparatus of this
embodiment is intended to further reduce the encode time
and to accomplish the motion picture format conversion by
the software, compared to the motion picture converting
apparatus of the first embodiment.

Next, as the Specific example, consider the input
of a motion picture image as shown in Fig. 11(a) into the
apparatus of this embodiment. 1In Fig. 11(a), the search
area of a certain macro block includes a block A which is
equal in size to such a macro block that the sum of all
the pixel values in the macro block is egual to the sum
of all the pixel values in the block A; and a block B which

is equal in size to such a macro block that each pixel value

in the block B is less than each pixel value in the macro



45 Dblock by 1. The blocks A and B are separated fromeach other in the
search area. The macro bl ock and the blocks A and B conprise four bl ocks,
each having an equal pattern. The 1/4 macro block, 1/4 block A and 1/4
block B are illustrated in Fig. 11(b). In the 1/4 macro bl ock, the pixel
values are of 1 through 127 in sequence fromthe left upper pixel to the
right lower pixel so that an arithnetic progression having a comon
difference of 2 may be made. In the 1/4 blgek A all the pixels have the
pi xel value of 64. In the 1/4 block B, the pixel values are less than the

pi xel values in fhe macrq bl ogck 1, that is, the pixel _ values_are of
t hrough 126 in %%ﬂﬁgggéf flr'omTﬁWe%/Je?‘EkﬁpﬁetandpiQe?rgosfaﬁ@rﬁ FERB eﬁicg‘el
so that the arithnetic grogression havi ng t he conmon difLere ce, of i g&é
be made. YRRATsLBhtAeNBeAERAKAR ¢ TR MASIP REPC K2Rt PR BAPSHSS
of this enbodi ment, the conponent extracting neans 904 sanples_the
di rect-current 2ansbBepempaiisfyLoys Piocks serch ApVA NG 8/ eAB2eRR EtBEACK
and the block A. The direct-current cogponent of the block B is |ess than
the direct-currBae ddifponearoekiecked I\t t Rdockonboadft 14kt PAOSHgE R&#hs
904. Thus, the nmotion detecting means 906 detects the rough notion
vector toward ihbugsgiatiesh i Fhg.blddib) AbnathesidVd, magraoplefkvedhsr
detecting section 924 outputs the notion vector near the detected rough
notion vector opizednoaldesezretdit Invhimwugh 127 in sequence from the left
upper pixel to the right lower pixel so that an arithmetic
progression having a common difference of 2 may be made.
In the 1/4 block A, all the pixels have the pixel value
of 64. 1In the 1/4 block B, the pixel values are less than
the pixel values in the macro block by 1, that is, the pixel
values are of 0 through 126 in sequence from the left upper
pixel to the right lower pixel so that the arithmetic
progression having the common difference of 2 may be made.
When such a motion picture image is input to the
apparatus of this embodiment, the component extracting
means 904 samples the direct-current component having
quite the same value from the macro block and the block
A. The direct-current component of the block B is less
than the direct-current component extracted by the
cdmponent extracting means 904. Thus, the motion
detec_ting means 906 detects the rough motion vector toward
the positionof theblock A. As aresult, themotion vector

detecting section 924 outputs the motion vector near the

detected rough motion vector or cannot detect the motion



46 vector and outputs the information indicating the notion vector is
abseht . As the first variation of the notion picture converting
apparatus of the third enbodi nent, the region dividing section 911 is
repl aced by the region dividing section 508 of the notion picture
converting apparatus of the second enbodiment. By the use of the notion
vector output by the notion vector detecting neans 504 in the region
di vidi ng section 508, the notion vector sea&gh area 1is narrowed by the
noti on vector detecting section 924 in the éencoding section 925, whereby
the notion vector detection can be perforned at high speed, Next, as
-the specific cseeptE, andnepgputishdhadaformakion anddiqanipgcthipemeddPnys
shown in Fig. 12 is encoded to the DVC data and the DVC data is then input
into the apparegetosf ish@ldsert.variation. In the notion picture 1201,
the macro block is constituted of four blocks A and the block of size
equal to the nacro blaxk ttomstfixstd variasuomnl odks the s mEpaeht eplttumne
the macro bl ock by several pixels in the previous frane. In the block A
all the pixel oehwuestiing approkatosuon te Dhird étbodimient| the pegdbn
values in a block colum No. 1 are 90. In such a manner, as the nunber of
the colum is idividiad, sidotidnedltalisereplacediced bhel@edimen bdbekding
colum is herein set so that the |eftnost pixel in the block may be
defined as the settfidn 508 of the motion picture converting apparatus of
the second embodiment. By the use of the motion vector
output by the motion vector detecting means 504 in the
region dividing section 508, the motion vector search area
is narrowed by the motion vector detecting section 924 in
the encoding section 925, whereby the motion vector
detection can be performed at high speed.

Next, as the specific example, consider the case in
which a motion picture 1201 as shown in Fig. 12 is encoded
to the DVC data and the DVC data is then input into the
apparatus of the first variation. In the motion picture
1201, the macro block' is constituted of four blocks A, and
the block of size equal to the macro block constituted of
four blocks B is separated from the macro block by several
pixels in the previous frame. Intheblocka, all the pixel
values in a block column No. 0 are 106, and all the pixel
values in a block column No. 1 are 90. In such a manner,
as the number of the column is increased, the pixel value
is reduced by 10. The block column is herein set so that

the leftmost pixel in the block may be defined as the column



47 No. 0 and the next pixel on the right side may be defined as the
colutm No. 1. That is, as the pixel is located on the nore right side, one
each is sequentially added to the number of the colum. A block row is
herein set so that the uppernost pixel in the block may be defined as a
row No. 0 and the next uppernost pixel may be defined as a row No. 1.
That is, as the pixel is |located on the | ower side, ‘one each is
sequentially added to the nunber of the row,_ In the block B, the pixels
have the same value in the block rows No. 'b7 2, 4 and 6. In the val ue of
the row, the value of the block Bis twice that of the block A That is,
in such a mannes. thand Hehe aleres pire206natiiel @dght tsHale gaynke d@finednd
No. 1, respectively, as the nunber of the colum is increased, the val ue
is reduced by 2 thte ¢dbXehnvRbuets. artak iis,t ks Kheclp inoeks No.1dgcaBedSoand
7. The DCT is perforned for the blocks A and B, and the blocks A

and B are naskechavnidi é el Jesls ide Mod éé@hmg@eqwaﬂxuealaweaad:em tlethe
bl ock row No. 0 and the pixel values are 0 in the other rows, whereby the

inverse DCT is mﬁ@lﬁé?r B8dthe cHlivmn/ eIBlotk réhows hle’reiz’ﬂESetlgditthat
illustrations of Fig. 12. Although both the data have |little correlation

wi th each othergpd ﬁ?ﬁel@ﬁ{bts@ B Thifdehef bl bexdaasy el @er Dheaeased, rbat h

the data is equal t he processing by the apparatus of this variation.

The nmotion vegy®!r Flelff Wi B pt¥rRbsthp izRAamaiubeOdelllin®ed as a row
No. 1. That is, as the pixel is located on the lower side,
one each is sequentially added to the number of the row.
In the block B, the pixels have the same value in the block
rows No. 0, 2, 4 and 6. In the value of the row, the value
of the block B is twice that of the block A. That is, in
such a manner that the values are 200 and 180 in the columns
No. 0 and No. 1, respectively, as the number of the column
is increased,l the value is reduced by 20. The pixel va]_.ues
are 0 in the block rows No. 1, 3, 5 and 7.

The DCT is performed for the blocks A and B, and the
blocks A and B are masked with the mask in which the pixel
values are 1 in the block row No. 0 and the pixel values
are 0 in the other rows, whereby the inverse DCT is
performed. This result is shown in the right
illustrations of Fig. 12. Although both the data have
lit{:le cprrelation with each other in the pattern matching
of the data before processed, both the data is equal 'aftér
the processing by the apparatus of this variation. The

motion vector detecting means 504 of the apparatus of this



48 variation uses the data shown on the right side of Fig. 12 during
determ ning the inmage speed in the x-axis direction. Since both the data
have the sane gradient in the x-axis direction, the notion vector
detecting neans 504 outputs, as an x conponent of the conmponent in the
direction of the maxi numimge gradient of the notion vector, the val ue of
the sanme place as the difference between the macro bl ock and the bl ock
constituted of the four blocks Bin the position on the x-axis. In
case of a y conponent of the conponent in t4fe direction of the maxi mum

| mage gradient of the notion vector, since |l_y is 0, the indefinite signal

i's output. HoyaySlat BobACEskRe thgidtules Rbwhhomieonr ightosiide egfiaigt o
or nore than the value output as the x conponent of the conponent in the

direction of the naxiAwyg i qBEeraiaficdt thd Lhegwt Epeedciar, thoi x-raxis
bl ock | abel is | abeled “as the notion detected. As the second

variation of !Rg /Bdi Donpl ChihBe BERYCEHE AR AR ITHY ddife [dkddient in

enbodi ment, the notion vector tecting section 924 is renoved fromthe

encoding sect %25%?%%&*%5"?%*‘3@1%9 PREShBLS o WekBt dhed @t ec titd aleeds

noti on vector e notion vector detecting nmeans 504 i'n the

odlon Ve or S SHBTH ad S kioERRdRE b ragbatat bt
direction of the maximum image gradient of the motion
vector, the value of the same place as the difference
between the macro block ahd the block constituted of the
four blocks B in the position on the x-axis.

In case of a y component of the component in the
direcﬁion of the maximum image gradient of the motion
vector, éince I_y is 0, the indefinite signal is output.
However, since the magnitude of the motion vector is equal
to or more than the value output as the x component of._the
cémponent in the direction of the maximum image gradient
of the motion vector, this macro block label is 1abe1ed
as the motion detected.

As the second variation of the motion picture
cohverting apparatus of the third embodiment, the motion
vector detecting section 924 is removed from the encoding
section 925, and it is also possible to use the as-
unchanged motion vector detected by the motion vector
detecting means 504 in the region dividing'section 508.

In this case, the load associated with the motion vector

detection in the encoding section 925 is eliminated, and



49 the processing is reduced. Next, as the specific exanple,

consider the input of a notion picture imge 1302 as shown in Fig. 13 into
the apparatus of this variation. In each block in DVC data 1301, assum ng
that.the left upper block is defined as the origin, the right direction is
“defined as the positive direction of the x-axis and-the dowward direction
is defined as the positive direction of the y-axis, the notion. picture

i mage 1302 is masked with the mask in which the conponents on the x-axis
and y-axis are 1 and the other conponents 4% 0. \Wen the notion picture

i mge 1302 is input to the apparatus of this variation, the notion vector

det ecting neansth@4prdqessihfeigotdeduoyedtor which is the sane as the
notion vector when the DVC data is input to the notion vector detecting

means 504. Thus, the ﬂEthna@”ﬁﬁéﬂsﬁééQEWdeﬁﬁm%léo e&h<ider'sEhehénput
as- unchanged notion vector output by the means 4 as the notion vector

W thout determ ggng Haecla&w;swﬁakemmaf&b VESHOM as showr\SigaRige 38enfuPm
the above description, in the apparatus of this enbodi ment, the region

di viding secti Oﬂhe%% phgaRiud b#6ch P Qvd PYgtent.he I%Eaé'hnﬁlbﬂkt D8 VRS
of decodi ng the input  DVC data and encoding the data into the MPEG dat a,

whereby the claggphy HQs'u%qu EH AR N 1 3, SR e Pilfed £ Lo

notion of the nmacro bl ock nce the encodi ng "section 925 perforns the

motion Vector orjgin, the right direction is defined as the positive
direction of the x-axis and the downward direction is
defined as the positive direction of the y-axis, the motion
picture image 1302 is masked with the mask in which the
components on the x-axis and y-axis are 1 and the other
components are 0. When the motion picture image 1302 is
input to the apparatus of this variation, the motion vector
detecting means 504 outputs the motion vector which is the
same as the motion vector when the DVC data is input to
the motion vector detécting means 504. Thus, the motion
vector detecting section 924 can use the as-unchanged
motion vector output by the means 504 as the motion vector
without determining the additional motion vector.

As can be seen from the above description, in the

appaf:atus of this embodiment, the region dividing section
911 is provided previous-to the encoding in the process
of decoding the input DVC data and encoding the data into
the MPEG data, whereby the classifying is performed in.
accordancewith the extent of themotion of the macro block.

Since the encoding section 925 performs the motion vector



50 detection for the necessary nmacro block alone in accordance with the
classifying result, the processing can be therefore reduced. During the
notion vector detection, the notion vector detecting section 924 narrows
the search area and searches the notion vector in accordance with the

noti on vector obtained by the notion vector detecting neans 504 in the
regi on dividing section 508. Therefore, the notion vector detecting
section 924 does not determne the notion g ctor and uses, as the notion
vector, the as-unchanged notion vector obtalned by the notion vector
detecting neans 504 in the region dividing section 508, whereby the notion
vector can be cirwéatdoamt Hiqrh sphed. neTlssauwr anasrof bliosknbdlionent ins
i ntended to further reduce the encode tinme and to acconplish the notion

pi cture formtacoordancenwihyht bhesrfdswify ingnpesead tt,othlecpnotess ing caor e
converting apparatus of the second enbodi nent. As descri bed above, a
macr o bl ock i s ¢ aheidfefolréyreducedi onDdiringdj theaset ion yeovodetetbgctlhieon,
present invention prior to an image conpression processing, and an

encodi ng i s chailpethotidrspesseridet 8t s inkasectiong92desakrowshehebyeagch
anount of operation for a notion vector detection can be reduced and a

speed of the i npgea LAY ESEERNEsPEREAESt D§ncvacher! IRr&vedrdance wiadH eHe
nodi fications and variations of the enbodi ments described in the above may
be made withoutmotion vector obtained by the motion vector detecting
means 504 in the reéion.dividing section 508. Therefore,
the motion vector detecting section 924 does not determine
the motion vector and uses, as thé motion vector, the
as-unchanged.motion vector obtained by the motion vector
detecting means SQ4 in thé region dividing section 508,
whereby the motion vector can be obtained at high speed.
The apparatus of this embodiment is intended to further
reduce the encode time and to accomplish the motion picture
format conversion by ﬁhe software, compared to the mo1;.ion
picture converting apparatus of the second embodiment.
As described above, a macro block is classified by
a region dividing section provided by the present
‘invention prior to an image compression processing, and
an encoding is changed in response to this classifying
résult, whereby an amount of operation for a motion vector
detection can be reduced and a speed of the image
compression processing can be improved.
Various modifications and variations of the

embodiments described in the above may be made without



51 departing fromthe invention defined by the follow ng clains.
52 WHAT IS CLAIMED I'S: 1. A notion picture converting apparatus

conpri si ng: i nput nmeans for inputting a digital image signa
const-ituted of a macro bl ock which is an aggregation of blocks, each bl ock
bei ng orthogonal |y transforned, a frame nenory for storing said
digital imge signal; ' bl ock readi ng neans for reading said bl ocks or

said macro block fromsaid frame nenory in response to a request;

regi on dividing section controlling neans f®+ sending a read request to
sai d bl ock readi ng neans; conmponent extracting nmeans for extracting a
direct-current depaeieirgafesm cfhe dapiantibhnMd@@Eined byt Whe following

| ow-resolution frane nmenories for storing extracted informtion;

noti on detectinglggmss. for detecting a notion using the information in
said |l owresolution frame nenories; a region dividing section

i ncl udi ng: macro bl ock classifying neans for |abeling said
macro bl ock in response to a notion detection result



by said notion detecting neans, and | abel storing neans for
storing a | abel of said macro bl ock; decodi ng neans; an
encodi ng section for changing an encodi ng of said
53 Jymcro block in response to the label in said |ab storin

out put means for outward outputting the coded signEﬂﬂl "’ ujnttu tlon
pi cture converting apparatus according to claiml | abe
storing neans outputs the |abel indicatingcthat the nDtlon of sdid macro
block is small, said encoding section sele% s a snmall search area for
notion vector so that a notion vector detection may be perforned. 3.
The notion pi ctWHAT cO8vELATIMERpPSrat us according to claim 1, wherein said
regi on dividing section further includes resolution converting neans for
converting a rkesol uth emobionnpécheine conueriting appyratus gomprhging:
notion picture converting apparatus according to claiml1, wherein said

conmponent extracting ifesus meamw(ﬁbthém@uﬁﬂinguardﬁgxbabommﬂg%nﬂlsnal
| ow f requency

constituted of a macro block which is an aggregation of
blocks, each block being orthogonally transformed;

aframememonyforstoringsaiddigitalimagesignal;

block reading means for reading said blocks or said
macro block from said frame memory in response to a
request;

region dividing section controlling means for
sending a read request to said block reading means;

component extracting means for extracting a
direct-current component alone of a captured image;

two ldw-resolution -frame memorieé. for storing
extracted information;

motion detecting means for detlecting a motion using
the information in said low-resolution frame memories;

a region dividing section including:

macro block classifying means for labeling
said macro block in respohse to a motion detection result
by said motion detecting means, and
label storing means for storing a label of said

macro block;

decoding means;

an encoding section for changing an encoding of said



conponent of the captured inage, and said region dividing section
i ncl udes inverse DCT - neans for performing an i nverse DCT for the

| ow-frequency conponent extracted by said conmponent"
54 5. A notion picture converting apparatus conpri

neans for inputting a digital image signal consti tut ﬂ’g!, ﬁ"vl!ﬂ,"mlﬂm
which is a collection of blocks, each block being ort

t ransf or ned; a frane nmenory for storlgg said digital inage S|gnal

bl ock reading neans for reading said blocks”dr said mnacro bl ock from said
frame nenory in response to a request; regi on dividing section
control ling meansctorbleekdingraspease tguthe 1abedi dnbsadk %ébeilngtﬁé'é-ng;
conponent extracting means for extracting a specific comnmponent al one
resol ved by an meahegomald basis froma captured inage; I nverse

ort hogonal transform means for performng inverse orthogonal transform
wWith respect to extrasieguti nheamsti @or outwdwd fownputbdmg e$hieor coded
storing the |nfornat|on obt ai ned by said inverse orthogonal transform
neans; 2ﬂauector detecting neans for detecting a notion in
accordance with the information obtained by said inverse orthogonal

t ransf or m neans; '

2. The motion picture converting apparatus according
to claim 1, wherein when said label storing means outputs
the label indicating that the motion of said macro block
is small, said encoding section selects a small search area
for motion vector so that a motion vecﬁor detgction may

be performed.

3. The motion picture converting apparatus according
to claim 1, wherein said region dividing section further
includes resolution converting means for converting a

resolution by interpolatiﬁg an input image.

4. ' The motion picture converting apparatus according
to claim 1, wherein said component extracting means
samples the direct-current component and a low-frequency
component of the captured image, and

said region dividing section includes inverse DCT
means for performing an inverse DCT for the low-frequency

component extracted by said component extracting means.



a region dividing section I ncl udi ng: macro bl ock classifying
nmeans for |abeling said macro bl ock in respons a _magni tude of a notion
vector output by said notion vector detecting neans, and

55 . | abel storing neans for storing a I ro bl ock
decodi ng nmeans; an encodi ng section for cha mjm of said
macro bl ock in response to the |label in said | abel stbrﬂngn , and

out put nmeans for outward outputting the codgq si gnal . ) A notion

pi cture converting apparatus conpri sing: | nput means for i nputting a
digital image signal constituted of a macro block which i.s a collection of
bl ocks, each bl®ek beAmoticmogdrtiyet canvieartiony apparatyds aeemprisdnd:or

storing said digital image signal; bl ock readi ng neans for reading
said blocks or said impnt hlemaksf fom Saiphtfting mendigikcalr dsppyeestigngl
request ; region dividing section controlling neans for sending a

read request toceastitluidd reddiangnaeaosblock whakhonest aexialabdéctufonmeats
for extracting a direct-current conponent alone froma captured imge;
blocks, each block being orthogonally transformed;
a frame ﬁlemory for storing said digital image signal;
block réading means for reading said blocks or said
macro block from said frame memory in response to a
request; | |
region dividing section controlling means for:
sénding a read request to said block reading means;
component extracting means for extracting a specific
component alone resolved by an orthogonal basis from a
captured image;
inversé orthogonal transform means for berforming
inﬁerse orthogonal transform with respect to extracted
information;
two frame memories for storing the information
obtained by said inverse orthogonal transform means;
motion vector detecting means for detecting a motion
in accordance with the information obtained by said
inverse orthogonal transform means;
a region dividing section including:
macro block classifying means for labeling
said macro block in response to a magnitude of a.motion

vector output by said motion vector detecting means, and



two | owresolution frame nmenories for storing extracted infornmation;
notion detecting nmeans for detecting a notion using the information in

said |l owresolution frame nenories; 56
a region dividi.ng section including: ro bl ock classifying
.means for labeling said macro block in accordanggaﬁf?ﬁﬁéﬁ‘ﬁutpu%—iron1said
notion detecting neans, not i on vectOr s _for
restoring a notion vector of the macro bl o§ ﬂml)m”@ﬁﬁ cted, in
accordance with a result of said notion det tlng ﬁeaﬁ

| abel storing neans for storing a |abel of said macro bl ock;

decodi ng means; an enkddehsteringnmpasisufiprgstoring a labeb@lf el
quanti zi ng means, vari abl e | ength codi ng neans,

i nverse quantlzmﬂgrﬁe&&PCkf i nverse DCT neans, - frame
menory neans, an image differentiator, an i mage
adder, a decopdingegteanslgt ecti ng section in which

an encoding section for changing an encoding of said
macro block in response to the label in said label storing
means; and

ouﬁput means for outward outputting the coded

signal.

6. A motion picture converting apparatus comprising:

input means for inputting a digital image signal
constituted of a macro block which is a collection of
blocks, each block being orthogonally transformed;

a frame memory for storing said digif:al image signal;

block reading means for reading said blocks or said
macro block from said frame memory in response to a
request;

region dividing section controlling means for
sending a read request to said block reading means;

component extracting means for extracting a
direct-current component alone from a captured image;

two low-resolution frame memories for storing
extracted information;

motion detecting means for det.ecting a motion using

the information in said low-resolution frame memories;



search area changing neans is | ocated, and notion information
codi ng neans; and out put nmeans for outward outputting the coded

si gnal , 57~—_~___mn§L§LQ‘§§LganDtion
vecter detecting section in said encoding section determnes a Search area
for notion vector in accordance with the noti onJmmmm” by said
noti on detecting neans in said region dividing , mmmu b noti on
vector detection is perforned. 7. The tion pi tute ®orfverti ng
apparatus according to claim6, wherein sald region dividing section is
repl aced by said region dividing section according to claimb5, and
sai d notion vector dat&agiRnsdivising sefgioandarHgdia8ti on det ernines
the search area for notion vector by the use of the notion vector detected
by said notion vector det@aciny hdagk ielaasdiydgionmeansdi H9r dakRebhng
whereby the notion vector detection is performnmed. 8. The notion
pi cture conver isiaigl apparat b ogdcdmdiagcordacka mith woereitpsdi e i 9aid
vector detecting section in said encoding sectionis elimnated fromsaid
encodi ng sect motiowedebpctdinyy emeadsng section does not detect the
notion vector at all but uses the notion vector detected
motion vector restoring means for restoring a
motion vector of the macro block whose motion is detected,
in accordance with a result of said motion detecting means,
and
label storing means for storing a label of said
macro block;
decoding means;
an encoding section including:
DCT means,
‘quantizing means,
variable length coding means,
inverse guantizing means,
inverse DCT means,
frame memory means,
an image differentiator,
an image adder,
a motion vector detecting section in which
search area changing means is'located, and
motion information coding means; and

output means for outward outputting the coded

signal,



by sqid notion vector detecting neans in said region dividing section.
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wherein said motion vector detecting section in said
encoding section deteimines a search area for motion
vector in accordance.wiﬁh the motion detection result by
said motion detecting means in said region dividing

section, whereby a motion vector detection is performed.

7. The motion picture converting apparatus according
to claim'G, wherein said region dividing section is
replaced by said region dividing section according to
claim 5, and
said. motion vector detecting section in said

encoding section détermines fhe search area for motioh
vector by.the use of the motion vector detected by said
motion vector detecting means in said region dividing

section, whereby the motion vector detection is performed.

8. The motion'picture converting apparatus according
to claim 7, wherein sai& motion vector detecting section
in said encoding.section is eliminated from said encoding
section, whereby said encoding section doeé not detect the
motion vector at all but uses the motion vector detected
by said motion vector detecting means in said regioﬁ

dividing section.



