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i ndicates a prediction signal, nuneral 103 indicates a prediction error
signal, nunmeral 104 indicates an encoder,

BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION
This inveﬁtion relates to a method and apparatus for
inputting and encoding a moving image and to an apparatus for
decoding the encoded moving image. This invention particularly
relates to a technique for encoding'an image frame by first
partitioning it into multiple regions and to a technique for

decoding the encoded image frame.

2. DESCRIPTION OF THE RELATED ART

Fig. 1 is a block diagram of a first prior art showing the
configuration of a moving.image encoder based on ITU-T |
recommendation H.263, wherein numeral 1 indicates an input
digital image signal (hereinafter referred to simply as an input
image), numeral 101 indicates a differentiator, numeral 102
indicates a prediction signal, numeral 103 indicates a
prediction error signal, numeral 104 indicates an encoder,
numeral 105 indicates encoded data, numeral 106 indicates a
decoder, numeral 107 indicates a decodéd predlctlon error
signal, numeral 108 1nd1cates an adder, numeral 109 indicates a
local decoded image signal, numeral 110 indicates a memory,

numeral 111 indicates a prediction section, and numeral 112



nunmer al 105 indi cates encoded data, nuneral 106 indicates a decoder,
nunmeral 107 indicates a decoded prediction error signal, nuneral 108

i ndi cat es an adder, nuneral 109 indicates a |ocal decoded inmage signal,
nuneral 110 indicates a nenory, nuneral 111 indicates a prediction section,
and nuneral 112 I ndicates a notion vector. The input imge 1 to be
encoded is first input to differentiator 101. Differentiator 101 takes the
di f f er ehe@ipetesecn NApLEN| WAGECX-and prediction signal 102 for output as
prediction error signal 103. Encoder 104 encodes input inmage 1, which is an
ori gi nal si dgrhee ,inputprimige i brterberencemed i9H3fixstl mpwutsoencoded dat a
105. The encodi ng nethod in encoder 104 enploys a technique in the

above- ngnffepefdtiecommeodat i DAffbeeatpatdrclodntakesr thegadf fédnce

transfornmed froma space region to a frequency region using Discrete Cosine
Transf opegf/e8A (RpUL. iMab¥Pe QhdOopkBagetabnt 535aR2r TBLI @6r BR¥pukeagbt ai ned
prediction error signal 103. Encoder 104 encodes input image 1,
which is an original signal, or prediction'error signal 103, and
oﬁtputs encoded data 105. The encodingfﬁethod in encoder 104
employs a technique in the above-mentioned recommendation where
prediction error signal 103 is transformed from a space region
to a frequency region using Discrete Cosine Transformation
(DCT), a type of orthogonal transformation, and the obtained
transformation coefficient is linearly quantized.

Encoded data 105 is branchéd into two directions, where one
is transmitted to a receiver, or an image decoding apparatus
(not shown) and the other is input to decoder 106 within the
present apparatus. Decoder 106 performs an operation which is
the opposite of encoder 104, and generates and outputs decoded
prediétion error signal 107 from encoded data 105. Adder 108
adds prediction signal 102 with decoded prediction error signal
107 and outputs the result as decoded image signal 109.
Prediction section 111 performs motion-compensated prediction
using input image 1 and decoded image signal 109 of the previous
frame stored in memory 110, and outputs prediction signal 102
and motion vector 112. At this time, motion compensation is
performed in block units of a fixed size called a macro block

comprising 16x16 pixels. As an optional function for a block



transformation coefficient is |linearly quantized. Encoded data 105 is
branched into two directions, where one is transmtted to a receiver, or an
i mge decodi ng apparatus (not shown) and the other is input to decoder 106
within the present apparatus. Decoder 106 perfornms an operation which is

t he opposite of encoder 104, and generat®s and out puts decoded prediction
error signal 107 fromencoded data 105. Adder 108 adds prediction signal
102 wi t Widdviedl preipr thaning r barge ghavenertsncmeouiputconpensatedt - as
decoded i mage signal 109. Prediction section 111 perforns

not i on- qunepdicticn gardretpenfosned wiphttheagacio antbcle cpatetlit ivged si gnal
109 of the previous frane stored in nenory 110, and outputs prediction

signal Il{Zxentoudts@-vEs¢Rrudils A $8 Spik&Es . MOIHhEKOIDEAS dhdbOToh S

performed in block units of a fixed size called a macro bl ock comprising

16x16 pig&deor ABLRAN OPEL LRSI £LEG1 tOFaFQ  tRe PIREYe dedoding apparatus,
and prediction signal 102 is sent to differentiator 102 and
adder 108. According to this apparatus, the amount of data of
the moving image can be compressed while maintaining image
quality through the use of motion-compensated prediction.

In this prior art, the shape of the encoding unit region is
limited to two types. Moreover, both shapes are rectangular. |
Therefore, there is naturally a limit in the encoding which can
be adapted to the scene structure or features of an image. For
example, if it is desired to increase the amount of code only
for an object having large movements, it is preferable, although
difficult in this prior art, to define a region having a shape
identical to that of the object.

Fig. 2 is a block diagram of an image encoding apparatus
cdncerning a second brior art. This apparatus is based on an
encoding method that.was proposed in "A Very Low Bit Rate Video
Coder Based_on Vector Quantization" by L. C. Real et al (IEEE
Transactions on Image Proceésing, Vol. 5, No. 2, Feb. 1996). 1In
the same figure, numeral 113 indicates a region partifioning
section, numeral 114 indicates a prediction section, numeral 115
indicates a region determination sectibn, numeral 116 indiéates

encoding mode information including inter-frame encoding and

intra-frame encoding information, numeral 117 indicates a motion



within a region having | arge novenents, notion-conpensated - prediction can
be perfornmed with the nmacro block partitioned into four sub-block units of
8x8 pixels. The obtained notion vector 112 is transnmtted toward the image
decodi ng apparatus, and prediction signal 102 is sent to differentiator 102
and adder 108. According to this apparatus, the anobunt of data of the
novi ng 1 mage can be conpressed while maintaining i nage ﬂyalit t hrough the
use of NﬁF%@ﬁ4c@Hﬂ@ﬁ§&té&sp%§§P€P¢@ﬁ.aPnePﬁpgeﬁwiéPdaPP,eFﬁé éHQpe'of t he
encoding unit regionis limted to two types. Mreover, both shapes are

r ect anguingiicatiesr engoded Weta.is naturally a linmit in the encoding which
can be adapted to the scene structure or features of an image. For exanple,
if it is desinethis appaeases}hénpobuimagé tods 6fnrytfparantabpedt ihawi ng

| arge novenents, it is preferable, although difficult in this prior art, to
define aulediple hyiknsa bynaRy ke Haradlt on indals eeft ilohe 1ql31.ectnegﬁio@1- 21s a

bl ock di agram of an i mage encodi ng apparatus concerning a second prior art.

Thi s appanatiys dnd RASE13RMAN 18" GRlidigh iTRI thd 8l 8AD PHRARE 1R "A Very
Low Bit "Rate Vi deo

accordance with the motion-compensated prediction error. Region
partitioning section 113 performs judgment using a threshold
with regard to dispersion of the inter-frame signal and assigns
small blocks to regions having large movement and large blocks
to regions, such as backgrounds, having small movement from
among ten types of block sizes prepared in advance of 4x4, 4x8,
8x4, 8x8, 8x1l6, 16x8, IGX16, 16x32, 32x16, and 32x32. 1In
concrete terms, a dispersion value is calculated by region
determination section 115 for the prediction error signal
obtained by prediction section 114, and based on it the block
size is determined. Attribute information 116, such as region
shape information and encoding mode information, as well as
motion vector 117 are determined at this time, and the
prediction error signal or the original signal is encoded by
encoder 118 in accordance with the encoding mode information to
yield encoded data 119. Subsequent processes are the same as
those of the first prior art.

This prior art is richer in processing flexibility than the
first prior art from the viewpoint of preparing multiple sized
blocks. However, this apparatus also limits each region to a

rectangular shape. Therefore, even with rectangular shapes in



Coder Based on Vector Quantization" by L. C Real et al (IEEE Transactions
on I mage Processing, Vol. 5, No. 2, Feb. 1996). In the sane figure, nuneral
113 indicates a region partitioning section, nuneral 114 indicates a

predi ction section, nuneral 115 indicates a region determ nation section,
nuneral 116 indicates encoding node infermation including inter-frane
encodi ng and_intra-frane.encodin% information, nuneral 117 indicates a

noti on tenssizeser thatReisl reo8 [AZi dRPESVANCBECoBeprdaRRALALAEYaWithg

i ndi cates encoded data. In this apparatus, input inmage 1 is first
partitivespecht tonarbipkaridyi shapey hdmggenrpgibnsi.oni ng section 113.

Regi on partitioning section 113 determ nes the sizes of regions in
accordance with the notion-conpensated prediction error. Region
partitioning section 113 perforns judgnent using a threshold with regard to
di spersion of the inter-fragMmizieloR AR INEIEr ION

The present invention takes into consideration these
problems with the object of providing a moving image encoding
technique for performing more flexible processing according to
the conditions of the image to be processed. The object of this
invention, in more concrete terms, is to provide a moving image
encoding technique using region partitioning techniques that can
accurately handle various image structures. Another object of
this invention is to provide a partitioning criterion based on
various points of view when partitioning regions for encoding.
Still another object of this invention is to provide a technique
for correctly decoding the encoded data of regions that have
been partitioned into various shapes.

The moving image encoding method of this invention includes
two steps. A first step partitions an input image into multiple
regions based on a predetermined partitioning judgment
criterion. The encoding until this point is the same as the
general conventional region-based encoding. However, in a
second step, this invention integrates each of partitioned
multiple regions with adjacent regions based on a predetermined
integration judgment criterion. Thereafter, in a third step,

the image signal is encoded for each of the regions remaining

after integration. According to this method, the integration



smal | bl ocks to regions having | arge novenent and | arge bl ocks to regions,
such as backgrounds, having small novenent from anong ten types of bl ock
sizes prepared in advance of 4x4, 4x8, 8x4, 8x8, 8x16, 16x8, 16x16, 16x32,
32x16, and 32x32. In concrete ternms, a dispersion value is calculated by
regi on determ nation section 115 for thes prediction error signal obtained
by prediction section 114, and based on it the block size is determ ned.

At tri butPreeeds nallows 116gignghtastakgi on vanpeus nébapesi onThwms, eacodi ng
node information, as well as notion vector 117 are determ ned at this tine,
and t he pegilonthdviegrarsbapeatloselpematchingl thegsttrutBueacotednbymage
encoder 118 in accordance with the encoding node information to yield

encoded gat@utldne HPSLAUEBeBt068ASBE gefietfedane as those of the first
prior.art. This prior art is richer in processing flexibility than the

first prior affe ifdAf dd eind SOMRHEBa g p&fﬁ%ﬁ%tﬁ% {B(;é tple ﬂxééjf*:a#&?c“-

However, this apparatus also limts eac a rectan shape.

Theref or gn - £Y§0s VW t Pe§ £6h2PIHE 2 1 SARESsbBtion and an encoder. The

region partitioning section includes a partitioning processing
section for partitioning the input image into multiple regions
based on a predetermined partitioning judgment criterion, and a
integratiqn processing section for integrating each of multiple
regions partitioned by the partitioning processing section with
adjacent regions based on a predetermined integration judgment
criterion. The encoder encodes the image signal for each of the
regions remaining after integration by the integration
processing section. According to this apparatus, a
comparatively high image quality can be achieved at
comparatively high data compression ratios while flexibly
supporting the structutes of images.

The above-mentioned integration processing section performs
preliminary encoding and decoding of images for each region, and
may examing the amount of code and the encoding distortion. In
such a case, the encoding distortion can be minimized under the
constraint of a predetermined amount of code.

The above-mentioned partitioning processing section
includes a class identifying section for classifying the
importance of regions into classes, and may judge whether or not

to partition each region based on an activity to be described



ten sizes, there is roomfor inprovenment in adaptability with respect to
arbitrarily shaped i nage regi ons. SUMVARY COF THE | NVENTI ON The present

i nvention takes into consideration these problens with the object of

provi ding a novi ng i mage encodi ng techni que for performng nore flexible
processing according to the conditions of the imge to be processed. The
object of this invention, in nore concrete terns, is to provide a noving

i mage entadengandctiné qekassi nglf eghenchass i ident hfiyinghseqtient hat can
accurately handl e various inage structures. Another object of this

I nvent i ofeferénc®s ofédleure ppatahebarsginrinegesn thAsedecognationsopoi nts of
vi ew when partitioning regions for encoding. Still another object of this

i nventi ofpfsct® PEENMES PosSiPIEMRusOfaéP1iestiNgdRsPdi A8ctibetengegedndat a
of regions that have been partitioned into various shapes. The novi ng i nage

encoding%g§£ﬂegoﬁin§pis I nvention includes two steps. Afirst step
partitions an inputinmage into nmultiple

On the other hand, the moving image decoding apparatus of
this invention inputs and decodes the encoded data of the image
that was encdded after being partitioned into multiple regions.
This apparatus includes a region shape restoring section and an
image data decoder. The region shape restoring section
restores, based on region shape information included in the
encoded data, the shape of each region that was partitioned
during encoding. The image data decoder, after specifying the
sequence in which regions were encoded based on the shapes of
the restored regions, decodes the image for each region from the
encoded data. According to this apparatus, accurate decoding is
achieved eveh if regions having various shapes are generated in

the encoding stage.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. l_shows a moving image encoding apparatus relating to
a first prior art.
Fig. 2 shows a moving image encoding apparatus relating to
a second prior art.
Fié. 3 is a block diagram common to general moving image
encoding apparatus relating to an embodiment.

Fig. 4 is a flowchart showing an operation of the encoding



regi ons based on a predeterm ned partitioning judgnment criterion. The
encoding until this point is the sane as the general conventi onal

regi on-based encodi ng. However, in a second step, this invention integrates
each of partitioned multiple regions with adjacent regions based on a
predeterm ned integration judgnent critgerion. Thereafter, in a third step,
the image signal is encoded for each of the regions remaining after

i nt egr aapparaesorfi Aggto3this nethod, the integration process all ows
regions to take on various shapes. Thus, a region having a shape closely
mat chi ng t herisg rEtil camfintermalebbockhudiageamfiofintlod| redicmn be
generated. The noving i mage encodi ng apparatus of this invention includes a

regi on partitioning seetien awdrag.escoder. The region partitioning section
i ncludes a partitioning processing section for partitioning the input inmge

into mul tiplg;geog oNs RS @Pn&1 PHEIEK B4 TA GRS PG Lk OPA DY  HEGTRG!
criterion, and a

processing section of Fig. 5. |

Fig. 7 is a flowchart showing an operation of the
partitioning processing section of Fig. 6.

Fig. 8 shows an example of a uniform partitioning result in
the partitioning processing section of Fig. 6.

Fig. 9 shows a result of a first initial partitioning in
the partitioning processing section of Fig. 6.

Fig. 10 shows a final result of initial partitioning in the
partitioning processing section of Fig. 6.

Fig. 11 is an internal block diagram of the integration
processing section of Fig. 5.

Fig. 12 is a flowchart showing an operation of the
integration processing section of Fig. 1l1.

Fig. 13 shows an example of labeling a region in the
integration processing section of Fig. 1ll.

Fig. 14 shows an example of setting adjacent regions in the
integration processing section of Fig. 11.

Fig. 15 is a flowchart showing the procedure of S19 of Fig.
12. |

Fig. 16 is an internal block diagram of another embodiment
of the partitioning processing section of Fig. 5.

Fig. 17 shows a final result of initial partitioning in the



I ntegration processing section for integrating each of nultiple regions
partitioned by the partitioning processing section with adjacent regions
based on a predeterm ned integration judgnment criterion. The encoder
encodes the image signal for each of the regions remaining after
integration by the integration processimng section. According to this
apparatus, a conparatively high inmge quality can be achieved at

conpar apardlif ilengmgd precessings sieet ox iods Filg.| & 6| exi bl y supporting the
structures of images. The above-nentioned integration processing section
perforns preFiginaByisnandingeandldbiodkndiafgramagésahotheackmbedimantand
may exam ne the anmount of code and the encoding distortion. In such a case,

the encedi Rhedipalrayittion igqy) prodesyifigZ ekctider dfheieanst.raint of a
predet erm ned anount of code. The above-nentioned partitioning processing

section inclgdgs g9ckasy fd@%hﬁﬂnah%%hgoanf 8peth®38hf Biengnkhe i nportance
of regions into classes, and may judge whéther or not to partition each

region ti,aa%ﬁ%rﬁrhg"“(btfo\@és)éﬁ% he e ¥ Fig. 18.

Fig. 20 shows another embodiment of the class identifying
section of Fig. 18.

Fig. 21 shows motion-compensated prediction based on block
matching.

Fig. 22 is an internal block diagram of another embodiment
of the partitioning processing section of Fig. 5.

Fig. 23 is a flowchart showing an operation of the
partitioning processing section of Fig. 22.

Fig. 24 is an internal block diagram of another embodiment
of the integration processing section of Fig. 5.

Fig. 25 is a flowchart showing an operation of the
integration processing section of Fig. 24.

Fig. 26 is an internal block aiagram of another embodiment
of the integration processing section of Fig. 5.

Fig. 27 is an internal block diagram of a moving image
decoding apparatus relating to the embodiment.

Fig. 28 is a flowchart showing an operation of the decoding

apparatus of Fig. 24.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIRST EMBODIMENT



| ater and the class. |If the class identifying section references feature
paraneters in inmages, the recognition of objects becones possible thus
facilitating nore accurate region partitioning. On the other hand, the
novi ng i mage decodi ng apparatus of this invention inputs and decodes the
encoded data of the inmage that was encoded after being partitioned into
mul tiple regions. This apparatus includes a region shape restoring section
and an i mage Rieg a Yebvoerblatie diagoam stpeingsa oromiigecationreliadres,
based on region shape information included in the encoded data, the shape
of each meging ihagewencpdihgt appattatusi ngleteddingthikeemnbadémgata
decoder, after specifying the sequence in which regions were encoded based

on the shapgsaghatheuseshar B¢ n88H0OAH, pdecades biestaagenbey egalipmegion
fromthe encoded data. According to this apparatus, accurate decoding is

achi evedggyeinbfe’ 88hmaniBaY 1 BAsY AELBHS aghaRetcapnaaBEr ahdTin t he
encodi ng st age.

conferencing. It can also be used as a moving image encoding
apparatus in image storage and recording apparatus such as
digital VCRs and video servers. Furthermore, the processes in
this apparatus can also be used as a moving image encoding
program to be installed in the form of software or DSP firmware.

In Fig. 3, numeral 1 indicates the input image, numeral 2
indicates a region partitioning section, numerél 3 indicates
region shape information, numeral 4 indicates a region image
signal, numeral 5 indicates region motion information, numeral 6
indicates region attribute information, numeral 7 indicates an
encoder, numeral 8 indicates a local decoded image, numeral 9
indicates a memory, numeral 10 indicates a reference image, and
numeral 11 indicates an encoded bit stream. Fig. 4 is a
flowchart showing an operation of the apparatus. The overall
operation of the apparatus is first described with reference to
Figs. 3 and_4.-

Input image 1 is input to region partitioning section 2
(S1) where it is partitioned into multiple regions. Region
partitioning section 2 performs initial partitioning (S2) and
adjacent region integrating (S3), as will to be described later.
Region partitioning section 2 passes shape information 3, image

signal 4, attribute information 6 such as encoding modes of the



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows a noving i mage encodi ng
apparatus relating to a first prior art. Fig. 2 shows a noving inage
encodi ng apparatus relating to a second prior art. Fig. 3 is a block

di agram common to general noving i nage encodi ng apparatus relating to an
enbodinent. Fig. 4 is a flowhart showing an operation of the encoding 8
apparatus of Fig. 3. Fig. 5 is an internal block diagramof the region
partiti ssgAgnseandenmetipnginformagion psfanm eAchr KePipnoektaiagdamsor t he
partitioning processing section of Fig. 5. Fig. 7 is a flowhart show ng an
oper at i mesufltt b€ partitioning pooeasedey Fect EapoderFi/gtransforms and

multiplexes these information items into a bit pattern based on
a predetermined encoding method for output as encoded bit stream
11 (S4, S5). 1In order to perform region partitioning and
encoding based on motion-compensated prediction, encoder 7
generates local decoded image 8 for each region and stores it
into memory 9. Region partitioning section 2 and encoder 7
fetches the local decoded image stored in memory 9 as reference
image 10 to perform motion-compensated prediction.

Fig. 5 is a detailed block diagram of region partitioning
section 2 wherein numeral 12 indicates a partitioning processing
section, numerai 13 indicates initial partition shape
information, and numeral 14 indicates a integration processing
section.

(1) Initial Partitioning

The initial partitioning corresponding to S2 of Fig. 4 is
performed at partitioning processing section 12. Initial
partitioning refers to the partitioning which is performed
before procgeding to integration, and the total partitioning
count is dependent on the state of the image, namely, the
features or characteristics of the image.

Fig. 6 shows an internal configuration of partitioning
processing section 12 wherein numeral 15 indicates a uniform
partitioning section, numeral 16 indicates an activity

calculating section, numeral 17 indicates an activity, numeral



Fig. 8 shows an exanple of a uniformpartitioning result in the
partitioning processing section of Fig. 6. Fig. 9 shows a result of a first
initial partitioning in the partitioning processing section of Fig. 6. Fig.
10 shows a final result of initial partitioning in the partitioning
processing section of Fig. 6. Fig. 11 ig2an internal block diagramof the
i ntegration processing section of Fig. 5. Fig. 12 is a flowchart_show ng an
oper at i df cindirateR &yrRAL o NG sTHoReRt | srcHIoN @nd ;numeral 189 shows
an exanple of |abeling a region in the integration processing section of
Fig. 1ll.irdigaties shartitiexagtatefinstiuciicnj sieml s egThdsa¢piviby
I ntegration processing section of Fig. 11. Fig. 15 is a flowhart show ng
t he procssfers cdfo S efaligted Arabig. £d6 judqing ntiss nfeatbhoek ok agr am of
anot her enbodi nent of the partitioning processing section of Fig. 5 Fig.
17 showgartddedrifsits of tHE limdgdaréddi@ndda i Prédétermined property.
A prediction error power accompanying motion-compensated
prediction for a region is employed as the activity in this
embodiment.
Fig. 21 shows a method of motion-compensated prediction
based on a block matching method. In the block matching method,
vector v given in the following formula is found as the motion

vector of the region S to be predicted.

D - T;?H(Z[ﬁ(x-l-vx,y-bvy,[—]) -ﬁ;(x,y,t)])

The term fs(x, y, t) is the pixel value on (X, y) at time t
of the predicted region S, fs(x, y, t-1) is the pixel value on
(x, y) at time t-1, and fs(x+v,, y+v,, t-1) is the pixel value of
the position that is displaced from position (x, y, t-1) by the
amoqnt of vector v. R represents the motion vector search
range.

From the obtained vector v, the prediction image is
obtained by fs(x+v,, y+v,, t-1), and the prediction error power,
or activity, becomes D,;,. Defining the activity with this
method enables region partitioning to be performed according to
the complexity of the local motion of the image. Control

becomes possible, such as for detailed encoding for portions



partitioning processing section of Fig. 16. Fig. 18 is an internal block

di agram of anot her enbodi nent of the partitioning processing section of
Fig. 5. Fig. 19 is a flowhart showi ng an operation of the partitioning
processing section of Fig. 18. Fig. 20 shows anot her enbodi ment of the
class identifying section of Fig. 18. Rsg. 21 shows notion-conpensated
predi ction based on block matching. Fig. 22 is an internal block diagram of
anot herhawvbogi henge chovémenptst ahdonoughpencedinggfercpovhions Fhgvibdg Fi g.
23 is a flowhart showi ng an operation of the partitioning processing
sectionsmalFigovérentsy. Refifeamothbdrr campbhsakidhagoambtaindhyer

enbodi nent of the integration processing section of Fig. 5. Fig. 25 is a
fl owchagfrshewnseidn pALAAELERsOhnlhBerspective motion compensation for
detecting three-dimensional motion may be used.

Fig. 7 is a flowchart showing an operation of partitioning
processing section 12 wherein unconditional uniform block
partitioning is first performed (S8) by uniform partitioning
section 15. At this time, one frame is partitioned, for
example, into blocks of 32x32 pixels as shown in Fig. 8. This
partitioning process is called a 0* partitioning stage. The
number of blocks generated in the 0™ partitioning stage is
denoted by N, and each block by B° (1ls<nsN,).

Next, a judgment is made individually as to whether or not
to perform further block partitioning for each B°, (S9). For
this purpose, activity 17 for each B°, is calculated in activity
calculating section 16. Partitioning judgment section 18
compares threshold THO that was set in advance with the activity
of each block, and if activity 17 is larger than THO, the
corresponding B°, is further partitioned into four blocks (S10).
This is called a 1°** partitioning stage.

Fig. 9 illustrates the partitioned image at the 1°°
partitioning stage. The number of newly generated 16x16 pixel
blocks is denoted by N, and each block by B!, (1lsnzN,).

Hereafter, the activity of each B!, is calculated and a 2™

partitioning stage is performed using threshold THI.



I ntegration processing section of Fig. 24. Fig. 26 is an internal Dbl ock

di agram of anot her enbodi nent of the integration processing section of Fig.
5. Fig. 27 is an internal block diagramof a noving i mage decodi ng
apparatus relating to the enbodinent. Fig. 28 is a flowhart show ng an
operation of the decodi ng apparatus of i g. 24. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS FI RST EMBODI MENT 10 Fig. 3 is a block diagram
showi ngThereaftgur athyesbpld- THiviisgappddedetoobilagkaBhageneratadatiad & o
this enbodi nment. This apparatus can be used in portable or stationary

equi pmreft* partiitdga ingmetkigen taindn Thes el *as pAttid iephione Stage TS

conferencing. It can also be used as a noving i mage encodi ng apparatus in

i mge skeeadteandsnigcebdsng)appahat Ynitdal Partitioning is terminated
when j reaches a predetermined upper limit value. It is assumed
here for the purpose of description that the process is
terminated at the end of the 2™ partitioning stage. 1In this
case, blocks as shown in Fig. 10 are generated. Block sizes
range from 8x8 pixels to 32x32 pixels. The number of blocks at
the end of initiai partitioning is denoted by M, and the initial
region of each block by S°. The shape information for S° is
passed to integration processing section 14 as initial partition
shape information 13.
(2) Integrating Adjacent Regions

Integration processing section 14 performs integration with

adjacent regions for each S°%. The internal configuration of
integration processing section 14 is shown in Fig. 11 wherein
numeral 20 indicates a labeling section, numeral 21 indicates an

adjacent region setting section, numeral 22 indicates a
provisional encoder, numeral 23 indicates a decoder, numeral 24
indicates an encoding distortion calculating section, numeral 25
indicates an evaluation value calculating section, numeral 26
indicates a constant for evaluation value calculation, numeral
27 indicates a integration judgment section, and ﬁumeral 28
indicates a integration process iteration instruction signal.

Fig. 12 is a flowchart showing an operation of integration



digital VCRs and video servers. Furthernore, the processes in this
apparatus can al so be used as a noving i nage encodi ng programto be
installed in the formof software or DSP firmvare. In Fig. 3, nuneral 1

i ndicates the input inmage, nuneral 2 indicates a region partitioning
section, nunmeral 3 indicates region shape information, nunmeral 4 indicates
a region inmage signal, nuneral 5 indicates region notion information,
nuner al progrsnesseatyiom 4 ¢ rikst showh oimethenflowckant , 7numbersites an
encoder, nuneral 8 indicates a |ocal decoded inmage, numeral 9 indicates a
nenory, Iabels) dfeifilicot£ssignéed etenigit ialeregidénsUsEer By 1&bé!ﬂdhﬁat es an
encoded bit stream Fig. 4 is a flowhart show ng an operation of the

appar at Usectith OYE' 8h | aOPSF @408 06 § é&&é‘éﬁﬁﬂﬁeéisrﬁiéstsij?g”if’@f' wi th

reference to Figs. 3 and 4. Input image 1 is rnpuf to reglfon partifroning
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left corner to the bottom right corner. A simple example of

labeling is shown in Fig. 13 wherein labels "1", "2", and so
forth are assigned to the regions in their sequence of
appearance on the scanning line. At this time, region size is
ignored. Hereinafter, the label value of region S¥, is denoted
by 1(s%,). The k here corresponds to a k™ partitioning stage to
be described later, where the initial state is k=0.

Next, the "adjacent regions" of each region are defined by
adjacent region setting section 21 (S18) using labels. Fig. 14
is an example of adjacent regions wherein the adjacent regions
of region S°, are based on the labels of Fig. 13. Regions B, C,
and D, which are adjacent to the edges of region A and have
label values larger than that of region A, are defined as
adjacent regions.

Next, a judgment is made for each region as to whether or
not the region can be integrated with its adjacent regions. For
this reason, an evaluation value for integration is calculated
(S19) by provisional encoder 22, decoder 23, encoding distortion
calculating section 24, and evaluation value calculating section

25. The evaluation value is amount of code - distortion cost



signal 4, attribute information 6 such as encodi ng nodes of the regi ons
and, notion information 5 for each region obtained es a result of
partitioning to encoder 7. Encoder 7 transforns and nultipl exes these
information itens into a bit pattern based on a predeterm ned encodi ng

met hod for output as encoded bit streamgll (S4, S5). In order to perform
region partitioning and encodi ng based on notion-conpensated prediction,
encoder L{sfgnexpresskedcdn dheoded lowige Fofrmuleach regi on and stores it
into menory 9. Region partitioning section 2 and encoder 7 fetches the

| ocal decoded image stored in nenory 9 as reference inage 10 to perform
not i on- conpensat ed prediction. Fig 5is a detailed block diagram of region

partitioning §m |onD?n§$eqe| ral 12 indi cat esipRard i1t i oni ng
processi ng se , icates initial partition shape

I nformati on, and nuneral 14 |nd|cates a integration processing section.

Here, D(S%,) is the encoding distortion of S¥, namely, the
square error summation, R(SX,) is the amount of code of S¥, and A
is the constant 26. The integration proceeds in the direction
of decreasing L(S*). Decreasing L(S*) is equivalent to
decreasing the encoding distortion within the range of the
predetermined amount of code based on the given constant A.
Decreasing the summation of L(S*,) enables the encoding
distortion to be reduced when the same amount of code is used.

Fig. 15 is a detailed flowchart of S19. First, s* is
preliminarily encoded (S22) at provisional encoder 22. The
purpose of this encoding is to prepare for the calculation éf
the amount of code R(SX) and the derivation of encoding
distortion D(S%,). 1In this embodiment, provisional encoder 22
performs motion compensation using reference image 10. The data
to be encoded includes image data, namely, the prediction error
signal or original signal, motion information to specify the
prediction image, and attribute information such as of the
encoding mode, where the summation of the amounts of these codes
is R(S*,). The prediction error signal is obtained as the
difference of the origiﬁal signal of s*, and the prediction

image.



(1) Initial Partitioning The initial partitioning corresponding to S2 of
Fig. 4 is perfornmed at partitioning processing section 12. Initial
partitioning refers to the partitioning which is perfornmed before
proceeding to integration, and the total partitioning count is dependent on
the state of the image, nanely, the features or characteristics of the

I mge. Fig. 6 shows an internal configuration of partitioning processing
section 12 verader osyenerdtesdibat bscal udedodad pimage | Hor ng*,s¢8EB YN,
nunmeral 16 indicates an activity calculating section, nuneral 17 indicates

an actiublijg GHEEEAtodedldat8 bbBHhgakasbg pabilikiennlgenvdgeentasection,
and nuneral 19 indicates a partition state instruction signal. The activity

on! Sk SRS BLE ! G DR A Shatfe SR Wl O
image is calculated (S24) by encoding distortion calculating
section 24. Evaluation value calculating section 25 calculates
(S25) amount of code - distortion cost L(S*) from R(S*,) and
D(S%).

Step 19 performs the preceding evaluation value calculation
for all regions for the three types of
1. Each region S*, itself: L(S%,)
2. Adjacent regions N;[S*,] of S : L(N;[S"])
3. Region temporarily integrating S*, and N;[S*,]: L(S*+N;[(S%.1)
Here, N;[S*,] denotes an adjacent region of S*, and i is a number
for distinguishing the multiple adjacent regions.

Next, in integration judgment section 27, a location within
the image frame where
D, = L(Skn)+L(Ni[skn])-L(.skn'l'Ni[skn])
is a maximum is searched for, and the corresponding S*, and
N;[S*,] are integrated (S20). This is the k*™ integration stage.
Hereafter, integration judgment section 27 instructs labeling
section 20 to update labels through integration process
iteration instruction signal 28. Labeling section 20 replaces
label 1(N;[S*,]) with 1(S*,), and again sets adjacent regions with
adjacent region setting section 21. This yields new region S*?1,

and adjacent regions N;[S*!,], thus determining L(S*?,), L(N;[S*_



A prediction error power acconpanying notion-conpensated prediction for a
region is enployed as the activity in this enbodinent. Fig. 21 shows a
nmet hod of notion-conpensated prediction based on a bl ock nat chi ng net hod.
In the bl ock matching nethod, vector v given in the following fornula is
found as the notion vector-of the regiog S to be predicted. Dmn
=min([err][fs(x+VxY+Wy[err]-[err]l)- fs(x,y,t)][err] The termfs(x, y, t)
is the piyeandaL@s®dpxsy)] )t tlimeedrafidrhejyntgrinmt exbateipmor? 7S hadls(sx, v,
t-1) is the pixel value on (x, y) at tine t-1, and fs(x+v[err]x, y+v[err],

t-1) isthBeipkxghcrabue eb LhBedost sebtibat 20SwHeapkaeed hremnposition (X,
y, t-1) by the amobunt of vector v. R represents the notion vector search

range. Eﬁ?ﬁhk?eceﬁbihﬁ‘é%ﬁgcS/‘i(el\ﬂmn oRiediet LRy LERgE bS Qbgained by

fs(x+v[err], y+vy, t-1), and ihe prédfction error power, or activity,

partit: SAPRIIR5Be ther %8%%55% Sb HEgG b8 {(Re126mpl exi ty of the l'oca

motion of th%hlnagermggateslthe processing for partitioning and
integrating, and information 3 expressing the region partitioned
state of input image 1, image data 4 for each region, motion
information 5, and attribute information 6 is output to encoder
7. Hereafter, encoding is performed according to a
predetermined encoding method.

In this embodiment, integrating was performed as well as

partitioning and eaéh region can be expressed as a set of

- rectangular blocks of various sizes. For example, an object
within an image having large movements . can be integrated into a
single region having a shape similar to the outline of the
object. As a result, the amount of code is controlled by
changing the quantization paraﬁeter for each object so as to
enable flexible handling of images based on their actual
structures. Furthermore, optimum region partitioning which
minimizes encoding distortion is achieved under a fixed amount
of code. Thus, compared to the conventional moving image
encoding apparatus, higher image quality can be achieved with a
smaller amount of code.

Although the initial partitioning in this embodiment was

terminated at the end of the 2™ partitioning stage, it may of

course be terminated at another stage. For example, if the



becones possible, such as for detailed encoding for portions 13 havi ng
| arge novenents and rough encoding for portions having small novenents.
Affine notion conpensation for obtaining affine notion paraneters and
perspective notion conpensation for detecting three-dinmensional notion may
be used. Fig. 7 is a flowhart show ng Bn operation of partitioning
processing section 12 wherein unconditional uniformblock partitioning is
first pevesaiddmosgpeby ofi tdemipage tisosmadlsetheodnitiadt papitd tiioddngone
frame is partitioned, for exanple, into blocks of 32x32 pixels as shown in
Fi g. 8. milyi depaeirminatiedg afr ehes 45t steadd exchdg Gifh muelr,t itheomumpest age. The
nunber of bl ocks generated in the Oth partitioning stage is denoted by

N err] ardqgeschal pek iRvrBaged.[ erulrthtrtiorle ,naathbiger inhge\etiamed
judgment is made individually as to whether or not to performfurther block
partiti QR0 hdodeC R nBldill [Riddimedt:, AY is also possible to apply
this encoding in a similar manner to a rectangular image area
including an object of arbitrary shape in the image frame.

For described encoder 7 and provisional encoder 22, the
encoding of S*, was performed through a combination of DCT and
linear quantization. However, other encoding methods, such as
vector quantization, sub-band encoding, or wavelet encoding, may
be used. Multiple encoding methods may be prepared and a
configuration selectively using the method having the best
encoding efficiency may be employed.

Although prediqtion error power was adopted for the
activity in this embodiment, other examples given below may be
considered.

A first example is a dispersion value within the region.
The dispersion value expresses the complexity of the pixel
distribution of the region, and the dispersion value becomes
larger for a region that includes images where pixel values,
such as at edges, vary suddenly. Dispersion value ¢, is given
by the following formula when the pixel value within region S is
set to fs(x, y, t) and the mean of pixel value within region S

is set to u,.



this purpose, activity 17 for each Blerr][err] is calculated in activity
cal cul ating section 16. Partitioning judgnent section 18 conpares threshold
THO that was set in advance with the activity of each block, and if
activity 17 is larger than THO the corresponding Blerr][err] is further
partitioned into four blocks (S10) . Thisgois called a |[err] partitioning
stage. Fig. 9li ates t he rtitioned image at the I[err] partitioning
stage. TI&s U % Jﬁé‘Wf ~ nﬁaat ed 16x16 pi xel bl ocks is denoted-by

N err] and e | ock by B[err][err] (I[errlnferr]Nerr]). Hereafter, the
activity of each Blerr][err] is calculated and a 2[err] partitioning stage
is perforned using threshold THL. 14 Thereafter, threshold TH is

applied to blegcknBlserch igdrs,atred iidhsA dam wrptaﬁﬂlcmdi@cstammdxgt he j+lth

partitioning stage is executed (S13 to S16). The initial partitioning is

term nat@fh Wb lex PAF 06 thd ' BSlei Br S Pec WSS £ [ 1B tiNAhdle- ahd dSnsSHMed
is possible for detailed encoding of portions where pixel values
change drastically and rough encoding of portions where pixel
values change minimally.

A second example is the edge intensity within the region.
The edge intensity can be solved using a Sobel operator as
mentioned in "Edge detection by compass gradient masks" by G.
Robinson (Journal of Compﬁter Graphics and Image Processing,
Vol. 6, No. 5, Oct. 1977) as the number of pixels distributed on
the edge or edge distribution area. 1In the case of this method,
regions can be partitioned according to the edge structure of
the image, and control is possible for detailed encoding of
portions where edges are located and rough encoding of portions
where edges do not exist.

As a third example, the magnitude of the motion parameter
based on motion-compensated prediction of the region can be
given. As a result of motion-compensated prediction, the motion
parameter is obtained. This corresponds to vector v in the
block matching method. According to this method, regions can be
partitioned according to the degree of motion of the image, and
control is possible for detailed encoding of portions where

localized large movements occur, such as object regions, and

rough encoding of portions where movements rarely occur, such as



here for the purpose of description that the process is termnated at the
end of the 2nd partitioning stage. In this case, blocks as shown in Fig. 10
are generated. Block sizes range from 8x8 pixels to 32x32 pixels. The
nunber of blocks at the end of initial partitioning is denoted by Merr]
and the initial region of each block by;S[err]. The shape information for
S[err] is passed to integration processing section 14 as initial partition
shape i bhokgebund tagibfs.l ntegrati ng Adj acent Regions Integration-
processing section 14 perfornms integration with adjacent regions for each
S[err]. The Anf&treh éeanpDe 8 OHe Ol inBAL06@h | OO PHOCLRGUNEY SECEOEE dff S
shown in Fig. 11 wherein nuneral 20 indicates a Iabellng section, nuneral

21 1 ndi efieenoiondbasaiierbeobagetc AFtI6ALLARpeRUEREA 224064l 8% 2
Uneral

provi si onal encode nuner al 23 I ndi cat es ral 24 indicates

an_ encoga st ar bhaneGdl gyl MRV gp%ggr o 125 Lodheah 95000

eval uat i uecalcul-at sect on |cates a cons
evaluatl | ue calcula i 0 at s a_inteqgration judgnent
section® ﬁﬁa % &ef %ge % ow%ng formu q J udg

L, = D + AR, Formula 2

Here, D,. is the prediction error power determined in the
course of motion parameter detection, A is a constant, and R is
the amount of code of the motion parameter. The motion
parameter minimizing L . is determined and the evaluation value
at the time is set as the activity. According to this method,
regions are partitioned so as to lower the total encoding cost
including the amount of information of the motion parameter and
the amount of information based on the complexity of motion of
the image, enabling encoding of partitions to be performed with
a small amount of information.

A fifth example is the linear sum of the activity values.
By performing appropriate weighting for each activity, it
becomes possible to ﬁandle a variety of images.

Although initial partitioning is performed in the
partitioning processing section 12 in this embodiment, this
section or the like can be provided outside the region

partitioning section 2. With that arrangement, the initial



indicates a integration process iteration instruction signal. Fig. 12 is a
fl owmchart show ng an operation of integration 15 processing section 14.
As shown in the flowhart, nunbers or |abels, are first assigned to initial
regions S[err] by |abeling section 20 in accordance to a predeterm ned rule
(S17). For exanple, nunbers are assignexd in sequence to regions while the

I mge frane is scanned horizontally in pixel units fromthe top left corner
to the partamionghy der dene dussigdeetheampvdngf imagel engoddngheppanatlisg.
13 wherein |abels "1", "2", and so forth are assigned to the regions in
their sggueAcencFigppeanndca pret-bartdaioned limage As Qirectilye inpegi do
size is ignored. Hereinafter, the | abel value of region S[err] is denoted

by 1 (S ehel kegiB kabeneicaninhgsBebdson02a kth partitioning stage to be
described | at ér, ere the initial state is k=0. Next, the "adjacent

regi ons'gpebn@EhpbpgMeRTar € defined by

This embodiment relates to an apparatus wherein region
partitioning section 2 of the first embodiment has been
partially modified. Fig. 16 is an internal block diagram 6f
region partitioning section 2 in this embodiment. As shown in
this diagram, region partitioning section 2 of the second
embodiment has a configuration wherein partitioning processing
section 12 of Fig. 5 has been replaced by uniform partitioning
section 15. As shown in Fig. 17, a threshold judgment of the
activity is not performed in the initial partitioning process in
this configuration, and uniform partitioning is unconditionally
performed in square blocks of minimum region area. This minimum
region area may be made selectable.

Setting of the threshold is unnecessary in this embodiment,
and region partitioning is performed only for amount of code -
distortion cost as the evaluation value. Therefore, the
procedure associated with threshold setting becomes unnecessary,
as do activity calculation and comparison judgment processing.
Thus, this embodiment can be used in addition to the first
embodiment in order to lighten the computational load relating
to these processes.

THIRD EMBODIMENT

In the partitioning process of this embodiment, a judgment



adj acent
exanpl e

region setting section 21 (S18) using labels. Fig. 14 is an
of adj acent regions wherein the adjacent regions of region S[err

].

are based on the labels of Fig. 13. Regions B, C, and D, which are adjacent
to the edges of region A and have | abel values |arger than that of regio
A, are defined as adjacent Tegions. Nexts a judgnent is nade for each

region as to whether or not the region can be integrated with its adjace
regi ons.isFamaddiss remsdretver evalnet i partvitiening isitmpossible, isotawly at ed
(S19) by provisional encoder 22, decoder 23, encoding distortion

cal cul at
eval uati

if€l el g onfhééhcﬁmhw,alwﬁ | sy Al L e iyl | Bt | D e Cl e 2ba £ U&E
on value is anobunt of code - distortion cost 16 L([err])
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Formula 1

Her e, [erTr]) 1s the encodlng di stortion of , hanely,
preferable to perform detailed encoding for regions having high

importance, and to reduce region areas. Regions having low
importance are made as large as possible so as to reduce the
amount of code per pixel.

The activity is, for example, a closed, local statistical
value within the region. On the other hand, the classes in this
embodiment are based on the features of the image spanning
regions. In this embodiment, the classes are defined on the
basis as to what degree a person views the region, namely, a
person's‘degree of observation, due to the object structure
traversing the region. For example, when the edge distribution
of a given region spans a wide range and the connection with
adjacent regions is strong, it is highly possible the region is
located at the boundary of an object.

Fig. 18 is an internal block diagram of partitioning
processing section 12 in this embodiment. Besides that shown,
the configu;ationlis identical to that of the first embodiment
and the following description centers on the differences from
the first embodiment. In the same diagram, numeral 29 indicates
a class identifying section, numeral 30 indicates a class
identifier, and numeral 31 indicates a partitioning judgment
section. Fig. 19 is a flowchart showing an operation of

partitioning processing section 12 shown in Fig. 18.
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square error summation, R(S[err]) is the amount of code of S[err], and
[err] is the constant 26. The integration proceeds in the direction of
decreasing L(S[err]). Decreasing L(S[err]) is equivalent to decreasing the
encodi ng distortion within the range of the predeterm ned anount of code
based on the given constant [err]. Decrgasing the summati on of L(S[err])
enabl es the encoding distortion to be reduced when the sane anobunt of code
i s used. Fi dAs léhdown aimleftigl el f | wnbLherh pdriSl®iokingt (SHppri§ first
prelimnarily encoded (S22) at provisional encoder 22. The purpose of this

encodi ngeifoi-Redl EPAELehBtethectakeuBat bEneatht kegasauis dbteefenBaS[err])
and the derivation of encoding distortion EXS[err? In this enbodi nent,

prov'S'?agb569309@55321§sg£9Eg§n§ggbeelsan§§nsa&mgQSU§aaat&% gpgnce i mage

10. The 'dat be enco s image data, nanely, the iction

error skgnalofr 8" jxgtaahakanghe BRLLANLLNEELTRLER S BagRetlLY E 0§ +BSe,

pr ediction’i mage, ute In OI’I'TB. n Suc e enco
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si gnal of SLerrL and the prediction
within the region (includes edge direction and distribution

area), and connectivity y of the edges with adjacent regions.
For example, a region having a dispersion ¢ that is less than a
predetermined value is set as the lowest class (class A), while
the edge distribution P within the region is further determined
for regions having dispersion a that is larger than the
predetermined value. The determination of P can be
accomplished, for example, by the previously mentioned Sobel
operator. If P is less than the predetermined value, the region
is considered to be a small area having an independent edge
rather than an object boundary, then set as an intermediate
class (class B). When P is to a certain extent large,
connectivity y is evaluated, and if y is large, the region is
classified into the most important class (class C).

After classification into classes, activity 17 is
calculated in activity calculating section 16, and a threshold
judgment relating to the activity is first performed (S28) by
partitioning judgment section 31. For a region judged here to
require partitioning, a judgment is made for permission to
partition based on class 30 (S29). Thus, partitioning judgment

section 31 holds a criterion in advance which defines to what



I mage. 17 Decoder 23 generates the | ocal decoded inmage for Serr] (S23)
using thd encoded data obtained by provisional encoder 22. Next, distortion
D(Sk,) of the local decoded inmge and original inmage is calculated (S24) by
encodi ng distortion cal culating section 24. Eval uation val ue cal cul ati ng
section 25 cal cul ates (S25)y anount of cgde - distortion cost L(S[err]) from
R(S[err]) and D(S[err]) . Step 19 perforns the precedi ng eval uati on val ue
cal cul aek@entobfalslizecg ergibor ofhealdh edalsypds ¢b be Pacit itdgned.S[ aff |
itself: L(S[err]) 2. Adjacent regions Nerr] of Slerr]: L(Nerr][Serr]])
3. Regeimli@BRenAlils! Yriahicdl Forpaditaitildn idid wiltdl eglr@ rdd Ja class,
L(S[err[+N[err][S[err]]) Here, Nerr][S[err]] denotes an adjacent region of
Slerr], +d dogi®n? {2V iftQlonda M Shinig & N PdridthiAHAC YA T €gi ons.
regions, and the same partitioning process is also performed for
the newly created partitioned regions (S33 to S38).

According to this embodiment, the encoding of images can be
performed while taking into consideration the features of images
spanning multiple regions, particularly the outlines of objects.
Control is possible so that regions with a low degree of
observation are roughly encoded to reduce the amount of
information, and the amount of information reduced is applied to
regions having a high degree of observation.

FOURTH EMBODIMENT

The degree of observation of the person was employed in
class determination in the third embodiment. 1In this
embodiment, features of a known image are stored, and classes
are determined according to the degree of coincidence between
the stored features and the features calculated from each
region.

For example, for images of faces, considerable research has
been conducted, and many techniques have been proposed for
digitizing face structures. Once these features are stored, a
person's face (generally having high importance) can be detected
from within the image. For 6ther objects, there are also many

instances where they can be described by features based on

luminance and texture information. 1In order to clearly express



Next, in integration judgnent section 27, a location wthin the imge frane
where DL = L (S[err] ) +L ( Nerr] [S[err]])-L(S[err]+Nerr][S[err]]) is a
maxi numis searched for, and the corresponding S[err] and Nerr][S[err]]
are integrated (S20). This is the k[err] integration stage. Hereafter,

i ntegration judgnent section 27 instruggs |abeling section 20 to update

| abel s through integration process iteration instruction signal 28.

Label i ng pegsonns26acepl Bheésrégheh haMifgr Festeres] donnthdlingl eithy, and
again sets adjacent regions with adjacent region setting section 21. This

yi el ds peutheas0BfStRer petb8hf§ dadeadsasedt aseghensodt einpbetant] b1akBus
determning L(S[err]), L(Nerr] 18 1), and L(S[err]Nerr][Serr]]).

| nt eqr g o ydOBRAL, SEEL1 8RS 24rhakLE hBeCiASET HCbEORS AL ahgbiRgnsgcti on
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20 when fhere are no er conbi nations yrelding positive values o

Dierr] and tl-elg. fsti]ebi@él?géﬂé?ﬁpéfcgfgsé Sf&éntifying section 29

in this embodiment. The other blocks are equivalent to those in
the third embodiment. 1In Fig. 20, numeral 32 indicates a
features memory, numeral 33 indicates a degree of feature
coincidence calculating section, and numéial 34 indicates a
class determination section.

Features memory 32 holds the features relating to objects
for each object classified into classes. Degree of feature
coincidence calculating section 33 calculates the degree of
coincidence of input image 1 and the feétures of the object
classified into classes. The degree of coincidence is
determined, for example, as an error between the features of
input image 1 and the features within features memory 32. Next,
the object having the highest degree of coincidence is detected
by class determination section 34, and the concerned regions are
classified into that object class.

According to this embodiment, the identification or
detection of objects becomes possible depending on features of
the image. Image quality can be further improved where
necessary. The classification of objects into classes may be
performed according to the features associated with the pefson's
degree of observation, in which case encoding can be performed

while taking into consideration human visual characteristics



This term nates the processing for partitioning and integrating, and

I nformation 3 expressing the region partitioned state of input imge 1,

i mge data 4 for each region, notion information 5, and attribute
information 6 is output to encoder 7. Hereafter, encoding is perforned
according to a predeterm ned encodi ng gt hod. In this enbodi nent,

I ntegrating was perfornmed as well as partitioning and each regi on can be
expr essefitAsrespettotor eheahgagaer bl ocks of various sizes. For exanple, an
object within an inmage having | arge novenents can be integrated into a

si ngl e gepraneigebi@eRTShape simlar to the outline of the object. As a
result, the ampunt of code is controlled by changing the quantization

parameter fog Str%b&f&l’ioﬁ@iﬁ %&fﬁ&béﬁefiﬁfé&&f@ﬁ'%f&ge@é wages based

on their actua ctures. FurthernoTe, optinumregion partitioning which

i i i Zggmgecgfl#eg 8L AELEe00bS 1A°HEVed URder Bt kRl 2MBHniyal code.

Thus, e conven rona I'mage encodi ng apparatu hi gher

i mage qualit be achi.eved.with.a II anoun ode
g qemLod{m , encoding 1stortlonn§n %Be part&tgongng process

stage is taken into consideration.

Fig. 22 is an internal block diagram of partitioning
processing section 12 in this embodiment, wherein numeral 35
indicates a partitioning judgment section and numeral 36
indicates a partitioning process iteration instruction signal.
Fig. 23 is a flowchart showing an operation of partitioning
processing section 12 of Fig. 22.

Partitioning processing section 12 of this embodiment
employs formula 1 that was introduced in the first embodiment.
Through the use of this formula, the initial partitioning
process is performed in a direction of reducing the summation of
L(S*,) within the frame so that the encoding distortion can be
reduced when the same amount of code is used.

As shown in Fig. 23, uniform block partitioning is first
performed (S39) in uniform partitioning section 15, for example,
so that the state of Fig. 8 is obtained. This corresponds to
the 0™ partitioning stage. The number of blocks obtained at
this time is denoted by N, and each block is denoted by B°,
(1<ng<N,). A judgment is made for each B°, as to whether or not

to perform further block partitioning. A comparison is made



Al 't hough the initial partitioning in this enbodi nent was term nated at the
end of the 2nd partitioning stage, it may of course be term nated at

anot her stage. For exanple, if the 19 overall novenent of the inmage is

small, the initial partitioning may be termnated at the 1[err] stage and,
if not, the nunber of stages may be inggeased. Furthernore, although image
frames were encoded in this enbodinent, it is also possible to apply this

encodi Ngetvedn St B, § r8RAGEhgt €oaB? candnghleasumidgdonr o LASBALIiNG an
object of arbitrary shape in the inage frame. For described encoder 7 and

pr ovi si popke 85 0L8Ted2n SBE-BIGER! 8731 S| ekikayasyRR1ABEMRE Lol U0l &2

conbi nat1 on DCT and | i near quanti Zaii on. wever, other encodi ng

e gy e Eheh AP PARLCT pRHL RO 50°08' glmPtoAR Bhohne
configuig%%gg iglgﬁéixg{y usi ng the nmethod having the best

In calculating the amount of code - distortion cost,
encoding of B°, and SB° (i) is first performed in provisional
encoder 22. Next, in decoder 23, the local decoded images of B°,
and SB° (i) are generated from the encoded data obtained from
provisional encoder 22. Next, the distortion between the local
decoded images and the original image, D(B°,) and D(SB°(i)), are
calculated by encoding distortion calculating section 24.
Evaluation value calculating section 25 calculates L(B°) and
L(SB%°(i)) from amount of code R(B°) and R(SB°(i)) and encoding
distortion D(B°) and D(SB°(i)) (S40, S4l).

Partitioning judgment section 35 compares L(B°) and the
summation of the four sub-blocks of L(SB° (i})) (i=1, 2, 3, 4)
(S42), and partitions B°, into four parts of SB°,(i) if the latter
is smaller (S43). This corresponds to the 1°° partitioning
stage. The blocks partitioned into SB° (i) are newly denoted by
B', (l<n<N,), and the same partitioning judgment is performed
with respect to B! (S46 to S51). Subsequently, the same
partitioning process is performed a predetermined number of
times. The partitioned state shown in Fig. 10, for example, is

achieved as a result.

Since activity-~related operations are not performed in this



encodi ng efficiency may be enpl oyed. Although prediction error power was
adopted for the activity in this enbodi nent, other exanples given bel ow may
be considered. A first exanple is a dispersion value within the region. The
di spersion val ue expresses the conplexity of the pixel distribution of the
region, and the dispersion value becones | arger for a region that includes
I mges where pixel values, such as at edges, vary suddenly. D spersion

val ue [embddimentyebhby embodiiénti hg partitalanty atieaptageousal dE-within
region Sis set to fs(x, y, t) and the nmean of pixel value within region S

is set impbetahce isBglabed eat kedtyingeghenameantbefpeperatisad.according
to the conplexity of the local structure of the image, and control is

possi bl g1&¢ fRk8bIAANSNCcOdi ng of portions where pixel values change
drastically and rough encodi ng of portions where pixel

Another example of integration processing section 14 shown
in Fig. 11 of the first embodiment is described. Fig. 24 is an
internal block diagram of integration processing section 14 of
this embodiment wherein numeral 37 indicates a quantizatién
parameter setting section, numeral 38 indicates a quantization
parameter, and numeral 39 indicates a provisional encoder. The
operation of iptegration processing section 14 is basically the
same as shown in Fig. 12, with the exception of S19.

Fig. 25 is a flowchart showing a process of evaluation

'value calculation corresponding to S19. The evaluation value
calculation is performed by provisional encoder 39, decoder 23,
encoding distortion calculating section 24, and evaluation value
calculating section 25.

First, an initial parameter value is set in gquantization
parameter setting section 37 and output (S52) to provisional
encoder 39. Next, encoding of region S* is performed (S53) in
provisional encoder 39. During encoding, quantization is
performed using the set quantization parameter.

Decoder 23 generates the local decoded image of S*, from the
encoded data obtained in this manner (S54). Next, distortion
D(S*,) between the local decoded image and the original image is

calculated (S55) at encoding distortion calculating section 24.



val ues change mninmally. A second exanple is the edge intensity within the
region. The edge intensity can be solved using a Sobel operator as
mentioned in "Edge detection by conpass gradi ent masks" by G Robi nson
(Journal of Conputer G aphics and I mage Processing, Vol. 6, No. 5, Cct.
1977) as the nunber of pixels distributgd on the edge or edge distribution
area. In the case of this nethod, regions can be partitioned according to
the edgevatad¢tivhevailuehealtagatiagd seettionl 2i5S caosailakesf ar sket &dond
encodi ng of portions where edges are |ocated and rough encodi ng of portions

wher e egﬂ‘éﬁn@g?"boﬁéi R ﬁk’@i aghd Rddd %t 8 SR Pk Ufe 6 § he d i on

paraneter based on noti npensat ed predi ction of the region can be

given. As.a result of I:QN-.C nsat e hCtl 1.0 r ter
I s obt aivﬁé'&e $§| § ogg:r ngtﬁ&gl%g &%%3‘% St q.\?%rtﬁ,%tlhtgagﬁgégﬁﬁfggg%snge@g %%‘5
According .to this nmethod, .tegi ons can _he partitioned.according taq the
ogree OMifior A esr VRAGT FhEe SRR ZaHA0N BATATeTL s Far it Ak dhe
encodi ng of portions where |ocalized | arge novenents occur, such as object
regionsﬁa@ﬁdCOSt calculation is performed. Because varying the

quantization parameter changes the balance between the amount of
code and distortion, the parameter for when the amount of code -
distortion cost is at a minimum is employed, resulting in amount
of code - distortion cost L(S*,) of region S* (S57 to S60). The
remainder is the same as the first embodiment.

According to this embodiment, an optimum integration
process is achieved while taking into consideration the
quantization parameter. This method of including the
quantization parameter is also applicable to the partitioning
process based on the amount of code - distortion cost described
in the fifth embodiment.

SEVENTH EMBODIMENT

Yet another example of the sixth embodiment is described in
this eﬁbodiment. Fig. 26 is an internal block diagram of
integration processing section 14 of this embodiment wherein
numeral 40 indicates a motion-compensated prediction cost
calculating section, numeral 41 indicates a motion-compensated
prediction cost, and numeral 42 indicates a provisional encoder.

Provisional encoder 42 uses encoding based on motion-
compensated prediction to determine the motion parameter. At

this time, the motion-compensated prediction cost (formula 2)



rough encodi ng of portions where novenents rarely occur, such as 21
background regions. A fourth exanple is the linear sum of the anmount of
code of the notion paraneter based on npbtion-conpensated prediction of the
region and the prediction error power. The evaluation value of this case
may be defined in the followng fornula; Fornula 2 Here, Derr] is the
prediction error power determned in the course of notion paraneter

det ecti @escitbed ins theofitrant embodikpatrjisi aseie almuothet woddsef the
notion paraneter. The notion paraneter mnimzing L[err] is determ ned and

the evaheéiraindeliof 6f the mb¥BohSpaehmaserhauaihyvibhpofae9r ehegdtiagt his
nmet hod, regions are partitioned so as to |l ower the total encodi ng cost

' ncl udi pg %Q‘Efé H4t s8f thﬁ&%ﬁat beatoast Reniht z68 By" 2HRAG angalRacamount
i nfor I on ased on e conplexity of notion of

between motion-compensation based matching distortion and the
amount of code of the motion parameter. In concrete tefms, in
the encoding by provisional encoder 42, the motion parameter is
determined from the wvalue of cost that is calculated by motion-
compensated prediction cost calculating section 40. The
remainder of the process is similar to that of the sixth
embodiment.

According.to this embodiment, from a given constant A, the
region shape can be determined while minimizing the overall
amount of code - distortion cost from motion compensation to
encoding. As a result, the encoding distortion based on a
predetermined amount of code can be reduced.

EIGHTH EMBODIMENT

In this embodiment, a moving image decoding apparatus is
described for decoding encoded bit streams that are generated by
various moVing image encoding apparatuses. Fig. 27 shows a
configuration of the decoding apparatus wherein numeral 43
indicates a bit stream analyzer, numeral 44 indicates a région
shape decoder, numeral 45 indicates an attribute information
decoder, numeral 46 indicates an image data decoder, numeral 47
indicates a motion information decoder, numeral 48 indicates a
motion parameter, numeral 49 indicates a motion compensation

section, numeral 50 indicates a prediction image, numeral 51



the i mage, enabling encoding of partitions to be performed with a snal
anmopunt of information. A fifth exanple is the linear sumof the activity
val ues. By perform ng appropriate weighting for each activity, it becones
possible to handle a variety of images. Although initial partitioning is
performed in the partitioning processing section 12 in this enbodi nent,
this section or the |ike can be provided outside the region partitioning
secti onigdiv¥test hat imagendeoedeyr,t hameraili 82 ind28apest ani ertegnad done
out side the noving i mage encodi ng apparatus shown in Fig. 1 and a

pr e- par hehbegedahaefémegali 58CtinAicaReE horkheodagedanimagei.ti oni ng section
2. SECOND EMBODI MENT Thi s enbodi nent relates to an apparatus wherein region

partitioni norgeetdQioding APSathts 88058468CHACHEEA DELE streams

consisting of region shape information representing region
partitioned state related to an image frame or partial image
within an image frame (referred to as "image frames and the
like" hereinafter), image data for regions encoded by a
predetermined method, attribute information of regions, and
motion information of regions; restores region images; and
reproduces image frames and the like.

For this embodiment, the description method for region
shape information differs from general conventional methods in
that non-rectangular shaped regions are generated in the process
of encoding. The description method employed in this embodiment
is based on

i) explicit coordinates of vertices of each region,

ii) explicit process in encoding when regions are
partitioned or integrated,

or fhe like. In the method of ii), for example, the number
of the region partitioned in the i* partitioning stage and the
number of the region integrated in the j* integration stage for
arbitrary i and j are noted. As in the encoding apparatus, the
0* partitioning stage is first performed accordiﬂg to Fig. 8 at
the decoding apparatus, after which the final partitioned state
can be restored by following the identical procedure as the

encoding apparatus. In the method of ii), the amount of data is



partially nodified. Fig. 16 is an internal block diagram of region _
partitioning section 2 in this embodiment. As shown in this diagram region
partitioning section 2 of the second enbodi ment has a configuration wherein
partitioning processing section 12 of Fig. 5 has been replaced by uniform
partitioning section 15. As shown in Figs 17, a threshold judgment of the
activity is not performed in the initial partitioning process in this

conf i gurgéneunl bBncsmall I aromprdd tt®n Nget Bod NEH Nl £eOLEY | Yo®Efid OE&d i n
square bl ocks of m ninumregion area. This mninumregion area may be nmade
sel ect aldsprdetdtarsdaf he threshold is unnecessary in this enbodlnent, and
region partitioning is performed only for anmpbunt of code - distortion cost

as the eval uq;tiisgqn Maljee .o -Ei%rmf?;h%r&% éﬁiﬁ{ij%?gtgfﬂﬁ%%%% dLqd h threshold

setting becones unnecessary, as do actl I"on” and cofpari son ]
| PO RREERS Mosile | MRS IE Rl U R S A
these Pr Ofream Sa'maT 1|rzReDr Ei\éB%eNIEé\gn the bit stream is converted to
encoded data (S6l1). Among the encoded data, the region shape
information is decoded in region shape decoder 44, and the
region partitioned state is restored (S62) for image frames and
the like using the above-mentioned method. By restoring the
region, the encoded sequence.of region information encoded in
subsequent bit streams is identified. The regions are
designated S,.

Next, the data of regions is decoded in sequence from the
bit stream according to the encoded sequence. First, the
attribute information for region S, is decoded by attribute
information decoder 45, and the encoding mode information for
the region is decoded (S63). If the cufrent mode is inter-mode
(inter-frame encoding mode), namely, a mode in which the
prediction error signal is encoded (S64), motion parameter 48 is
decoded in motion information decoder 47 (S65). Motion
parameter 48 is sent to motion compensation section 49 and,
based on this, motion compensation section 49 calculates a
memory address corresponding to the prediction image émong
reference images stored in external memory 52, and retrieves

prediction image 50 from external memory 52 (S66). Next, the

image data for region S, is decoded in image data decoder 46



In the partitioning process of this enbodi nent, a judgnent 23 is made as
to whether or not partitioning is possible, not only including the
activity, but also including an index (hereinafter called a class)
indicating the inportance of the region. It is preferable to perform
detai |l ed encodi ng for regions having hisgh i nportance, and to reduce region
areas. Regions having |ow inportance are nade as |arge as possible so as to
reduce t{&67a0ounh thecodeepef phxer-mdle,athevdegotied imagexdapheand

cl osed, local statistical value within the region. On the other hand, the

C|a$565p£éd18£§dﬁnhﬁdgéEBb ace hagsed e8 bbeafifatHeegighlt RepirBEgEe8PaNNi NY
regions. In this enbodinent, the classes are defined on the basis as to

what de a r s\Le the region, nanely, a person's degree of
observa?@%ﬁ? 5§g ?ga%ég %%]ect structure traversing the region. For

exanpl e, m“ﬁﬂntgﬁegggﬁéglﬁéﬁé?uiﬁoghe case of intra-mode (intra-frame

encoding mode), the decoded image data directly becomes the
final reproduced image 53 for region S,. The reproduced image
is used as the reference image for subsequent prediction image
generation so is written to external memory 52. This judgment
and restoration of the reproduced image are performed in image
decoder 51 (S68).

The series of processes terminates when it is performed for
all regions included in image frames and the like. Similar
processes may be aiso performed for other subsequent image
frames and the like.

While there have been described what are at present
considered to be preferred embodiments of the invention, it will
be understood that various modifications may be made thereto,
and it is intended that the appended claims cover all such
modifications as fall within the true spirit and scope of the

invention.



of a given region spans a w de range and the connection with adjacent
regions is strong, it is highly possible the region is |located at the
boundary of an object. Fig. 18 is an internal block diagram of partitioning
processing section 12 in this enbodi nent. Besides that shown, the
configuration is identical -to that of tfse first enbodi nent and the
follow ng description centers on the differences fromthe first enbodi nent.
In the whaae dsaglafmedutsrzal 29 indicates a class identifying secti-on,
nunmeral 30 indicates a class identifier, and nuneral 31 indicates a
partitioning judgnent section. Fig. 19 is a flowhart show ng an operation
of partitioning processing section 12 shown in Fig. 18. 24 As shown in

of “eachIreqi LR LAEE B e e o PP 26, "G aes
| dentifying partitioning an input image into a plurality of regions
(S2) based on a predetermined partition judgment criterion;
integrating regions with adjacent regions (S3), for the
various plurality of partitioned regions, based on a
predetermined integration judgment criterion; and

encoding image signals for regions remaining after

integration (S4, S5).

2. A method as in claim 1 wherein said partition judgment
criterion involves a comparison between performing encoding with
a given region partitioned and performing encoding without the

region partitioned.

3. A method as in claim 1 or 2 wherein said integration
judgment criterion involves a comparison between performing
encoding with a given region composed with adjacent regions and
performing encoding without the region composed with the

adjacent regiomns.

4. A moving image encoding apparatus including:
a region partitioning section (2) which includes a

partitioning processing section (12) for partitioning an input

WA



section 29 determ nes the class by evaluating magnitude [err] of the

di spersion within the region, state [err] of the edge distribution within
the region (includes edge direction and distribution area), and
connectivity [err] of the edges with adjacent regions. For exanple, a _
region having a dispersion {err] that iggsless than a predeterm ned value is
set as the |lowest class (class A), while the edge distribution [err] within

the regiimade fntd herpietr ity ast frigics WirsdR Vo th (i@t mided r{ t hat
is larger than the predeterm ned value. The determ nation of [err] can be

acconpl igdvedhit fod Pirchfidrs dwitdion RIRY | VS e SRt D bl s opgr ator . | f
[err] is less than the predeterm ned value, the Tegion ﬂ% conS|dered to be

|1 rEkggﬁE&%E ary,
?hzgaset ac??:'é&r?:/ ter madfate cl ass rzfl assd%ﬁ%\{/\vﬁe i fﬂifl S to iﬁ%&gt ain
| uat s | ar the.region is
classi f .Piéﬁin%%oc’xfén‘cm 9 e TR Profiialng "softifh Lt \Fa et
into classes, activity 17 is calculated in activity calculating section 16,
and a t HresHAY | ment relating to the activity is first performed (S28)

b
y an encoder (7) for encoding image signals for each of the

regions remaining after integration by the integration

processing section (14).

5. An apparatus as in claim 4 wherein said integration
processing section (14) comprises:

a provisional encoder (22) for preliminarily encoding an
image per region and calculating the amount of code thereof;

a decoder (23) for decoding the image encoded by the
provisional encoder;

an encoding distortion calculating section (24) for
calculating encoding distortion by using the image decoded by
the decoder; and

an evaluation valge calculating section (25) for
calculating an evaluation value for judging merit of encoding
while taking into consideration both the amount of code and the
encoding distortion;

wherein it is determined for each region whether or not to
perform integration for the region based on a result of
compafing the evaluation value that is obtained in the case

where the region is 1ntegrated with adjacent reglons and the

HlI\II\ I ||I\\ \\I\l \ \||\



partitioning judgment section 31. For a region judged here to re
partitioning, a judgnent is nade for perm ssion to parti t‘mmmﬂﬂiﬂ“(“mmms
30 (S29). Thus, partitioning judgment section 31 holds a

advance whi ch defines to what 25 extent of size a regidn Of gach cf ass
is to be partitioned.- If permssion ispgranted for partitioning with

regard to a class, the region is partitioned (S30). This is perforned for

all regegaguatidnt halaenehpar tist obtiaiged dfethel sasdks wheekl aheedegdiont he
newy created partitioned regions (S33 to S38). According to this

enbodi Mgt nokheneagediced @ith agacent BegRehker med while taking into
consi deration the features of images spanning multiple regions,

particularly the outlines of objects: Control is possible so that regions
with a | ow degree of observation are roughly encoded to reduce the anount

of Lnfornatign, and the anpunt 0 Lnfgrnat reduced i agg% %
6. n’' apparatus as in claim or whereln sal i 1on1ng

processing section (12) includes:

an activity calculating section (16) for calculating
prediction error power accompanying motion-compensated
prediction of each region as an activity of the region; and

a partitioning judgment section (18) for comparing the
calculated activity with a criterion wvalue that was set in
adﬁance;

and further partitions regions having activity greater than

the criterion value into smaller regions.

7. An apparatus as in claim 4 or 5 wherein said partitioning
processing section (12) includes:

an acti&ity calculating section (16) for calculating edge
intensity of an original signal for each region as the activity
of the region; and

a partitioning judgment section (18) for comparing the
calculated activity with a criterion valué that was set in

advance;

and further partitions regions having activity greater than

the criterion wvalue into smaller regions.

8. An apparatus as in claim 4 or 5 wherein said partitioning



regi ons having a high degree of observation. FOURTH EMBODI MENT The degree

of observation of the person was enployed in class determnation in the
third enbodinent. In this enbodinent, features of a known inmage are stored,
and cl asses are determ ned according to the degree of coincidence between
the stored features and the features cakcul ated from each region. For
exanpl e, for images of faces, considerable research has been conducted, and
many t gshoceseindpasectien praposmdladesdi gitizing face structures. -Once
these features are stored, a person's face (generally having high

i mport ance) HRRAE wiehedabdTamny tdedeide { T@peforBarddeit oy ecter there

are al so many i nstances where they can be described by features based on

| umi nangg.Angel E8hUrg 1 PhOAFPLLANs' 8 BLARE1ECYChEARbYePXE §5Fues 26

indicating the characteristics of the image of the region; and
a partitioning judgment section (18) for comparing the
calculated activity with a criterion value that was set in
advance;
and further partitions regions having activity greater than

-the criterion value into smaller regions.

9. An apparatus as in claim 8 wherein said plurality of
numeric values includes a prediction error power and a motion
parameter of each region which accompany motion-compensated

prediction.

10. An apparatus as in claim 8 wherein said plurality of
numeric values includes amount of code of a motion paraméter of
each region, a prediction error power which accompanies motion
compensation, a dispersion value of an original signal, edge

intensity, and magnitude of the motion parameter of each region.

ll1. An apparatus as in one of claims 6-10 wherein said
partitioning processing section (12) further includes a class
identifying section (29) and judges whether or not to partition

each region on the basis of both said activity and class.

T



a person's face, the region having features coinciding with- features of
the person's face is set as the nost inportant class A while other regions
are set as class B of normal inportance. Fig. 20 is a bl ock di agram of
class identifying section 29 in this enbodi nent. The other blocks are

equi valent to those in the'third enbodisgent. In Fig. 20, nuneral 32

I ndi cates a features nenory, nuneral 33 indicates a degree of feature

coi nci depce xml gppatatgs sestinnelang huneietetd said celass aideémsifying
determ nation section. Features nenory 32 holds the features relating to

obj ect sgbeti8acki29h 8pkesasshhi 88jeBtoserastare BpENAENET af patiaeity
coi nci dence cal cul ating section 33 cal cul ates the degree of coincidence of

nbut. i gRogeliaAd LAY higaluCes ahstig PBLetheCkagabhbed (nto cl asses. The

degree orncidence I's determ ne or exanp as an error between the
features of input inage 1 and the features within features nenory 32. Next,
t he obj ect having the highest degree of coincidence is detected by cl ass

determ nati on section 34, and the concerned regions are.classified into
that objéct ¥PgdBparatus as in claim 12 wherein said object structure

is judged on the basis of original signal dispersion of the
region, edge intensity, and degree of connection of the edge

with adjacent regionms.

14. An apparatus as in claim 11 wherein said class identifying
section (29) observes features of an image; performs detection
of objects; and, based on the results thereof, decides classes

for the regions.

15. BAn apparatus as in claim 14 wherein said class identifying
section (29) stores in advance, for each object predicted to be
included in the image, features of the image including the

object, and determines the class of each region based on degree
of coincidence of the features of the image of each region and

the stored features of the object.

16. An apparatus as in claim 4 or 5 wherein said partitioning
processing section (12) includes:
a provisional encoder (22) for preliminarily encoding the

image for each region and calculating the amount of code thereof;

Qs



According to this enbodinent, the identification or detection of objects
becones possi bl e depending on features of the imge. |Image quality can be
further inproved where necessary. The classification of objects into

cl asses may be perforned according to the features associated with the
person's degree of observation, in whigl case encoding can be perforned
whil e taking into consideration human vi sual characteristics 27 with

respect to tdhealededer F2INH RVE{EFIIN g Botedimggeli sicsdedrbguthag the
i ntegration process was taken into consideration in the first enbodi nent.

In thi spesb9disEAL, eRB6QELRY distortion in the partitioning process stage
IS taken into consideration. Fig. 22 is an internal block diagram of

par ti ti oni ngy Progessig SE6LoPLIdR b81E01 St ERPOMLIBNn VHE] kS nueral 35

calculating an encoding distortion using the image that was
decoded by the decoder; and

an evaluation value calculating section (25) for
calculating the evaluation value for judging merit of encoding
while taking into consideration both the amount of code and the
encoding distortion;

wherein it is determined for each region whether or not to
perform partitioning for the region based on a result comparing
the evaluation value that is obtained in the case where the
region is further partitioned into smaller regions and the
evaluation value that is obtained in the case where the region

is not further partitioned into smaller regions.

17. An apparatus as in claim 5 or 16 wherein a quantization
parameter of a prediction error siénal accompanying motion-
compensated prediction is variably set in said provisional
encoder (22), and said evaluation value calculating section (25)
calculates the evaluation value while varying the quantization

parameter.

18. An apparatus as in claim 5 or 16 wherein an evaluation
value calculating section (40) for obtaining as an evaluation

value a linear sum of the prediction error power and the amount

RN 00 T IIIII Il lIII



indicates a partitioning judgnent section and nuneral 36 indicates a
partitioning prDidestsetHasBeat RQAcdgNSt ruction signal. Fig. 23 is a flowhart

showi ng an opera Nijijgg| oni ng processi ng secti on 2—et—Fro—22
Partitioning pro Hﬂmmt 12 of this enmbodi ment engH6ySHEBF HASBEEN
that was introdu t enbodigrent. Through th¢ use REPLAGED
formula, the initial partitioning process is perfornmed im a airrectron of
reduci ngft bedeustainobhonf patSheter) ol £ach rBgibnasecsmpahginghfothendi ng
distortion can be reduced when the same anmount of code is used. As shown in
Fig. 23¢oppbhoatiell pekdpetibhi @81 Ailshoskl $h Restageegri&B9tol BhuBi ber m
partitioning section 15, for exanple, so that the state of Fig. 8 is
obt ai ned_, ; khj : n h h t Lkt Qnj T er of

g %gi hgaeﬁg&s§99 dicblek g%% {egﬁgyh L8 hgavisﬁsgﬁécgﬁfzgu

bl ocks 0 at thrs tine 1s and eac enot ed by

not o DEFPGFR FOPLREr i8R bHEAREERF, BaPRY ok Ebfnarnebftibniaedet ™ "

(O]

19. An apparatus for inputting and decoding encoded data of an
image that was encoded after being partitioned into a plurality
of regions, comprising:
alregion shape restoring section (44) for restoring, based
on region shape information included in the encoded data, the
shape of each region that was partitioned during encoding; and
an image data decoder (51) for decoding the image of each

region from encoded data corresponding to its region.

20. An apparatus of claim 19 wherein said region shape
information includes information relating to processing when
regions are partitioned and integrated during encoding, and,
based on this information, said region shape restoring section
(44) identifies the partitioned state of regions by reproducing

the same process as that of the encoding apparatus.

21. A moving image encoding method including steps of:
integrating pre-partitioned regions with adjacent regions
based on a predetermined integration judgment criterion; and

encoding image signals for regions remaining after integration.
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28 between L(B[err]) relating to B[err] and the summation of L(SB[err](i))-
relating to each sub-block SBlerr](i) (1[err]i[err]4) obtained after B[err]
is partitioned into four parts. Partitioning is permtted if the latter is
smal ler. In calculating the ambunt of code - distortion cost, encoding of
Bl[err] and SB[err] (i) is first performag in provisional encoder 22. Next,
in decoder 23, the | ocal decoded inages of B[err] and SB[err] (i) are

gener at22l. f rromdvhisnge nioweckpsl etated g capmaird twsn imadidinopal encoder 22, Next,
the distortion between the | ocal decoded i mages and the origi nal imge,
D(B[err]) argh MRigradidn )prodessing WadeibbyEen Cit e@rat Bi@réach of a

cal cul ating section 24. Eval uation value cal culating section 25 cal cul ates

L(B[ er rhuﬁaﬁﬂeﬁS@Eeﬁféig%itiwahaavyag(leascas!eh%%seéhi ee§1&§8[ ghal (1))

and encoding distortion err and SBlerr](i))

he. four subl ke GE LUSHIETr 1) T, w3 e 1o ?E‘%‘%“"Gaﬁé‘%@; {iti ons

PLerr) £8yfong teRBihing' aPELE" thtbhratitd by *the' integration

processing section.
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Is smaller (S43). This corresponds to the 1[err] partitioning stage. The
bl ocks partitioned into SB[err](i) are newy denoted by B[err]
(1[err]ln[err]Nerr]), and the same partitioning judgnment is perfornmed with
respect to Blerr] (S46 to Sb1). Subsequently, the sanme partitioning process
I's perfornmed a predeterm ned nunber of 44imes. The partitioned state shown
in Fig. 10, for exanple, is achieved as a result. Since activity-related
operations are not perfornedTITLEhDE THE2INVBN@AONent, this enbodi nent is
particul arly advantageous if- inportance is placed on reducing the anount
of oper dETHOD ANDKRPHAVBOANSVEROR AXEG 1ON-BASED| MOVIING MIMIBRUIENCODING G2ND Ng
section 14 shown in Fig. 11 of the first enbodinent is described. Fig. 24
is an internal block diagram of intggeraprfg Processing section 14 of this
enbodi nent wherein nunmeral 37 indicates a quantization

ABSTRACT OF THE DISCLOSURE

In partitioning and encoding an image into multiple
regions, the degree of freedom of the region shape has generally
been low and setting regions based on image features of was
difficult. A moving image encoding apparatus includes a region
partitioning section, an encoder, and a memory for motion-
compensated prediction. The region partitioning section
includes a partitioning processing section and a integration
processing section. The partitioning processing section
partitiohs the input image based on a criterion relating to the
state of partition. The integration processing section
integrates mutually close regions based on a criterion relating
to the state of integration. Thereafter, each region is
encoded. A large variety of region shapes can be produced by

the integration processing section.

Figure 1



paranmeter setting section, nuneral 38 indicates a quantization paraneter,
and nuneral 39 indicates a provisi.onal encoder. The operation of
integration -processing section 14 is basically the sane as shown in Fig.

12, with the exception of S19. Fig. 25 is a flowhart showi ng a process of
eval uation value cal cul ation correspondiygg to S19. The eval uation val ue
calculation is perfornmed by provisional encoder 39, decoder 23, encoding
distortion calculating section 24, and eval uati on val ue cal cul ati ng section
25. First, an initial parameter value is set in quantization paraneter
setting section 37 and out put (S52) to provisional encoder 39. Next,
encodi ng of region S err] is perfornmed (S53) in provisional encoder 39.
During encodi ng, quantization is perfornmed using the set quantization
paramet er. Decoder 23 generates the |ocal decoded inage of S err]\ fromthe
encoded data obtained in this manner (S54). Next, distortion D(S[err])
between the | ocal decoded image and the ori-ginal imge is cal cul ated (S55)
at encodi ng distortion calcmaﬂg ng section 24.
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30 Eval uation val ue cal cul ating section 25 calculates L(S[err]) from anmount
of code R(S[err]) and encoding distortion D(S[err]) (S56). The val ue of

cost obtained fromthe initial calculation is held as Lmn, after which the
guanti zation paranmeter is varied and the sane cost calculation is
perfornmed. Because varying the quantizqybgn par anet er changes the bal ance
bet ween the anount of code and distortion, the paranmeter for when the
anount of code - distortion cost is at a mninumis enployed, resulting in
anount of code - distortion cost L(S[err]) of region Serr] (S57 to S60).
The remainder is the same as the first enbodi nent. According to this

enbodi nent, an optinmumintegration process is achieved while taking into
consideration the quantization paranmeter. This nethod of including the
guanti zati on paraneter is also applicable to the partitioning process based
on the anmpbunt of code - distortion cost described in the fifth enbodi nent.
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SEVENTH EMBODI MENT Yet anot her exanple of the sixth enbodi nent is described
inthis enbodinent. Fig. 26 is an internal block diagramof integration
processi ng section 14 of this enbodi nent wherein nuneral 40 indicates a

not i on- conpensat ed prediction cost cal cul ati ng section, nuneral 41

i ndi cates a notion-conpensated predictignaicost, and nunmeral 42 indicates a
provi si onal encoder. Provisional encoder 42 uses encodi ng based on notion-
conpensated prediction to determne the notion paraneter. At this tinme, the
not i on- conpensat ed prediction cost (fornula 2) 31 described in the first
enbodi ment is used. In other words,- determ nation of the notion paraneter
during tenporary encoding is perforned so that the cost is mnimzed by
taki ng a bal ance between npti on-conpensati on based matching distortion and
t he amount of code of the notion paraneter. In concrete terns, in
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t he encodi ng by provisional encoder 42, the notion paraneter is determ ned
fromthe value of cost that is calculated by notion- conpensated prediction
cost cal cul ating section 40. The remai nder of the process is simlar to
that of the sixth enbodi nent. According to this enbodinment, froma given
constant [err]qg, the region shape can hgpgeterni ned while mnimzing the
overal |l anount of code - distortion cost fromnotion conpensation to
encoding. As a result, the encoding distortion based on a predeterm ned
amount of code can be reduced. EIGHTH EMBODI MENT In this enbodi nent, a
novi ng i mage decodi ng apparatus i s described for decodi ng encoded bit
streans that are generated by various noving i mage encodi ng appar at uses.
Fig..27 shows a configuration of the decoding apparatus wherein nuneral 43
indicates a bit stream anal yzer, nunmeral 44 indicates a regi on shape
decoder, nuneral 45 indicates an attribute information decoder, nuneral 46
|nd|cates an i mnage data decoder, rungﬁi f“ Andi cates a notion information
decoder, nuneral 48 indicates a R

IMAGE FRAME INPUT |- S1

‘
INITIAL PARTITIONING |- S2

l

ADJACENT |- s3
REGION INTEGRATION

ENCODEREGION | S4
SHAPE INFORMATION

S7 ENCODEIFEGION S5

=N+1

S6

FINAL
REGION?




notion paraneter, nuneral 49 indicates a notion conpensation section,
nunmeral 50 indicates a prediction inmge, nuneral 51 32 indicates an

i mge decoder, numeral 52 indicates an external nmenory, and nuneral 53

i ndi cates a reproduced i nage. This decodi ng appar at us decodes encoded bit
streans consisting of regi on shape infojf#dti on representing region
partitioned state related to an inmage franme or partial imge within an

i mage frane (referred to as "image franes and the |ike" hereinafter), inmge
data for regions encoded by a predeterm ned nethod, attribute information
of regions, and notiow i nformati on of regions; restores region inmges; and
reproduces inage fra and the |like. For this enbodi nent, the description

met hod for region s| ntjonal
met hods i n that nonjrectangul ar shaped regi ons_are _generated ifn 3he process
—>
4
] 13 |INTEGRATION -H——
[ { PROCESSING 5
. |PARTITIONING 14_| SECTION { o
PROCESSING
SECTION |12 6
10
Fig. 5
12
{
1‘9
15 1
{ (6 l 18
1 UNIFORM ACTIVITY | 4= [PARTITION- 13
( 1 ,|PARTITION-] __|CALCULAT-] ¢ ING (o
ING ING JUDGMENT
SECTION SECTION SECTION
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of encoding. The description nethod enployed in this enbodi nent is based
on i) explicit coordinates of vertices of each region, ii) explicit process
i n encodi ng when regions are partitioned or integrated, or the like. In the
method of ii), for example, the nunber of the region partitioned in the
i[err]h partitioning stage and the nuniééeiof the region integrated in the
jth integration stage for arbitrary i and j are noted. As in the encoding
apparatus, the O[err] partitioning stage is first perforned according to
Fig. 8 at the decod| s, after which the final partitioned state
can be restored by e identical procedure as the encoding
apparatus. In the the anobunt of data is 33 generally
smal | conpared to a irectly noting the- coordinate data.

UNIFORM | S8
PARTITIONING

ACTIVI N
OF BLOCIg BY,
S12 Y D S16|
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n=n+1 BLOCK BY, n=n+1 BLOCKB',




Fig. 28 is a flowhart show ng an operation of this decodi ng apparatus.
Encoded bit stream 11 is first input by bit stream anal yzer 43 wherein the
bit streamis converted to encoded data (S61). Anong the encoded data, the
regi on shape information is decoded in Zg j on shape decoder 44, and the
region partitioned state is restored (S ?ifor | mage franes and the |ike
usi ng the above-nentioned nethod. By restoring the region, the encoded
sequence of region information encoded in subsequent bit streans is
identified. The regions are designated S[err]. Next, the data of reqgions is
decoded in sequencejfromthe bi{ stregam accprdi ng|to th¢ encoded seduence.
First, the attributg infojrmatiofp for fegion|S[err] is decodedjby attfi bute
i nformati on decoder |45, apd thefjencoding nodle i nfgrmati ¢n for jthe rggion is

decoded (S63). If tRe—¢tfent—npte—tstnterynoge—(rntergframefencoding
node), namely, a nogle {n yhich {he prediction error signpal islencod
(S64), noti parangter 48 is decoded|in nofrof 1 hf or matyi on dg¢coder Y7
(S65). Mbti Bh pparamgie 4£ is sént tolnp io$ conpénsatian sectli on 49 and,

Fig. 10



based on this, notion conpensation section 49 cal cul ates a nmenory address
corresponding to the prediction image anong reference i mages stored in
external menory 52, and retrieves prediction image 50 from external nenory
52 (S66). Next, the image data for regigp:§[err] i s decoded in inmage data
decoder 46 34 (S67). In the case of |n%er-nDde, t he decoded i mage data
and prediction image 50 are added to obtain the final reproduced imge for
region S[err]. On the other hand, in the case of intra-node (intra-franme
encodi ng node), the decoded inmage data directly becones the final
reproduced i mage 53 for region S[err]. The reproduced inage is used as the
reference i mage for subsequent prediction imge generation so is witten to
external menory 52. This judgnment and restoration of the reproduced inage
are perforned in image decoder 51 (S68).
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The series of processes termnates when it is perforned for all regions
included in image frames and the like. Simlar processes may be al so

performed for other subsequent
been described what are at present cong } ered to be preferred enbodi nents

of the invention, it wll

i mage franes and the like. While there have

be understood that various nodifications my be

made t hereto, and it Is intended that the appended claims cover all such

nodi fications as fall within the t

35 What is Cained is: 1.
of : partitioning an input
predeterm ned partition j

adj acent regions (S3), fof

and scope of the invention.
':dHTEnc'dlng met hod i ncl udi ng steps

. =Yty of regions (S2) based on a
integrating regions with

LaBeLng 517

A
SET ADJACENT REGION |- S18

l

CALCULATE  |-S19
EVALUATION VALUE

|

INTEGRATION  |-S20
JUDGMENT

S21
NO
REGION TO',INTEGRATE

1 2
5|6 3
4
718
9110 11
1?14 12
15 16
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various plurality of partitioned regions, based on a predeterm ned
integration judgnent criterion; and encoding i nage signals for regions
remai ning after integration (S4, S5). 2. A nethod as in claim1l wherein
said partition judgnent criterion involves a conparison between performng
encoding with a given region partitioned/zand perform ng encodi ng w thout
the region partitioned. 3. A nethod as in claiml1l or 2 wherein said
integration judgnent criterion involves a conparison between performng
encoding with a given region conposed with adjacent regions and performng
encodi ng wi thout the region conposed with the adjacent regions. 4. A
movi ng i mage encodi ng appar at g8 TAEIUAT g @ Tegipn partitioning section
(2) which includes a partitiohing proce;sing section (12) for partitioning
an i nput ' : :
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36 image into a plurality of regions based on a predeterm ned - partition
judgnent criterion and an integration processing section (14) for

i ntegrating each of a plurality of regions partitioned by the partitioning
processi ng section with adjacent regions; and an encoder (7) for encoding
| mage signals for each of the regions re }{fﬂg after integration by the

I ntegration processing section (14). 5. An @pparatus as in claim4 wherein
said integration processing section (14) conprises: a provisional encoder
(22) for prelimnarily encoding an inmage per region and calcul ating the
anount of code thereof; a decoder (23) for decoding the i mage encoded by

t he provisi-onal encode®; an encoding distortion calculating section (24)
for cal culating encodi fig distortion by using the inmage decoded by the

decoder; and an eval pation val ue cal cul ating section (25) for ?
¢
‘! 1‘3 INTEGRATION >
UNIFORM 14 ""S"E%ET?SL'.“ G ? .
PARTITIONING 7]
SECTION |15 ?
L A

10
Fig. 16
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cal cul ating an eval uation value for judging nmerit of encoding while taking
into consideration both the anmount of code and the encoding distortion;

wherein it

adj acent

4ft
AL
37 eval uation val ue that

integrated with adjacent

is determ ned for each regi on whet her or
integration for the region based on a re
value that is obtained in the case wherée
regions and the-

case where the region is not

not to perform

of conparing the eval uation
region is integrated with
is obtained in the

regions. 6. An

apparatus as in claim4 or 5 wherein said partitioning processing section
(12) includes: an activity calculating section (16) for cal cul ating

prediction error
region as an activity of the region;

(18) for conparing the
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calculated activity with a criterion value that was set in advance; and
further partitions regions having activity greater than the criterion value
into smaller regions. 7. An apparatus as in claim4 or 5 wherein said
partitioning processing section (12) ingl I? an activity cal cul ating
section (16) for calculating edge intensity of an original signal for each
region as the activ tyg Bﬁre rlegi on; and a partitioning judgnent section .
(18) for conparing zﬂ | atJed activity with a criterion value that was
set i'n advance; and furtRer partitions regions having activity greater than

ghﬁhg;;fﬁr;gpdvg;h | IPA I%ll;- mi]NGe S%Oﬂs' 8. An apparatus as in claim4 or
y
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processi ng section (12) includes: an activity calculating section (16) for
cal culating, for each region, a linear sumof a plurality of numeric val ues
i ndi cating the characteristics of the image of the region; and a
partitioning judgnment section (18) for cggggring the cal culated activity
with a criterion value that was set in a ce; and further partitions
regions having activity greater than the criterion value into snaller
regions. 9. An apparatus as in claim8 wherein said plurality of nuneric
val ues includes a prediction error power and a notion paraneter of each
regi on whi ch acconpany noti on-conpensated prediction. 10. An apparatus as
in claim8 wherein said plurality of nunmeric values includes anmbunt of code
of a notion paranaLer af_each region apradiction error power which

d

acconpani es notiony conpensation, a dispersion]value of an original signal,
edge intensity, a magni tude of the notion pgranmeter of each region. 11.
An apparatus as inf one of clainms 6-10 wherein]said
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partitioning processing section (12) further includes a class identifying
section (29) and judges whether or not to partition each region on the
basis of both said activity and cl ass. 39 12. An apparatus as in claim
11 wherein said class identifying section (29) observes an object structure
spanning a plurality of regions and det?/@4s cl asses for the regions. 13. An
apparatus as in claim 12 wherein said object structure is judged on the
basis of original signal dispersion of the region, edge intensity, and
degree of connection of the edge with adjacent regions. 14. An apparatus as
in claim1l wherein said class identifying section (29) observes features
of an inmage; perforns detection of objects; and, based on the results

t hereof, decides classes for the regiong. 15. An apparatus as in claim 14
wherein said class identifying
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section (29) stores in advance, for each object predicted to be included in
the inmage, features of the image including the object, and determ nes the
cl ass of each region based on degree of coincidence of the features of the
I mage of each region and the stored features of the object. 16. An
apparatus as in claim4 or 5 wherein d46/2i partitioning processing section
(12) includes: a provisional encoder (22) for prelimnarily encoding the

i mage for each region and cal cul ating the anmount of code thereof; 40 a
decoder (23) for decoding the i mage encoded by the provisional encoder; an
encodi ng distortion cal culating section (24) for cal culating an encodi ng
distortion using the image that was decoded by the decoder; and an

eval uati on valuesgalculatgpg section (25 for
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cal cul ating the evaluation value for judging nerit of encoding while taking
I nto consideration both the anmount of code and the encoding distortion;
wherein it is determ ned for each regi on whether or not to perform
partitioning for the region based on gygpult conparing the eval uation
value that is obtained in the case where the region is further partitioned
into smaller regions and the evaluation value that is obtained in the case
where the region is not further partitioned into snmaller regions. 17. An
apparatus as in claim5 or 16 wherein a quantization paraneter of a

predi ction error signal acconpanying notion- conpensated prediction is
variably set in said provisional encoder (22.), and said eval uation val ue
cal cul ating section (25) cal culates the eval uation value while varying the
guanti zati on paranmeter. 18. /An apparatus as in claim5 or 16 wherein an
eval uati on val ue cal cul affi nd sdction (40) for obtaining @ an eval uation
val ue a |inear sun1of§}b§uﬁiaglction error power and Egg_annunt
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41 of code of notion paranmeter of each regi on acconpanying notion-
conpensated prediction is disposed in a stage prior to that of said
provi si onal encoder (22), and said provisional encoder detects the notion
par anet er based on the evaluation value. 19. An apparatus for inputting and
decodi ng encoded data of an inmage thafl8ls encoded after being determn ned
into a plurality of regions, conprising: a region shape restoring section
(44) for restoring, based on region shape information included in the
encoded data, the shape of each region that was partitioned during
encodi ng; and an image data decoder (51) for decoding the imge of each
region fromencoded data corresponding to its region. 20. An apparatus of
claim19 wherein said region shape inf rnghj '™y| udes i nformation
relating to processing when regions arg p ARTondd and i ntegrated during
regi on shape restoring

encodi ng, and, based on this informatioOn,
section
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(44) identifies the partitioned state of regions by reproducing the sanme
process as that of the encodi ng apparatus. 21. A noving inmage encodi ng

met hod including steps of: integrating pre-partitioned regions with

adj acent regions based on a predeterm ned integration judgnent criterion;
and encoding image signals for regions yggeppi ning after integration. 42
22. A noving i mage encodi ng apparatus including: an integration processing
section for integrating each of a plurality of pre-partitioned regions with
adj acent regions; and an encoder for encoding inmage signals for each of the
regions remaining after integration by the integration processing section.
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of code of motion parameter of each region accompanying motion-

41

v

compensated prediction is disposed in a stage prior to that of
said provisional encoder (22), and said provisional encoder

detects the motion parameter based on the evaluation wvalue.

19. An apparatus for inputting and decoding encoded data of an
image that was encoded afﬁer.being determined into é plurality
of regions, comprising: |
a region shape rgstoring section (44) for restoring, based
on region shape information included in the encoded data, the
shape of each region that was partitioned during encoding; and
an imaée data decoder (51) for decoding the image of each

region from encoded data corresponding to its region.

20. An apparatus of claim i9 wherein said region shépe
information includes information relating to processing when
regions are partitioned and integrated during encoding, and,
based on this information, said region shape restoring section
(44) identifies the partitioned state of regions by reproducing

the same process as that of the encoding apparatus.

21. A moving image encoding method including steps of:
integrating pre-partitioned régions with édjacent regions
based on a predetermined integration judgment criterion; and

encoding image signals for regions remaining after integration.
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