DESCRI PTI ON | MAG NG APPARATUS, | MAGE PROCESSI NG
METHOD AND | NTEGRATED CIRCU T TECHNI CAL FI ELD The
present invention relates to an inagi ng appar-atus,
an i mage processing nethod and an integrated circuit
particularly suitable for obtaining information
about notions provided by pixels. The present

i nvention stacks a sem conductor chip provided with
an XY address control | SESCRAGEIPNckup device, and a
sem conductor chip provided with a detection circuit
for obtaining information about notions provided by
pi xel s tqaﬁgocess high-rate inages with reliability

by a nBYPGH G SFEARREHS pr BEEHES . PROBECKTROUNET HERT AAD

I magi ng apparatus obtains an i mage through the raster
scanni ng of a CCD (ENBEGRATHBUSIIEGUdBvi ce) and carries
out a process, such as a notion detection process.

Fig. 1 is a block diagram of an inmaging apparatus 1
provided wth a CCD solid-state imge pickup device

2. In the imaging appPaHBIQCAL IFIRHE CCD solid-state

i mage gickup device 2 has pixels 3 of photoelectric
sensof 3¢ freasgédinvent it metatReatb gat ésagiin@rapparatus,
controlled to transfer charges accunulated in franmes
agfimageprodcesspigwethadd and weihiteghatedasfari rpghsicalsrly
S. Inthe CCD solid-state inmage pickup device 2, the
saétahle afwed obhaigesg drgformation about motions provided by
Ppixels. The present invention stacks a semiconductor chip
provided with an XY address controlled image pickup device, and
a semiconductor chip provided with a detection circuit for
obtaining informationaboutmotionsprovided bypixelstoprocess

high-rate imageswith reliability by amotion detection process.

BACKGROUND ART

An imaging apparatus obtains an image through the raster
scanning of a CCD (charge-coupled device) and carries out a
process, such as a motion detection process.

Fig. lisablockdiagramof an imaging apparatus 1 provided
with a CCD solid-state image pickup device 2. In the imaging
appafatus 1, the CCD solid-state image pickup device 2 has pixels
3 of Iﬁhotoelectxic sensors arranged in a matrix. Read gates

4 are controlled to transfer charges accumulated in frames of



transferred sequentially fromthe vertical transfer
registers 5 to a horizontal transfer resister 6 and
the charges are sent out fromthe horizontal

transfer register 6. In the imging apparatus 1, a
logic unit 7 receives imge signals provided by the
CCD solid-state i mage pickup device 2 and processes

t he same by | ogical operations to obtain notion

FReoPH&ER 1D fhomertbeakxampulsdereaehiptaes .5.A In the CCD
processor 8 processes the notion information,

cal tdt sake Avegomd céipalevipec? f ithe ac@amdndedserigee are
cal cul ated notions for processing inmage signals.

ReeR#it ¢ yredChES o0t 1ad-19t Bten ithegee pi deUp t dens 6aS rBgieters
been practically used. A contrivance to integrate

? Heo eNmsr i zpitiad- Sransfamuagei ptek padeviieecBiflyes are sent
peripheral circuits is proposed in, for exanple,

P A0 4@ R85izerl notinefieirnfog®tdOG.about

i ndi vidual pixels is obtained, the logic unit 7

recei vastheragegéngrapsrhous dneafiayie uaid 7StetfeliSes image
processing the i mage signals, and gives notion
Srgrerlisarronidddidy the dopaselid-stdad dhate pikup device 2
processor 8. For exanple, when inmge signals obtained
dnd paetessesdiei ngme ity PoOLESE abeaad i GNP S bt $thiftS on
i mage pi ckup devices are used to provide imge
igifgmabsian frémghfaraeeampd®} | @ctetfiGid1QNPE GRS S ss0r 8
del ays and hence it is difficult to carry out
nrogeesssNghe heotidn iiRBgEnsSt OAR) Sclcd ahedhnbBidhs of a

specified area and uses the calculated motions for processing
image signals.

Recently, CMOS solid-state image pickup devices have been
practically used. A contrivance to integrate the CMOS
solid-state .image pickup device andr peripheral circuits is
proposed in, for example, JP-A-2004-31785.

When motion infomation about individual pixels is
obtained, the logic unit 7 receives image signals for one frame
and starts processing the image signals, and gives motion
information about one frame in a batch to the processor 8.

For example, when image signals obtained byraster scanning
is processed and CMOS solid-state image pickup devices are used
toprovide image signalsatahighrate, amotiondetection process

delays and hence it is difficult to carry out processing the



DI SCLOSURE OF THE | NVENTI ON Exanpl e enbodi nents nmay
provi de an i nmagi ng apparatus capable of surely
detecti ng and processing notions, an inmage signa
processi ng nethod and an integrated circuit. In
~ accordance with a first aspect of the present
imagpvepgneAs ather &ipd pede.ded an i magi ng appar at us
conprising an integrated circuit formed by stacking
a plurality of sem conductor chips, wherein the nost
upper sem conductor chip of the integrated circuit
i's provided wothcapsiuragerpireikupngexirgenhavi ng pi xel s
arranged in a matrix and controlled by XY address
con ; n vide -1 he
o Eha b er R Py B naer s Pnarhage e
r_sem du hi p, nd_t he |.ower . .
Capggggcgﬁd%%%%?yc%%%é?gl% o%?%ép WEH A ol orns, an image
. degection chcuitﬁbhgt'c rries out a _process for
S193POCRESFRGSLRE MEhAGE SPGnalRs Lp6virasd by thEitmage
‘pi ckup device and obtaining notion information about
t hel} RECPTEaaicepy Kelh 8, T iaifd- asPott on tiprbEessnhgnvention,
circuit that carries out a process for processing
thepptiopronfdenatn dmaghogt apier i ngs vicdgall spingehs ianegrated
provides the results of processing. In exanple
cirenbedisEmd$ bysknaekt hgnd sl upert ysef sandusidict &hicpips,
of the integrated circuit is provided with the inmage
whePkEKUPhedR¥EeuRREING kR RS 3 Rl haRged heN iRt egrated
matrix and controll ed by XY address control to give

circuit is provided with an image pickup device having pixels
arranged in a matrix and controiled by XY address control to
give ilmage signals pfovided by the pixels to the lower
semiconductor chipunderlying themost upper semiconductor chip,
and the lower semiconductor chip is provided with a motion
detectionAcircuit'that carries out a process for processing the
image signals provided by the image pickup device and obtaining
motion information about the individual pixels, and a motion
processing circuilt that carries ocut a process for processing
motion information about the individual pixels and provides the
results of processing.

Inexample embodiments, since themost upper semiconductor
chipof the integratedcircuit isprovidedwith the image pickup

device having the pixels



i mage signals provided by the pixels to the | ower
sem conductor chip underlying the nost upper
sem conductor chip , the I ower senm conductor chip is
provided with the integrated circuit including a
noti on detection circuit that processes the inmage ,
IS L proPrded Xoyn e ke nitregd 95 BKup’ dédiressaperntrol to give
obtains notion information and the notion processing
imgigec gilgnehat pprocésdesy thst pomeil af bd rEtd dwalrosemti henductor
i ndi vi dual pixels and provides the results of
chirgo eessmg,i nfgo thex apice uplee wetiiepndeteetli enigl [ CUhet lower
can process the imge signals provided by the pixels
sefi ddRnidmRge chRict KUpP pdemiicR o it aneoushedritdd circuit
paral | el processing node when the two sem conductor
irkIRE RS & GRRNeCt 8l cTRYS At R mge §hINBLScC8BsPehe image
surely processed by the notion detection process even
i f _the i sign [ r ovi.ded .a,_hi rate. _Ln .
el ramney eenod et el oA Rl a2 PRt &inE ot ion
. inventi.on, there is provided an .inmage signa
lnpﬁgﬁ‘f@ﬁi% aﬁ’@thljf&? Gf° P8t ESEHTF ° a ér§i‘-‘3ﬁalt§at processes
provi ded by an i magi ng apparatus including an _
nqticegiategmar et 098k ridtf &?déﬁééﬁﬁﬁgPhX%f%r%ﬂqtquﬁﬂdeS the
sem conductor chips, said image signal processing
reagetliedo € onprdssisigua hécst epynpbf ;. thereiol i mgtsiotalon circuit
arranged in a matrix on the nost upper semn conductor
caohppoobsthehd nihegeat eghel s guidvilele XYy addy pdsedtend f alhe image
to give imge signals provided by the pixels to the
pilcMBY deserbCONAUTEDFehs Py Under by tagLé ey rmsds UiRREode when
sem conductor chip; and processing the inmage signals

£ R QY g@ﬂig)ﬂnaﬂckg@gﬁli@§§98 connfcted. Thusthe image signals

can be surely processed by the motion detection preocess even if
the image signals are provided at a high rate.

In accordance with a secend aspect of the present invention,
there is provided an image signal processing method of processing
image signals provided by an imaging apparatus including an
integratedcircuit formed by Stacking aplurality of semiconductor
chips, said image signal processing method comprising the steps
cf: controlling pixels arranged in a matrix on the most upper
semiconductor chip of the integrated circuit by XY address control
to give image signals provided by the pixels to the lower
semiconductor chip underlyling the most upper semiconductor chip;

and processing the image signals provided by an image pickup



devi ce on the nost upper sem conductor chip by the

| ower sem conductor chip underlying the nost upper

sem conductor chip to obtain notion information

about individual pixels, to process the notion

i nformati on about the individual pixels and to
devpeevbee theheokes ubpe rofsepriocessidtgr chigXagplkee lower

enbodi ments, the inage signal processing nmethod can

semSkbakYicRb! 1ABEe 1§t agalse AbkalnRt @b Bb9MERLE chip
by a notion detection process. In accordance with a

to (}Hjééfiql i égfgﬁ.i%ffotﬁ%tg_gﬁisgg5u{ ﬁ%ﬁﬁ@igﬂalrﬁi%leﬁ ,.i o process
provided an integrated circurt comprisi gap uraFﬂty
ey ERPSHEL TSR SRS, Bl &Y TS BT 1S

sem conductor chips.is provided with an image pickup
theqggred tRafitngIprCceP<e™rranged in amatrix and

control |l ed byXY address control to give inmage signals

pr oV N @EG R &t ¢reb il Ket Rt $ 0 thRe Magife? L gkad poadagsbng method

chip underlying the nost upper sem conductor chip,
canasdrehg poweessemapnduicirorls chitpiedrovadedow tdca by a

notion detection circuit that processes the inage
motSbgnaks epravindeedystshe i mage pi ckup device and

obtains notion information about the individua

Pi X@h$ 2R R, PPh aRNIPCRSSEBECEiECd pt-B8knt invention,
processes the notion information about “the

L i vi e <. e o <. of .

R T e L R T et e e R e
circuit accordinc rovided at a high rate hy a

of SR ot PO L TRSEST RA LG RIoHERE R FIE FOaF thper
aspect of the present invention, . . .

semiconductor chip of the plurality of semiconductor chips is

provided with an imagerpickup device having pixels arranged in
amatrixandcontrolledby XY addresscontrol togive image signals
providedby the pixels tothe lower semiconductor chipunderiying
the most upper semiconductor chip, and the lower semiconductor
chip is provided with a moticn detection circuit that processes
the image signals provided by the image pickup device and obtains
motion information about the individual pixels and a motion
processing circuit that processes the motion information about
the individual pixels and provides the results of processing.
In example embodiments, the integral circuit acccrding
provided at a high rate by a motion detection process.
Inaccordancewith a fourthaspect of the present invention,

there is provided an image signal processing method
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there is provided an i mage signal processing nethod 5
of processing inmage signals provided by an integrated
circuit fornmed by stacking a plurality of
sem conductor chips, said inmge signal processing
met hod conprising the steps of: controlling pixels
ofamramged iny dmegler isL9oa Lisherevddedpper ageintsadatedr circuit
chip of the integrated circuit by XY address contro
fdrmegi be dtmge ngsagrials lprigyo fekroycdriiqixebBibse, tdee d image
| ower sem conductor chip underlying the nost upper

sigemic ?nglrr@h it hadid cRAPEeSSindY thie s teprgersi goatsolling
provided by the pixels on the most upper

pl%g%'ﬂsCQEQHﬁ%Qa deui (8 SEE WnNghaswddt hﬂﬁ.? Rtk ductor Chlp
devi ce by omer sem conductor chip underlying

nost EP §H$u%§ % plxere%soggﬂkgoﬁDEoo ive image

tLegra
ornﬁi n a out [ t 0 process 't
nDtlon i nf.or na |on about £nd|V| aprlxels and t

HETHE SPEs Gt 5 oF 1 T btesyi eé%(&ﬁﬁlllgondmtor chip

enbodi nents, the inmage signal processing nethod can

UnGHrd i sk BE@@#W@@%ﬂ %%\}%OW%‘W%&}]&P a2 Rf g cqse ing the
by a notion detection process. The exanple

inggsoe grent spanidad i hnrpesss Prdde i gnapser pgmaconductor
noti on detection process even if the imge signals

deariegps ovv tegl a satn ambg gl icktie. dBR d&-bPESERI &id OBe@Econductor
THE DRAWNGS Fig. 1 is a block diagramof a known

cHifBghagr 8pPag athsmos Fugpe? defnidd ke ol 8 gMoafb@lin motion
i magi ng apparatus in a first

information about individual pixels, to process the motion
information about individual pixels and to provide the results
cof processing.

In example embodiments, the image signal processing method
can surely process image signals provided at a high rate by a
motion detection process.

The example embodiments can surely process image signals

byanwtiondetectionproceéseveniftheimagesignalsareprovided

at a high rate.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of a known imaging apparatus.
Fig. 2 is a block diagram of an imaging apparatus in a first

embodiment according to the present invention.



enbodi nent according to the present invention. - 6
Fig. 3 is an expl oded perspective view of an
integrated circuit included in the inaging apparatus
shown in Fig. 2. Fig. 4 is an expl oded perspective
view of a notion processing layer included in the
integrated circuit shown in Fig. 3. Fig. 5is a

di agram of data obtai ned by processing notion

i nf or rFEGi.-0B. iFiag. efplsdad pakkpe SO RGcRUW PUN ARELGRated
information. Fig. 7 is a diagramatic view of
absisittanoeludeexph atld nNighagdhgi BpBEFated sGiokaUih Fga 2.
third enbodi ment according to the present invention.

Fig. &igs & ds agi aﬂﬁlﬂiold@dvpéwé]_@éc@% stiapceri motion
explaining a notion detection circuit included in

bhecdsstiegr at el dinoduided Shoe iRtEyfatdd BESLHiMBPkown in
FOR CARRYI NG QUT THE | NVENTI ON Preferred enbodi nents
oifgtI¥e present invention will be described with
reference to the acconpanying drawi ngs. (1) First

EmbodFirgnts Fé G d2adard oltl @ola hegiam 8l pﬁ:”bde@ghﬁgnotlon
apparatus in a first enbodi ment according to

iprfegeatibnvention. This imaging apparatus 31
conpresses imge data on a desired object and

recor Hsg! he ixorprasIedshdRasy AP ue N &5 W hat ion.
medi um and

Fig. 7 is a diagrammatic view of assistance in explaining
an integrated circuit in a third embodiment according to the
present invention,

Fig. 8 is a diagrammatic view of assistance in explaining

a motion detection circuit incliuded in the integrated circuit

shown in Fig. 7.

BEST MODE FOR CARRYING QUT THE INVENTION

Preferred embodiments ,Of the present invention will be
described with reference to the accompanying drawings.

(1) First Embodiment

Fig. 2 is a block diagram of an imaging apparatus in a
first embodiment according to the present invention. This
imaging apparatus 31 compresses image data on a desired object
and records the compressed image data on a recording medium and

sends the image data to a desired device.



sends the image data to a desired device. - 7 The

i magi ng apparatus 31 is provided with a lens 32. A
user operates the lens 32 to change magni fication by
zoom ng and adjusts an aperture stop. Incident |ight
is focused on the inmage pickup surface of an inmage
pi ckup device 33. An optical Iowpass filter 34

att enuat es conponents having high spatia

frequeng es f Ny . r t
from the [oadtRdRI0REnd 3 o Baguited bl Pl o2,

dispasrd-heli ple theg, LRbi £al chdd Régﬁlﬂééte{ n3%|y. z?ﬁ)ming
re o g

conpensates the col or tenperat ener gen

glﬂ@_@(itjhgtg%tﬂ Qﬁér{% RasS. f IIEEM@I&%E%disg?geggc%%égthe

device 33 is ,.for exanple, a

ﬂﬁ&d‘@?igﬁﬂﬂ) C.s%rf:gla% j)fmdglei a%l&%:ﬁ’g\??‘gélﬁe‘”%% a?i.sviAn optical

operated by a timng signal \ y a ng
Hokiprls oL LGErYP ARDELL SRR, BLTRL Pk et
R ot PR B O L S g 0B - Peg oo
MR LI O O1:0 05 LRI L s o
rokaddies S S R SO H S e R ar enapeont
SORCEL ) 07 A ALSESER b, Imac Signal s S byan.

| rooerhet hlde fLAEREE PLOOEP S0 (8] LudRo £ BRES
solid-state image pickup device. The image pickup device 33
is operated by a timing signal provided by a driving unit 386
to convert an optical image formed on the image pickup surface
bypixelsintoimage signalsSi throughphotoelectricconversion.

The driving unit 36 is controlled by a control unit 39
and gives timing signals for timing operations of the image pickup
device 33 to the image pickup device 33. Thus the control unit
9 controls operations of the image pickup device 33.

An analog-to-digital converter (A/D converter) 37
processes the image signals Slbyananalog-to-digital conversion
process and provides image data DI1.

An image processing unit 38 compresses the image data D1, -

gives coded data D2 obtained by compressing the image data DI

to a recording system and a transfer system. Thus the imaging



gi ves coded data D2 obtai ned by conpressing the inmage
data DI to a recording systemand a transfer system
Thus the imaging - 8 apparatus 31 records the coded
data D2 on a predeterm ned recording nmedium by the
recordi ng systemand transfers the coded data D2 to
an external device by the transfer system The
control unit 39 includes a nicroconputer serving as
PRI UG Se el PEdfedls CotRe dab s} ania p39deberiigsd
out yredet erm ned_control progranms and controls all
THE OISR GHE biothe Fecpragingyapparatus @b fiens the coded
response to instructions entered by the user by

& h§ an operHtdngleddepcly the thriansdetodiaben.,
the control progranms are installed in the inmaging
appar AR8sCAtrHefbi bhithdncade £ @nii o o peryrtaTs sEEVihE as
downl oaded to the inmaging apparatus froma network,
% f@r2aBr PAes $ @ misems -or THe santaolenoiti Y crdiiem out
The recordi ng medi um may be any suitable one of
Rredstarngnek drnfsol myogdiemg aost ¢ertralis k3] thenuperations
cards and such. The control unit 39 starts operating
afpdie imagtenAeeRirahus Gl itheekpems e goappsrataiodd dnteaed
power supply by the user. The <control unit 39
by diverwsies byl dpespdriagiaompamtieggenieet 0 Irhiehisoperatiment,
of the operating device by the user to make the inage
thEckIp: rpdviteg B8us raet merlilgdge pihekimaqipey apportand3l
to start operations for recording and transferring
befagehakd a Bhevidedrobyprdyeanmagay phe kdgwriersided 83. the

imaging apparatus from a network, such as the Internet, or from
a recording medium. The recording medium may be any suitable
one of recording mediums including optical disks, memory cards
and such.

The control unit 39 starts operating upon the connection
of the imaging apparatus 31 to a power supply by the user. The
control unit 39 controls all operations in response to the
operation of the operating device by the user to make the image
pickup device 33 starts an image pickup operation and to start
operations for recording and transferring image data provided
by the image pickup device 33.

Fig. 3 is an exploded perspective view of an integrated
circuit 11 included in the image pickup device 33 of the imaging

apparatus 31. This integrated circuit 11 processes image



Fig. 3 is an expl oded perspective view of an
integrated circuit 11 included in the inmge pickup
device 33 of the inmging apparatus 31. This
integrated circuit 11 processes inmage 9 signals in
sequenti al steps and gives processed inmage signals
tot heprocessor. Circuit units that carry out steps of
rocesses at stages are integrated in integrated

@it &0 e téalt Hiers sudi Toidupresestipdmand timals
thin sem conductor chips are stacked sequentially in
St e PEPCetsBges THEFWrtitiie thaterpmatverh tof trans ef padcesses
Thus the integrated circuit 11 is a stacked structure
FheradenGrer belessiatgd ay dndeposped tdively thofomredr gi rigpin
out the rocesses and interlayer wiring |layers for
%Hﬁ@@fi}lﬁgof Feipproddds thyn symiraondiirsonwdti papperstacked
processing |ayer of the integrated circuit 11 serves
S@éﬂ“&ﬁtﬂﬁhglé in) ekdpr lcdyekadkd thaftormptbeiidds girakhgd circuit
signals. The inmage pickup layer 13 is a sem conductor
Idhi prigtoibgedntapraten ¢imagrafédisia catidckent lstidhnguse
solid-state image pi ckup device controlled by XY
1agdrdsrg powcesring ynrisdees pags wilgnads caamgiag out the
peri pheral circuit connected to the solid-state inmage
PpirERBPe Hearid dntivd ayprgel pirgk Upvleaype fo i 3cdrase a@rinignage
pi ckup surface formed by arranging pixels 14 in a
praces xinn Javerngppefhe swrsftacppeThpsotdmwssinpdaypirckfpthe
device 33 nentioned in connection wth Fig. 2 is
ihgegeatediod rgeit phkrsairveisr gdlian inabedesskipeldyéyiIB)that
circuit 36 for driving the pixels 14 and the A/ID
ptoniveées ema3de signals.

The image pickup layer 13 is a semiconductor chip provided
with an integrated circuit including a solid-state image pickup
device controlled by XY address control to provide image signals
and a peripheral circuit connected to the solid-state image
pickup device. The image pickup layer 13 has an image pickup
surface formed by arranging pixels 14 in a matrix on its upper
surface. Thus the imagepickupdevice 33mentioned in connection
WwithFig. 2 is formed. The peripheral circuit includes the driving
circuit 36 for driving the pixels 14 and the A/D converter 37
for converting the image signals provided by the pixels 14 into
image data, which are mentioned in connection with Fig. 2, and
a read circuit for reading image signals from the pixels 14.

The read circuit is driven by XY address control to read image
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for converting the imge signals provided by the

pi xels 14 into image data, which are nentioned in

connection with Fig. 2, and a read circuit for

readi ng i mage signals fromthe pixels 14. The read

circuit is driven by XY address control to read inmage

- 10 data corresponding to i mage signals provided by

the pixels 14 sinultaneously in a parallel read node

48 LR T SeRPBAYAY st ABagyi s alvepreuitedrbget ate xels 14

through an interlayer connecting wiring layer 15 to

f gt Ysrlgc B st RgrRrayel ssaichmbtarmoebbyt jimt@rvals and

Egrallel out put node. The | ower processing |layer is a
T¢dhhaseadirgne dayarthregghen iddteediyag cophéoning wiring

i nformation grovided by the pixels of the image

Br¥uptd dpeithe3loTie mistdessidet deyeon diaydtabboiisly in a

provided with a notion detection circuit 17 for

REReSin guiBtE onode nf or mat i on about i ndi vi dual

pi xels. In this enbodi nent, the notion detection

ci r cutbe1yover Inrgessaipyutayer yisoh motien dedetecbnr Bayer

17A respectively corresponding to the pixels of the

1ordge P ledaipndayetias infoemahtonl @yerideidr bpgHeapekels of

transmts inmage data provided by each of the pixels

Wt iRege npyekyr dlayerl Ayer The motibhedatssndioat @dyver 16 is

motion detector 17A of the notion detection |ayer 16

rEeviadsgotdihngmpbiomdepexel ompdrthet adjReadt dBtindiot ion

detectors 17A respectively on the negative sides of

e rassben atteditmbhd Dniduddt pekels 17 Anwihis £@5PaCkehO, the

an X-direction and a Y-direction,

motion detection circuit 17 includes a plurality of motion

detectors 17A respectively corresponding to the pixels of the
image pickup layer 13.

The interlayer wiring layer 15 transmits image data
provided by each of the pixels of the image pickup layer 13 to
the associated motion detector 17A of the motion detection layer
16 corresponding to the pixel and the adjacent motion detectors
172 respectively on the negative sides of the associated motion
detector 17A with respect to an X-direction and a Y-direction,
which enables the motion detection circuit 17 to detect motion
information about individual pixels.

Suppose that thepositionof theassociatedmotiondetector
17A has coordinates (x, yY) on a coordinate system defined by
the X-axis parallel to the X-direction and the Y-axis parallel
to the Y-direction. Then, an image signal f(x, y) provided by

tl:le pixel 14 corresponding to the motion detector 174 and image
signals f(x~1, y) and f(x, y-1) provided by the adjacent pixels

- 11 -~



whi ch enabl es the notion detection circuit 17 to

detect notion information about individual pixels.
Suppose that the position of the associated notion
detector 17A has coordinates (x, y) on a coordinate
system defined by the X-axis parallel to the
X-direction and the Y-axis parallel to the

Y-direction. Then, an inage signal f(x, y) provided

By ont Kkepisgaitivgd sideespgontengitad Aecomtdspordehgct ®rche
moA aandleitrager Bi4gnalth frefpett §9 tdrd Fdixecyid) and the
Yrebviiegdd obye nehel wal] Bedie quiixigirsdetedtbr 178 etimtbeaneously
iTegariradlel depubinothe prheehoddordet@SpONTiRNGab® tdister
et $ oorr idetacirorgelFinalt hix,egpeet) prootirdbydiiesss@fiated
rrelt Hd iN- the qutdcenliage sginpeing acidle, mahios sebeeidiion
ditguditnu| Tlaneolglrpctinnacpacalt elarripst of@dehe Th&€llowing
aritthoe tdetapetret i &7 Aalsasl an segt 84 &ionf @I r@iiafs Y udfng the
imagrges isgrgrlaf (£, YXt-§) stokedpirovhdedhystde, assasigatEdnal
Hixkey, t# priovited pyedadsngo Sarqld mik<lyTd fandnthagde signals
foubtly got L bAnd di(ke ui-l, Thersubiisasyitbr £d faldnt £ ddie€%ed
pawe 1shied f Bhd owhagsutarrstdtiehi € apatatd i 1kased Dive rences
bstberacthonmeigecsigsabypusiitgd Bg tidrageosi ghal i, 14
apd thé)imtger edghals herswigiest B, td gitRdIe 589R8dnt fro the
agrpcyated piredi dadwhyht hespssiaicaiad RLaetedidio@Rd the
Yrdagecsignalts (xf X)Xahd ¥y (4,) y@3Ndahd (Phe Mi¥febdnce on the
tpmevarlis, b (kheypd) sespdctassaei, ated pixels 14, And,
the subtraction circuit calculates differences

bet ween the i mage signal provided by the associ ated

pi xel £,44%, @npd=tihexk,i ngge)si-geaksiprypviged by the | (1)

pi xel s adj acent to the associated pixel 14 with _

respeglixt oyf he #edi ngctehon and they ) . . (2)
felx, y) = f(x, y, ) - £(x, y, t-1) .. ....u..... (3)

The motion detector 17A solve the following equations by
an arithmetic circuit using the calculated differences fyi(x,
y), fy(x, y) and f¢(x, y) to calculate motion information (u,
v) about the associated pixel 14. 1In the following equations,
fx{x-1, y) and fyx-1, y) are calculated differences obtained
by the adjaceﬂt motion detector 17 on the negative sides with
respect to the X-direction and the Y-direction of the motion
detector 17, and fe(x~1, y) is a calculated difference on the
time axis.

fx(x, y)*u + £y(x, y)*v + £ex, ¥) =0 .......... (4)

fo(x~1, y)*u + fy(x=1, y)*v + fir(x-1, y) = O ce.-(5)

The values Uand v of themotion information (u, v) obtained
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Y-direction, f,(x, y) and fy(x, y), and the
difference on the tinme axis, ft(x, y), respectively.

fx(x, y)-=1f(x, vy, t) - f(x-1, vy, t) .......... (1)
fy(x, y) =1f(x, vy, t) - f(x, y-1, t) .......... (2)
ft(x, Y) =f(x, Y, t) - f(x, VY, t-1) ........... (3)

The notion detector 17A solve the foll ow ng equations
by an arithnetic circuit using the cal cul ated

dy ffedrvangemydaxixns §), ahd (06) 3e 2BPrdddntedd EQpressions
cal culate notion information (u, V) about t%e

dssecdated pIx@art4culfr] el Rd QM A9 EAUAL 1 POSa1culates
fx(x-1, y) and fy(x-1, y) are cal cul ated differences

bt 2o eith folphat ben agh AGENay¥Rki @Re d8L &G 08 b7 p9RE NEs by
negative sides wwth respect to the X-direction and

tdwer yérdi b€ tthent ifl W@ Pt 1 Qe tdet &Yt ibh ofB%pressions
ft(x-1, y) is a calculated difference on the e

60 sand (70 Xba¥dd *éh *Hey Grit¥het Ve tefddit Y) = 0
.......... (4) f. (x-1" y)*u + fy(x-1, y)*v +

(o Laoae Tl A, THE Vahuss P a0l yihe ()

notion information (u, v) obtained ~12 y Vi ng

Equat- - and ()S)r, ke SeQt Xpresgsi ons
(g) anﬁ?)(f?)ﬁn pgﬁ)ti)fcﬁil&arﬁ,;)eﬁﬁgs?rgf ?%)nh%étg)égf o’?’sﬂ'ﬂi (7

WRireUkaf £ xphB5 500 BN EQLIBLE O, () Vg O;ﬁl LB ominator
associ ated pi xel 14 by “carrying out the 0F|OMAng

o EX P Gropey als 90, Of tﬁégﬁ@&%n%ﬁgm&g%ﬁi%?ﬁ qﬁ 7y is set
based on the arithnetic circuit. u = y(x-T7
tw) oL (. y) - fy(x, y)*ft(x-1, y)} ... (6)

K==1/{fxlx, y)*Ey(x-1, y) - fy(x, y)*F.(x-1, y)} ... (8)

The motion detector 172 gives the thus obtained motion
information {(u, v} and the image data provided by the cor-
responding pixel 14 through an interlayer wiring layer 19 to
a following processing layer which is a motion processing layer
18. 1In this way, the interlayer 19 underlying the motion
detection layer 16 gives the motion information provided by the
motion detector 17A of the motion detection layer 16 and the
image data provided by each pixel 14 to the motion pProcessing
layer 18.

The motion processing layer 18 is provided with a motion
processing circuit 20 for processing the motion information (u,

v} calculated by the motion detection layer 16 about individual

pixelstodetectareasmotions inwhichare identical. The motion
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v = KY{-fx(x-1, Y)*ft(x, y) + fx(x, Y)*ft(x-1, y) ...
(7) where Kis expressed by Expression (8). Wen the
denom nator of Expression (8) is zero, the notion
information (u, v) is set to (0, 0). K= -1/{fx(x,
Y)*fy(x-1, y) - fy(x, Y)*fx(x-1, Y)} -.. (8) The

noti on detector 17A gives the thus obtained notion
information (u, v) and the i mage data provided by the
RIICesdgondl o thi2Rep rdee tsmsotiph retiiont énfentert iwinr ilag v)
layer 19 to a follow ng processing |ayer which is a
Yoteaneptbrkssenyg. | &peshow8in|Fid.hils thaymotiter processing
interlayer 19 underlying the notion detection |ayer

g iived O times Imoieis ovk d akfedt sahi onduandrdedi By pirb@ided with
notion detector 17A of the notion detection |ayer 16

i arasedi phgeuidat dopr cideithpyueaphopexals b4 tRetdmps.
notion processing |layer 18. The npbtion processing
TraperpriBdassipgdwyded A4 td2 2 amolt tvonin P IC8RSIWiGing layers
circuit 20 for processing the notion information (u,
2f) apdl 2ol aved the ot iont ppocees Bof icirduayero 16 about

i ndi vidual pixels to detect areas notions in which

are ideong cdleseTpeonetining raykds RrOEBS3BE NGE QHEC ok ion
20 processes the notion information (u, v) in
reegeeningl cistefs. 265 ShOWMdsitNubp@r droddi@ifBt L&Per 21 is
processing circuit 20 includes stacked sem conduct or
ashilgseprowd deds winbbioh Dhegeaheey abbedit$ 1696 cardndded
out processes at the steps. Three processing |ayers
w2tht 6i 28t anst 10M0 unAEEFhayEraddilding lcAyensts 27.

The first motion uniformity deciding circuits 27 are
provided for blocks each of a predetermined number of pixels
arranged in the X-direction and the Y-direction, respectively.
The motion detection layer 16 gives the motion information (u,
v) about the pixels of the blocks corresponding to the first
motion uniformity deciding circuits 27 and the image data to
the first motion uniformity deciding circuits 27. The first
motion uniformity deciding circuit 27 calculates the mean value
of the motion information (u, v) about the pixels. The first
motion uniformity deciding circuit 27 calculates the variance
of the motion information (u, v) for each pixel 14 on the basis
of the calculated mean and compares the calculated variance with

a predetermined threshold. Thus the first motion uniformity

deciding circuit 27 decides whether or not the motions
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24 and 25 formthe notion processing circuit 20.

Anmong these processing layers 21 to 23 of the notion
processing circuit 20, the nobst upper processing

| ayer 21 is assigned to a first notion uniformty

deci ding layer 21 provided wth first notion
uniformty deciding circuits 27. The first notion
uniformty deciding circuits 27 are provided for
BREEsnéaehbvithe peteidat én Ao et immiber Of appwel she pixels
arranged in the X-direction and the Y-direction,

?e dhec tilgsky cormpepanstiingn tdeteet forst ayeriobbugi fesnity
the notion information (u, v) about the pixels of

qerd dingc ksrevi EIpbabivmy tcoat hind ia streanptlifomhe variance
uniformty deciding circuits 27 and the inmage data to
¥h@ofti pseaner i drerunheortmieshadeciadidngt cig cuictiged 7thdiha he
first nmotion uniformty deciding circuit 27
nodiensdreengnec basivgleereef ttheedemtdiom hafoonthiedmsis
(u, v) about the pixels. The first notion uniformty
dethdi Hy ihaddl 6n@ Zheaheah atalsiet bé vl imaden Difdi@tion
notion information (u, v) for each pixel 14 on the
Waswg alpfut kachapiréhtes: wean ant toorpAceswibe the image
cal cul ated variance with a predeterm ned threshol d.
dasgsprdreiddd Sy hine ipdxedsi. f arfirithy vdetisbiagschrealidr 2han
deci des whether or not the notions 14 represented by
thhetimotstorld afidrimatsaedidedvihabaitfe hibei@hXeoSno®belong
t he bl ock corresponding to the first notion

torihfeorimidly amesi thade € gicuina 7o ehobgsh 8 off thictH @ shold
area. If the variance is not greater than the
atfirgshaolott iandinfornmtdeai ged Whabotbehe associated pixels

are sent out together with the image data provided by the pixels.

The interlayer wiring layer 24 transmits cutput data
provided by the first motion uniformity deciding layer 21 to
a secondmotion uniformity deciding layer 22. The secondmotion
uniformity deciding layer 22 is provided with second motion
uniformity deciding circuits 28 each for a predétermined number
of the first motion uniformity deciding circuits 27 of the first
motion uniformity deciding layer 21.

The second motion uniformity deciding circuit 28
calculates the mean value of the mean values calculated by the
first motion uniformity deciding circuits 27 and decided to
belong to a single area, on the basis of the decisions made by

the first motion uniformity deciding circuits 27. The second
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notions belong to the single area, the decision nmade

on the basis of the threshold and the nean val ue of

the notion information (u, v) about each pixel are

sent out together with the imge data provided by

the pixels. If the variance is greater than the
threshold and it is decided that the notions do not
belong to the single area, the decisionmde on the
Bakien ghifheont iy eslcdddng anicdcduie Mdtdadreuilates matd 0Ariance
(u, v) about the associated pixels are sent out

¢ bdethaean vdludwe dategéatad cbyprioei deds byndtienpuxefsmmity
The interlayer wiring layer 24 transnmts output data
Prordidedebycutite 27 pettheobd s ofithos Mety WAGeDcompares
| ayer 21 to a second notion uniformty deciding

iy rar2ancd hel e e gk dattarod nedni Koy ghdtly .dertl Rge second
| ayer 22 is provided with second notion wuniformty
recicti mgicoroitt sle28deaghcf oruiz pBedetBddd RAG tALFDSF not
of the first notion uniformty deciding circuits 27

tdfe pheels Kdetidadticohe Lohd aonkhal eeeds My LRY &1 rdt.-motion
The second notion uniformty deciding circuit 28
wdlfoumatgsdddiel imgani vahies Cf7 bOEorPad ¥aldiefe area larger
calculated by the first notion uniformty deciding
thianc thess®ad1 Andkedaci ded to belong to a single area,

on the basis of the decisions made by the first

mot i obf uief oa a1 dycalasi BhNGrebkevitimr €he 158690 %Aq it
15 notion uniformty deciding circuit 28 cal cul ates
ishgeypddBBBet thfe blecTRBR1¥ALURStER1GH Rt £0: DY thD&econd
first notion uniformty deciding circuits 27 on the

mbasbf @hitdiinSityeaBcYalale AN GRNPANSS vides the result of
the decision made on the basis of the threshold and the mean
value of the motion information {(u, v) about the pixels together
with image data provided by the pixels. If the variance is
greater than the threshold and it is decided that the pixels
do not belong to the large area, the decision made on the basis
of the threshold and the mean values qalculated by the first
motion uniformity deciding circuits 27 are sent out together
with the image data provided by the pixels. About the pixels
which have been previously decided to be not belonging to the
small area by the first motion uniformity deciding circuit 27,
the motion information (u, v) provided by the first motion
uniformity deciding layer 21 and the image data are sent out.

An interlayer wiring layer 25 transmits the cutput data
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the variance with a predeterm ned threshold. Thus the
second notion uniformty deciding circuit 28 deci des
whet her or not the pixels decided to belong to snal
areas by the first notion wuniformty deciding

circuits 27 belong to a large area |larger than the
small areas. If the variance is not greater than the
threshold and it is decided that the pixels bel ong
PEOYHEE] By gerasesontheo siegondi fapni wn deniiflonai tayer 22 to
deciding circuit 28 provides the result of the

Y85 B radedonidieg basies 8-t he threshol d and the
nmean value of the notion information (u, v) about

t he pilhel Botbeetdega dedidingnlyeat’s prevedednbyidharea
pixels. If the variance is greater than the

derieling ¢iapditt29s dbei vedithairasheepiséhg cibocuiat 29
bel ong to the large area, the decision made on the

Pl ates the méresholud sifdthhenemarvalalesest the motion
calculated by the first notion uniformty deciding
Pifamiatd op 7akgut ddwet powels ogetpeetivaly hir el fmgge areas
data provided by the pixels. About the pixels which
tiehralpsed Iy evieosskeypndewitden toibermoty kelcadghggeimuits
the small area by the first notion uniformty

Zfeen thadaciscfi deisiondmeadmby ahel st canidahd 0o whi fYrmity
provided by the first notion uniformty deciding
dempjdinglcandiite d8ragehéaiat imne agedt dOtHidinAN circuit 29
interlayer wiring layer 25 transmts the output data
calt@lapesvildedalmjanhhe seaordmaahi eludl f@nEulYted by the
deciding layer 22 to a notion area deciding |ayer
s28ond motion uniformity deciding circuits 28 on the basis of

the mean value and compares the variance with a threshold. Thus
the motion area deciding layer 23 decides whether or not the
pixels decided to belong to the same areas by the second motion
uniformity deciding circuits 28 are included in single area
extending on the entire surface of a picture.

If the variance is not greater than the threshold and it
isdecided that thepixelsbelongtothe singleareaonthepicture,
the motion area deciding circuit 29 assigns.identification codes
indicating the areas to the image data provided by the pixels
belonging to the areas as shqwn in Fig. 5. In this case, those
pixels are identified by an identification code 0 in Fig. 5.
Evenifthevariation isnotgreater thanthe threshold, adecision

is made as to whether or not the pixels which cannot readily
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The notion area deciding |ayer 23 has one notion area
deciding circuit 29. The notion area deciding circuit
29 calculates the nmean val ue of the nean val ues of
the nmotion information about the pixels respectively
in the large areas calculated by the second notion
uniformty deciding circuits 28 on the basis of
deci sions made by the second notion uniformty
lte cliediingd Ci ¢ slionig28o e dreial @Brad §FordBcigditBdthe entire
circuit 29 calculates the variance of the nean
piaitues el oid abeskiyr bhea GeearthbAdid 6 MU fQIHst Made by
deciding circuits 28 on the basis of the nmean value
tared se 0opA mest ildhe un @ EbaRLey Wl dantht 850128, 4FAUSHe th& st
notion area deciding |ayer 23 decides whether or not
ntohé onpinefsrtagi dpditionhel opgr t0 Lhe $AFENALLas Y. .
the second notion uniformty deciding circuits 28
Sdme 1h ALY pdietbrtl fSchgl 6n atRies exheRdi Y 2 akNeo e &€ the
surface of a picture. If the variance is not greater
imhgs ddi b1 65HY| L@ st hned StAebbdathJh AL thhEr b X/l F by
bel ong to the single area on the picture, the notion
taeepigerd di mg eigcus} éﬁ%s@sﬁﬁ9@§s'£¥ﬁ”ﬂ5édﬁﬂﬁigg %9des

y

indicating the areas to the image data provide

itbet Pf X8l 5 orP@aRYI NYafh@ 4 he areas as shown in Fig.
5. In this case, those pixels are identified by an

| dentird /8t oM ag@duddildinl! G rchit Y Gyl e,
variation is not gr eat ef ntghanr fhe ﬁgegﬁ%&é{l tmage data,

@Gl 8h Qe idferPBe a81bR 1Ak qt | i
whi cl:h car?nlot readicl yl - C\lejggts%gr% ecsilgglgdf ggﬁ%gﬁ&%ﬁgmed

ot8€r A LA KeOpEESPORG NI AkOsf B%n &l iEri‘é_";. 6, the mean values
of the motion information (u, v) about the pixels belonging to
the areas are given together with the associated identification
codes to the processor. Then, the motion processing circuit
20 calculates the mean values of the motion information {u, v)
about the pixels in the small areas, the motion information (u,
v) about.the pixels in the large areas and the motion information
(u, v) about the pixels in the entire picture, and detects areas
expressing the same motions.

The processor of the imaging apparatus 31 in this
embodiment processes the image data using the processing result
provided by the motion area decidKing circuit 29. Although the
process for processing the image data is an image data coding

process in this embodiment, the process may be an object tracking
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picture belong to other area on the basis of

deci sions nade by the second notion uniformty

deciding layer 22 and the first notion uniformty

deci ding layer 21 and the nmean value. Simlarly,

identification codes indicting areas to which the

i mge data bel ongs are assigned to the image data

provided by the pixels. In Fig. 5 those pixels are

PHePRIS4 ednbyhe jidesdirkitedt froncebdesl ,1 thrdc@nf Tneration

notion area deciding circuit 29 gives the i mage dat a,

Fenghic Hronethadéntietient r oni iodebayre 18sso griedprboessing

ggedeternined order to the processor. As shown in
Yer%,farhe thaninadaigsrowefssting nmit 08 ishfoenmahi Phg. 2.

(u, v) about the pixels belonging to the areas are

gi ven (Logeraeativt loft e rassBobadackritdent i fi cation

codes to the processor. Then, the notion processing

Cci r cuiThe 2@ gdabcapratres ushthaweain Fagsieg 0fd 3 Herf®tdroimage

information (u, v) about the pixels in the smal

& 2asb]tbe onthiedmaigef irakatp ©ir fldte ofviha@bAtiégidweed circuit

pixels in the large areas and the notion infornmation

by ¥hedleost32.heTlpé poksls n4tfhanentithe Pl Bskdnsurface

detects areas expressing the sane notions. The

provees dmagé 4 iymdlrsagiepgeappadsd Uha3bpitAchli Smage. The

enbodi ment processes the i mage data using the

npriieesds g triesiut { royiro w7 detl thy infag iAgtd i 13t@ processes

deciding circuit 29. Although the process for

reodmage ngidAa s prESi ded by THRRNpirEDe 1dakd 688hE motion

process in this enbodi nent, the process naybe an

iolfjoeabtioRCkiNGr)- abBut the pixels. The motion processing

circuit 20 processes the motion information {(u, v) about the
pixels, calculates the mean values of the motion information
(u, v) about the pixels in the small areas, the large areas and
the entire picture and detects areas expressing the samemotions.
The image pickup device that provides image data, the
motion detection circuit 17 and the motion processing circuit
20 are formed in integrated circuits on thin semiconductor chips,
and the thin semiconductor chips are stacked to form the
integrated circuit 11 for carrying out those processes. The
image signals provided by the pixels of therimage pickup device
aregivensimultaneously inaparallel transfermode tothemotion
detectioncircuit 17 formed on the semiconductor chip underlying

the image pickup device. The motion detection circuit 17
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process. In the integrated circuit 11, the
configuration ranging fromthe interlayer wring

| ayer 16 to the processing |layers forns the inage
processing unit 38 shown in Fig. 2. (2) Operation of

Fi rst Enbodi nent The i nmagi ng apparatus shown in Figs.

2 and 3 forns an image of an object on the inmage

pi ckup surface of the integrated circuit |1 by the
Prrres32s, thheipige|sighhlsosmangtdteisiggenphciapallel
surface provide inmage signals representing the
wptdesalingregt: tFherowislel tine deteohi arf ainkedbh G, 6f about
t he i magi ng apparatus processes the inmage signals
Yreopiigells by Thkengi el $nfdrhotobt gup VPEbOAL the pixels is
information (u, v) about the pixels. The notion

pirreces Snunlgarcioucliyt i@ paocHsses réherddinbad to the motion
information (u, v) about the pixels, calculates the
reaessdhgesrotit he fophedbnithbeertbatuct dk cV)p @M1 ving
the pixels in the small areas, the | arge areas and

tthiee semi coredyi tetrU i pNeh defiett SharfRsi @Xpeesst Neh tdigcuit
same notions . The image pi ckup device that provides
liTmhg ef dlatedl,. ttiee mdtioanpfedantingneCteéell 20l rafds e the
notion processing circuit 20 are fornmed in
moftti egriatfedmat i SnlbbsudBhbpikesedieANEHAE s CPLRS pardNdel
the thin sem conductor chips are stacked to formthe
protegsab@daig.cuit 11 for carrying out those

processes. The image signals provided by the pixels

of t hen tH@eRbpl ok JeNd §Rag@EegHLVEPrsiIakd ﬁf eaHS)i%els
in a parallel transfer node to the notion detection

cahsdlbbnd 6ult i@ b r8Be s B8 S8 MG LRAMSLTy ¢RI Pparallel mode
underlying the 1 mage pickup devi ce. fﬁe not 1 on

teebBediontd eiibnlinformation by using the stacked
semiconductor chips respectively provided with the XY address
controlled image pickup device and the motion detection circuit
for detecting motion information about the pixels. Thus the
motion detection process can use a sufficient processing time
and can surelry carry out the motion detection process even if
the image signals are provided by the image pickup device at
a high rate.

More concretely, the imaging apparatus in this embodiment
processes the motion information {u, v) about the pixels thus
obtained by ther motion processing circuit, calculates the mean

values of the motion information (u, v) about the pixels in the

small areas, the large areas and the entire picture and detects
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19 processes the image signals sinmultaneously in a
paral l el processing node to provide the notion
information (u, v) about the pixels. The notion
information (u, v) about the pixels is given
simul taneously in a parallel transfer node to the
nmotion processing circuit 20 fornmed on the
sem conductor chip underlying the sem conductor chip
D T EH 95Fe ned et actdron  cPreasdseslihdlsdfiogrmedition
The notion processing circuit 20 processes the
FRIHBTACAPBIPEAGHT &boube tdrrgiiedebst dymeiffantbdusly using
a -parallel processing node. In the enbodi nent, the
thfagbus| Yridisiegr oot dud inforhetpoxelus viarbdme skatpiowls.
and processed sinultaneously in a parallel node to
obt ai Ahe hentegiredrdi of oruidt Ldnchlcuisitey the rehacketues of
sem conductor chips respectively provided with the XY
tAgdmesson devorshtédn i fage) piekupieevice srgst he order of
noti on detection circuit for detecting notion
thef onadkd isoraabdiite flhegpixelss afiiushed hetirmipiature by the
detecti on process can use a sufficient processing
motien precowmingucdkrguthr2§ Het pheessthontidetreaticon in-
process even if the inmage signals are provided by
fommat heye(pi ohupo dbvticomniates ahbi ghedsat&prdBseng the same
concretely, the imagi ng apparatus in this enbodi ment
motoers s edist kizowrptinonidg nfior s initied, prgceaaul ¢ivcuit 20
pi xel s thus obtained by the notion processing
igibwiiitt by calaculiayeshd bemireanduvedtieni pé prive iABHI WILh the
information (u, v) about the pixels in the
integrated circuits for carrying out processes for the small

areas, the large areas and the entire picture. The motion
information can be processed at a high rate by simultaneously
transferring data processed by the integrated circuit on the
semiconductor chip in a parallel transfer mode to the integrated
circuit formed on the semiconductor chip underliying the former
semiconductor chip. Thus the image signals are provided at a
high rate to detect motions and the thus obtained motion
information can be surely processed.

(3) Effect of First Embodiment

The motion detection process can be surely carried out,
even if the image signals are provided at a high rate,l by using
the stacked semiconductor chips respectively provided with the

XY address controlled image pickup device and the motion
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smal| areas, the large areas and the entire picture

and detects - 20 areas expressing the sane notions.
Processes including a notion conpensation process

can be carried out by effectively using the thus
obt ai ned notion information (u, v) about the pixels.

The integrated circuit 11 cal cul ates the nean val ues

of the notion information (u, v) in sequential steps
PRteFlian sfircehe faradetarbang ndisdnaigfomradsnantiouhethe
entire picture by the notion processing circuit 20
Pb¥ebtocessing the notion in- formation (u, v) to
deternines the areas expressing the sane npotions. As
shown Tihg Fhes optaihed mutiiom pnbcossiing cimdw fPOctively
built by stacking the sem conductor chips provided

Y eh byheal ¢wkadgmat e giqaguived ubsroft dhe yiaig cautinformation
processes for the small areas, the |large areas and
dhraiterithier pipets with The motion prodersimii efireant beor
processed at a high rate by sinmultaneously

RYqgesfsdngi hije dettal oy dodosad thynt el idettegtahediied raxdds
on the sem conductor chip in a parallel transfer
SHRtesisanghthe daany atoedonsi.rcuit fornmed on the

sem conductor chip underlying the fornmer

sem cdAdud¢omc lkimpodThestt he i nage signals are

provided at a high rate to detect notions and the

t hus ®bttienedcomd iembodinbar pratlicomoeasn Raosekelifg circuit
processed. (3) Effect of First Enbodi nent The notion
Z@enlegtimcpw@mmmmmytm gl 8dcOUtul atReeBhd fsum
the i mage signals are provided at a high rate, by
ofsingerframe differences in motion information {u, v) about
the pixels and gives the calculated sum to a processor. An
integrated circuit 11 included in the second embodiment is
identical with the integrated circuit 11 included in the first
embodiment, except that the motion processing circuit 20 of the
second embodiment is different fromthat of the first embodiment.
The sum of the interframe differences is the sum of squares of
the differences or the sum of the absolute values of the
differences.

In the second embodiment, a semiconductor chip provided
with a an XY address controlled image pickup device and a
semiconductor chip provided with a motion detection circuit for

detectingmotion informationabout individual pixels are stacked.

Thus even image signals provided at high rate can be surely
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the stacked sem conductor chips respectively provided
with the XY address controlled i mage pickup device
and the notion - 21 detection circuit for detecting
notion information about the pixels. The thus
obt ai ned notion information can be effectively used
by cal cul ati ng the nean val ues of the notion

i nformati on about the pixels with the notion
prosessidtyCid eudtti ochOlet pEOL®S SGlsRe ARSI B sum of
i nformati on and detecting the areas expressing the
s fiveineods £ £€ A)ndec and tEabadt pent id b ridie 1 SECOpSLt in—
enbodi ment, the notion processing circuit 20
denitduanegiaboyeid tQ@INQELHOBo WS d T ded etk Ut &5
the sum of interfranme differences in notion

imfloatmamtibane f fectiveallQut  the pixels and gives the
cal cul ated sumto a processor. An integrated circuit

11 i ngbydeih #h HiRasReand enbodi ment is identical
with the integrated circuit 11 included in the first

enbodTReninte@Xa9Rt Wildhgt N8, d®tbagE EBQQQ&%'P‘}QtEH rGUiduit
20 of the second enbodinent is different fromthat

1af ihbBuddd sh @H@sLSERnbodThens WRLes thfed REGEEL AR tems
differences is the sumof squares of the differences

fofr &benssimmkel Be1 absol R iRl HESiRigd REgnal provided b
differences. In the secondlenbodiﬁeﬁ{, ganas provided by

taepoeaduatHg ¢hhpe gi%ﬂa@@%rc%f&égﬁ%ﬁ“l@pfﬁg@fseiﬁ on the

controll ed i mage pickup device an
negative sides of the pixel 14 with respect to the X-direction

and the Y-direction. Therefore, the layout of the wiring lines
of the interlayer wiring layer 15 is complicated, the interlayer
wiring layer 15 needs complicated manufacturing processes and
the yield of a manufacturing line for manufacturing the
interlayer wiring layer 15 is low.

In the third embodiment, a motion detector 172 is shared
by the adjacent pixels. As shown in Fig. 7, four pixels 14
adjacent to each other with respect to the X-direction and the
Y-direction are designated by a00 to all, and motion detectors
172 corresponding to the pixels a00 to all are designated by |
b00 to bll, respectively. The sign of the difference f, between
the pixel a00 nearest to the origin of the X-direction and the
Y-directionandthepixel al0adjacent tothe pixel 00with'respect

to the X-direction expressed by Expression (1) is reversed to
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sem conductor chip provided with a notion detection
circuit for detecting notion information about

i ndi vi dual pixels are stacked. Thus even image

signals provided at high rate can be surely 22
processed by a notion detection process, and the sum

of interframe differences in the notion information
about in- dividual pixels is calculated to use the
Afeitader edinffiaremcel Hif oxpeaes o bfff Bxpiasalipn (B) bEhivedn the
Enbodi ment The interlayer wiring layer 15 of the
Rintedgrafedndi tlouiadjatent nelaudec Oionoh hiehd ineglative side of
enbodi ment needs three wiring systens for each of
Hiexpixell 4100wi gt eegpean tonelye Xsiddnakttpeswyi ded diyn bhehe
pi xel 14 and inmage signals provided by the pixels 14
©rf fierencaefatiergeshdeise qfitelle apoxataddstritioh thespetdin of
to the X-direction and the Y-direction. Therefore,
thieeXtdirttigh &he tbier Y Aditdatdon afidtthe piker hayeidjacent
wiring layer 15 is conplicated, the interlayer

twi khagpieyler00l winkedss marpltoc ahedy rRimdaGbUr éRFressed by
processes and the yield of a manufacturing |ine for
Expmafsatconr {2)git heeverskartayetaihra @g fifayencd ¥, i sxdr@¥sed
In the third enbodi nent, a notion detector 17Ais
byhgxece s Dyont ) adjitaeent thd peksl #£80 shaWhd Bdfh8ent pixel
four pixels 14 adjacent to each other with respect

a0 ¢mech¥ degecivornsiakdoEhene YridieN€&1 0 QML t @espect to the
designated by a00 to all, and notion detectors 17A

Ygdir@@@hﬂdjng to the pixels a00 to all are designated
’ The motion detector 17A (b00 to bll) uses this relation.
As shown in Fig. 8, each of subtraction circuits A00 to All
calculates a difference f, or fy between the pixel and one of
the adjacent pixels, gives the calculated difference fx or fy
to the motion detector 17A (b00 to bll) associated with the one
of the adjacent pixels, and each of the motion detectors 17A
(b0CG to bll) calculates a difference f, with respect to the
X-direction and a difference £, with respect to the Y-direction.
Motion information (u, v) is calculated by processing the |
difference f; with respect to the X~direction and the difference
fy with respect to the Y-direction thus obtained.
A motion detection circuit 17 determines motion in-

formation (u, v) about individual pixels by processing the

differences in image signal between the adjacent pixels by an
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b to bll, respectively. The sign of the difference

f, between the pixel a00 nearest to the origin of

the X-direction and the Y-direction and the pixe

al O adj acent to the pixel 00 with respect to the
X-direction expressed by Expression (1) is reversed

to - 23 obtain a difference fx expressed by
Expression (1) between the pixel al O and the

el desitl cppxetes®0 Fhet sibegdtionecsidel offort hel pideling
alOwith respect to the X-direction. The sign of the
the def egrandop etlhaatd bhehppddhcaflpheaiest Coos¢dpeent 1y,
origin of the X-direction and the Y-direction and

e geintébuzadien| @t elte mpoithedpiowid®O cirthit eSpeict

to the Y-direction expressed by Expression (2) is
Figpdidaddt scoptdinyly dnfif eredegyoly eXpriesseadinhylines of
Expression (2) between the pixel al O and the adjacent
tiexdntezdoyen wheimedavevelsi te ofmptlieipixelpralc®ivhl by,
respect to the Y-direction. The notion detector 17A
qrEE0-waow bt ing Usmss héked to beatdndecteds osta@indti ohidhtBtor
each of subtraction circuits AOO to All calculates a
idiaf veemnde fuboradyidieicweenit hiss phxel sl OBe e pikels
adj acent pixels, gives the calculated difference fx

apd lignce dhehintmtliayerdet eoipl afdA (HeOntwe Blikplified and
associated with the one of the adjacent pixels, and
yéatHd ofntlwe imgiroaeddet ectors 17A (b0O to bll)
calculates a difference fx with respect to the

X- di recthentlaingi amolbd freira)Cehé wat Boh@sPest ch@p B vided
Y-direction. Mdtion information (u, v) is calcul ated
whyhptoe essi iffiddd® controlled image pickup device and the

semiconductor chip provided with the motion detection circuit
for obtaining motion information about individual pixels are
stacked and the subtraction circuit for célculating the
difference is shared by the adjacent pixels. Thus the motion
defection process can be surely carried out even if the image
signals are provided at a high rate and the whole construction
is simplified.

(6) Other Embodiments

Although the motion detectors of the third embodiment are
provided with the subtraction circuits, respectivély, one of
the motion detectors associated with the adjacent pixels may
beprovidedwithjasubtractioncircuit,whichfurthersimplified

the interlayer wiring layer.
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difference fxwith respect to the X-direction and the
difference fy with respect to the Y-direction thus
obtained. A notion detection circuit 17 determ nes
notion in- formation (u, v) about individual pixels
by processing the differences in inage signal
bet ween the adj acent pixels by an 24 arithnetic
process. The subtraction circuit for calculating the
di f f ePdrtbesghstsharcedhy. theeat]@acefitrcpixeis. formed by the
Consequently, the configuration of the notion
detrcttiter ¢cherouthe Ifotion Sictpkitbrdcpeaoirdiangl ¥hangot ion
the layout of the wiring lines of the interlayer
W odarpingy eirébit sisi frphidd eg¢. sPaakingaldey plueBl vt Wor
wiring lines need to be connected to each notion
Yatigsinoiuctd? Achiien ibhehs Walrege i hg eriddGtieht] StHd¥Smay be
shared by the pixels and hence the interlayer wring
fayed b garingdessaml ddiattardchip &l AnCaloPE the stacked
improved. In the third enbodi nent, the sem conductor
ghiystprevideated Wyt BthbRi XY 3@dsesSceRMEQ) 4 %ﬂibg@ﬂ@vmed
pi ckup device and the sem conductor chip provided
wiithhtidhbmapé paBkdgidect tornel tHlbémni sSR! iR rovided
notion information about individual pixels are
wdttheketnainib:t det sehidmst @l 1Céd® Yhke I PLacR, GHE RN tion
the difference is shared by the adjacent pixels.
dehestibe pRidedR edehert ithd DRAGESS oraNsPersWrBhYded at a
carried out even if the image signals are provide
hattharBtgh rate and the whol e construction is
sinmplified.

Although the integrated circuit.of the foregoing em-

bodiment provides also the image data, the integrated circuit
can be used widely for providing only the result of motion
processing when necessary.

Although the foregoing embodiments have been described
asappliadtothecmdingprocessandtheobjecttrackingprocess,
the present invention is applicable widely to various imaging

apparatuses that use motion information.
INDUSTRIAL APPLICARILITY

The present invention is applicable to detecting motion

information about individual pixels.
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(6) O her Enbodi nents Although the notion detectors
of the third enbodinent are provided with the
subtraction circuits, respectively, one of the

noti on detectors associated with the adjacent pixels
may be provided with a subtraction circuit, which
further sinplified the interlayer wiring |layer. - 25
Al t hough the notion detection circuit is formed by .
the chip other than the gmdiMgn detection circuit and
the notion processing circuit is formed by stacking

It.herplinaghhg wpphra eSS RS af RhPEGN 48 reuit formed
f oregoi ng enbodi ment, those nay be forned on a

byi BgheksRyl & OMOUEL 10 yCBIEPs eBlc St dbo-d NG phacked

structure formed by Stacking the sem conducfor chip

provi deélre i e KBSt LPBLE s Hh LK HE 08, BNk {Il;@integrated

sem conductor chip provided wth the notion

cdetacti 0 ookl waih SH! BhYoE FikuBUlied 16 MRLLAD bixels
detection process even if the inmage signals are

aREONHE@i Rla athh @Nak@t@n Al haHgh, the Aaafrsgg gé%ﬁsrgl to

circuit of the foregoing em bodi nent provi

gibe iMRge Jafnlst Beobiiedna) athe ipri%tgilg £5a b8 Hned

wi dely for providing only the resu of notion

s Bh OE65Sh A MRS REELSISAL -tnﬂr&%}%&%t] 0 i :
enbodi ment s have been dg)gcri be S éag]p%?rlalédﬁg%cgggcmp’
ag®di ng process and the object tracking process, the

present invention is applicable widely to various
| MgI{HE Jower semiconductor chip is provided with a motion

detection circuit that carries out a process for processing the
image signals provided by the image pickup device and obtaining
motion information about the individual éiiels, and a motion
processing circuit that carries out a process for processing
.motioninformationabouttheindividualpixelsandprovidesthe

results of processing.

2. The imaging apparatus according to claim 1, wherein the
process to be carried out by the motion processing circuit for
processing the motion information about the individual pixels
is a process for averaging the motion information about the

individual pixels.

3. The imaging apparatus according to claim 1, wherein the
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apparatuses that use notion information. | NDUSTRI AL
APPLI CABI LI TY The present invention is applicable to
detecting notion information about individua
pixels. - 26 'CLAIMS 1. An inmagi ng apparatus
conprising an integrated circuit fornmed by stacking
a plurality of sem conductor chips, wherein the nost
upper sem conductor chip of the integrated circuit

ﬂ)ﬁodl!ﬁvtg% ‘@a&‘?i@& dlﬁ?‘gg tlﬂec RBEF.ggv%I;O%i%%\é{iangcfri‘c)%lelltsfor

arranged in a matrix and control ress

in .m i.o . I0 . Jt.h a; |
Igﬂﬂ;teréy 'Qotheg' Nesahl %ﬁ%}%ﬂ}q_ %.. REQYE q:%%y?%% Y%dtp Ir;rlt);gf}%els

to the I ower semc chi p under e

UPReLs BANMGARAUCE 9L, LD, cag.e'%g;lsﬁl?:?ﬁllggt\:lﬁer fum of interframe

sem conductor chip I's provi no
et Ck £, CLh t _carries _out a_.pracess for. .
A REEEP s 1he™ A Bor TREPERa B hin TPy e Pitagbuel
ixckup device and obtaining notion information about
the 1 ndividual pixels, and a notion processing
circuit that carries out a process for processing
notion information about the individual pixels and

2 N i LSPULLR ST, SRR 1G o2y 0 AL, o

appar at'us ac

E LB B e g kb R TR PTy T PERCRBRAAT EHgcuit for
pirggiagg:gxli@ltk% I)r(xgl:fon information about the individual pixels
is a process for processing the motion information about the

individual pixels in sequential steps to detect areas eXpressing

the same motion.

5. Theimagingapparatusaccordingtoclaiml r Whereinthemotion
detection circuit obtains the motion information about the

individual pixels by processing differences in image signal
between the adjacent pixels calculated by subtraction, and a
subtraction circuit for calculating the differences is shared

by the adjacent pixels.

6. Animagesignalprocessingmethodof processing image signals
provided by an imaging apparatus including an integrated circuit
formed by stacking aplurality of semiconductor chips, said image

signal processing method comprising the steps of:
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is a process for averaging the notion information

about the individual pixels. 3. The imging

apparatus according to claim1l, wherein the 27
process - to be carried out by the notion processing
circuit for processing the notion information about
the individual pixels is a calculation process for
calculating the sumof interfrane differences in the
mot i oFPT Lo ikalFoarreamged Adiamdbaix opi et sws4.upper
The i magi ng apparatus according to claim1, wherein
SEReCOpYiess abdpbefchhei tuteunatind tiecmdti by XY address
processing circuit for processing the notion

CPAf o? hpidseabmade shenahslpvodiddd piyXdlespistei sac prrhedssier
for processing the notion information about the

seRgt o dhetorpiikial sndaw Iseiqueritd mb s tstepse $@neireiictarehsp;
expressing the sane notion. 5. The imagi ng apparat us

apécording to claim1, wherein the notion detection
circuit obtains the notion information about the

i ndi wrdgabspryeiise byage cdessilsgphffdrdengas iRagdBpgekup
signal between the adjacent pixels cal cul ated by

devibta act ithe, mant appstbidmicidromctbECohip fI®¥ the lower
calculating the differences is shared by the

serli @oeivic tpicxg] i uide Ay irtagite fibgOaAbper semiconductor chip
processi ngmet hodof processing i nage signals provided

thypbbain magl oy iappahat usn bpehtdhagvadud NHegEds £do process
circuit formed by stacking a plurality of

tisemd o it @fmLtli isabowt fle | ABYRidual pixels and toprovide

the results of processing.

7. An integrated circuit comprising a rlurality of sémi—
conductor chips stacked rin layers;

wherein the most upper semiconductor chip of the plurality
of semiconductor chips is provided with an image pickup device
having pixels arranged in a matrix and controlled by XY address
~control to give image signals provided by the pixels to the lower
semiconducter chipunderlying the most upper semiconductor chip,
and

the lower semiconductor chip is provided with a motion
: detectiop circuit that processes the image signals provided by
the image pickup device and obtains motion information about

the individual pixels and a motion processing circuit that
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signal processing nethod conprising the steps of: -

28 controlling pixels arranged in a matrix on the

nost upper sem conductor chip of the integrated

circuit by XY address <control to give inmge signals
provi ded by the pixels to the |ower sem conductor

chi p underlying the nost upper sem conductor chip;

and processing the inmage signals provided by an i nage
Fioskapes devd awtdpnt hefompwtimppeboseniteoriduévédushipixels
by the | ower sem conductor chip underlying the nost
ampgp eroveds © oHthuctesuleli pf poooddsing .not i on

i nformati on about individual pixels, to process the
notion information about the individual pixels and to
provide the results of processing. 7. An integrated

86i r&uitagoapgis] pgoee pd inghe thodd £ series ciondindg@r signals
chi ps stacked in layers; wherein the nost upper

peeniiden dyctrointdy e tofd ¢hecyl ufatndd/ by af-aseihgenduetority
chips is provided with an i mage pi ckup device having
opi xekscandwarniged dhipa, mabid ximagk cdrhatl bedcbys % method
address control to give inmge signals provided by
cbheprpsivet SHeo stthesl eier sem conductor chip

underlying the nost upper sem conductor chip, and

t he |lasrodanngqidiedisoir tiged Siphaagtdad o the most upper
notion detection circuit that processes the inage
sehfjoaddudureayicthég bY thdeintmpenidckipcdeyi B¢ @Nthddress
obtains notion informtion about

control to give image signals provided by the pixels to the lower

semiconductor chipunderlying themost upper semiconductor chip;
and

processing the image signals provided by the pixels on

the most upper semiconductor device serving as an image pickup

device by the lower semiconductor chip underlying the most upper

"semiconductor chiptoobtainmotioninformationabout individual

pixels, toprocessthemotioninformationabout individual pixels

and to provide the results of processing.
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the individual pixels and a notion processing circuit
that 29 processes the notion information about the

i ndi vidual pixels and provides the results of
processing. 8. An image signal processing nethod of
processing i mage signals provided by an integrated
circuit fornmed by stacking a plurality of

sem conduct or chi ps, said inmage signal processing
method conprising the sBBPBRAIT control ling pixels
arranggd_in.a matri x on the nost upper sem conductor
chi p dPtipe iinfogmestied hewuindbyidilagdtizess iscantainled.
to give image signals provided by the pixels to the

} srei cosdipdtcondbepol3 phbpided erilkitiarg Xy heldmsts oeperol led
sem conductor chip; and processing the image signals
Praga deekwy dehgcpi xald acrenitdoadnosdr WhP@r 16 provided with
sem conduct or device serving as an inage pickup

Fapkien dptehtidnwerrcssn todduciaraiakhg motden yviAgidis on
nost upper sem conductor chip to obtainnotion
dhefudr rhei Drdiabeitali pdixeilduake piacidesi. t o process the
notion information about individual pixels and to
provide the results of processing. -30 ABSTRACT

Motion information about individual pixels is

obt ai ned. A sem conductor chip 13 provided with an XY
address controlled inmge pickup device, and a

sem conductor chip 16 provided with
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a notion detection circuit 17 for obtaining notion
informati on about the individual pixels are stacked.
31 REFERENCE CHARACTERS 1 and 31 ... Inmmging
apparatuses 2 and 33 ... |Image pickup devices 3 and
14 .. Pixels 4 ... Read gate 5 ... Vertical transfer
register 6 ... Horizontal transfer register 7 ..
Logic unit 8 ... Processor 11 ... Integrated circuit
13 ... I mage pi ckupPEFERENCESCHARACTERSand 25 . ..
Interl.ayer wring layers 16 ... Mdtion detection
Laged 3L -.. Moeoory deyrectdtoresi rcuit  17A ... Mbtion
detectors 18 ... Mdtion processing |layer 20 ..
Rorndmdrocedntgry wicglun tde¥icand 22 ... Mtion
uniformty deciding layers 23 ... Mtion area
dexndilfy -l-aféxeRy and 28 ... Mtion uniformty
deciding circuits 29 ... Mtion area deciding

£i r cuiRead gate

5 ... Vertical transfer register

6 ... Horizontal transfer register

7 ... Logic unit

8 ... Processor

11 ... Integrated circuit

13 ... Image pickup layer

15, 19, 24 and 25 ... Interlayer wiring layers
16 ... Motion detection layer

17 ... Motion detection circuit

17A ... Motion detectors

18 ... Motion procéssing layer

20 ... Motion processing circuit

21 and 22 ... Motion uniformity deciding layers
23 ... Motion area deciding layer

27 and 28 ... Motion uniformity deciding circuits

29 ... Motion area deciding circuit
32 ... Lens
34 ... Optical low-pass filter

35 ... Color compensating filter
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32 ... Lens 34 ... Optical lowpass filter 35 ...
Col or conpensating filter - 32 36 ... Driving unit
37 ... A/D converter 38 ... Inmge processing unit 39

Control unit AOO, AO01, A10 and Al ...
Subtraction circuits 33 :

36 ... Driving unit

37 ... A/D converter

38 ... Image processing unit

39 ... Control unit

A0O0, AO01, Al10 and All ... Subtraction circuits
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