DESCRI PTI ON | MAG NG APPARATUS, | MAGE PROCESSI NG
METHOD AND | NTEGRATED CIRCUI T TECHNI CAL FI ELD The
present invention relates to an inagi ng apparatus, an
I mage processing nmethod and an integrated circuit
particularly suitable for obtaining information about
notions provided by pixels. The present invention
stacks a sem conductor chip provided with an XY

address controll ed inag&%ﬂgﬁéﬁﬁﬁgevice, and a
e

sem conduct or chip provi a detection circuit
for obtaining information about notions provided by
pi xel s to process high-rate images with reliability

b [ [ ... BACKGROUND ART An
Mg naaSRas Ao bsP T JERE  rR ST R AR by o0
scanni ng of a CCD (&Qgége-coupled device) and carries

out a process, suc AT i I Fdtect i on pr ocess.

Fig. 1 is a block diagramof an inmaging apparatus 1
provided wth a CCD solid-state inmage pickup device

2. In the imaging apparatus 1, the CCD solid-state

i mge pi ckup device f%ﬁﬁylﬁﬁkngEL% of photoel ectric
sensogﬁ arranged in a matrix. Read gates 4 are

cont r 6I'FPeRE TR dRYFPBFLENdiges eacERmp die@ing apatadus,

of. 1 the pixels 3 to vertical transfer registers 5.

T EHE Ao ssrvdestafeniagde tspertipd gévrest pargipularly
accy | ated charges are transferred sequentially from
THEAPdet Fob OHiAiidpgr 1 iRfmatdes about motions provided by

pixels. 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
obtaininginformationaboutmotionsprovidedbypixelstoprocess

high-rate images with reliability by amotion detection process.

BACKGRCUND 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. 1In the imaging
appafatus 1, the CCD solid-state image pickup device 2 has pixels
3 of photoelectric sensors arranged in a matrix. Read gates

4 are controlled to transfer charges accumulated in frames of




5 to a horizontal transfer resister 6 and the charges
are sent out fromthe horizontal transfer register 6.
In the inmaging apparatus 1, a logic unit 7 receives

i mge signals provided by the CCD solid-state image
pi ckup device 2 and processes the sane by | ogica
operations to obtain notion information from for
exanpl e, each pixel. A processor 8 processes the

npLi on iffqiq?tion,_calculates notions of a specified
arealaha usestt HETCAFRUI Hadd fvst F6AASEBFS pr-ocEB sthy CCD

i signal,s. Recently, CMOS solid-state imge pickup
GEOT TeR R dTBEE P HIRATEAR! 3 (R oI TtER s oA e
integrate the CMOS solid-state i mage pickup device
5ﬁan%£<ﬁ FEAYEPFEA s Frem theoyeserdaintraps faxanpl sters
#P-A—2004;31785; Wien notion informati on about '

ndi & et = tedi srpasfgbrapheter tthantlggiec chargey are sent
recejves image signals for one frame and starts
BrbceTt idia Reriaaperkitgmasserandgysves Gt i on

i nformation about one frane in a batch to the

pr ocesSorP® impging apppratuatiend iivege Wi ihdl e ativas methge
by raster scanning is processed and CMOS solid-state
7 SPERUBABRAYCEBe (i gebild-tatpy duiade pige device 2
%%?nals at a high rate, a notion detection process

Byecange hditte sppe by dpgiczlldperatdansyt@wbtain motion

processing the - 2 image signals at a high rate.
HISEFESURE EFoHEE IINGRRTPON Térclpreisesit. | Averntdessohas

been nade in view of those
processes the motion information, calculates motions 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 and peripheral circuits is
proposed in, for example, JP-A-~2004-31785.

When motion information 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 by raster scanning
is processed and CMOS solid-state image pickup devices are used
toprovide image signalsat ahighrate, amotiondetection process

delays and hence it is difficult to carry out processing the




problens and it is therefore an object of the present
invention to provide an imagi ng apparatus capabl e of
surely detecting and processing notions, an image
signal processing nethod and an integrated circuit.
An i magi ng apparatus according to the present
invention includes an integrated circuit forned by
stacking a plurality of sem conductor chips, wherein
t he nost upper sem conductor chip of the integrated
eTRERI $197R15r 6V eciohi thatan i mage pickup device
havi ng pi xels arranged in a matrix and control |l ed by

XY address control to give inmage signals provided by
-the pixels to the |ower sem conductor chip underlying
t he nost upper DEEFHEBIRIUCFOTHE hINVENNTDNt he | ower

sem conductor chip is provided wth a notion

det ectlihenptésenti tinvieatioar hi@shauit madpr 06€66e¥ Uf those
processi ng the i mage signals provided by the inmage

i dKgmsdend d& isahible obf @i bNEURIGEOSF iRE GrdRen®Ni RROIH; on
the individual pixels, and a notion processing

&t peavide hatiregrngegppeitia taspraeess dOburdl PELESLASng and
notion information about the individual pixels and
Hrapeisgésgtiet reesy| b8 Dlady @EQRSINGroR MG agt NetR®S$tand an
upper sem conductor chip of the integrateg circuit is
itegrdeddweitritike | mage pi ckup devi ce having the

pixels - 3 arranged in a matrix and controlled by XY

addr e3s ioentingl agps ra@iukeatomgei iy 98 provised Ry nthen
pi xels to the | ower sem conductor chip underlying the

imgdtdappear isesycondiiet @tuehi fbrmeldBy |S¥WRking a plurality
sem conductor chip is provided with the inteégrated

of semiconductor chips, wherein the most upper semiconductor
chip _Of the integrated circuit 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 semiconductor chip underlying the most upper
semiconductor chip, and the lower 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 obtair;ing motion information about the individual pixels‘,
and a motion processing circuit that carries out a process for
processing motion information about the individual pixels and
| provides the results of processing.

Since the most upper semiconductor chip of the integrated

circuitisprovidedwith the image pickupdevice having the pixels




circuit including a notion detection circuit that
processes the image signals provided by the inmge

pi ckup device and obtains notion information and the
notion processing circuit that processes notion

i nformati on about the individual pixels and provides
the results of processing, for exanple, the notion
detection circuit can process the inmage signals

ided by _the pixels of the i i ckup devi

B e B B P et PR e FhBhzehe
i conduct or chip ted. Thus the i
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n.process if the image signals are

ect | ven | )
B RS R P Ly ko e rhag Boar poaM rratessmeg e
g@éhﬁﬁ according, to the Eresent invention of
pr 0cEESi NG MBSt gRalrBIB oy iPded 1 859 dh thngengntegrated
ggﬁ@Lq;us_%P Iuding an integrated circuit forned by
ST acKi Ny c 0@1%%{“ FyopredertéomadEenit ChrpPHasergaashe
the steps of: controlling pixels arranged in a matrix
%‘ha%%élﬁﬂ%fs GppErded hy tHRILRIYT PARKPP sieviige and obtains
integrated circuit by XY address control to give
T 3t ﬁﬁrF%t]pﬂrb\?ir’G%&hBym?ﬁborpiB@C@Sﬁéngh%llf% that
sem conductor chip underlying the nost upper
REGReESRE R oo AR pormahteh rbass Fig i viiduge Bixmid gnd
rovi ded by an inmage pickup 4 device on the nost
Ffﬁ?ﬂérd%eﬁ? Ot ST OEhPBOBGSTHRT /| dwesr exsmpd Sorfdirc mertion
chi p underlying the nost upper sem conductor chip to
BHESAORSTEH E 6y PReTRTF bediapadihgnddal prsivwisles, by Ghe
process the notion informati on about the individua
HikedPshfbetidagieoni elep device simultaneously in a parallel

processing mode when the two semiconductor chips are connected.
Thus the image signals can be surely processed by the motion
detection process even if the image signals are provided at a
high rate. |
Animagesignalprocessingmethodaccording£othepresent
invention of processing image signals provided by an imaging
apparatus including an integrated circuit formed by stacking
a plurality of semiconductor.chips includes the steps of:
controlling pixels arranged in a matrix on the most upper
semiéonductor chip of the integrated circuit by XY address
control to give image signals provided by the pixels to the lower
semiconductorchipunderlyingthemostuppersemiconductorchip;

and processing the image signals provided by an image pickup .




the results of processing. The inmage signal processing
nmet hod according to the present invention can surely
process inage signals obtained at a high rate by a
noti on detection process. An integrated circuit
according to the present invention includes a
plurality of sem conductor chips stacked in |ayers;
wherei n the nost upper sem conductor chip of the
Ryt akity «of I conduct or. chips is provided with an
i mage p%cktgip? é\g/ig]cggp%lévsleﬁﬂglc&”)?@FE‘”ér&é’eré’é’ itﬁ‘ea!Lower
ekt LX, ontrolled by XY address control t ive .
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i mage si gnal s provi de
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?%gkggsqg%igg and obtains notion information about

e Tndi-viddal PpY<ETE"™hd a notion processing circuit

t hat racesses thf notion, information about the

i ndi vi-dGar grRer8a- Rrachf dvraRetaeka¢eying tefthe present
B£Q§1%§jn?' The integral circuit according provided at
A T gh Pate® B Ay TirHdiesti sivnalscelsaings pregdigh
EL@;&{ processi ng met hod according to the present - 5
Fhventi 8n™BF tAEN REGESST gnal s provi ded by an
integrated circuit, formed by stacking a plurality of
sem cORJULEEF2ERT 5 TGUAE| JRREF HiRg &9 égg Ryfesent invention

CO troIIing pixels arranged in a matrix on the nost
H}F&é‘.ﬂeéew BRatEE 6 P asmdues oF tdgsas kacksd énilayers;

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

semiconductor chipunderlying themost upper semiconductor chip,
and the lower semiconductor chip is provided with a motien

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.
The integral circuit according provided at a high rate
by a motion detection process.

An image signal processing method according to the present




byXY address control to give inmage signals provided by
the pixels to the | ower sem conductor chip underlying
t he nost upper sem conductor chip; and processing the
i mge signals provided by the pixels on the nost
upper sem conductor device serving as an inage pickup
device by the | ower sem conductor chip underlying the
nost upper sem conductor chip to obtain notion

ks t about indi.vidual pixels, to process the
LR BF oBRSE aiPanBave iaRel SutovpReals Shant gprated
vide the results  of processjing. The image signal
B A R e o d REE P AP L oR LT oS eMCONNGEAE, GHps
¢an s regM process_image signals provided at a high
PRSP SO RSECBR Het SR T H LpPE s L STRE gacknin a matrix
in%sption can surely process inmage signals by a _
ROt EYE: BEPPE P FHECBSECEYR Fhip ¢hd henipfeewafesl slngue t
ggg%%%é% at a high rate. BRI EF DESCRI PTION OF THE
CEP FORETPL £ HIVEdKagP £doaml s RASARYI theg g L
a qg&g us. Fig, 2 is a block diagramof an imaging
"a‘gp at Q¥ et nS EFordtcterb shi e derciosngi et Bothapper
resent invention. - 6 Fig. 3 is an exploded
%é?lﬁéléb‘ﬂ?sr\ﬁf@w }ofNAPHOREEGERY ddne élpeaixignad b urkayided
the. imagi ng apparatus shown in Fig. 2. Fig. 4 is an
RX G Rt PR PelhpvROSH ARPEE aemieenicinrodeifeigerving

| ayer ;included in the integrated circuit shown in
g gp amage pickup device by the lower semiconductor chip

underlying the most upper semiconductor chip to obtain motion
information about individual pixels, to process the motion
information about individual pixels and to provide the results
of procéssing.

Theimagesignalprocéssingmethodaccordingtothepresent
invention can surely process image signals provided at a high
rate by a motion detection process.

The present invention can surely process image signals
by a motion detection process even if the image signals are

provided 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.




Fig. 5is a diagram of data obtained by processing
nmotion information. Fig. 6 is a table show ng out put
notion information. Fig. 7 is a diagramatic vi ew of
assistance in explaining an integrated circuit in a
third enbodi nent according to the present invention.
Fig. 8 is a diagranmatic view of assistance in
explaining a notion detection circuit included in the
integrated_circuit shown in Fig. 7. BEST MODE FOR
CARRYITNG -OfTiriae eRVENRCORe r Ppetierre g ienbotliarenbsepfated
the present invention will be described with
FE¥etdncealodede taceonpaagiing dppavatgss shbynFinsFig. 2.
Enbodi ment Fig. 2 is a block diagramof an inmaging
appar di@s #nia an|exnlodetopé newr ctaceomiiengot oa tiet ion
present invention. This imaging apparatus 31
Roieddds Lpiayel divgdednim wesiinedgobfedtci andtr slcosrdsn
t he conpressed i mage data on a recordi ng medi um and
E¥hds$-the image data to a desired device. 7 The
i magi ng apparatus 31 is provided with a lens 32. A
‘user &p8radt és & Héayras o3 2adte choapesdrhgnifdoeatsiing mytion
zoom ng and adjusts an aperture stop. Incident |ight
jiforgetsed-on the image pickup surface of an inmge
pi ckup device 33. An optical Iowpass filter 34
at t enkidg esé conporteblls bl ingy hivgpuspabt adbn fdRGUHARELAS
anong those of energent |ight energent fromthe | ens
Fig. 7 is a diagrammatic view of assistance in explaining

an integrated circuit in a third embodiment accerding to the
present invention.

Fig. 8 is a diagrammatic view of assistance in explaining
a motion detection circuit included 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.




32. A color conpensating filter 35 di sposed behind the
optical lowpass filter 34 conpensates the col or
tenperature of emergent |ight fromthe optical

| ow-pass filter 34. The imge pickup device 33 is, for
exanple, a CMOS solid-state imge pickup device. The

i mge pickup device 33 is operated by a timng signa
provided by a driving unit 36 to convert an optica

i mage forned on the imge pickup surface bypixels

i nt oi e inhghad srflzrehneugih iphptoel @et MichcamesrssBon. A
The driving unit 36 is controlled by a control unit 39
BRETr gineatesntng singndPksté orhariged nggnpet @ttiens bef zédreing
i mage pickup device 33 to the image pickup device 33.
Fhdidiheteem apériunid st§p comhralisnopapatiinsoofsddien the
i mge pickup device 33. An anal og-to-digital converter
M@ pdrieptemfad?d oprachsses ptibeup Rge cei gnal anFptical
byananal og-to-di gital conversion process and provides
lomgegatfal Dir #h aitnagea psoceepioRgntsi Hawbit o AIPH e5%AS al
the i mage data D1, dives coded data D2 obtai ned by .
Conpreessengnichg thmgeotlaharddnt 1 Oglat EREOEEMNEGr&H TheMens
and a transfer system Thus the imaging 8 apparatus
Fl. Reoalals ctipgecndtithgdad Brd? 30N Bsfyy-Rdeb&itAdeHe optical
recordi ng nedi um by the recordi ng system and transfers
ldve-pacded] 1 tdatsa E¥nden salt e RN dlo rd@Mea ARYirERE emergent
transfer system The control unit 39 includes a
hnlighitocapputies GAIi\Hang18&-pas §ata qar08@ssi ng neans. The
control unit 39 carries out predeterm ned contro
prograne e lckabsdabicd e qrer bk 08gample, a cMoOS

solid-state image pickup device. The image pickup device 33
is operated by a timing signal provided by a driving unit 36
to convert an optical image formed on the image pickup surface
bypixelsintoimagesignalsSlthroughphotoelectricconversion.

The driving unit 36 is controlled by a control unit 39
andgivestimingsignalsfortimingoperationsoftheimagepickup
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 imagesignals Slbyananalog-to~digital conversion
process and provides image data D1.

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




of the imaging apparatus 31 in response to
instructions entered by the user by operating an
operating device. In this enbodinent, the contro
prograns are installed in the inmaging apparatus 31
bef orehand. The control prograns nmay be downl oaded to
the imaging apparatus froma network, such as the
Internet or from a recording medium The recording

' 1b t bI f di di
B B0 20100821 S5 g TP
| ts { th
f%%&n%gﬁng% i e S5

T e . control nit 39 controls all erations in

responsg t 3Tt HE-S G5 SEVSRC ofY e 55@P§FF gSHEA e by
the user to,.make the jm I ckup. devi ce 33 starts an
i mage%gl c odlﬁirc?ge?%ﬁojr? éﬁal’f‘g S EaP Cr YRR teEn g ¥ Hiny as
gqﬁggd and.transferri£§ i ma ge dat a, provi ded , by the
rrage prekup dlitE™ 3. Fig.© F?la‘ﬁn’e plbd@Fries” out

‘$ e%ﬁlve V|e£/ L an inte ated circuit 11 included

Mg CpPERD Pdfé’\%ré@S do‘T’O‘ttrFé’Jisn%Jg]r fyge operations
épggrlku 31. This |nt rated circuit 11 processes

ge 1haging PRRAFEYH 3 eﬂquéﬁ?msesiﬂ@ﬁéisgﬁ&cgmeg entered

o qfesse mage Si nals to the processor. Circuit
TSISSY, Y%%F?W ENRETS LRI FEEE e s ed 1 YL saTiRpsd g b
énte dinintegrated circuits formed on thin
$&F CPEPYTHIH ST AR Y1 LR I §BRi tredaet BpPPati s 31
are stacked sequentially in order of stages to form

Referrhedr afBe €PREtRY PrPoramp@ay ke idemagraded to the

circuit 11 is a stacked structure
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




i ncludi ng processing |ayers respectively for carrying
out the processes and interlayer wiring |ayers for
connecting the processing |ayers. The nost upper 9
processing |ayer of the integrated circuit 11 serves
as an image pickup layer 13 that provides inmage
signals. The inmage pickup |layer 13 is a sem conductor
chip provided with an integrated circuit including a
gol rstate é%% q devi ce controll ed by XY
ad%ln 7 esS 80?‘1?‘?‘6? § pFB YEAnEhE s PgREFESedrigiage signals
eripheral circuiit connected to the solid-state image
Ebg Bra%%? T THETPIRgRP PR IRAF Fakier ouss HalS ahPTorffees
ﬁ% surface formed by arranging pixels 14 in a
t% aﬁeBrFﬁet ShhppERtekdnriaceIrrhad e wikageomiackap thin
devj ce 33 mentioned in connection wth Fig. 2is
PP AuERe T ShPS Rt h ot i iys emi Gredigd e riche Para g g cked
circuit 36 for driving the pixels 14 and the A/D
TEMAE e 137D PEAeE sHvEFey Ry trhkoimmabe itgsaRged circuit
ﬁQOVIded by the pixels 14 into image data, which are
nt F-‘BH%dtfil% ‘ogRIsRtPONCIRTH tFilg. i3, aaskRcked gdducture
circuit for reading inage signals fromthe pixels 14.
YAdRE REGEASEYs] 2 R fiebhe v erddr 695 wuntiol ¢ut the
read image 10 data corresponding to inmage signals
Prsrcaed 8y tHEileers ¥aring mdveanedas| gohmecting the
paral l el read node at short intervals and gives the
GRO&E SPHBG el A% + hFbughosh Uppeer bageesTomdetyengof the
wiring layer 15 to the |ower processing |ayers
ntegrahpdstisiopiitnld sqyweal helarodtnpge wodeip layer 13 that

provides image 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 33mentionedinconnection
withFig. 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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The | ower processing layer is a notion detection |ayer
16 for detecting notion information provided by the
pi xel s of the imge pickup |ayer 13. The notion
detection layer 16 is provided with a notion
detection circuit 17 for detecting notion information
about individual pixels. In this enbodi nent, the
notion detection circuit 17 includes a plurality of
Lio etectors 17A respectlvel corres ondi ng .to
?ﬁegﬁg¥g%?popd%ﬁ%1:lﬁﬁﬁ%e é?%?l YHE“EPlXElS 14
ayer rin 5 transn1ts |nage

%g%glﬂ Qo“s éfa&ﬁgaof’ ¥ﬁ£l%?r XEPS BPde i Phege 151.1:@%&515 and

% % % SsocC ated notion detector 17A of the
ﬁro D %éteéétlf“Sﬁe éfr%F IPBIR GRrELSERAY A COBNE Hel sl Wit ing

?nd thgang notion detectors 17A respectively on
T hegatiVenSi YRECHIPHATESILBECLAY P rdiTdhanaetekt dim a

17A\¥ﬁth r ect to an X-direction and a Y-direction,

Lt HR9%rot i on detection circuit 17 to
det ect hlon i nformati on about individual pixels.
Suppos&et ha¥et RFgsssFingnlayen e asBekeiat dgtastion layer

ﬁ tec;g 17A has coordi nates (x, y) on a coordinate
@ YT Botiemdnkogrpsiparmidvidedoby e pixels of

X-direction and the Y-axis parallel to the

WSiTBgEI BhCkuhdiyeanl? nragdesinghapn fdeceofiopr baveied Gyis
the pjxel 14 corresponding to the notion detector 17A
Pd%?d’%dﬁﬁlg@ thsa gRAF QN flefgctiion pinpgit 17 Eondeteopioyimed on
by the adjacent pixels - 11 14 on the negative sides
ld’ffotrﬁétﬁPRe#b% eptesiveddbhget ®- t Ao tinot eohoditect orthe

17A with respect to the X-direction and the
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 178 of the motion detection layer
16 corresponding to the pixel and the adjacent motion detectors
17A 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 the associatedmotiondetector
17A has coordinates (x, ¥) 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

the pixel 14 corresponding to the motion detector 17A and image
signals f(x 1, ¥) and f(x, y-1) provided by the adjacent plxels

P




Y-direction are given to the notion detector 17A
simultaneously in a parallel input node. The notion
detector 17A has a register for storing an inage
signal f (x, y, t-1) provided by the associated pixe
14 in the preceding sanpling cycle, and a subtraction
circuit. The subtraction circuit carries out the
following arithmetic operation based on subtraction
gircuits by using the imge signal f (x, y, t-1)
%o?ré&hienn?%aetlr‘fégggfi;%? ofabpnpiekilgnaprrdsgondipg ¢9 the
?%’y‘?fdé%ﬁwtpﬁe% sHdihategppicketo 1he ghdlirgageon| arhltde
f-gkEactipn a5e ghwen tpheymatiqn dprestiatet?byinpbtancously
Hapdem! lad depuamsde - pi et motilon Aptiectdel tbasactémister
E9¥ ehp¥ingpr inagesi wialf blronres—1 bprowited et inagociated
Riffal L hridvithedrpgcadiagassoplanedepidenl ahd aamabtieetion
FHEYE i ghaf sShtedcddanbyiriel pi xets esdppatebhe t ot lwering
HSlGEIHtiEPRs sedli ondagiedrorr egpbractiprt hrotidis legisdng the
HREe fegnald dilxev itod) Sooped i) thadebybker ypn imadetdignal
B Br énrondeddy thaesax¢batdd picely )4, redpsabiedlgnals
F R4, W) tE oot (»y, v, t) perviided bytthe adjacent. asg(dbdiated
HiHeds Y. 2nflg xheysulractfipn, cirdyitt Jalculates. diffle@ences
Getweenyfhe inage ¥igndl -prqwided, by-the .associated.pi(@)l 14
anse thet Longelctigonds pTvisiEds/ &yt hbe foldedw ngjacemt itanshe
agpogd adeilt bl cdliciwithi tesiséay tdheheakediadetion and the
Ydidfifrecgncrs folkx,v) ynd Ey(x, W), and fHed xif¥prémce on the
tdalecakase e o) i nfespmttiiorliu, V) about the

associ ated pixel 14. In the foll ow ng equati ons,

fx(x-1, y) and fy(x-1, y) are calculated differences
obt ai hetk, lyy Eheé(adjwacent -mat(kem, det egt or. 17. .an .t.he (1)
negative sides wwth respect to the X-direction and

t he YEgdix,eqti onfat, tshe tyoti @enx, y-1, t)  .......... (2)

fel(x, y) = £(%, vy, £) = £{%, ¥, £t=1}) . iiiuininn.. (3)

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

Ex(x, y)*u + fy(x, y)*v + fe{x, yv) =0  ...on..... (4)

Ee{x-1, y)*u + fy(x-1, y)*v + fe(x-1, y) = 0 _....(5)

The values Uand v of themotion information (u, v) obtained
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detector 17, and ft(x-1, y) is a calculated difference
on the time axis. fx(x, Y)*u + fy(x, Y)*v + ft(x, V)

=0 .......... (4) fx(x-1, y)*u + fy(x-1, y)*v +
ft(x-1, y) =0 .... (5 The values U and v of the
notion information (u, v) obtained - 12 by solving

Equations (4) and (5) are represented by Expressions
(6) and (7). In particular, the notion detector 17A
galc | ates  notion information (u, v) about the
ESTCTVAREF Pratarne 4 Pyang 459 iy reptegdnd ofkoby Ewbngssions
2r'5thmsti C oEgrati on of Expressions (6) and (7) based
R’ e Sf% ¢ hAB@AEtdcréart the motdapf g¢tedtory} 74 thkculdtes

- fy(x,, *ft(x-1, ... (6 v = K {-fx (x-1,
m@*ﬂc%r;(’u;,ot)orma *O(lx,(t\l(,)yi‘r)* fatboglig the ygss_qqi{a(té)i gav'vhel: el\?( by

i s expressed by Expression (8) Wen the denom nator

BF T B P1%e88F dhe( By 1l ayvingr or i thme triot T atribor b Ekpnefar,ons
]\(/%/)(is set to (0, 0). K=-1/{fx(x, Y)*fy(x-1, Y) -

g

xandy)67f) x pased o lthe ari8hmeThe aqiotquwin.detector 17A
ives the thus obtained notion information (u, v) and
t he®i Trelfjel ftdxal provifddd, by) thefydsr - yresgandi ng) pi xel (6)
14 through an interlayer wiring layer 19 to a
f ol Y owily Prbeebsing deayerymhi (ks @ nht(ken, y) ... (7)
processing layer 18. In this way, the interlayer 19
Fying=prhesaedimn Exdeeest oron 8l) ay edhelb tgev@sndigator
motion information provided by the notion detector
of7BxpteddieonmdB] dis detectthemdtayer idfominct ildhe (u) FAgEs set
data provided by each pixel 14 to the notion
tsr dfes8i ng
K=~1/{fx(x, y)*£,(x-1, y) - f,(x, y) *fe(x-1, y)} ... (8)
The motion detector 17A 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. In 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 processing
layer 18.
The motion processing layer 18 is provided with a motion
pProcessing circuit 20 for processing the motion information {u,

v) calculated by the motion detection layer 16 about individual

pixelstodetect areasmotions inwhichare identical. Themotion
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| ayer 18. The notion processing layer 18 is provided
Wth a notion processing circuit 20 for processing
the notion information (u, v) calculated by the
notion detection |ayer 16 about individual pixels to
detect areas notions in which are identical. Thenotion
- 13 processing circuit 20 processes the notion
information (u, v) in sequential steps. As shown in
Fi 9 S43nt he . not | o(r‘}topr ocessing . circuit 20_includes
8t acked "Se i EoHULE OP* CRTHRE SpF BT itUd Sk ERTOTREGrat ®d V)
cig%uhts foi %%rryin out ﬁtocesses at the steps. )
FESUERELBL GG T ayer SO 18 B -ahd (GNP PAYETSSing
Wi TN Egyers 4 and 25 formthe nntion_processing .
SHFCHy o%nﬁﬁf?g" Fhegked PERESSIHF Yy 6P 4P Prog ided gfith
the notion _processing circuit 20, the nost upper
DY seEediey CFE%ft%lfqrs CapERingh&dtt BracesFet avEnersters.
niformty deciding layer 21 provided wth first
ﬁ%’f?eoﬁﬁr o 3y dect %Fﬁé%inndcfmq knberlayes wiyigg layers
ggtion uniformty deciding circuits 27 are provided
P Gok $ CBRChh Mot isne BEP RS $ HiH THHFvEL 8P pi xel s
arranged in the X-direction and the Y-direction,
r espefTPRe| Yhesermrassepéng detvedsi @ Itaydd 26 Hivastipe
notion information (u, Vv) about the pixels of the
HIBERS 188r FEEPOHdIZNg Ehe s tf hpBer prerdeysimgi Layer 3l is
deciding circuits 27 and the inmage data to the first
arﬁftlig&ﬁdgﬁﬂ 3 SEFPEyoddendindgorni tyidesidyng Thpefi2dgirovided
notion uniformty deciding circuit 27 cal cul ates the
Yiddn fyaFhemobion Hmifsrmbhy i dfwirdtag onrcuity)2about the
pi xel s. The first
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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notion uniformty deciding circuit 27 cal cul ates the
variance of the notion information (u, v) for each

pi xel 14 on the basis of the cal cul ated nmean and
canpares the cal cul ated variance with a predetern ned
threshold. Thus the first notion uniformty deciding
circuit 27 decides whether or not the notions 14
represented by the notion information (u, v) about the

' of, the bl ock, corresponding to the first notjon
e ’?%S?erﬁtteyd b UG FREP TS BelBng )t 881 | P ePixels
eg, |H_t$? variance . is not greater than the,
?ﬁre§h§i§canﬁoffe?@9 &%&d Fﬂ%tf%Wﬁ§ TG PBN S hEP BHG Y
to the single.area he deci si on made on the basis  of
R VIS SHOPHL BT PReCHed? 9aPtRoL FRE- ok GAe variance

infornatiog (%ﬁﬁy) about each pixel are sent out

1oJEt hEreRirth TR ithagkrerhtel hrsdi Hed byiechdepi Kats the
Iftihe variance js %reater than the threshold and it
TR %%LOI{%B? LPRSIRGL R GF&ad dhrole Bl igmgradeor ffe basis
single area, the decision nade on the basis of the
‘%%rtg?h*&%es £RE Thit MEARI Y lorerali B Metiep Hboumathen
ssoiiated pi xels are sent out together with the
iHage BBPAC il BddehyAtheepitxens. togrthen withyidre image
%M ring layer 24 transmts output data provided by the
s PL Bt %M AP mii%ey sdeci dithg Yaykancel isogreatswe Ghan
notion uniformty deciding |ayer 22. The second notion
G FoFesisltestdithgs| eghthat ghevidbtomt e mek drdong
motion uniformty deciding circuits 28 each for a
Loridifet B et aruiribede clofiantfends o therbeaisda ofiriihdihmiesiold
deciding circuits 27 of the first notion uniformty
agectlye ﬁig)qlgyeingq;mation {u, v} about the associated pixels

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

The interlayer wiring layer 24 transmits output data
provided by the first motion uniformity deciding layer 21 to
a secondmotion uniformity deciding layer 22. The second motion
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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The second notion uniformty deciding circuit 28
cal cul ates the nmean val ue of the nean val ues

calculated by the first notion uniformty deciding
circuits 27 and decided to belong to a single area,

on the basis of the decisions made by the first

nmotion uniformty deciding circuits 27. The second 15
notion uniformty deciding circuit 28 cal cul ates the
variance_ of the nean values calculated by the first
ot oh AL PERHEY Yecdeéndi Hg eitcif e lenlabes Haehuatance
of this nean val ue and conpares the variance with a

Bf it BRAPNERIL 4 SF SsR6GPdatThy tthe Sbewindhotioni ppiformity
uni formty deciding circuit 28 deci des whether or not
fpel Hineetsr Gedisdet on dhisdhrarig ebthimmbanvedsemnd pempares
first motion uniformty deciding circuits 27 bel ong
Hoe yarapgee atidd papkpsde tarvaned v smhblldar eiimis khetswoond
variance is not greater than the threshold and it s
Bl dednt harmitie deicidisgbel onyg tt 88t decidasgehatbar ¢heot
second notion uniformty deciding circuit 28 provides
e rissts desf.dedhe Hetdny o sredd ancdhdybese Sioktirueion
threshold and the nean value of the notion

YIHfformaty cteqigling) cabowits B8 pékels tbogdidiere anks Harger
i mge data provided by the pixels. If the variance is
tregattde shahl tdreashreshold and it is decided that the
pi xel s do not belong to the |arge area, the deci sion
made &h ttheevhabimce ok hdie grerneshdhnanble there@aid and it
val ues cal culated by the first notion uniformty
idedediary thatuiltesp2Helas bedont touthd agetbeired) thetsdr@ond
i mage data provided by the pixels. About the pixels
motion uniformity deciding circuit 28 provides 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 calculated 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 output data
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whi ch have been previously decided to be not bel ongi ng
to the small area by the first notion uniformty
deciding circuit 27, the notion information (u, v)
provided by the first notion wuniformty deciding

| ayer 21 and the imge data are sent out. An
interlayer wiring layer 25 transmts the output data
16 provided by the second notion uniformty deciding

r,22.to_. a notiaon area deciding |ayer 23. The
hg%‘?%%e“g%a“a%ae&% PAGET: 981 Feine RELASRS dedat 22 to

eciding circuit,29. The notion area deciding circuit
9m°%ﬁwgﬁf&?eée?ﬁélﬂ%éﬁuvﬁl%é‘of the mean val ues of
t he ng%ion L nformati on about_ the pixels respectjvely
in the FalgE aP ettt dRSdGra etP ¥HF t4e PESCERE ADEIYN area
gnif§{n1%X decidipng circuits 28 on the basis, of
TSI Srtet b9 t héeeRBhtPHiYeEn deRiAoR % Fircuit 29
%%fhggrg circuits 28. The notion area deciding circuit
CEAES f0esTEMR VArieandetBt weah Medivesapbeghe motion

calcul ated by the second notion uniformty deciding
tHTERA S 0282 t HpRIFEL BT SPRETABAAY Vil (ibeahgrge areas
coq$ res the variance wth a threshold. Thus the .
Tt TR tERERY ddts GrRGNA diRli opsupEe HRE YMdeCchEingr cisuits
tge i xels decided to belong to the same areas by the
SR ARSI T dnFt vtona Jadreby dhagasionduiatsl orgury formity
included in single area extending on the entire
QF4ee siravbittif-e. The nmatdoparrancéetiding qjmeaisr29
than the threshold and it is decided that the pixels
THidtgtes thre vsirigneecapbahennehe piltasx ealcuhatedtboihe
area deciding circuit 29 assigns identification codes
second 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 thepixelsbelongtothesingle areaonthepicture,
themotion area deciding circuit 29 assigns identification codes
indicating the areas to the image data provided by the pixels
belonging to the areas as shown in Fig. 5. In this case, those
pixels are identified by an identification code 0 in Fig. 5.

Evenifthevariationisnotgreaterthanthe threshold, adecision

is made as to whether or not the pixels which cannot readily
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indicating the areas to the imge data provided by the
pi xel s belonging to the areas as shown in Fig. 5. In
this case, those pixels are identified by an
identification code 0 in Fig. 5. Even if the

variation is not greater than the threshold, a

decision is nade as to whether or not the pixels

whi ch cannot readily - 17 be decided to belong to

the area corresponding to the entire picture bel ong

b HMH&edafeolPhéobike st gesrsrperdirmdaobyhe tdntire
second potion uniformty deciding |ayer 22 and the
PT7Stre RELPOH tonPHur hidEeader itdienbas by of dacigrignishmade by
mean value. Simlarly, identification codes indicting
Hheaecesdmreien meifpaniey diaci degohgsend asdi greditmst
the i mage data provided by the pixels. In Fig. 5,
o pridpsmare defddingi édyey 23 dont ithecmeinvalodes 1
and 2. The notion area deciding circuit 29 gives the

T Hde rdar aldentsl fiisiaghon heodetednidiict ang erreesdes wriech the
assigned, in predetermned order to the processor. As
REfndRhe figdongs eke amsdgned| tedheoimadre dawki provided by
i nformation (u, v) about the pixels belonging to the
Bepdxala. gilediinoglt Haross thixehe assoidattddied by
identification codes to the processor. Then, the
ifsritéAiprbtessiangscilr snilt2. 20 cal cul ates the nean

val ues of the notion information (u, v) about the

pi xel Eh¢ mothen swekl darigdsy ¢hecwint 2oy iveloraimage Qata,
v) about the pixels in the large areas and the notion
tiorvfhorabath eohder{t, f ivh tabo wodeh e rei aced igynied, tilgp @itdte@mined
pi cture, and detects areas expressing the sane
ogdeirohs.the processor. As shown in Fig. 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 deciciing circuit 29. Although the
process for processing the image data is an image data coding

process in thi_s embodiment, the process may be an object tracking
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The processor of the imaging apparatus 31 in this
enbodi nent processes the i mage data using the
processing result provided by the notion area
deciding circuit 29. Although the process for
processing the image data is an i mage data codi ng
process in this enbodi nent, the process maybe an
object tracking 18 process. In the integrated circuit
11, the confjguration ranging fromthe interlayer
REPERYS 1 a%r“g% g oretsroERES T Hy LU afibe scep gunaid on
I mage processing unit 38 shown in Fig. 2. (2)
éﬁ‘é&a‘&‘; FHoBf tIS LBFeELBBRT MEfi nYhEaYeradP ke dfgapaeeessing
ihomn in Figs. 2 and 3 forns an inmage of an object on
RECT ™S ERBpLRHT RIOCSESERe WhttefBasbavwai teuFig. 2L
by the |lens 32 . The pixels 14 form ng the inage
pi ckup'QduPPatetigl & dé riskafebedigiedits representing t he
optical image. The notion detection circuit 17 of the
i magi A§eaFF@ias fPrgrecusstwwnt freFigmge aidghdbsms an image
provided by the pixels 14 to obtain notion
theBrRdeFbAN (the R Isivirkuptrufiace|of, tEhEn et fagred circuit
frocessing circuit 20 processes the notion
hbsithetlicns 2u, Te nboets lAdorpingltse ivalgeytiatkes shace
mean val ues of the notion information (u, v) about
RYRY isiex dngge psidre lsnaebrasenasing hdel apgécal emsagnd The
the entire picture and detects areas expressing the
ROt i otig on Thecuitnd@ qfi theprdging eppaat tpsovidesses
i mage data, the notion detection circuit 17 and the
st ilBa9pr vewsdisngrevided tby 20eapixdlor ned tbnobtd By matte dn
circuits on thin sem conductor chips, and the thin
ydwrpendont o, chi pboatetbe acked .0 Tlog mdthien 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
theentirepicture anddetects 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 semiceonductor 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 the image pickup device
aregivensimultaneously inaparallel transfermode to themotion
detectioncircuit 17 formed on the semiconductor chip underlying

the image pickup device. The motion detection ciicuit 17
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integrated circuit 11 for carrying out those

processes. The image signals provided by the pixels

of the imge pickup device are given sinultaneously

in a parallel transfer node to the notion detection
circuit 17 formed on the sem conductor chip underlying
the i mage pickup device. The notion detection circuit
17 - 19 processes the inmage signals simultaneously in
a parallel processing node to provide the notion
PRYOT5tS dRS(dMa9s SRS ehBUptsegisIFhdnnpt parpllel

i nformati on éu, v) about the pixels is given

BY A $HRE0RES tPnP e Haleat e ot gpsieiormadéon ol w/he) about
notion processing circuit 20 formed on the

Sh$rPdsRdBct dheche bl Undefpyagion He, somabont Udicopishl o is
on which the notion detection circuit 17 is forned.
FHeEMBLTeht Pravedyi by acPa et ke Rorprotes sede tive thavtdtden
i nfformation about the pixels sinmultaneously in a
RERGRSISeng careves 0 Agrineden tha semé centhodi ereehip widerlying
i mage signals provided by the pixels can be sent out
Hitd spréeesdeet s whiipapreotsion ithe anpairal Hekeabien digcuit
obtain the notion information by using the stacked
KlediscBordisst-or Teines ioaspeets aaing piovited OwpthcedresXYhe
address controlled image pi ckup device and the notion
eteatindersak s on ebohib thdetieetls mgmudtboacuni wimatdaorllel
about the pixels. Thus the notion detection process
rresegséna meddd ci ent processing time and can surely
carry out the notion detection process even if the

i mgelsihaanbodimvepr ovheénaby sthral smpgevpiekup tdeypicels
at a high rate.

can be sent out and processed simultaneously in a parallel mode

.to obtain the motion information 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 surely 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 the 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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More concretely, the imaging apparatus in this
enbodi nent processes the notion information (u, V)
about the pixels thus obtained by the notion
processing circuit, calculates the nean values of the
notion information (u, v) about the pixels in the
smal |l areas, the |large areas and the entire picture
and detects 20 areas expressing the sanme notions.
Processes including a notjon conpensation process can
BESCAPFPBEC DU By STIELF V1Y uSF RGeS 14ei oS loBraneieen
motion information (u, v) about the pixels. The .
FRTRY ISP CPFREFTS PRNCEP ctaBtiexd oné Preaffpgtisslpfusing
the notion information (u, v) in sequential steps in
DR AdruST Pt HnhEPF i eh dd oFREIPRr B &) edowingheeixels.
entire _picture by the notion processing circuit 20
for prdCesRisfratss AbEFOH: ild- cabewrtieontie megn velues of
- determi nes the areas expressing the same notions. As
%Wﬁtilﬁnl:’r@‘—foqfiattlﬁé bt i(VOnipravesgitiglcstend in2grdes of
bui It by stacking the sem conductor chips provided
We ﬁmf"llri ayefSegkt d@roeraifas ahdrtiemeny i ng rdytture by the
processes for the small areas, the large areas and
HHe BnPrPeeps ErUre.rcrRé Abt fon piodemsiagi the cwtive in-
rocessed at a high rate by sinultaneously
FHRSEePr (g Hatta Pebrasiswd Ihet Aredntepraseingi rlouisamne
on the sem conductor chip in a parallel transfer node
HOFHORE - i e ghavedn Eigcui,t themmed conpt de: seEmgcoiducttor 0
chip underlying the forner sem conductor chip. Thus
isheuihbadey staeking the semévpbdddchtr ahipsghravdtdedtwith the
detect notions and the thus obtained notion
linfegrated onl man tbefsuranryingcessgorocesses 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 underlying 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, by using
the stacked semiconductor chips respectively provided with the

- XY address controlled image pickup device and the motion
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(3) Effect of First Enbodi ment The notion detection
process can be surely carried out, even if the inmge
signals are provided at a high rate, by using the
stacked sem conductor chips respectively provided with
the XY address controlled i nage pickup device and the
notion 21 detection circuit for detecting notion
i nformati on about the pixels. The thus obtained
Lon.information can _be effectively _used by
O ST 170 A" e Q7 5P LB M HE b FORA b ARERBrERe
Qggisthe pi xels with the notion processing circuit
Oor ~processing the notion informati on and detecti ng
the areas,  expressing the sanpe notions. (4) Second

Enbodi Ent R e eed Sif 2oRpsBf frrt lomheande ehfectively

g%qﬁﬁg§in9 cjrcuit 20 nentioned above in connection
THh B et At aw Bhedaame vadnes st theaidtigmeinformation

i fferences in notion information (u, v) about the
%‘F?(‘é"r st%é‘n&léﬁ%ésmt% the BgrapedPEefRIENg pibeelsofor An
integragted circuit 11 included in the second

SEGt the meidett itedrripthor mnd fledgeated ©ie cuieas
11 included in the first enbodinment, except that the

HEGW PPoLBE sTHRP &Otdane-20 of the second enbodi nent
is different fromthat of the first enbodi nent. The

sum of' 4 heeFerEEPIAENEREf er ences i s the sum of
squares of the differences or the sumof the absolute
val uedngths gecopd rebedpment, the motion processing circuit

20 mentioned above in connection with Fig. 3 calculates the sum
of interframe 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
detectingmotioninformationabout individual pixelsare stacked.

Thus even image signals provided at high rate can be surely
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In the second enbodi nent, a sem conductor chip
provided with a an XY address controlled i mage pi ckup
device and a semni conductor chip provided with a
noti on detection circuit for detecting notion
i nformati on about individual pixels are stacked. Thus
even image signals provided at high rate can be surely
22 processed by a notion detection process, and the
sumof jnterfrane differences in the notion
Pﬁ‘f’%‘?%ﬁ‘% Y abdMRtigR dgterbled RRoesss i andatkelated@tt o
use %Pe detected notion information effectively. (5)
o ERfSofrAERECTERS i it dPeapeFion rinfpumayépn18bett tine
integrated circuit 11 included in the first
ShbbHiae L XRéadsS t FRlse lditeAngo sy=e afe degectad mafion

i xels 14 to receive an image signal provided by the
g‘?‘&%}fma]?&oé‘nﬁfifﬁﬁ*@b"%li}gnal s provided by the pixels 14

on the negative sides of the pixel 14 with respect to
the X-(@rERiTdFmnsdmené Y-direction. Therefore, the

| ayout of the wiring lines of the interlayer wiring

| ayer T85 jnferdaprr critddg taeer Aber] sherintmoriangd|ciyeuit
15 needs conplicated manufacturing processes and the
U éngleded ipathe 4ératianbddinent greavsntii et wiragy thye tems
interlayer wiring layer 15 is low. In the third
O 6arhent pixatst Ldnteatesstioe 47 Anayssisdged]l pryotited by
adj acent pixels. As shown in Fig. 7, four pixels 14
A Béwet 1doanchdhaoe hdranailshp resiglect by dhiehpi 26 14 flecdr ohe
and the Y-direction are designated by a00 to all, and
nNesRitare duitdest of $he 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 17A 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
17A 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 alQadjacent tothe pixel 00 with'respect

to the X-direction expressed by Expression (1) is reversed to
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17A corresponding to the pixels a00O to all are
designated by bOO 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 pixel alo adjacent to the pixel 00 with respect

to the X-direction expressed by Expression (1) is
reversed to 23 obtain a difference fx expressed by

qﬁgressi n %1% bet ween the Cgixel al0 and the adjacent
PY ST 200t bt ey SEPERS W URYOEXPE4w isnx ]} RebrapR fhe
respect to the X-direction, The sign of the .
%Jr}feﬁeraelﬁcé‘nfiyt]B%t%ﬂéé‘ﬁePﬁePﬁ%@elaoéPoenn@a? ggatdveheide of
rigin of the X-direction and the Y-direction and the
%?%(gﬁxﬁi@]aodr’éyéﬁtespﬁet tieethe Xeidigeclhiioh- r 88pewitgnt of the
#he Y-direction expressed by Expression (2) is
BErsaget by dittaiesnathe fisiednaf Of peexpstedsetthepygrigin of
Expression (2) between the pixel al O and the adjacent
is&rdigpetien ehe egirdieectiign andithe pixel adPQ@djadent
respect to the Y-direction. The notion detector 17A
thotret Binet ) 0Qsedht hpspee! oi bhe Y-dizgwivien ex¥epse] by
each of subtraction circuits AOO to All calculates a
FrprreeéAte(d)x 16r reye usedwee wbthénpt Xalf fanenondyofxprelseed
adEacent pi xel s, gives the calculated difference fx or
Iy EXpEL § HeOTh £) dve iheeactior pARAL (DD and tHd pdassent atiedl
with the one of the adjacent pixels, and each of the
a6t Porthfemegesige 17iMle E50the @ibdel) atalwifhatrespect to the
difference fx with respect to the X-direction and a -
Yodfirecbher. fywith respect to the Y-direction. Mtion
information (u, v) is calculated by processing the
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 f, between the pixel and one of
the adjacent pixels, gives the calculated difference £, or £y
to the motion detector 17A (b00 to bll) associated with the one
of the adjacent pixels, and each of the motion detectors 17A
(b00 to bll) calculates a difference £, with respect to the
X-direction and a difference f, with respect to the Y~direction.
- Motion information (u, v) is calculated by processing the
‘difference Ex 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 betwee.n the adjacent pixels by an
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difference fxwith respect to the X-direction and the
difference fy wth 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 inmage signal between
the adj acent pixels by an - 24 arithnetic process.
The subtraction circuit for calculating the

i is sh by the adjacent pixels. _
detigreees Lecler by Lhe, O SCon DA i nacing
' ' it 17 1 impl.ified & di ngl d
ORLEREEm Lo L by RS0 Socor O Ry and
i 15 i inplified. P tically, onlyt
0L DL NG Bl S SR, LBt L L 21l e

gq£efggr 17A mgen the subtraction circuit is thus
Shared 15 EREOPTRAIYY a8Adthe nay Afe Of ntled IMiydnowt nery of
#qger‘gB can be sinplified and yield can be inproved.

A O SHRY G T e HDbth Srdfyett e SendHeridddesr dgrtically,
grov'ded. with the XY address controlled inmage pickup
dev c8° Hhatth& 1 NER APER RA R NGRS doRA et i antia st ox
fﬁ%ign detection circuit for obtaining notion

8Pt Fion SihsaachheR Wideal tpix ahesaslared dokele arigels
t he subtraction circuit for calculating the
P PERERIDS Lnkpataehyitro dayaech cphxes simphifiechend
notion detection process can be surely carried out
Yvel cPnt Re 1ARERYe%ignals are provided at a high rate

and the whol e construction is sinplified. (6) Oher
EmbodiRdifesthird embodiment, the semiconductor chip provided

with the XY address 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
detection 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
beprovidedwithasubtractioncircuit,whichfurthersimplified

the interlayer wiring layer.
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Al t hough the notion detectors of the third enbodi nment
are provided with the subtraction circuits,
respectively, one of the notion detectors associ ated
with the adjacent pixels may be provided with a
subtraction circuit, which further sinplified the
interlayer wiring layer. 25 Although the notion
detection circuit is formed by the chip other than
the mot.ion detection circuit and the notion
pr oce<siGUE r BT M ForREACHL B CAERPAE +h&Fredaby tihe
of ._se 'conguctor chips in the foregoing enbodi nent,
t b%eo% &2t Shaete ohPma ISitRGE £08 ePh TBHFUEREr thpiprtion
In short, the stacked structure formed by stacking
PhRCSTEHINGofAGELSE £hiPPesy Paedtavking tthe Phugel bix ik
devjce and the sem conductor chip provided wth the
Aot CHFEtect ForPcithictihre feargsine qpbedimgnpytthdse may be
potion detection process even if the image signals
B0ERSSH 89 ded P4l casemi gpndustter shimoudh shrecti ntbgrsttatked
circuit of the foregoing em bodiment provides also
e Stggelorated vhetrakery dthed seini coductoan chép usedrided
wi dely for providing only the result of notion
Bridt B LRAIVRE kAR degd sp pndAichermirdriveiclor egdipnerovided
enbodi mrents have been described as applied to the

frhf PP ks de taret ddrec b widt car sické hycprog ess thettkion

resent invention is applicable wdely to various

LAGR RippEsat a¥es ithaheusmgmsignal afaramtrbonded at a

| NDUSTRI AL APPLI CABI LI TY

high rate.

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
asappliaﬂtothecodingprocessandﬁheobjecttrackingprocess,

the present invention is applicable widely to various imaging

apparatuses that use motion information.
INDUSTRIAL APPLICABILITY

The present invention is applicable to detecting motion

information about individual pixels.
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The present invention is applicable to detecting
nmotion information about individual pixels. - 26
CLAIMS 1. An imagi ng apparatus conprising an
integrated circuit formed by stacking a plurality of
sem conduct or chi ps, wherein the nost upper
sem conductor chip of the integrated circuit is
provided with an i nage pickup device having pixels
arranged in a matrix and controlled by XY address
control to give inmage si §h&IMS provi ded by the pixels

o the lower sem conductor chip underlying the nost

pp ™ LA IEOGRARSESE UE KiopP T L ahel fhénteweatewni condubtored
chip is provided with a notion detection circuit that
BarFardkiogt aapprbebily fafi spmécesducipt hdipisrage

signal s provided by the inmage pickup device and

obt ai Mihfgeinthpaestiboerseidnordeoton dtieip ofithvé thiedgrated
pi xels, and a notion processing circuit that carries
Ot CH sy ifded pibleegsinmgge moitdkop def drearabivang ghicidtl s
the individual pixels and provides the results of
PSS ap. @ mattix ardgtontappadabysXacemirdisagedmirol to
claim1, wherein the process to be carried out by the
Fote gragpogesrddy roiavddiet Pprthemicedsi ng the Imidron

i nformati on about the individual pixels is a process
Feor cardraybnghihendetlying thonost iyowe abatt cdiRictor chip,
i ndi vi dual pixels. 3. The inmagi ng apparatus according
angl claim 1, wherein the

the lower 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 ﬁixels, and a motion
processing circuit that carries out a process for processing
motioninformationabouttheindividualpixelsandpmovidesthe

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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27 process to be carried out by the notion processing
circuit for processing the notion infornmation about
the individual pixels 1is a calculation process for
calculating the sumof interfranme differences in the
notion information about the individual pixels. 4.
The i magi ng apparatus according to claim1l, wherein
the process to be carried out by the notion
processing circuit for processing the notion
PRPBE Fattcohe alvgirietheut hati thisduak iph xelgesk$ng qireaessfor
for processing the notion information about the
PREF<T Y thexedtsidmistoueritioal alstepshieoi nietwictiaargase1s
expressing the same notion. 5. The imagi ng apparatus
aecofFdlpglabial arardss vikeraitulae imgt tlon sutletfethtOff rame
circuit obtains the notion information about the
fhbfesannsls ginxehs hytipmodessingt flof f a5@ncesel dndimBigRial
signal between the adjacent pixels calculated by
Big¥sction, and a subtraction circuit for
calculating the differences is shared by the adjacent
pi xel s. 6. An inmage signal processing nethod of
processing i mage signals provided by an inmaging
‘appdhat isagind ugipagaansi adegdEned tol eCHih 1 f amEedilYthe
stacking a plurality of sem conductor ChIpS sai d
prtEges 56 grabapr be@oakng TRE hml:;.&ﬁi’rpisbéééwlrtdﬂ@l_%&@ﬁs for
of: 28 controlling pixels arranged in a matrix on the
mmste sspper thes awi ¢ on dinEolha o Mouthend NGRS pixels
circuit by XY address
is a process for processing the motion information about the

individualpixelsinsequentialstepstx:detectareasexpressing

the same motion.

5. Theimagingapparatusaccordingtoclaiml, 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. Animagesignalprocessingmethodofprocessingimagesignals

providedbyanjnmgingapparatusincludinganintegratedcircuit

.formedbystackingapﬂuralityofsemiconductorchipspsaidimage

signal processing method comprising the steps of:

- 28 -




control to give inmage signals provided by the pixels

to the lower sem conductor chip underlying the nost

upper sem conductor chip; and processing the imge

signal s provided by an i mage pi ckup device on the

nost upper sem conductor chip by the | ower

sem conduct or chip underlying the nost upper

sem conductor chip to obtain notion information about

i ndi vi %%&Oeixels“ t9 process , the notion informtion

about THe FCRALVY RIEFIPIREPLISAEN B TG thpaost upper
ults, of processing. 7.. An integrated circuit

ot B BREP ot T (e rbBar et COrIOE BRI 6 2ddress

ééﬁﬁkﬁp in.layers; wherein the nost upper

SR ContnEtEP TEROEE denehe BIATRERARY thi Piked ¢ badhetlswer

ggi S i rovided with an image pickup device having

pT ?Oé‘diﬂﬁgﬁﬁ&éldpi%dsrﬁﬁ%w ¥haRgs B BRPE BFPBHCHYHYLOT chip;

address control to give inmage signals provided by the

Pi%els to the lower senmiconductor chip underlying the

nost uEEer sem conductor chip, and the |ower

seni cERAGEEDIREAPE ime s divrre Rrenidednbyi nimage pickup
etection circuit that processes the inmge signals

@ﬁ%\ﬂedga ble moRt jupkRgE pRRkEPRRStiore chAl bt Bigdlower

nmot.i on i nformation about the individual pixels and a

FOtiCORIprbee SELAGNERE &V R thamoseoippsrotasisenduhbor chip

nmotion information about the individual pixels and
WRhademe Heo Bsinnma tapnmbensdgidigidgal pxebagéogirgaaks

processi ng net hod of processing i mage signals

themotion Information about the individual pixels and toprovide

the results of processing.

7. An integrated circuit comprising a plurality of semi-
conductor chips stacked in layers;

whereinthenmstuppersemiconductorchipoftheplurality
of semiconductor chipé is provided with an image pickup device
having pixel.s arranged in a matrix and controlled by XY address
control to give image signals provided by the pixels to the lower
semiconductorchipunderlyingthemostuppersemiconductorchip,
énd

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

the individual pixels and a motion processing circuit that
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provided by an integrated circuit formed by stacking a
plurality of sem conductor chips, said image signa
processi ng nethod conprising the steps of:

controlling pixels arranged in a matrix on the nost
upper sem conductor chip of the integrated circuit by
XY address control to give inage signals provided by
the pixels to the |lower sem conductor chip underlying
t he nost er sem conductor chip; and processing the
PRAGE S P SN dedOBYRLH bREEstion 1ncigifgsl pixels
ugger sem conductor device serving as an image pickup

ARV by eeh &P ot v Mehidto REAEESF It p under | yi ng t he
nost upper sem conductor chip to obtain notion

i nformati on about individual pixels, to process the
potion inf ormation about individual pixels and to

Pr oPdEagR s 1088l Precess prenetketel PBOCe REFERIENGE signals
CHARACTERS 1 and 31 ... Imaging apparatuses 2 and 33

provideddy pp drtpIseted edresi hifidrned by stiackling 4 plurality
Read gate 5 ... Vertical transfer register 6 ..
Horierarrafutt ahsteiPsy e ghd tletnage signpdgbroge$sig method
Processor 11 ... Integrated circuit
comprising the steps of:

controlling pixels arranged in amatrix 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 chipunderlying the most upper semiconductor chip;
and

processing the image signals provided by the pixels on
the most upper semiconductor device serving as an image pickup
devicebythe1owersemiconductorchipunderlyingthenmstupper
semiconductor chip toobtainmotion informationabout individual

pixels,toprocessthemotioninformationaboutindividualpixels

and to provide the results of processing.
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13 ... Image pickup |ayer 15, 19, 24 and 25 ..

Interlayer wiring layers 16 ... Mdtion detection

| ayer 17 ... Motion detection circuit 17A ... Mbdtion
detectors 18 ... Mdtion processing |ayer 20 ..
Motion processing circuit 21 and 22 ... Mtion
uniformty deciding layers 23 ... Mition area
deciding layer 27 and 28 ... Mdtion uniformty

deciding circuits

Mbtion area deciding circuit
I

29 ...
32 Lens 34 ... RESERENFE| HEBEIERFi Iter 35 . Color
if%ﬁ% ating filter - 32 36 ... Driving unit 37 ...
ofiverter™3g8ing aRRMEFeUSEScessing unit 39 ...
on

gbnt%q{ uni-t _A00, A0l1, A10 and All ... Subtracti
i itk

- -331mage 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 ... Image pickup layer
15, 19, 24 and 25 ... Interlayer wiring layers
16 ... Motion detection layer

17 ... Motion detection circuit

17a ... Motion detecﬁors

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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36 ... Driving unit
37 ... A/D converter

38 ... Image processing unit

39 ... Control unit

A0O0, AQl, AlO0 and All ... Subtraction circuits
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