DESCRIPTION IMAGING APPARATUS, INTEGRATED CIRCUIT FOR
IMAGE PICKUP DEVICE AND IMAGE DATA PROCESSING METHOD
FIELD OF THE INVENTION The present invention relates to an imaging
apparatus, an integrated circuit for an image pickup device and an image
data processing method to be applied to video cameras capable of
recording moving pictures, electronic still cameras and monitoring
devices. An image pickup means is combined with an image compressing
means by connecting a wiring Taygrorneddn a surface of the image
pickup means opposite the image pickup surface of the image pickup
means to the image compressing means. Images picked up by the image
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compression process to utilize effectively the high degree of freedom of

reading image data on a picked-up#iage characterizing an image pickup

device, such as a CM%)?ES%I%dﬁtakg%] 6%@?&%(%%%\6863 for the further

simplification of general constructio e amou codes produced
through the compression of data on a partial area in an effective image
area is measured, the data compressing ratio is changed according to the
measured amount of cdtfés e ebnmiphessidaialdhaPicked-up images is
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images chafactérizing a Sofid state image pickup tevice is” Bratus,

seffeetively stilized :vtuit for an image piékup device and an image
data processing method to be applied to video cameras capable
of recording moving pictures, electronic still cameras and
monitoring devices. An image pickup means is combined with an
image compressing means by connecting a wiring layer formed on
a surface of the image pickup means opposite the image pickup
surface of the image pickup means to the image compressingmeans.
Images picked up by the image pickup means are sent out
successivelyinprocessingunits foran image compressionprocess
to utilize effectively the high degree of freedom of reading
image data on a picked-up image characterizing an image pickup
device, such as a CMOS solid state image pickup device for the
further simplification of general construction. The amount of
codes produced through the compression of data on a partial area
in an effective image area is measured, the data compressing
ratio is changed according to the measured amount of codes to
compress data on picked-up images is compressed. Thus the high
degree of freedom of reading picked~up images characterizing

a CMOS solid state image pickup device is effectively utilized,



and rate control can be achieved more properly by a simple process as
compared with a conventional process. BACKGROUND ART A video
camera holds images data provided by a CCD (charge coupled device)
solid state image pickup device by a frame memory and compresses
blocks of image data by a MPEG (Moving Picture Experts Groups)
method. An electronic still camera, similarly to the video camera, holds
image data provided by a CCD solid state image pickup device by a
sframe memaonyraridceontpresses:hlodks of mage: datathy @asIPEGHJointess
Photographic Experts Group) method. In recent years, CMOS solid state
At Pitkap dEvides Hae eEn Piftb pracficaiUse. Fig. 1 shows the

characteristics of the CCD solid state image pickup device in comparison
with those of the CMOS image pickup device. As shown in Fig. 1, the
CMOS image pickup device hastagadyHistihglive characteristics. For
example, whereas the CCD image pickugﬁ?evice uses the same char\%
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pixels. Particularly, whereas the CCD image pickup device reads data on
Pixelsomra sesalktrapsmissiod modg as'shiewh in FiYF X thECNOS Fhagere
ickup device can read data oné)iéﬁls inan X-Y adgress control mode as
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Fig. 2 is a typical view illustrating a mode of output of image data from the
GEPe image pickup device by a framememory and compresses blocks
of imagedatabya JPEG {Joint Photographic Experts Group) method.

In recent years, CMOS solid state image pickup devices
have beenput topractical use. Fig. 1 shows thecharacteristics
of the CCD solid state image pickup device in comparison with
those of the CMOS image pickup device. As shown in Fig. 1, the
CMOS image pickup device has many distinctive characteristics.
For example, whereas the CCD image pickup device uses the same
charge storage start and end times for all pixels, the CMOS image
pickup device used different charge storage start and end times
for different columns or pixels.

Particularly, whereas the CCD image pickup device reads
data on pixels in a serial transmission mode as shown in Fig.
2, the CMOS image pickup device can read data on pixels in an
X-Y address control mode as shown in Fig. 3. Thus the degree
of freedom of reading of the CMOS image pickup device is higher
than that of the CCD image pickup device. Fig. 2 is a typical

view illustrating a mode of output of image data from the CCD



- 2 image pickup device. In the CCD image pickup device, charges held

by the pixels are transferred to a vertical transfer register, the transferred
charges are transferred sequentially to a horizontal transfer resister and
the horizontal transfer resister provides the charges sequentially as

shown in Fig. 2. Fig. 3 is a typical view illustrating a mode of output of
image data from the CMOS image pickup device. In the CMOS image
pickup device, charges held by pixels on each column are provided
igegiiemtialiy v orevéosoretély, Intheé OMOS: invage prekuidevice, charges
MOSFETSs included in pjxels are selectively turned o horizontal .
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in Fig. 3 by way of example, a plurality of pixels successively arranged on
hegchrearticl line uséone: sigridl fine ootk eoltmtin 1ife fthe respeefiee
sgondiions of the horizantal address Ines fespectively coriesponding tg.
the plxefs%n each column fine dre cﬁaﬁgea seque?{tiaﬁysto?urn on the "~ “°
PMOSEETs inehided-in those pixelsssaquentially. rldws the calumn breisage
assigned to the pixels successively arrange in a vertical direction in a
dirne-Elaring mote tol gertk sut drmag el cdatafromithe pixeldC FHe pieIg 1 c kup
uccessively arran ach_horizontal lin connected to each
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GEonzon‘tal address line. dnfhé[rePore, e assignment 0 the plxe% P
sugceessively arranged in a vertical direction to the column line in a
time-sharing

More concretely, in the CMOS image pickup device, MOSFETs
included in pixels are selectively turned on by horizontal
address lines and vertical address lines to send out image data
from the selected pixels tc signal lines. In the CMOS image
pickup device shown in Fig. 3 by way of example, a plurality
of pixels successively arranged c¢n each vertical line use cone
gsignal line for one column line, the respective conditions of
the horizontal address lines respectively corresponding to the
pixels on each column line are changed sequentially to turn on
the MOSFETs included in those pixels sequentially. Thus the
column line is assigned to the pixels successively arrange in
a vertical direction in a time-sharing mode to send cut image
data from the pixels. The pixels successively arranged on each
horizontal line are connected to each horizontal address line.
Therefore, the assignment of the pixels successively arranged
in a vertical direction to the cclumn line in a time-sharing

mode 1s carried cut simultanecusly for the pixels successively

arranged ina horizontal direction to provide image oneach line.



mode is carried out simultaneously for the pixels successively arranged in
a horizontal direction to provide image on each line. -3 A CMOS image
pickup device similar to the foregoing CMOS image pickup device and
peripheral circuits are proposed in, for example, JP 2004-31785 A.

Various coding methods relating to such image data processing have

been proposed. Those coding methods uses a wavelet transform

process. The wavelet transform process divides high-frequency image

data arid {dWdregqagrcy image dataiby & band #ivisiontpeoess withng CMOS
respect to the harizontal and the vertical direction, divides the image data
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FIPCSS s, perfosmeshence to;diyide image data into four subbands HH,
HL, LH and LL as shown in Fig. 4(A) or the band division process is

repeatéthtol dividecimage data intd subbantls ag shovwanirhFigra4(B)dBip

4(B) shows the results of repetition of the band division process three
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JSoerzoptaland.thevertisal direstionamong $he subbands HirHk bidand
LL is subjected to the band division process to divide the subband LL into
dour seblidrmds-Ersendil ko dad & land dmditie sablsand Lindee data
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diréctich anfong the SuBBETES ELNH LESEASTH Bhd LELEE “ébjsted™
tadhe-band givision processdnte;fout subbands d bbkHHR dd EbHE subbands
LLLLLH and LLLLLLL.

by down sampling. For example, the band division process is
performed once to divide image data into four subbands HH, HL,
LH and LL as shown in Fig. 4 (A} or the band division process
ig repeated to divide image data lnto subbands as shown in Fig.
4(B}. Fig. 4(B) shows the resulis of repetition of the band
division process three times. The subband LL having a low
frequency with respect to the horizontal and the vertical
direction among the subbands HH, HL, LH and LL is subjected to
the band division process to divide the subband 1L into four
subbands LLHH, LLHL, LLLH and LLLL, and the subband LLLL having
a low frequency with respect to the horizontal and the vertical
direction among the subbands LLHH, LLHL, LLLH and LLLL is
subtectedto thebanddivisicnprocess into four subbands LLLLEH,
LLLLHL, LLLLLH and LLLLLLL.

Previocusly proposed wavelet transform processes for the
coding process includes a line-base wavelet transform process
that processes image dataoneachof linesandatile-basewavelet

transform process that processes image data on each of tiles,



Previously proposed wavelet transform processes for the coding process
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data on eachrof lines and a tile-base wavelet transfofm %rocess?ﬁat
processes image dataiongach ofdiles, «4npamelyTectangiar BIBeks imaging
defined in each of pictures. It is expected that the construction of the
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process if the high degree of freedom of reading image da
a krcharacterizingthe MQ@84magepickupdevice. can dedeffectivehruseiche image
Incidentally, different parts of an image have different degrees of coding

datayitfictify *Fhdrefdref a coding ProcesGses tHe MPEG nitthdd Fne fate ©©

e FfeCaNtkal S, periormed by, fofexample, a TMp metbod (tegtmade s -, inage
method). DISCLOSURE OF THE INVENTION Embodiments of the

havepregdritdmasrition provide an fmaging rgpparafds ofisimple forstruttion, 1if a

.capable of effectively_utilizing the high degree, of freedom ofleadip . ‘
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per fiptegsategcircat includes in.an image pickupdevicefor the, dmaging-«noqd) .
apparatus and image data processing method. Embodiments of the
present invention provide an imaging apparatus capable more properly
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readingliments of the present invention provide an imaging
apparatus of simple construction capablie of effectively
utilizing the high degree of freedom of reading image data
characterizing the CMOS solid state image pickup device, an
integrated circuit included in an image pickup device for the
imaging apparatus and image data processing method.
Embodiments o©f the present iInvention provide an imaging
apparatus capable more properly achieving rate control by a
simple process as compared with a conventional process by
effectively utilizing the high degree of freedom of reading
image data characterizing the CMOS image pickup device, an
integrated circuit for an image pickup device and an image
data processing method.

Disclosed herein is an imaging apparatus

n



image data characterizing the CMOS image pickup device, an integrated
circuit for an image pickup device and an image data processing method.

comPBistiGsed Hetein ISaf inkadifigapParaids comiprising? ak image pickup ™ ©ho-
toe1 MEARENUDE ABIAILY of D Japiectic QONYRITETS Aangee INABAM nage

rom which image data is obtained by XY address control; and a
datapeitipherdlteiicuitdconnectéd todhe phstoelectric cohvertersibya wirng. pheral
layer formed on a surface of the image pickup means opposite a

1 rCligHit-reEaNng Stirfaté of the iMAGEPickipmeans aRd fitd® Tritegrally with =+ 79
1ayethedmagepickup,means {0 processjimage data provided by theimage <5 o -
pickup means and to provide the processed image data; wherein the
1ighperipheraiéirguit clubes: atdéast ar imagecompressing meanssforand held
. . _com gessingtgregﬁtermined procesKsing units of the image data and d
lmeSr‘[:oa\‘/ldiﬁig “(I:bmpres‘seéd Jp?ggeessﬁ]bcunﬁlt% 01%“{11%%%&158 data; andthe Eﬁﬁgﬁe ata
orovRigkdp meansgqyevides image datasequentialisfromthe photoglestricie  the
converters in the processing units of the image data to be processed by
procghesgetipherd Tircit an theipvaging apsaraas inclading tie inmage pickap udes
Lt Mmeans hav(jﬁn th(—;;L {%Igraelity ocf &IQO'[O%'%?”C convgrterss arrggged ig A ressin
matnx?rom which image data is %B?ameél%y XY address control, and the -9

predperpherakeircuitcennected torthe sphotoelaetric capvertersby-dhe WitRg iding
layer formed on the surface of the image pickup means opposite the .
COTPRGHtHBEeiVIRG CSUirfaceof e imadge-pickih meansaritiéld imégralPfitimage

pickﬁﬁ means provides image data sequentially from the
photoelectric converters in the processing units of the image
data to be processed by the peripheral circuit.

In the imaging apparatus inciuding the image pickup means
naving the plurality of photoelectric converters arranged in a
matrix from which i1mage data 1s obktained by XY address
control, and the peripheral circult connected to  the
rhotoelectric converters by the wiring layer formed on the
surface of the image pickup means opposite the light-receiving
surface of the image pickup means and held integrally with the
image pickup means to process the image data provided by the
image pickup means and to provide the processed image data,
the photoelectric converters of the image pickup mnmeans are
connected to the peripheral circult by the wiring laver formed

on the surface of the image pickup means cpposite tThe



image pickup means to process the image data provided by the image
ickup means and to provide the Erocessed image data, the photoelectric
m
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variGlguit by the wiring layer fogmed gn the surfage of the image pickup . yer 15

means opposite the 6 light-receiving surface of the image pickup means.
form&herefore,tvarious troublessthat mayoccur whendtheogiringdayerisfectively
. formed on the light receiving surface can be effectively avoided, the

avolgRbelecfricibnveiers can be CoRREGEd TS the® PerfisheTA ikt i atad  t1®
veriPighdegree of freedom of connection andthe image.data provideddhyithe ¢

image pickup means can be transmitted in various modes to the
connpetipkeralzcifcuit withdutaeducitig-the highvdetrde ofifreedem ofreslingickup

image data of the imagetgicclfup means., When the peripheral circuit . .
means %n q trﬁgsm ed 1n various m?des 0 the peripneral
includes atleast the image compressing means for- compressing

circpredetermined precessingunits-ofithe image;data and provdding of reading
compressed processing units of the image data, and the image pickup

imagedlis-provides ithageldaaprovidde sy the hvtoelbetic cohvertefsr Loheral

sequeqtri]acllj\_/d%etge pr%ceﬁseig%ynitghgf the im%ge data to be Qrocessed bg/ for
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comp MESHSCAN Pee sequeanttally comprassed; adnemary Having aismallmage data
storage capacity can be used for the data compressing process by
and  gHetliver/ il ARG HE RigRtegiee 6Fffedonibfreading théimageé datadatar

and QHQeﬂ%@QSF%Q%%Hﬂe%%%ﬁgd£§89§§¥% image data provided by the
pheotoelectric converters seguentially in the processing units
of the image data to be prccessed by the peripheral circuit,
the image data provided by The image pickup means can be
sequentially compressed, a memory having a small storage
capacity can be used for the data compressing process Dby
effectively utilizing the high degree of freedom of reading
the 1image data of the image pickup means and hence the
construction of the imaging apparatus can be simplified.
According to a first aspect of the present invention,
there 1s provided an imaging apparatus comprising: an image
pickup means having a plurality o<f photoelectric converters
arranged in a matrix from which image data is obtained, and a
peripheral circuilt connected to the photoelectric converters
by a wiring layer formed con a surface of the Ilmage pickup
means opposite a light-receiving surface of tThe image pilckup

means and held



construction of the imaging apparatus can be simplified. According to a
first aspect of the present invention, there is provided an imaging

integrabemtudomprigiy: HhtffagB itk MBans hivinda pliiafty bfece deta
provPhetpelegric coaverters arranged.ina malrix-fromwhich image. dataiige  tne

obtained, and a peripheral circuit connected to the photoelectric
proceonvertersalgy a waring layéreformed bnea surfaceiof the intagespickup nciudes
means opposite a 'Light-receiving surface of the image pickup means and .

5Y hetd 7 integrally with the imaga-pickip méans f%@&%gess ifiage datal* ==>+7¢

preaPravided by the-image pickupmeansand-toprovide dhe pracesseddmageding
data; wherein the peripheral circuit includes at least an image

compEgmpressinPrRans for conpréssiiy predeiletatitedisroeessimpdnitsiefta is

onta e lnage data and proyiding. compressed rpgessing ugits gfthe jmage,
ata, image datd’is” obtained froma partial area in an effective image

imagareaiipihe ieagespickupmeansdn advancentheimagedatatbusbtained is
obtained is compressed to detect a code amount, and the image data is '
COMPEGHMPPESsER atEdtacormpressien rafio\ased 6 the Hetectedaggdedata 1is
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address control. In the above imaging apparatus the image pickup means
codehayingrthe plurality of photoelectric converters arranged in a matrix from

which image data is obtained b)éXY‘address .
In the first aspect, the Image data may be obltained by XY

address control.

In the above imaging apparatus the image pickup means
having the plurality of photoelectric converters arranged in a
matrix from which image data 1is obtained by XY address
contrel, and the peripheral circuit connected to  the
photoelectric converters by the wiring layer formed on the
surface of the image pickup means opposite the light-receiving
surface of the image pickup means and held integrally with the
image pickup means to process image data provided by the image
pickup means and to provide the processed image data, the
peripheral circuit is connected to the photoelectric
converters of the image pilickup means by the wiring circuit
formed on the surface oppesite the light-receiving surface.
Therefore, various tTroubles that may occur when the wiring
layer 1is formed on the light receiving surface can be
effectively avoilded, the photoelectric converfers can be
connected to the peripheral circuit at a high degree of
freedom of connection and the image data provided by the image

pickup



control, and the peripheral circuit connected to the photoelectric

converters by the wiring layer formed on the surface of the image pickup

meanegAs opposite HERYHtreCeivify Saface Bf thefiRage pickupEmésisipheral

c1rcf0d held integr a_%%@f?% Image picklinneans to progess Image.data, . 4 1y
provided by the image pickup means and to provide the processed image

imagdataidhe pefiphenal cifcuitds connekted tonthephotoetectricteanvertersoieral
the imagempeickup means by the wiring circuit formed on the surface

cLregppositd theHight-regéivingéiittace’ Theféiéie, vanoas fotpies thafaay °°

compQ@Ecurwhen the wiring layer is formed.on the light- feceiving surfage £an 4z,
be effectively avoided, the photoelectric converters can be connected to

and thesperiphetal circuit/at athighi dégree of freedom bf eorpectionzaandthéactive

, image data, provided by the ima%e Dickup 8 means can be transmitted in
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dataOffrepdon of keading; image data-afthe image pickup meapgsWhenithe . ang
peripheral circuit includes at least an image compressing means for

the compressirgrinmiayecdata andrdvidingecompressetiimage data, @ndio based

on +iegg.data.is obiained from g partial area.n an effective image area)
he imagé plgkup meansin a&vdncfe, e imagé data ffius obtained is”

achicempresseditogdeatecta godeameuntsangbthesimagedata issconpressed onal
at a data compression ratio based on the detected code amount, rate
procgﬁﬁnﬁgaﬁi@gﬁ%kyﬁ&meﬂpilizing the high degree of freedom of

reading image data.

Qoperly

Disclosed herein ig an integrated circult comprising: an
image pilckup means having a plurality of photoelectric
converters arranged in a matrix from which imace data 1is
obtalned by XY address control, and & peripheral circuit
connected to the photoelectric converters by a wiring laver
formed on a surface of the image pickup means opposite a
light-receiving surface of the image pickup means anad held
integrally with the image pickup means to process images data
provided by the image pickup means and to provide the
processed image data; wherein the peripheral circuit includes
at least an image compressing means for compressing
predetermined processing units of the image data and providing
compressed processing units of the image data, and the 1image
pickup means provides image data provided by the photoelectric

converters



achieved by a simple process as compared with a conventional process
by effectively utilizing the high degree of freedom of reading image data.
sequpigcigsedthetéin {€8n Mtegratest-Sircuittohtbrisingtai imagepickaps to be
BTo C}ggeggéh}l%%/i%g pﬂ}gﬂ%&&p@gtgﬁ@@ﬂgtc_onverters arranged in a matrix
[o

rom w image data’is obtained by XY address control, and a
petighetal tirguit teahnedtedia thefphotogtectricrconverters by widngce can
.__layer formed on a surface of the image pickup means qpposite a )
S P dHt e EiTing SliTface T tRE imalge picktp means dhd-held - Mtedrafwif 9ree

of rihedmagefickun means;tp process.image data provided by the image
pickup means and to provide the processed image data; wherein the
péripherdlicitcuittincludes satdeast ar nage:compressing meansfovided an
. comer?singvprg,d+ete mined processing units of the im,a?ge dataand ,
l“te;%‘r%%.oei g %6ﬁ1cplfé§se Oprrocde%siﬁrél%%?ts 8?"%’6%%@8% a and the ﬁﬁé&g ©oan
I magRiCKyp meaps prevides image:data provided by the-photeglectfic ot oelectric
converters 9 sequentially in the processing units of the image data to be
convgrgeessed bythe Prfiphetal drcuie Thevintdgrated oircuitforihédimagéats 1is

oo 2BIEKUR device can. simplit.the, consfruction by effectively ylllzing nigh . .
éegree of freedom of réadin Image data. Accorﬁlng fo'a secon aspect,
photthere iscprovidesran: integrated ciscuit foran image picksprdeyice, o surface

comprising: an

of the image pickup means opposite a light-receiving surface
of the image pickup means and heid integrally with the image
pickup means to process 1mage data provided by the image
pickup means and to provide the processed image data; wherein
the peripheral circuilt includes at least an image compressing
means for compressing the image data and providing compressed
image data, image data 1s obtained from a partial area in an
effective image area in the image pickup means in advance, the
image data thus obtained 1is compressed to detect & code
amount, and the image data is compressed at a data compression
ratic based on the detected code amcunt.

in the second aspect, the image data may be obtained by
XY address control.

Thus the integrated circuit for the image pickup device
can more properly achieve rate contrel by a simple process as
cempared  with  the conventional process by effectively

utilizing the high degree of freedom of reading image data.
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image pickup means having a plurality of, photoelectric converters
arranged in a matrix frorI\ which image data is obtained, and a peripheral
ciféuitcorheEdasRRE protodtédric ES/verters by afiFiRg Tayer Foiiideed an

imag@ Autiace of t@&d%&g&%@pa@e%%&@p%%% g'&%@@%@%ﬁ‘&[@f@d to

of the'image pickup ns and held integrally with the image pickup
inclomgans tooprocess image dataqprowitled byithe mage: ;piekup meansgad in a
to provide the processed image data; wherein the peripheral circuit

maty %‘%cllﬁd‘@at"l’éﬁéi-hanli%‘é% cOfpressing Pheahsfof torfiprdssingthg -Pheral
c1ircimage dataand proyiding compressgd image data mage.data is,: se1ectric

obtained froma partial area in an effective image area in the image
convpickey means an advance, they émade datasithus obtainedfiscompredsed tomage
. . detect a code_amount, and the i@gge data is,compressed at a data _
P CKihimprBssion FAfiS baSed on the detedted t8d' SmaUAL fitthe Second®  1Ma9¢
piclraspect the ipage data may be.abtained by -X¥ address confrol Thus tha « o

integrated circuit for the image pickup device can more properly achieve
procgae comtes! by dedimplerprocéssiag comparethwitls thelcofvientigrgls  and to

roces effectively utilizing the high degree otnflreed_om of reading _.
prC)\7Jil?tm((::£1@g|e 35%. 18R %et%ﬁ %sp%qé‘fa gfethegﬁ\}egn’tion‘,” ere is. protvki}&ed gr% ripheral

circinageiapparatus comprising: animageickup-yiiteartfiguredita: inglude gured
plurality of photoelectric converters arranged in a matrix from which
to  Gmags data is'obtaifetl and alperiphéralerovide the compressed image

data, and 1image data is obtained from a partial area 1in an
effective image area 1in the image pickup unit in advance, the
image data thus obtained 1s compressed to detect a code
amount, and the image data 1s compressed at a data compression
ratio based on the detected code amount.

In the third aspect, the image data may be cbtained by XY
address contrcl.

In a fourth aspect of the invention, there ig provided an
integrated circuit for an image pickup device, said integrated
circuit comprising: an image pickup unit configured to include
a plurality of photoelectric converters arranged in a matrix
from which image data is obtained, and a peripheral circuit
configured to be connected to the photoelectric converters by
a wiring layer formed on a surface of the image pickup unit
opposite a light-receiving surface of the image pickup unit
and held integrally with the 1mage pickup unit to process

image data provided by the image pickup unit and to provide

10a



circuit configured to be connected to the photoelectric converters by a
wiring layer formed on a surface of the image pickup unit opposite a

Lhe |igRereeeniY suffacof tetifrage” prekEp Unittatd h&@3r %@I\Nitﬁircmt
inc1 RINagE Pigkipynit 19, Progess mage data piovided by dheddagecyreq <o

pickup means and to provide the processed image data; wherein the
comp peripherak circuit ncticdes at-least amviindge dompressing switcConfigureddata,
, to compress the image data and provide the compressed image data}c, ‘
Inaggndifidye datads obtdified frdma partiafafeadin afi “EffectiVe iffagé afda™t Ve
imaglh hedmage pickup;unitio advapce, the ;image datgthus obtainediis, je gara

compressed to detect a'code amount, and the image data is compressed
thusatepdatarcoinpressiomratio based on the-detected code amount: in theid the
: third aspect, the imaTQe data may be gbtained by XY _address control, In a
1o depit GTEE TVEFTion Sthere 18 brévided &h hibigrael Tkt R B ©”
+he Hmage-pickup deviceysaigiintegrated circuit comprising: an image pickup

unit configured to include a plurality of photoelectric converters arranged

infamalrix frormtwhich image datais obtnsd, dada peripheral efcut ned by
v aﬁ%r}u‘i ugeg: (t)o Q(Jg (g:j)nnected to the photoelectric converters by a wiring

ayer ormed on a surface of the image pickup unit opposite a

lightseceiving susfacerof the knagerpickupinl and-helddntegralywithi to be

the image pickup unit to process image data provided by the image
Carré@ﬂuﬁﬁﬁit%ﬁﬁd‘%@ pj@@iaéqga apparatus comprising:

10b



the processed image data; wherein the peripheral circuit includes at least

an image compressing unit configured to compress the image data and '
an  grgde the Tortpredséd imaye'ddid, imadeldata id bistaifiéd fror aosdriial- ric
cony@EAINAN §P°§8%‘éf dmage area in. the image, pickup u %‘Pia%"é”‘r“é‘?' e rcuit

Image data thus obtained is compressed to defect a code aﬁznount, and

connthe: édmagecdatanis compressed-at-a datacompressien ratio hased:omdhelaver
detected code amount. In the fourth aspect, the image data may be .
formghaifBd By XY-adefsss E6ntrbl eDISCIGSEY hBreif ianTifage daaresite 2

1ignPracessingmethad,toFhe carried oyt by qn.imaging Apparaiys. compLsing:y, . 1 4
I0Ob an image pickup means having a plurality of photoelectric converters
integrranged inia matrix; andzaypenpheralcircait rconnecteddethehe steps of:

photoelectric converters by a wiring layer formed on a surface of the

P OViadé pickil ethsopposite & fightiree8iving Stiface%i e fidage 2ddress

contRickup means apd:held dntegrally-with the-jmage;pickup means includes: . o«
the steps of: providing image data from the image pickup means by XY

imagaddiess: centrol; andwcompressing predetermirreetprocessipanits ofnits of
ima%e data and ? oviding the.com ressed(ET)rocJ_essin%units of image data
0

IMaghy 1H8 perigheral Gircult- WHERSTH fhie step ot providifig thé thage data™ “°F  °©F
provRrpvides the image,data pravided by Jthe plurality efphoteglectric, rovided by

converters in the processing units to be used by the peripheral circuit
the seguéatallyifrop photoelectric converters in the processing
units to be used by the peripheral circuit sequentially from
the image pickup means.

Thus the image data processing method can simplify the
construction by effectively utilizing high degree of freedom
of reading image data.

According to a fifth aspect, there 1is provided an image
data processing method to be carried out by an imaging
apparatus including an image pickup means having & plurality
of photoelectric converters arranged 1in a matrix, and a
peripheral circuit connected to the photoelectric convertears
by a wiring layer formed on a surface of the image pickup
neans opposite & light-receliving surface of the image pickup
means and held integrally with the 1image pickup means
comprising the steps of: providing image data from the image
pickup means; compressing image data and providing the

compressed



the image pickup means. Thus the image data processing method can

simplify the construction by effectively utilizing high degree of freedom of
irayreadiripintageldatatAcording toarfififnaspect, theruistprovided aning image
. _image_data %FOQQE%IEQ rapethod to be carélle% out byf an lmag{gg

~apparatus incltiding an image pickup theans Faving & pidfafty ¢tre® 1 the

imagehqioelestriceonvertars astangeddn adnatrixcand-a ;peripheral gircuit cunt by
connected to the photoelectric converters by a wiring layer formed on a

COMPEHFSde 6 thE Imade Prekaid fedns:6pposite arirfht-redeiving Bsuiface et ep of

compREJMAGe RAKID, fepns and neld tegrally wif the Jmade pigiulp meas ..,
comprising the steps of: providing Image data from thé image™ pickup

compmMeanspeormpressing: mage-dataendgerovidingtheceempressed. 11 image
data at least by the peripheral circuit; obtaining image data from a partial

arda i 'ah effective miigearealifthe-image pPitkap Aisanadn advanced from
=ne 3Rd detecting g code-amount by, compressing the image data thus

obtained; wherein the step of compressing the image data compresses
thelimmage data atacdatal compressicrsratiodasedan thecdetectechpadey the
amount. In the fifth aspect, the image data may be provided from the

ConSiiiE pickug edns by X &ddress-donitrot thud tHE initfe §sta ©F  freedom

of rRIogessing-metbod can simplify the construction by effectively utilizing
high degree of freedom

Disclosed herein is an image data processing method to be
carried out by an integrated circuit included in an image
pickup device including an image pickup means having a
plurality of photeoelectric converters arranged in a matrix,
an¢ a peripheral c¢ircuit connected to the photoelectric
converters by a wiring laver formed on a surface of the 1image
pickup means opposite a light-receiving surface of the image
pickup means and held integrally with the image pickup means
comprising the steps of: providing image data from the image
pickup means by XY address control; compressing at least
predetermined processing units of image data and providing the
compressed processing units of image dataz by the peripheral
circuit; wherein the step of providing the image data provides
the imacge data from the plurality of photoelectric converters
sequentially in the processing units of image data to be
processed by the peripheral circuit.

Thus the image data processing method can simplify the

construction by effectively utilizing high degree of freedom

12



of reading image data. Disclosed herein is an image data processing
method to be carried out by an integrated circuit included in an image
of IERKRupYevicedficltiding -an image pickup means having a plurality of

pﬁ@eg@ﬁ%cowe@ergfyel@g%%#gémat%e%d_%geréﬂfhoeé%%f UL, inage

connected to the photoelectric converters by a wiring layer formed. on a

datasurface of thenimage tpickup tmeans opposite @dight-receiving:surface.efyrated
the image_ pickup means and held integrally with the image pickup means

© ¥ Eompridifig hé Steps ofproviding iftags date ffomhe fage piskuprn Lmage
pickleansby XY address ant@f&%ﬂg@?&@%a‘t EID%E Juedetermined | oo oo

processing units of image data and providing the compressed processing
arrappitsiof ithage data bysthe peripherab<ircpitewbéreinthe step of pravidingd to
. th%imagg data provides the image data from the plurality of phatoelectric
the c%n%ﬁer“‘se%‘éﬁgé?ntiglﬂlqi‘ﬁetﬁg%%ce}ggingaun‘ﬁéﬁﬂﬁagleadféﬁ totpgmed on a

sur rRracessed:hy.the perpheralgirguit ;Ehus:the jimage dataprace mreceiving
method can simplify the construction by effectively utilizing high degree of
surifeedom IDof icerling iage:datas Aceording focal sixtinaspect, thgrevisth the
ima groviggg an irlrtlg e Sdataogggggﬁigg miegréod St(g be cagi d out béan_ imace
Jihtegrated” circuit included in an image pickup d&viceincluding ahdmiage *™29
datapicRuprneans:having geplurality @f phetoglectrig conyerters; arangeddn g v 1 ;
matrix, and a peripheral circuit connected to
compressing the image data and providing the compressed image
data at least by the peripheral circuit; obtaining image data
from a partial area in an effective image area in the image
pickup means 1in  advance; and detecting a code amount by
compressing the image data thus obtained; wherein the step of
compressing the image data compresses the image data at a data
compression ratio based on the detected code amount.

In the sixth aspect, the image datz may be provided from
the image pickup means by XY address control.

Thus the image data processing method can more properly
achieving rate control by a simple process as compared with a
conventional process by effectively utilizing the high degree
of freedom of reading image data.

According to embodiments of the present inventiocn, the
construction can be simplified by effectively utilizing the
high degree of freedom of reading image data. Rate control can
be more pr@perly achieved by a simple process as compared with
a conventional process by effectively wutilizing the high

degree of freedom of reading image data.



the photoelectric converters by a wiring layer formed on a surface of the
image pickup means opposite a light-receiving surface of the image
pickup means and held integrally with the image pickup means
comprising the steps of: providing image data from the image pickup
means by XY address control; compressing the image data and providing
the compressed image data at least by the peripheral circuit; obtaining
image data from a partial area in an effective image area in the image
pickup means in advance; and detecting a code amount by compressing
the image data thus obtained; wherein the step of compressing the image

data compresse%ﬁé?m%é%ﬁ%f%‘“d&% ESMpRESSTd Fatio based on
the det%?%;re.dlc:‘?%% @%%QEJ%Q%%@Q@@ g?}c%héeg:g ecqia%ﬁrr#%% e, e

provided from the image pickup means by XY address contr us'the
dmage-datagaroeessiigunethod can more properly achieving rate control

by a simple process as compared with a conventional process by

effectiveh? utttizifyherRighdedred’ SHreddemtbirSating infgé ¢ata. solid
ﬁ%@éd%@ee%‘%gﬁ?e'&@ﬁfég? present invention, the construction can
cti

be simplified by effectively utilizing the high degree of freedom of reading

image data. Rate eonttel can besmanecproperhhachievediby asioyple so1id
process as compared with a conventional process by effectively utilizing
the High "d&Gr e SHfree fiH o feading image data. 'i3 BRIEF

DESCI@JEJIQI\&Q% E@Eg@%lﬁ%%iewa assistance in explaining

a wavelet transform process.

Fig. 5 1s a block diagram of an imaging apparatus in a
first embodiment according to the present invention.

Fig. 6 1s a diagrammatic view of assistance in explaining
awavelet transformunit included in the imaging apparatus shown
in Fig. 5.

Fig. 7 is a diagrammatic view of assistance in explaining
band division to be carried out by the wavelet transform unit
of the imaging apparatus shown in Fig. 5.

Fig. 8 is a diagrammatic view of assistance in explaining
a line bhuffer cocefficient for a process to be carried out by
the wavelet transform unit of the imaging apparatus shown in
Fig. 5.

Fig. 9isasecticnal viewofan integratedcircuit included
in the imaging apparatus shown in Fig. 5.

Fig. 10 is a diagrammatic view of assistance in explaining
a wavelet transform unit included in an imaging apparatus in

a second embodiment according to the present invention.
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Fig. 1 is a table comparatively showing the characteristics of image

pickup devices. Fig. 2 is a typical view showing the output of a CCD solid
state image pickup device. Fig. 3 is a typical view showing the output of a
CMOS solid state image pickup device. Fig. 4 is a diagrammatic view of
assistance in explaining a wavelet transform process. Fig. 5 is a block
diagram of an imaging apparatus in a first embodiment according to the
present invention. Fig. 6 is a diagrammatic view of assistance in

explaining; .alMaiveletiransferm amit incleged-ini the imaging appanatugrated
shown in Fig. 5. Fi% 7 is a diagrammatic view of assistance in explaining

BehferdivisiBR1OBE caridd Hit By tRe WATSIRLtranSfori thit of fRpodiment

imaging apparatus showrin fio; 5. Eig. £js a diagrammatic view of
assistance in explaining a line buffer coefficient for a process to be
carriediout by 1 therwavislattransiorin wmitl dfAHe inaging. apparatas showrews
in Fi%.,S. Fig. 9 js a sectignal view of an integrated circuit included in the

naginoeApparalUs SHoWH T i, §956 U0 i R ARy PR AT Sidn 5o =a t=d
Aassistance i, gxplaining ;a wavelet transform unit included in an imaging

apparatus in a second embodiment according to the present invention. -
14 Figs. 13{(h), 13{b) and 13(C) are diagrammatic views of
assistance in explaining order in which the integrated circuit
shown in Fig. 11 provides image data.

Fig. 14 is a block diagram of an imaging apparatus in a
fourth embcodiment according to the present invention.

Fig. 15 is a plan view of assistance in explaining a data

compressing process tobe executedby the imaging apparatus shown

in Fig. 14.

BEST MODE FOR CARRYING QUT THE INVENTION

Preferred embcediments of the present invention will be
described with reference to the accompanying drawings.

(1) Construction of First Embodiment

Fig. 5 is a block diagram of an imaging apparatus in a
first embodiment according to the present invention. The
imaging apparatus 1 compresses image data representing an image
of an object, records the compressed image data on a recording
medium and sends the compressed image data to a desired object.

Theuser operates alens 2 included inthe imaging apparatus
1 for zooming to change magnification and adijusts aperture.

Incident llight 1s focused con the imaging surface of an image

- 15 ~



Fig. 11 is a fragmentary perspective view of an integrated circuit applied
to an imaging apparatus in a third embodiment according to the present
invention. Figs. 12 (A), 12 (B) , 12 (C) and 12 (D) are diagrammatic views
of assistance in explaining image data provided by the integrated circuit
shown in Fig. 11. Figs. 13(A), 13(b) and 13(C) are diagrammatic views of
assistance in explaining order in which the integrated circuit shown in Fig.
11 provides image data. Fig. 14 is a block diagram of an imaging
rappantusiniasfodirth 2mbudiment adcording® thelpreseat inventionaFigs
15is aglan view of assistance in ex$)lainin a data corg%ressing process

e BREGTted oy Bt ihiaging HpparatiS sHowh 9r Fig 4. BESTMoDE" "
FRORGARRXING QUTTHE INVENTION  Prefered embadipents of the e

present invention will be described with reference to the accompanying
tdrawingsr(De@onsirtetion of Filst Embodimentsiig. Shisablockidiagrameal
of an imaginr? aéopararius in a first embodiment according to the present
liRVeRasH, The \iffaging apparatus 1 compresses image data representing

an imagg-0f aRfbjget: kegords.the.compressed-imagedata on avos solid
recording medium and sends the compressed image data to a desired

sobjeet. iftve aser operatis’a fens 2lnheludedrin thecitmagiteyapraratse 14oe s
afzé)goﬁrg'gil?%t% %‘%ai%}?naag“s'fi‘f’g%&o sfag}?:&‘%‘l%%% gperturg, JndidentIghtis e,
dging surrace or an image

to convert an optical image formed on the imaging surface for
photcelectric conversionbypixels inte an image signal 81. The
image pickup device 3 is controlled by a driving circuit, not
shown, inanXYaddress controlmode toprovide imagedataprovided
by the pixels in order corresponding to that used by a coding
process to be carried cut by a data compressing means at a later
stage. Inthisembodiment, an image compressingdevicebencodes
lines of image data by a line-base wavelet transform process
and the image pickup device 3 provides lines of image data on
pixel lines. Thus, the image data is provided in processing
units in which a processing circuit at a lower stage processes
the image data. The configuration of a memory circuit to be
used for processing the image signal S1 is simplified, which
will be described later.

An analog-to-digital converter (A/Dconverter) 4 converts
the analoy image signal S1 into a corresponding digital image
data D1. The imaging apparatus 1 supplies the image data D1

to the image compressing device 5 after processing the image

dataDlbyapixel interpcoclationprocess, acolor space conversion

- 16 -



- 15 pickup device 3. An optical low-pass filter Al attenuates components

of spatial frequencies higher than that of light passed through the lens 2.

A color correction filter A2 corrects the color temperature of the light

passed through the optical low-pass filter Al. The image pickup device 3

is, for example, a CMOS solid state image pickup device. The image

pickup device 3 operates according to timing signals provided by a driver,

not shown, to convert an optical image formed on the imaging surface for
ppltsteefectie cCORversion Byepixels intran imagesignabsseThenipgage tion

pickup device 3 is controlled by a driving circuit, not shown, in an XY
FAddreEs control mode to provide image data provided by the pixels in

order correspendingdethat used ky.a coding -pracessde e garned ety a
a data compressing means at a later stage. In this embodiment, an image

Ldopiptassiity tevicd Beepenaas Sirs ohatiagéadatd bypd finechase wagsles s

Jansfory pracess, and,e image pickup, device 3 provides ines.of jmage,
data on pixel linéS.” Thus, the imageé data Is grow ed in procegsmg units

Johich aprecessingiciFeuibal Adoweslage PEALasses rilg imagedatasion
The configuration of a memory circuit to be used for processing the image
ssigiRars| isTSinplified, Whighnwik pecdestibet ater o Bhalcgiedigitals P2

i‘%?%V?SJ%%%%C’Q%%Q}{%Q%%c??é@‘l’%%fn%}gi%%a?gciﬁ‘u%%edsk%‘aé?% ilrrlctaoci.ca)‘rding
corresponding digital image data DI. The imaging apparatus 1 supplies
dheimage. dataDlsnmits the coded data D2 through the transmission’
system to an external device. The image compressing device b
achieves data compression by a wavelet transform method.

In the image compressing device 3, a wavelet transform
unit 6 processes the sequentially received image data D1 by a
wavelet transform process and provides transform coefficient
data D3 obtained by the wavelet transform process. The wavelet
transformunit 6 executes a line-base wavelet transformprocess
that processes lines of image data.

Referring te Flg. 6, the wavelet transformunit & divides
the image data D] into two band components VL and VH by a low-pass
filter 6A and a high-pass filter éB each having a predetermined
number of verticallyarranged tapsbya first-stagebanddivision
process forband limitation. Then, subbandsLLtoHHareproduced
by dividing the band components VL and VH by band division by
a low-pas filter 6C, a high-pass filter €D, a low-pass filter
¢E and a high-pass filter 6F each having a predetermined number
of horizontally arranged taps. The wavelet transform unit 6

holds the input image data D1 corresponding to the number of

- 17 -



to the image compressing device 5 after processing the image data DI by

a pixel interpolation process, a color space conversion - 16 process, an
edge sharpening process and a noise cancellation process. The image
compressing device 5 compresses the image data DI and processes the
compressed image data DI by a coding process to obtain a coded data

D2. The image compressing device 5 supplies the coded data D2 to a
recording system and a transmission system. Thus the imaging

tapparatus tstores-thescodeéd data 92 and plredétemimedsrecbrdingr 63 at

dpedium pcluded in e fesorging, system, and fransmits the.cogeq data, .,
tjhrgug thedransmission system toan external device. The image

ToapRRssing deyice.g pehievesdata.comprassian Hyra waveletiransformne
method. In the image compressing device 5, a wavelet transform unit 6

mré€esses-the sequentially received image data DI by a wavelet transform

process, apd provides tiansfaim cpefficent data.D3 cbined e .
wavelet fransform procéss. The wavelet transform unit 6 executes a

dine-hase wavelettransfermdrecess: that processes diges of image,dates ing
Referring to Fig. 6, the wavelet transform unit 6 divides the image data DI
GAIBAWI-barTd eomfpinents A cand Y BY elobpass: fittet BALaR@at orm

high-pass filter 6B each haying a predetermined. number of vertically . .
e ey & 1 AL B o B Sesee b Tiion 7

pihe: sybbands bic te HH arepreduced by dividingithe:band componemsnd
VL and VH by band division by

divisionprocesses. The imagedataprovidedbytheA/Dconverter
4 is supplied directly to the first line buffer TA.

Transform coefficient data on the wavelet transform
coefficients is accumulated in the line buffers 7TA to 7C as shown
in Fig. 8 by those processes. When the transform coefficient
data is accumulated in the line buffers 7A to 7C after a process
for processing a frame of the image data D1 has been started,
corresponding ceoefficient data 1s provided.

Referring te Fig. 7, the process for processing a frame
is started, the image data D! is suppilied in order of lines to
the first line buffer 7A, the image data Dl corresponding to
the number of taps of the vertical filter subsequent to the line
buffer 7A is accumulated. Then, the line buffer 7A starts
simultaneous, parallel output of the image data D1 corresponding
to the number cof taps of the vertical filter in order of the
lines. Subseguently, the vertical filters 6AAR and 6BA start
a vertical band limiting process and a down sampling process

in order of the lines. Thus, in the wavelet transform unit 6,
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a low-pas filter 6C, a high-pass filter 6D, a low-pass filter 6E and a
high-pass filter 6F each having a predetermined number of horizontally
arranged taps. The wavelet transform unit 6 holds the input image data DI
corresponding to the number of - 17 taps of the low-pass filter 6A and the
high-pass filter 6B at the input stage of the bandwidth division process in
a line buffer 7 temporarily, and provides the image data DI held by the
line buffer 7. Referring to Fig. 7, the wavelet transform unit 6 carries out
tihe bant divsicn procesSitiaee Stayes v procdssing ircuitae d fowernt
stage processes the wavelet transform coefficients HH to LLLLLL b
B e oo Lbes AL Aol A TE A A S aREd o T i L
-stagesekthe band Livision processesthejmage-datapiavided: ypp 1 ied
theA/Dconverter 4 is supplied directly to the first line buffer 7A. Transform
teoefficienpdarroi Hhe Wavelettrarsigrm ebefficientstis/dcotimulated in

the line buffers 7A to 7C.as shown in Fig. 8 b t{:ose processes,..When
the trag o setiiat. Shca & BRI A the Fe BRI Ao pct e

rafter-a pracess: farfprecessing-a frame:ehthgimage-gataDbhas hegR-pass
started, corresponding coefficient data is provided. Referring to Fig. 7, the
forbeess ferfprotessiny s frame 48 started, thé image Yata ol is stpplied i

e e e T T4 e Irope e Pleoromin .
limiting process using the correct transform ceefficient data
and a down sampling process are started. The band limiting
processusingthecorrect transformcoefficientdataiscontinued
tc a sampling number corresponding to the number of taps of the
filter at the terminal ends of the lines. Thus the band limiting
processes of the first stage for the lines are executed
sequentially.

Among the transform ccefficlent data through the band
limiting processes of the first stage, the transformcecefficient
data LL on the low-frequency side with respect to horizontal
andverticaldirections issuppliedtothe linebuffer7Bassigned
to a second-stage band limiting process. When the transform
coefficient data corresponding to the number of taps of the
vertical filter subsequent to the line buffer 7B is accumulated,
the line buffer 7B starts simultaneous, parallel output of the
transformcoefficientdata. Subsequently, theverticalfilters
6AB and 6BB start a band limiting process using the correct

transform coefficient data and a down sampling process in order

of the lines., Thus, transform coefficient data relating to
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buffer 7A is accumulated. Then, the line buffer 7A starts simultaneous,
parallel output of the image data DI corresponding to the number of taps

of the vertical filter in order of the lines. Subsequently, the vertical filters
6AA and 6BA start a vertical band limiting process and a down sampling
process in order of the lines. Thus, in the wavelet transform unit 6, - 18

the vertical filters 6AA and 6BA provide transform coefficient data relating
to vertical band limitation in order of about half the number of lines. The
vieansformh veefficientidatais suppledtodhe horizomtaklow-passianth 1 £ the
high-pass filters. When the coefficient transform data corretssgonding to the

bér Of the L5 of i nbriZbiitar o pass aric Aigh-piss” fiters 3Fte 4

Jwavelet frapsform-unit 64 syppliedda the Sorizootal dQWeRASS affen the
high-pass filters, a horizontal band limiting process using the correct

ararisformscoefficient datar aivdt a down sapapling processharerstapied. The he

band limiting process using the correct transformcoefficient data is
ORI 1 S SARRHG Tnibes CohesBoRming 078 Ronier GEpe orne

Jheefilter at the terming) ends of thedines. d hus the band NG 1 cw-pass

processes of the first stage for the lines are executed sequentially.
s ongthersassfoim tcoefficiént dates through the danda linitidg précdsdesnd
of the first stage, the transforrF coefficient data LL_on the low-frequency

“siffe WitFrES56e 16 HbiZShial Bric véftical tireions 1§ Sppifed o the == -
dine buffer/Bagsignetbrocess are started. Thus the'band limiting
processes of the second stage for the lines are executed
seguentially.

Among the transform coefficient data through the band
limitingprocesses of thesecondstage, thetransiormcoefficient
data LLLL on the low-frequency side with respect to horizontal
andverticaldirections issuppliedtethelinebuffer 7Cassigned
to a third-stage band limiting process. When the transform
coefficient data corresponding to the number of taps of the
vertical filter subsequent to the linebuffer 7C is accumulated,
the line buffer 7C starts simultaneous, parallel ocutput of the
transformcoefficientdata. Subsequently, theverticalfilters
6AC and 6BC start a band limiting process using the correct
transform coefficient data and a down sampling process in order
of the lines. Subseguently, the vertical filters 6AC and 6BC
start a band limiting process using the correct transform
coefficient data and a down sampling process in oxder of the
lines. Thus, transform coefficient data relating to vertical

band limitation is provided in order of about half the number
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to a second-stage band limiting process. When the transform coefficient
data corresponding to the number of taps of the vertical filter subsequent

to the line buffer 7B is accumulated, the line buffer 7B starts

simultaneous, parallel output of the transform coefficient data.
Subsequently, the vertical filters 6AB and 6BB start a band limiting

process using the correct transform coefficient data and a down sampling
process in order of the lines. Thus, transform coefficient data relating to -
19 NMertical bahe limitatiohdsiprovidediiniordér ckabouthalbtiye imanber ohe
lines. The tEaPsform coefficient data is su§_plied to the horizontal low-pass

K d- RighCpass Hiiers ARREN thied CoBftitieht traf&formi data Esnepdnding "t
40 4he numbek ofthe, taps of the horizontaldow-pRass-apd high-passfilters. e

of the wavelet transform unit 6 is supplied to the horizontal low-pass and
High-passHilters of the sesond!stadge ra horiZantad bands limithng protess the

using the correct transform coefficient data .and a down sampling process
8 S8 THOX the Bard g Brotesses of e SecOid 596 fof tHE=

are started. “Process
dings-are,axaquiach sequentially. Araeng the dransferm cosfficientdatas form

through the band limiting processes of the secondstage, the
argrisformendfficiant dataal Lo tronahe lowdrequensys side with réspbct tBhus

{19@5 ‘%Oﬁtg‘ﬂ and vertical directions R%“%#E% o the line buffer 7¢ assigned
0 ‘a third-stage band imiting process. When the transform: cosfficient
ata cerresponding to the number of taps of the :

The wavelet transform unit 6 of the imaging apparatus in
the first embodiment processes the imagedata line-sequentially.
Therefore, the line buffers, namely, memory circuits, on the
input side of the band division processes may be those of a small
capacityandthe constructionof the imagingapparatus issimple.

A gquantizing unit 8 quantizes transform coefficient data
D3 sequentially and supplies quantized data to an entropy
encodingunit 9. Theentropyencodingunit 9processesthe output
data of the guantizing unit 8 by an entropy encoding prodess
sequentially. A rate control unit 10 processes the output of
the entropy encoding unit 9 by rate control process and provides
coded data D2. The guantizing unit 8 and the entropy encoding
unit 9 process the coefficient data D3 provided by the wavelet
transform unit ¢ seguentially in synchronism with the ocutput
of the coefficient data accumulated in the buffers 7R to 7C.
Thus the quantizing unit 8 and the entropy encoding unit 9

processes the data line-seguentially. Therefore, the

guantizing unit 8 and the entropy enceding unit 9 are simple
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vertical filter subsequent to the line buffer 7C is accumulated, the line
buffer 7C starts simultaneous, parallel output of the transformcoefficient
data. Subsequently, the vertical filters 6AC and 6BC start a band limiting
process using the correct transform coefficient data and a down sampling
process in order of the lines. Subsequently, the vertical filters 6AC and
6BC start a band limiting process using the correct transform coefficient
data and a down sampling process in order of the lines. Thus, transform
icoafficieht datd islating o Viertical drarctehnitagores previdédU incorder o ses
Gyt hall the number 20 of Jnes, The fransfaym coeffident datg 9. v o
sm?pﬁ ied to the orlzonta?low-%ass and hlﬁﬁ-pass filters’ When the
cesffigient dransfgen data correspendingtoithe nunabkerwefithedaps of the
horizontal low-pass and high-pass filters is supplied to the horizontal
Honepassiand high-passriiters fthetSec onthstagec® hoR2oRtGI bahl 8 and

imiting pracess using the camect ransform eacficient data anda dawn, o,
psamp ing process dre Started. THis the band IIjlmltlng proc%sses of the

wthird: fes dhedingsrare-exeputed: sequentialy.sEhe wavelehiraasiorm unitré us
of the imaging apparatus in the first embodiment processes the image |
detalineasegaéntially o Therstore Pihetirte Dlfers Hernélyr nferdry upplied

A e B e e o .
A Qyantizinganit8 quantizes dransferpp eeafficient data

Fig. 9is asectional viewofapartof anintegratedcircuit
51 included in the imaging apparatus 1. The integrated circuit
51 is formed by integrally combining the image pickup device
3 and a peripheral circuit. In this embodiment, the peripheral
cirecuit includes a driving circult for driving the image pickup
device 3, the A/D converter 4 and the image compressing device
5. Thus the construction of the imaging apparatus in this
embodiment can be simplified.

In the integrated circuit 51, pixels are arranged in a
matrix to forman image pickupmodule included in the image pickup
‘device 3. The peripheral circuit is formed around the image
pickup module. Fig. 9 is a sectional view showing part of the
image pickup module and the peripheral circuit.

The integrated circuit 51 has a device layer 52, namely,
a silicon (3i) laver of a thickness between about 10 and about
20 pm. Photodiodes 53 for photeoelectric conversion are formed

inpartsrespectively corresponding topixelsof thedevice layer

52. Devices, such as MOSFETs, of the peripheral circuilt are
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D3 sequentially and supplies quantized data to an entropy encoding unit
9. The entropy encoding unit 9 processes the output data of the
guantizing unit 8 by an entropy encoding process sequentially. A rate
control unit 10 processes the output of the entropy encoding unit 9 by rate
control process and provides coded data D2. The quantizing unit 8 and
the entropy encoding unit 9 process the coefficient data D3 provided by
the wavelet transform unit 6 sequentially in synchronism with the output
fufthe €oefficientgata accirmulatedsintthe buffers& ALtoy#€. Sthus the
quantizing unit 8 and the entropy encoding unit 9 processes the data

line-sediientialiy* THETEfoTE. the qantizing it 8 aritlthie @htdpy 110 (5102
£ncpdiag unjt 9 aressimaie: 245 in gonfiguration, The inage GOMBLESSNg
device 5 thus compresses the image data DI line-sequentially. The image
Pickap device 3 previdés image datarlinesseguedtialbracedradirigetd the that
line-sequential aperation of the image compressing unit 8 and provides

GREST b ot O 'each HRETH prbcesti BRITIIGRER the Akigd "L=ing

copapressing device, 8 Arogesses.the image data. Taus Jthe image data Dl 1
provided by the A/D converter 4 is supplied directly to the image

compressing device d to:splifysthis constiuction 6€the frhagiigring layer
E_iaé)paratus. Fig. 9 is a sectional view of aé)art of an integrated circuit 51

chidedHIHE Thiagitg Spparatls™® i’ inegrdtdd &irduit® 81 35 for e ©
Dy, integrally combiningJthesmage pickup deyice, 3and-aperiphstdlite a

circuit. In this embodiment, the peripheral

light-receiving surface. Thus all the troubles resulting from
forming the wiring layer on the light-receiving surface are
eliminated and the degree of freedom of wiring is increased.
The troubles resulting from forming the wiring layer on the
light-receliving surface are the reduction of the intensity of
light falling on the pixels by the shading effect of the wiring
lines of the wiring laver and crosstalk between the adjacent
pixels,

When the wiring layer 59 of the integrated circuit 51 is
formed on the surface opposite the light-receiving surface, the
photodiodes 53 and the circuit devices of the peripheral circulit
are formed in a thin semiconductor substrate, the wiring layer
59 is formed on the semiconductor substrate, and then the
substrate support 60 isattached to the semiconducter substrate.
Then, the semiconductor substrate is turned over and the surface
of the semiconductor substrate is polished by CMP to complete
the device layer 52. Then, the shading film 55, the silicon

nitride film (SiN film) 56, the color filters AZ7 and the
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circuit includes a driving circuit for driving the image pickup device 3, the
A/D converter 4 and the image compressing device 5. Thus the
construction of the imaging apparatus in this embodiment can be
simplified. In the integrated circuit 51, pixels are arranged in a matrix to
form an image pickup module included in the image pickup device 3. The
peripheral circuit is formed around the image pickup module. Fig. 9 is a
sectional view showing part of the image pickup module and the
rperipherabeifc it Eieintogiatst et Bl has'd device layer 52, namely,
a siicop,(31) @yer, ofa Ihickness betwieen ahatl 19.814200M 20Ms reuse
Photodiodes 53 for pﬁotéjejle&rr?: conversion are formad mpparts
Jespastively eorrespepding-tespixels:ef therdevicedayet Hg:Navices, sueh
as MOSFETSs, of the peripheral circuit are - 22 formed in a layer
IdetiAnG the ldenéd layaE s drivihelintebfated ERCUNTTE hoSliebA surface

dioxide. film (Si02 . film) 54, a shading film.55. a silicon nitride film, (SiN '
B S Kolor T A S BN S ave Sokad 1 that ot °%

Lon-thesdeviee rer &2 ddhe photadiedes 5handra wiringi layee 59dardegree
connecting the circuit devices of the peripheral circuit are formed under

chefdeeeTayeroZ. T shirindg layér: BORIRMIEHE & 9 6tBRErat8 Shporeae
SR IAE ALl Sl e ialore el et on e
dpeRing dhewiing layer pndhe dight-receiving stiface-aedata compressing
process.

{2) Operation of First Embodiment

The lens 2 of the imaging apparatus 1 forms an image of
an object on the imaging surface of the imagé pickup device 3
and the image pickup device 3 provides image data on the image.
Then, the A/D converter 4 converts the image data into the image
data D1. The image data D1 is processed by the edge sharpening
process, the image compressing device 5 compresses the image
data D1 to convert the image data D1 into the coded data D2.
The cocded data D2 is recorded on the recording medium and is
fransmitted to the external device. Thus the imaging apparatus
1 compresses the image data, records the compressed image data
and sends out the compressed image data.

In this series of processes, the 1mage compressing device
5 processes the image data DI by the wavelet transform process
and provides the wavelet transform coefficient data D3. The

wavelet transform coefficient data D3 is processed by the

quantizing process, the entropy encoding process and the rate
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eliminated and the degree of freedom of wiring is increased. The troubles
resulting from forming the wiring layer on the light-receiving surface are

the reduction of the intensity of light falling on the pixels by the shading
effect of the wiring lines of the wiring layer and crosstalk between the
adjacent pixels. When the wiring layer 59 of the integrated circuit 51 is
formed on the surface opposite the light-receiving surface, the

photodiodes 53 and the circuit devices of the peripheral circuit are formed
darg: thin semicend uctap substiate hhewiring dayer BD.is formedapdhet ckup
semiconductor substrate, and then the substrate su&%;))ort 60 is attached to

MR SemicSductor Subiiate S THEM the s&fiikbRAGEDT Slbstan™1s st 2
Qvarand the  surfacg rat-thessemiconductor substrateis palished by, CMP e ¢
to complete the device layer 52. Then, the shading film 55, the silicon
Initrideefiivd {SiNfilmy 56 1the celor filters A27 ahd theor RBemitroléhses B8ge
are formed seqélentially.ST us th(f itgna%éle 1|gickug device 3 %nd thefP _
SS&fipteral Brcdit 'of the Tmaging apparati® T aré t3tbineddRtegraly i
dheintegrated girgditang the-wiring layer is formed on the surface
opposite the light-receiving surface. The wiring lines are arranged by
effectivelzatilidiagthe<greatly incrédsedidegree offreedbn ofwiting sanage

that the jimage data provide ‘a?i age, pickup device 3 can be .
e B e R S S brosdag - oe.

and, in, ordektoy the datacorepessing reading. Therefore, the image
data can be read in various image data reading modes, such as
aline-sequential readingmode, a cclumn-sequential readingmode
and a block-seqguential reading mode. This embodiment reads the
image data from the image pickup device 3 in processing units
in which the image data is processed by the image compressing
device 5. Theconstructionis further simplifiedbyeffectively
utilizing the high degree of freedom of reading characterizing
the CMOS solid state image pickup device.

More concretely, inthe imaging apparatus 1, theprocessing
units inwhich the image compressing device 5 processes the image
data are lines and the lines of the image data are compressed
byaline-basewavelet transformprocess, the image pickupdevice
3 provides the lines of image data. Thus the construction is
simplified by effectively utilizing the high degree of freedom
of reading.

In the imaging apparatus 1, the image pickup device 3 that
provides the image data in the foregoing mode, Lhe image

compressingdevice b, namely, aperipheral circuit forprocessing
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process. (2) Operation of First Embodiment The lens 2 of the imaging
apparatus 1 forms an image of an object on the imaging surface of the
image pickup device 3 and the image pickup device 3 provides image

data on the image. Then, the A/D converter 4 converts the image data

into the image data DI. The image data Dl is processed by the edge
sharpening process, the image compressing device 5 compresses the
image data DI to convert the image data DI into the coded data D2. The
todetrdata D2tis reeordlechen AH@ recording: mediurmand 1s- ¢rarsaitiedrtoan
the external device. Thus the imaging apparatus. 1 compresses the image

*gHt& IretoTds the ThhpresSBtPihag e Gata" ARt Serfys St e %Bﬁﬁréﬁggﬂ“d

dmage data,In this series of processes, the image compressing device 5
processes the image data DI by the wavelet transform process and
providesithgnwavel ettranstormdsoetficient dataDBe Thehwaveéletitransforare
coefficient data D3 is processed by the quantizing process, the entropy

*BHoHh Y BrocEsEdnd the Fate™©245E0Tdi ' Brbeeds th-proviad e Edded

data 2. i-_%e @H@_gﬁf{%i%uﬁi@%'ﬁed%ﬁ%\é_dg%w é@flé‘{%ékal ‘circuit
representing the image data sequentially in processing units. The image
watad provided bydhe &/Daoohvérer dtandie directly sapphedtd thending
image compressing device 5 for data compression. Thus_the con-

'SHucHFPENGE simplified” nfdige data is réatfoy XV Jitess conforidm™d

fQ?@Pagg formed on the surface cpposite the light-receiving
surface of the image pickup means in this embodiment and the
photoelectric converters of the image pickupmeans are connected
to the peripheral circult by the wiring layer. The integrated
cirvcuit thus formed ensures the high degree of freedomof reading
the imagedata, and the constructionissimplifiedbyeffectively
utilizing the high degree of freedom of reading the image data.

{3} Effect of First Embodiment

The image pickup means and the image compressing means
are connected by the wiring layer formed on the surface oppesite
the light-receiving surface of the image pickup means to build
the integrated circuit and the image pickup means provides the
image data sequentially in the processing units in which the
image data is processed by the image compressing process. Thus
the construction can be further simplified by effectively
utilizing the high degree of freedom of reading the image data
characterizing the CMOS solid state image pickup device.

The image data is compressed line-sequentially by the

wavelet transform process and the image pickup device provides
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pickup device 3, namely, the CMOS solid state image pickup device, at a
high degree of freedom of reading. Therefore, the image data can be
read in various image data reading modes, such as a line-sequential
reading mode, a column-sequential reading mode and a block-sequential
reading mode. This embodiment reads the image data from the image
pickup device 3 in processing units in which the image data is processed
by the image compressing device 5. The construction is further simplified
tiedbyreffectivagtlizing thelhighrdegiee oflfresdom of sdadingtcelectric

characterizing the CMOS solid state ima plckup evice. More
BN, in e TAGTT ApRAS 1, THE Prodsssiig Ut in ik e

AMage.compressing.device.s processes the imags (data.are ligesand-the o ¢
lines of the image data are compressed by a line-base wavelet transform
Ipreecdsy, tetimmgenpickup device c3 provides ahé dines b imde ©4da. solid
Thus the construction is S|mpI|f|ed by effectively utilizing the high degree
SSFfréeddin Y5t rpeac}(r%) Ahe |ﬁ1ag|ng apparatus 1, the image pickup

device gsthat previdesthedmage-data in the foregoing mode, the image
compressing device 5, namely, aperipheral circuit forprocessing - 25 the

image #atarangd- thie &Y Decorivertendaare imegratal dol ane integratedding to
%rcun Thuscthe construction is |mfltur|zed and sm Ilfled If he ima
ERiGESS

l%ore& lﬂV&I’lﬁllOl’lu es g ase Orm
PIERp d&Tce ARG The Periphéral circhit aré integrate S|mp

iStyctyre - WiHRg I palte s se wavelet transform process used,by the
imaging apparatus linthe first embodiment fordata compression.
The imaging apparatus in the second embodiment is the same in
configurationas the imaging apparatus 1 inthe first embodiment,
excluding a wavelet transform unit 6 and arrangement relating
to the wavelet transform unit 6. The imaging apparatus in the
second embodiment will be described in connection with Fig. 5
and the description of parts of the imaging apparatus in the
second embodiment like or corresponding to those of the imaging
apparatus 1 in the first embodiment will be omitted to avoid
duplication.

Image data D1 on an image obtained by the imaging apparatus
is divided by a predetermined number of horizontal lines and
a predetermined number of vertical lines to demarcate tiles TO,
Tl, T2, ..., namely, blocks as processing units, as shown in
Fig. 10. The wavelet transform unit ¢ included in the imaging
apparatus in the second embodiment reads the tilegs T0O, T1, T2,
of the image data Dl sequentially in a raster scanning mode and

processes the tiles TO, T1, T2, ... of the image data D1 by a
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connecting the image pickup device and the peripheral circuit causes
various troubles and the high degree of freedom of reading the image
data cannot be fully utilized. Therefore, the wiring layer is formed on the
surface opposite the light-receiving surface of the image pickup means in
this embodiment and the photoelectric converters of the image pickup
means are connected to the peripheral circuit by the wiring layer. The
integrated circuit thus formed ensures the high degree of freedom of

st e IMAGE BAtACaREThe oRSATEHGH REIAYITIEdb)erfectively 1os

tiI'zm h de eof fr ed eadin e ima X ata 3) Effect
% Iglrst rr}rf odiment Tﬁg%r%%ge%rgkuﬁgmevalngs and the image 218169 BlPelne

w@ampéessmgmeaﬁﬁ aretconrested hyatheywiring.layerdfosped ondbeg unit
surface opposite the light-receiving surface of the image pickup means to

95%%%?@@%‘@?3@6@%@.? ARG TGS Bl MBSHS Provides e tded
p{N2HE %%ﬁ %%’%'@ the processing 'Esn'é‘o‘@ﬂh'ﬁlg e, image data is,

rocesse age compressing process. Thus the construction can
cb@xﬁﬂm%ﬁmpllﬁgdrbwEﬁe@tiﬁﬁe@/ouﬁﬂﬂiﬁgdhethi@@deg@@&iﬁt&&ﬂﬂﬁ@ efnit
reading the image data characterizing the CMOS solid state image pickup
Sdéviee PRe Tha§e Rfta IPéompressed line-sequentially by the wavelet

ransfoggprocess a0dhe Imade pickun devicg proyides. - 26 themade,

data provided by the plurality of photoelectric converters line sequentially.
thius: Hreconstruetion ean he ntudben simplified by effaciively wilizingsthena 1

hi %h degree of

ter. Thecapacityofbuffermemoriescfthetile~basewavelet
transform process at the input stage of division processing may
be small as comparedwith that of the line-basewavelet transform
Drocess.

The image compressing device 5 of this imaging apparatus
exacutes a tile-base data compressing process and a driving
circuit net shown, controls the image pickup device 3 by rate
control to provide the image data from the photoelectric
converters in a tile-sequential mode.

Even though the image pickup means and the image
compressing means of the imaging apparatus in the second
embodiment are connectedto formanintegratedcircuitbyawiring
laver formed on a surface cpposite a light-receiving surface
of the image pickupmeans, the imagedata isprovided sequentially
in processing units for the image compressing process by the
image pickup means, the image compressing means processes the
tiles of the image databyawavelet transformprocess to compress

the image data, the image pilckup means provides the tiles of
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freedom of reading the image data characterizing the CMOS solid state
image pickup device. (4) Second Embodiment An imaging apparatus in a
second embodiment according to the present invention uses a tile-base
wavelet transform process instead of the line-base wavelet transform
process used by the imaging apparatus 1 in the first embodiment for data
compression. The imaging apparatus in the second embodiment is the
same in configuration as the imaging apparatus 1 in the first embodiment,

teecludirtradtdvelet ttabforhd uhft @ andhErrafigement Flating B ressed,

avelet transform unit 6, The imaaging.a ratus. in,the. second .
i N30 th%%%HE%Pb the high
embodiment will be described i connect onlwlteFlg.ySu and the ~ =7

deseription of pattsrobthe maging appaiatugdndhe aserand emhadiment: ne
like or corresponding to those of the imaging apparatus 1 in the first
IEnBBdimERtRIIFEE bRsitted146avbid Adificatipn’ ifagé ddia DidsttaRt ckup
Cf'énm eegbtained by the imaging apparatus is divided by a predetermined
number of horizontal lines and a predetermined number of vertical lines to
demarqate tites 70 ,efb d2ineamely, blocks as processing units, as
shown in Fig. 10. The wavelet transform unit 6 included in the imaging
apparatigiin the Sed orich BBOERREMTEEEE fiie iRy Ty 7f ¥2,integfthesd

I e L e
JUHO6esS.A quaniizng tnid quantizes tiles. In the third embodiment,
this integrated circuit 61 constitutes the imaging apparatus
in the first and the second embodiment. Parts of the integrated
circuit 61 like or corresponding to those of the integrated
circuit 51 of the first embodiment are designated by the same
reference characters and the description thereof willbeomitted
to avoid duplication.

The integrated circuit 61 integrally includes an image
pickupdevice 3andaperipheral circuit. Theperipheral circuit
is the same as the peripheral circuits of the first and the second
embodiment, Thus construction of the imaging apparatus in the
third embodiment is simple.

The integrated circuit 61 is formed by stacking up a
peripheral circuit and an image pickup device. The peripheral
circuit is fabricated by forming the component semiconductor
devices of the peripheral circuit on a semiconductor substrate
62 by predetermined semiconductor device fabricating processes
and forming a wiring layer 63 over the semiconductor devices

and connecting the wiring layer 63 to the semiconductor devices.,
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of transform coefficient data provided sequentially by the wavelet

transform unit 6 sequentially. An entropy encoding unit 9 processes the

tiles of the quantized data sequentially provided by the quantizing unit 8

by an entropy encoding process. A rate control unit 10 provides the

output of the entropy encoding unit 9 through rate control. The tile-base

wavelet transform process is achieved through band limitation and down

sampling with a two-dimensional filter. The capacity of buffer memories of
Tihe pite-bake wedveletctrafsferpT process at thesSiputistagedfdigsipnt rodes

prgoessinamay,be stall a3 compared wit that of the ine iage wavelet
transsform process. € Image compressing 8GVI%€‘ of this Imaging

apparatdsnexesuiesa tilechrse - data.ecomprassing processanskia deving the
circuit not shown, controls the image pickup device 3 by rate control to

igrovidetheiirage HarefrbAttherphidieefechic Eonversrsintd including

tg']le-seqfential. maode. Even though thE image g'&ckup means %nd the irr%a e
P otoelectyic ¢conv ]f ers anme ,Ip Xels arranﬁg :mba i X.
compressing means of the imaging ap%a atus’inthe second embodimen

&€ cennectpd daderm apdntegrated girewit by enwiring: layeriformed-on as a
surface opposite a light-receiving surface of the image pickup means, the
thiagiendata iseprovidedbegueAiaky:dnasrosdssifghanits reheniptagecickup

om resbsing rocess b thefima edpick means, the im%%e 1 50 ¢
dgeovrﬁgfeess?ﬁgEgnqggr?g%tr%éceessse%rt e tif’e%%%ﬁelfnmaggeepdla%a ?a\?\ﬁé%let ©

Jdransforn pracess t-eampress: the irnage data dhedmage pickup means
provides the tiles of

A silicon dioxide £ilm, a shading £film, a silicon nitride
film, a color filter AZ7 and microlenses 58 are stacked in that
order cn the upper surface of the image pickup layer 52 of the
image pickup device to forman image pickupunit. Awiring layer
59 is formed on the lower surface ¢f the image pickup layer 52.
A wiring layer 63 included in the peripheral circuit is formed
on the lower surface of the wiring layer 59. The wiring layers
5%and 63 areconnectaedtoformthe integratedcircuit 6l including
the image pickup device and the peripheral circuit.

The wiring layer 59 of the integrated circuit 61 is formed
on a surface cpposite a light-receiving surface. Thus all the
troukles resulting from forming the wiring layer 59 on the
light-receiving surface are eliminated and the degree of freedom
of wiring is increased greatly. The peripheral circuit and the
image pickup device separately formed by different wafer
processing processes can be integrally combined by the wiring
layer 59. 3Since the image pickup device and the peripheral

circuit can be separately formed by suitable wafer processing

~ 30 -



- 28 the image data and the tiles of the image data are processed, the
construction can be further simplified by utilizing the high degree of
freedom of reading the image data characterizing the image pickup
device, such as a CMOS solid state image pickup device. (5) Third
Embodiment Fig. 11 is a fragmentary perspective view of an integrated
circuit 61 included in an imaging apparatus in a third embodiment
according to the present invention. In the third embodiment, this
rntegratetbcircWit 6 constitutes the imagingapparatus infthefirstiaadthe
second embodiment. Parts of the intePgr(r]gted circuit 61 like or
e

2EBHEShoRHiING to Hiose of the integrafed ‘Eiduit 51 of the first embodiment
are designatech by he same- reference eharagters.and the-deseriptioncs of
thereof will be omitted to avoid duplication. The integrated circuit 61
dhtegraly includés anindage pickyydevice 3 andrapetipkersdtircaitdfhgor

eripheral circug. ishth same as thefgeriph ral circuitlgl of ttle first and the
Socond” etibbdiment. “THUs construction of tHe MAGIRGHpbaratus hithe ™ @
dhird embodiment s simple. I he integrated gifcuit &L is formed byistagking.
up a peripheral circuit and an image pickup device. The peripheral circuit
qg faprcatedbisformind the. temponenksemitondiretors devideswt thehe

er eral.céirc%(ijgor}la s.emiconduc}(or s%bstr.ate gécb predetermine

[
en£1 Y t.ne 1%a.%e .%lc 11 evice
semiconductor device fabricating processes

The area of the chip increases with the increase of the number

eases accordingly.

of pixels. When the image pickup device and the peripheral
circuit are thus fabricated separately by different wafer
processing processes and are combined together in the integrated
circuit, the image pickup device and the peripheral circuit can
be fabricated by suitable wafer processing processes, re-
spectively, and the ability can be improved accordingly.
Whenintegratedcircuiteélisbuiltbyintegrallycombining
the image pickup device and the peripheral circuit by thewiring
layer 59 formed on the surface cpposite the light receiving
surface, the integrated circult 61 can be formed, similarly to
the integrated circuit of the first embodiment, by forming
photodiodes by processing a surface on the side of the wiring
layer 59 of a thin semiconductor substrate, forming the wiring
layer 592 on the semiconductor substrate, and the peripheral
circuit formed by separate processes is attached to the
semiconductor substrate. Then, the semiconductor substrate is
turned over and the surface of the semiconductor substrate is

polished by CMP to complete the device layer 52. Then, the
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and forming a wiring layer 63 over the semiconductor devices and
connecting the wiring layer 63 to the semiconductor devices. - 29 The
peripheral circuit is provided on its surface with electrodes and such to be
connected to the image pickup unit. As mentioned in connection with the
first embodiment, the image pickup device has an image pickup layer 52
including photoelectric converters, namely, pixels, arranged in a matrix.
The image pickup layer 52 is a silicon layer (Si layer) of a thickness
detween didut, 10tand-about 20imeThetimage:pickup rdevicd hases 58 are
hotodiodes formed in the image pickup layer 52 to carry out a

HOtGE et EoVeErSioh process. A silicon dioxide film, a shading film, a
silicon nifriderfilp, g.colarfilier,A2Z and migrolenses o8 are stacked.inr ¢p.e

that order on the upper surface of the image pickup layer 52 of the image
pidkuprdévidectorfonntah intdges pickupednit yAswiringilayen b 9hs formed o ¢
the lower surface of the image pickup layer 52. A wiring layer 63 included

1 Y58 DeTiph&tal THeOR 1S foried Ton thE 16WEr StFfats SrtHd winmg fee? ted
é&J@&w&r&ng_g@ﬁ% 29.8pdi63 arg coanected tosformithedntegrated, 11 11

circuit 61 including the image pickup device and the peripheral circuit.
Jheewiringptay et X bftheciniggrated cirduit 61 is fernsédvwon arsurface 12 (A)
$p£r10$ite a light-receiving surface. Thus all the tr9ub|es resulting from

o

Y e AT G fayer'so BRARES ight-FacaiVing /Sy & efipirdiegsss -
and thedegree-of freademy of witing, isingreasedigreatly. The perirheral s,

circuit and the
parallel cutput mode as shown in Fig. 12{B} and the columns of
the image data canbeprocessed by the peripheral circuit. Lines
of the image data can be provided in a simultaneous, parallel
output moede as shown 1in Fig. 12(C}) and the lines of the image
datacanbeprocessedbytheperipheral circuit., Theflexibility
of the image data output mode improves the degree of freedom
of output of the image pickup device remarkably.

Signal lines are connected to the pixels, respectively.
The image data can be provided in variocus output modes through
the XY address contrel of the pixels. For example, the image
data can be provided in the simultaneous, parallel output mode
showninFig. 12 (A) by simultaneously turning on MOSFETs included
respectively in the pixels, the lines of the image data can be
provided as menticned above in connection with Fig. 3 by
controlling the horizontal address lines, and the image data
successively arranged on vertical lines can be provided as will
be mentioned later with reference to Fig. 12(C) by controlling

the vertical address lines. In the output mode shown in Fig.
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image pickup device separately formed by different wafer processing
processes can be integrally combined by the wiring layer 59. Since the
image pickup device and the peripheral circuit can be separately formed
by suitable wafer processing - 30 processes, respectively, various
abilities of the imaging apparatus can be generally improved. The
semiconductor devices are miniaturized and lines of the wiring pattern are
narrowed to arrange the semiconductor devices in a high density to form
itheperipheralicircLit iz ssmalhchip anc to. reetiicérpoweheonsumption. 1
the pixel size of the pixels of the image pickup device is reduced, the

SSBHSTHRty ‘T thE frhagd Bkt devite dathéases &ordingly - THe' &réd otss
itheship fngreases with theyincrease ef.the,aumber, of pixgls- When the s as

image pickup device and the peripheral circuit are thus fabricated
nggparatety: byidiffererftewafereprocessing proeessessandrare combinedi gnal

together in the integrated _circuit, the image pickup device and the )
B HERI BGUR boh BeABACHeA By SUTHIE WATRP BroRbeghg 1» @ times

SIQEesSERIEs SPeGlivRlYs anrd theahilisean;heiimpioyed agegrdingly . ; mage
When integrated circuit 61 is built by integrally combining the image
Ggitkupdevice and thieiperipherat cirowit by thpwinng layerssgfemied ony

the surface opriosite the Iig t receiving surface, the int_ rated circuit 61
a6 101 SIaHy 16 e [oGratiel HHECi oF (8 Hist eRbHER: -
iRy forming. photodiodes by precessing snsurRce onhe: sideoftheswiring ng
mode through the contrel of the vertical and the horizontal
address line. The pixels are arranged successively in
horizontal and vertical directicns con the horizental and the
vertical address lines. The pixels of the plurality of blocks
are scanned in the same scanning order.

The image pickup device and the peripheral circuit of the
integrated circuit 61 can be connected so as toprovide the image
data in a line-sequential cutput mode as shown in Fig. 13(A},
in a colunn-sequential ocutput mode as shown in Fig. 13(B} or
in a block-sequential output mode as shown in Fig. 13{c).

The imaging apparatus in the first embodiment processes
the image data by the line-sequential process. The imaging
apparatus in the third embodiment supplies the image data to
the peripheral circuit in one of the output modes shown in Figs.
12(A) to 12{D}.

The integrated circuit 61 of the imaging apparatus in the
third embodiment supplies the image data tco the peripheral

circuit in a simultanecus, parallel output mode through a
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layer 59 of a thin semiconductor substrate, forming the wiring layer 59 on

the semiconductor substrate, and the peripheral circuit formed by

separate processes is attached to the semiconductor substrate. Then, the

semiconductor substrate is turned over and the surface of the

semiconductor substrate is polished by CMP to complete the device layer

52. Then, the - 31 shading film, the color filter A27, and the microlenses

58 are formed sequentially. The image pickup device and the peripheral
réircuitlcfttier integratec: circliit € L tings=formmedk by stackidgUp-thé , namely,

component layers can be connected such that the pixels of the integrated

“difedit 61 30pbR ofitpt Sidrialin A Simbiit&ests® parafict dhtdut mote-tde
dheqerinheral cireuit as,shown i Figo12(A) anditheimagedatais.  those

processed by an A/D conversion process. Columns of the image data can
e provideckipsd sthiultaneous C parallel wutmatancde agshewn e Bigppr L ied
tiﬁZ(B tand hhe columns of the image data can be processed k&y the 11e1
Sriphetal BrQUIELingS oPHTE imdigs dhta dar e frovided iR+ paratle
sitaneqysparallel output mode as shown in Fig. 12(C) and the lines
of the image data can be processed by the peripheral circuit. The

flexibililhofithe iagedatalogput mode improves the degreawsfareeddnthe

gtoutout of the image. pickup device remarkably. Signalines are_ ..,
ConiectedtBthe pixels, respectively ~ The iMage data can be pfovided in Y
MAHOWS output medes threughy 4he, XY-address contrelafdhe pb@gls Forve1y.
example, the image
Consequently, various abilities can be improved.

(&) Fourth Embodiment

Fig. 14 is a block diagram showing an imaging apparatus
71 in a fourth embodiment according to the present invention
incomparisconwith the imaging apparatus 1 showninFig. 5, Parts
of the imaging apparatus 71l shown inFig. 14 like or corresponding
to those of the imaging apparatus 1 shown in Fig. 5 are designated
by the same reference characters and the description thereof
will be omitted to avoid duplication. The imaging apparatus
71 includes an integrated circuit similar to that of the first
or the third embodiment. The integrated circuit of the imaging
apparatus 71 is formed by integrally combining a driving circuit
for driving an image pickup device 73, an A/D converter 4 and
an image compressing device 75, namely, a peripheral circuit.
Tmage data can be supplied in wvarious output modes to the
peripheral circuit. Thus the construction is simple and small.

The image pickup device 73 is a CMCS solid state image

pickup device, Thedrivingcircuit, not shown, drives the image
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data can be provided in the simultaneous, parallel output mode shown in

Fig. 12(A)by simultaneously turning on MOSFETS included respectively in
the pixels, the lines of the image data can be provided as mentioned

above in connection with Fig. 3 by controlling the horizontal address lines,

and the image data successively arranged on vertical lines can be

provided as will be mentioned later with reference to Fig. 12 (C) by

controlling the vertical address lines. In the output mode shown in Fig. -
r3Z KGR thedmage ditd caniye provided flom tHeevierticallpickup device
7sjucc%ssively arranggd ‘piielsa rtgyiconteraolIiln(i;nthf gﬁrgcalr%dsdgggi Iiners‘L im

inStEad O 2ohtroifiAgG the norizontal Address fings as” mentiohed with ~29¢
feference. tefige & and.assigning-each signalpline sequentially t@ the which
horizontally arranged pixels in a times sharing mode. In an output mode
tSoWRsiBEFRPIER (DF Lihe dnagee dat® can bepiovidediinbiarioliye driving

sequences by seguentially selecting g pluralty of piels inclyded 0.8,
Cbﬁock‘anbl connec eH fo a S|gnal Ine in raste scgnnlng moﬁe and a

19Z2% §capning. madethrough the contrgh ofthexvertical-and the provides
horizontal address line. The pixels are arranged successively in
rirontar areifverical direttions ot i@ R8rizdritalrand the regrfidaf A to ARE

@ddress ines. The p‘ée'gi%f%erg%*éazg&ﬁogc?'ﬁ%sa ?éersecé"{‘é‘r?%?a{? Sreas.
Same scanning order. The image pickup device and the perlpﬁera circuit
10fdhgaintegratad eircyit®li gan bergennected s0as toprovide the MagRage

data in a line-sequential output mode as shown in Fig. 13(A),

area ARA and the four partial areas ARA, ARB, ARD and ARE are
at the four ccrners, respectively, of the effective image area
AR. Ccmpressing process necessary for compressing the image
data of the image formed in the effective image area AR can be
roughly gripped fromthepartial areas ARAtc ARE intheeffective
image area BAR.

The image compressing device 75 detects a code amount by
compressing the imagedatacofpartial images formedinthepartial
areas ARA to ARE. The image compressing device 75 compresses
the image data provided by the image pickup device 73 at a data
compressing ratio based on the detected code amount. Aspecific
area lmage compressingunit 76 included in the image compressing
device 75 compresses image data D1 on images in the partial areas
ARA to ARE, supplies a signal indicating the code amount of codes
produced by compressing the image data DRI to a code amount
assignment control unit 77. The code amount assignment control
unit 77 estimates the code amount of codes that may be produced

when the image on the effective image area AR is compressed on
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in a column-sequential output mode as shown in Fig. 13(B) or in a
block-sequential output mode as shown in Fig. 13(c). The imaging
apparatus in the first embodiment processes the image data by the
line-sequential process. The imaging apparatus in the third embodiment
supplies the image data to the peripheral circuit in one of the output
modes shown in Figs. 12(A) to 12(D). The integrated circuit 61 of the
imaging apparatus in the third embodiment supplies the image data to the
tperipherad cifctitin acsimultaneous] paraldl odtput Moderthrougk@ s38nal

gl r Iit¥ of systems. The image compressing device 8, n me}!}/, the
B ORETIEGT O (RE iho AR e T Mol e Sinedsitf he
cGifoWts Chto LR amshawn inthig <1l -Thase; three processing cieciits GIAQ «

C3 process the image data supplied thereto through the three systems in
& shmitaneses, paratiel qerotessingdhodet Thiehserphierat Cireuit andiilie to

Aima%e pickug means of the inl)aéging agq)aiat%s j:n the tthird embodiment

are formet séparately By ditterént stiitable Wafer proceSsihg processes.”
Jespestively. (Gensequantly, Masipus.ahilities £an he inproved o(§) 1kauth «
Embodiment Fig. 14 is a block diagram showing an imaging apparatus 71
oifh afourtl epticdimertt ABUordingptothe: préSentdaentiery incomparisoped
with the imaginﬁ %pparatus 1 shown in, Fi&. 5. Partgsc?f the imaging

SpBArAE 71 Shoti in E1g. 14 1Ke' o1 Co1reaponding

An image compressing unit 78 determines a guantization
scale according to the data compressing ratio determined by the
code amount assignment contrcel unit 77, compresses the image
data D1 on the image in the effective image area AR and provides
compressed image data. A rate control unit 79 inserts dummy
data into the image compressingunit 78 for a rate control process
and provides coded data D2. The image compressing unit 78
compresses the image data by a data compressing method used by
the specific area image compressing unit 76. When rate contrel
can be practically satisfactorily achieved, the image com-
pressingunit 78 may compress the image databyadata compressing
method different from that used by the specific area image
compressing unit Je.

Thus the imaging apparatus inthe fourthembodiment detects
the code amcount of codes produced by compressing the image data
on images in the partial areas in the effective image area by
effectivelyutilizingthehighdegree of freedomof reading image
data of the image pickup device, namely, the CMOS sclid state

image pickup device, and determines the data compressing ratio
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to those of the imaging apparatus 1 shown in Fig. 5 are designated by the
same reference characters and the description thereof will be omitted to
avoid duplication. The imaging apparatus 71 includes an integrated circuit
similar to that of the first or the third embodiment. The integrated circuit of
the imaging apparatus 71 is formed by integrally combining a driving

circuit for driving an image pickup device 73, an A/D converter 4 and an
image compressing device 75, namely, a peripheral circuit. Image data
wartbe suppliedif varous datputcenodes:td themperipieral chreutmBlgsdata
the construction is simple and small. The image pickup device 73 is a

EMES 83t State 1HAGR Picklp Y&AcE FRETNTRY CIFCAE Tiot shawi® =he
ibieee 10208 1,34 Alckup device /3, Retering Lo Flgydpathe 11ages o1y

pickup device 73 outputs successively an image signal Sl representing an
amagecdormmed inareeffective imagear@aoAR 10 processingaunits:irewhicina 1
the image compressing device 75 process image data. The driving circuit,
TGt EHOW T FEohtrots e image pickup device 73 by XY address control

such that the mage pickup.device 73provides- image data ofpadialy,,

images formed in partial areas ARA to ARE in advance. The partial areas
ARAMoARERI& eeCtanguliartareas. Ehie partial aeasARC Eatthecertéred
of the effective image area ARA and the four gpartial areas ARA, ARB,

KRB AT NRE Hre " BEIHE FOU cornBiS $espectvely, of THe effeGive ifEga"

@63, AR- COMPIESSNgRIPEESS NGRSy HonLomPEeSSIGINE IMagee s sed
data of the image formed in the effective image area AR can be

by TALL - TS. Suppose that a code amcunt of codes that may be
produced by compressing the data in the rest of the areas is
TR, a surplus code amount TEu. = (TR + TS) - TALL. The data
compressing process can use a desired code amount for data
compression by determining the data compressing ratio so as to
distribute the surplus code amount TE,:, toall. The code amount
TR of codes that are produced by compressing the rest of areas
canbeestimated from the code amount TS of codes that are produced
by data compression that is executed in advance and hence the
data compressing process can be properiy carried out.

The code amount assignment control unit 77 and the rate
control unit 79 determine the data compressing ratio according
to the code amcunt determined by the advance coding process and
caries out the rate control process.

The imaging apparatus in the fourth embodiment detects
the code amounts of codes produced by processing the image data
on images in the partial areas of the effective image area by

the data compressing process in advance, determines the data
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roughly gripped from the partial areas ARA to ARE in the effective image
area AR. The image compressing device 75 detects a code amount by
compressing the image data of partial images formed in the partial areas
ARA to ARE. The image compressing device 75 compresses the image
data provided by the image pickup device 73 at a data compressing ratio
based on the detected code amount. Aspecific area image compressing
unit 76 included in the image compressing device 75 compresses image

Satg Rl endmagesiip thepartialhareas ARA (o AREnskpRliesa sighlesses
indicating the code amount of codes produced by compressing the image
‘diial DE S &' ebaeErhbEf 2 ASSTGREA E6REOP BARTTS The Bode-amoune 1 nY

assggrnr@ent congfcl)I %nit 7Z}§sti{1nbat§s the tcode amount of cgdestthat m 1
aﬁjep proatljuLcl‘,sedl I\W7vher? t glllrﬁageeon ﬁwelléﬂﬁgcti\‘/:ealnmgag’%ﬁieguARri% © Con%ym

1eORPLessed Oy - 35 the basisafitbacosiesamonatingicaied bydhes by a
received signal and determines a data compressing ratio on the basis of
RRE “eStimatetP e6de dmMbunt) THePspcific arcalimage edmpréssineeaiit vely

J&:99ppLessas tilgs Cr?”gesg%ging odhe partial areas ARAL0, ARE 85,4
processing units by a wavelet transform process or compregses fhe
Pastialareas ARA torAREMS0Re 0 a plutality Bidaacroblocks Rkaice.
MPEG2 method. The data may be compressed by any one of various

compre8aity ArtRodS AT fagé RoRfpresting (it 78 deterfifihey asatis-
fran i%ﬁtig”t Gale aecording tgf@% fa compressing ratio detetmined:by,, .
the code amount aSS|gnmenF ontrg] unit 77, compressespt € Image
image data at the data compressing ratio based on the previously
detected code amount to the compression of the image data on
the image on the effective image area, the image data can be
compressed by a data compressingmethod different from the data
compressing method relating to the advance process. Thus
varicus data compressing methods can be used for data com-
pression.
Concretely, rate control can be achieved by a simple process
by applying a guantization scale corresponding to the data
compressing ratic to the quantization of the coefficient data.
When rate control can be carried cut practically
satisfactorily by compressing the image data of the image in
the effective image area in addition to the data compression
relating to the advance process, the image data can be compressed
by a data compressing method different from the data compressing
method relating to the advance process. Thus various data
compressing methods can be used for data compression.

The image data can be compressed by a data compressing
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data DI on the image in the effective image area AR and provides
compressed image data. A rate control unit 79 inserts dummy data into
the image compressing unit 78 fora rate control process and provides
coded data D2. The image compressing unit 78 compresses the image
data by a data compressing method used by the specific area image
compressing unit 76. When rate control can be practically satisfactorily
achieved, the image com- pressing unit 78 may compress the image data
nhytadataicompressingomethod differentfrom thatusédancthe speeifis when
area image compressing unit 76. Thus the imaging apparatus in the

FoErire Yo RS FtBE S S EYdE ahBuftof uER FREICRYTy Y means
Lompressing the imagg.data .on.images inythe parial areas inthe- ns using

effective iImage area by effectively utilizing the high degree of freedom of
treadiagdmage r datai ofthe timhage pickiupadevicke raimely; ¢therGMGS .solithus
state imagﬁe pickup device, and determines the data compressing ratio -

V' the Badis T TRE THAE HMBGTTRTd M pPEstEthie image data on

the overall image atthisdatacompressingratio, Lhys the Jmaging.,; «
apparatus determines the data compressing ratioproperly and executes
uatiecdntroknidre properly tharethef comeentionah fmaginr appapatusite the
Suppose that the code amount of codes produced by compressing the

ihage daa O i partiaraeay S 18 Hiefs desied” Gue amadnt of e =4
erall image,is TALL. The a.code.amaunt TE thatean be.assignedio seq
the rest of the areas can be expressed
from the image pickup means to the peripheral circuit so as to
be properly procassed by the series of processes even in a case
where the coding process is carried out after receiving the image
data on images cn the partial areas from the image pickup means
in advance and detecting the code amount.

Since the image pickup means and the peripheral circuit
formed separately by wafer processing processes, respectively,
the image pickup device and the peripheral circuit can be formed
by suitable wafer processing processes, respectively, and
varicus abilities of the imaging apparatus can be generally
improved.

{7) Fifth Embodiment

An imaging apparatus in a fifth embodiment according to
the present invention is similar to the imaging apparatus in
the fourth embodiment. The imaging apparatus in the fifth
embodiment carries out a rate control process by contrelling
a code amount relating to the rest of the areas by a code amount

detectedbyanadvancedata compressingprocess. Animagepickup
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by TALL - TS. Suppose that a code amount of codes that may be

produced by compressing the data in the rest of the areas is TR, a

surplus code amount TExta = (TR + TS) - TALL. The data compressing

process can use a desired code amount for data compression by

determining the data compressing ratio so as to distribute the surplus

code amount TExta to all. The code amount TR of codes that are

produced by compressing the rest of areas can be estimated from the
deodecameurt TS 8¢ ecdesdthatare producadibyedatatdompréssion thatisge

2xecyted inadvance and herce the dala apressing process cantie
properly carrie OUCfT. e 805&' amount assignment control unit and the

de conpolunit 79 determine thedaia sampressing rtin-agcerding otouni t
the code amount determined by the advance coding process and caries
TOut e Fatescantreiirocess CTHEC sty apparatus ih ehtsfouhAmpressing

embodiment detects the code amounts .of codes produced by processi
SR IREGS oS S T mRc T e paltial 1296 oIS sHeetid inds Arbd °F

e thedataLompressing:pocass i advanee, detarmines-therdata - 13l i ng
compressing ratio according to the code amount and processes the
Ghtage databy ke vath Porhprédding processiapustieRaagings provides

Appagatysin the fourth pmbodiment ean carmy, Ul ralg coNIOL MOMe, oo
properly?han the Sonventidna imaging appara?us by a %rocess gn}l)pﬁer
1hanthe conventionaliprecessoy effeativelynutilizingdbehigh degreerefcess

freedom of reading image data characterizing the CMOS solid state
JEagEepickUp deyidgre image compressing unit 78.

Quantization scale for a specific area image compressing
unit 76 relating to the advance process is contrelled by a code
amount of codes produced by a data compressing process fer
compressing the image data of the image in the effective image
area AR excluding the partial areas ARA to ARE. Thus, in this
embodiment., the specific area image compressing unit 76 and the
image compressing unit 78 compresses the image data D1 by the
same method.

The imaging apparatus in the fifth embediment is identical
with the imaging apparatus in the fourth embodiment, except that
the constitutionof the imaging apparatus inthe fifth embodiment
relating to processing the image data D1 is different from that
of the imaging apparatus in the fourth embodiment.

The imaging apparatus in the fifth embodiment can exercise
the same effect as the imaging apparatus in the fourth embodiment
by applying detecting the code amount in advance by compressing

image data on images in the partial areas in the effective image
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When rate control can be achieved practically satis- factorily-through the
application of data compression of the image data at the data
compressing ratio based on the previously detected code amount to the
compression of the image data on the image on the effective image area,
the image data can be compressed by a data compressing method
different from the data compressing method relating to the advance
process. Thus various data compressing methods can be used for data
acem; ptessioniCongrétely drate contiot €an beJjachieveddnycasimple to the
process by applying a quantization scale corresponding to the data
AEGRPrEsEing Tatt e the GUArtZAHGH O thE coafficiént Qatd “Widn Tate - 11s
Jeqnitel cane.carried out practically ;satisfactorily By, conoprgssing the: nage
image data of the image in the effective image area in addition to the data
dedrapressien.melating tothe advarce. process, the image Hateceantse at ing
compressed by a data compressing method different from the data
t@orﬁg?esasﬂﬁ"l%gﬂ%%ol%ﬁgﬁng to the advance process. Thus various data

compressing methods:can;be Hsed for data compression. The image data
can be compressed by a data compressing - 38 method different from

that relating totls¢ advance précess Whealthe intaging appaiatus isixth
provided with a datg ,com%ressin means r,elatingcto the advanﬁe rocess

A 3 UAE Lo MPrEssing eans Gding “the dath Eompréssing tha félating™= ©

Je Er(}j?eagr‘ééﬁ?c%@r&&ﬁ§§a¥ﬂ§5ié{aﬂ€’é’5§@@t§t@9@Pfgﬁéi'ﬂﬁ@i@%@%ﬁ@nt :
;ﬁfiﬁagingapparatusinthesixthembodimentchangesthepartial
areas relating tothe advanceprocess according toan image pickup
mode selected by the user. The constitution of the imaging
apparatus in the sixth embodiment is the same as that of the
imagingapparatus inthe fourthor the fifthembodiment excluding
the process relating tothepartial areas relating to the advance
process.

The imaging apparatus in the sixth embodiment selects the
most ilmportant areas for an image pickﬁp mode selected by the
user as areas for previous code amount detectlon. Data
compressing ratio relating to the compression of the image data
on the image in the effective image area using the previously
detected code amount is changed properly according to the image
pickup mode so that the code amount is distributed properly to
parts on the basis of the most important areas.

When the user selectsaportraitmode, imagedata cnpersons
is important and, in most cases, an image of persons is formed

in a central area of the effective image area. Thus an area
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The image pickup means and the peripheral circuit underlying the wiring

layer formed on the surface opposite the light-receiving surface of the

image pickup means are connected by the wiring layer. Therefore, the

image data can be supplied from the image pickup means to the

peripheral circuit so as to be properly processed by the series of

processes even in a case where the coding process is carried out after

receiving the image data on images on the partial areas from the image
fpickupmeans incabvantevand detectingcthectddel ampuntcSingestheentral

image pickup means and the peripheral circuit forqu separately b

ARSHor brOKBSSinG PrCESbBE e EpEaER” HEags SRk device £ =
the petipheral glrewit can: be formed, by suitable WalerRrOEeSSING: ckground
processes, respectively, and various abilities of the imaging apparatus

cdar besgereradlyn improved. (&) Fifth ExmhodimenvAntintdgingraprardtis on
in a fifth em% diment accordingﬂto the present inven%__ion is simjtlar to tche th

& ésg?ﬁlﬁ’ appargtru% in" tHe folrthembo i“ﬁ?é“:’nst.l?ﬁeﬁ?nalg?néeapapalrg sin ¢
dbg ifths emabodiment cartigs aut-a rate 60ntelrocess, by-contialing amage
code amount relating to the rest of the areas by a code amount detected

dreanizdviEice datecompreksing pictess. Arintagtpiekgp nt3degeviced in
azi% Ir}ov@ides(i:r{;a e datanon the irrqgge in cth eeffeacsti%/e i@g etoarggeAgentral
excgué;lngstﬁe pé%ﬂ%FaFeaes ARAto ARE after the advance data
LOMPFESSIRG RIPERSS: A £008-MOMAL assignent-contkal it t assigned
to the peripheral area of the effective image area.

When the user selects a scenery mode, image data on the
substantially entire effective image area is important. Thus,
as mentioned above in connection with Fig. 15, a central area
and a plurality of peripheral areas are used as areas fromwhich
a code amount is detected beforehand when a scenery mode is
selected. 1In a scenerymode, a data compressing ratio relating
to the compression of the image data on an image in the effective
image area is determined on the basis of the code amount detected
in advance such that compression ratios at which partial images
in the entire effective image area are substantially equal.

In the imaging apparatus in the sixth embodiment, a system
controller, namely, anarithmeticprocessingmeans forgenerally
controlling operations of the imaging apparatus, controls the
image data provided by the image pickup device 3 and cperations
of the image compressingmeans according to a photographing mode

selected by the user to carry out the series of processes.

Thus further proper rate control can be achieved by
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77 controls a quantization scale relating to the data compressing process
to be carried out by the image compressing unit 78 for the image data on
an image in the effective image area AR excluding the partial areas ARA

to ARE. The imaging apparatus provides coded data obtained by the
advance data compressing process together with coded data obtained by
the data compressing process carried out by the image compressing unit
78. Quantization scale for a specific area image compressing unit 76
delatngty theeadvancegpnocess is:gontrolleddyta codesdmountief cedés of
produced by a data compressing process for compressing the image data

BrhETHagRIR1RE efRthivé fhage’ Sréd AR exiGainG the partat areReC ™
ARAIGARE s «indhis sembodiment, the specificiared iMadeoce amount

compressing unit 76 and the image compressing unit 78 compresses the
imatgetdatacd] by thelhsame mathoddThe imaginigeapparatys aptherfiftmode .
embodiment is identical with the imaging apparatus in the fourth
embodihiént 8%XEEHthaT 1R ‘Hstitution of the imaging apparatus in the

fifth embodiment felatingto-processing the image data Bl isdifferentfromn g
that of the imaging apparatus in the fourth embodiment. The imaging
apparatos s e fifttvembodimént €an iexetcises the Sarhureffectas thertial

imagir{]_g apparatus in gge fourth em oidim(?nnt téyia pl in%_de'%: ctir;rgothc?.
oo atfounE I SGUeice B COBHABSING TRGE Hatd B Mages TR e =
Partial-areasin fheeflectivg image, r 40, prea.determining the datan image
compressing ratio according to the

according to the photographing mode. The construction of the
imaging apparatus in the seventh embodiment is identical with
that of the imaging apparatus in the sixth smbodiment, except
that the imaging apparatus in the seventh empodiment determines
the most important partial area for a selected photographing
mode by an autcomatic process.

In the imaging apparatus in the seventh embodiment, a part
of a skin color in an image in a preceding frame is detected
when the user selects a portralt mode, a partial area relating
toadvancedata compressingprocess isdeterminedsoas toinclude
the part of skin color cor so as to be contained in the part of
skin color.

When the user selects a close-up mode, an area of a warm
color hue in an image in a preceding frame is detected and a
partial area relating to advance data compressing process is
determined so as to include the part of the warm color hue or
$s0o as to be contained in the part of the warm color hue.

When an area for the advance detection of a code amount
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detected code amount and compressing the image data at the thus
determined data compressing ratio to the compression of the image data
on the image in the area excluding the partial areas relating to the
advance process.. (8) Sixth Embodiment The construction of an imaging
apparatus in a sixth embodiment according to the present invention is
similar to that of the imaging apparatus in the fourth or the fifth
embodiment. The imaging apparatus in the sixth embodiment changes
othe:partials areas retating toitheradvaricenpiccess avegrling o @meimageper
ickup mode _selected by the user. The constitution of the imaging

P
EpParatis i themSRiH EmbodimaRtis the same as that of the imaging
apparagus.in the fourth er the fifth-embodimgnt gxcluding.he Mecessnging
relating to the partial areas relating to the advance process. The imaging
tapparatus arthersixtiuembodimenesedledtsthe t mpstirhpoantdreas for
an ima?,leé)ickup mode selected by the user as areas for previous code
amount detedtioh- Dxta “éSMpressing ratio relating to the compression of

the image data;1on thedmagenin the effectiverimpgarweasingdheries out
previously detected code amount is changed properly according to the

tintage vpickep mode Sorihat Hie sgderameant sydistdbuted properlytessing

parts on tt e ba%s of the mtost imlpportant areas. When the ur%er selects q out
SpSTirAl mote AGE Gata oh peissne T pBHART And N most abas R
rinage.otpersonsis farmed das-eentialarea of dhe effective image area.
Thus an area
Although the image pickup means ¢of each of the foregoing
embodiments is a CMOS image pickup device, various image pickup

devices capable of XY address control may be employed.

INDUSTRIAL APPLICABILITY
The present invention is applicable to videc cameras
capable of recordingmoving pictures, electronic still cameras,

monitoring devices and such.
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- 41 from which a code amount is detected beforehand is a central area
of the effective image area when a portrait mode is selected. Ina portrait
mode, image data on the foreground and the background of persons is
not important as compared with the image data on persons. Therefore, a
data compressing ratio relating to the compression of the image data on
an image in the effective image area is determined on the basis of the
code amount detected in advance such that the amount of codes
assigned to the central areafgfiReeffgtlivaMage area is larger than that
assigned to the peripheral area of the effective image area. When the
user selects'a seeneRA%olE, REGE WRLE R the substantially entire
effective image agrea is important. Thus, as mentioned above in
connection with Fig. 15, a central area and a plurality of peripheral areas
are used asareas from ehich kopddeamognt is detected beforehand

when a scenery mode is seéected. n a scenery mode, a data

compréssing rafis rélgiing to'the mpressioh Sfthe image data on an
image in theseffegtive image areads,determingd onithe basis of the code
amount detected in advance such that compression ratios at which partial
images® in the @atire effedtiveipdageared are substantially equal. In the
imaging apparatus_in the sixth embodiment, a system controller, namely,
an arithr}ﬁétig g;%‘focéscmei’ﬂlssirig' n%éj%_spf%?gser?éﬁaw *Eontrolling operations of the
imaging@pparatus, controlsithe -imaage data pravided by the image pickup
device 3 and operations of the image compressing means according to a

photogfdghingaBedéAC, 6BA, €BB, 6BC ... Vertical filters
7, 7TA to 7C ... Line buffers
8 ... Quantizing unit
9 ... Entrepy encoding unit
19, 79 ,.. rate control units
51, 61 ... Integrated circuits
52 ... Device layer
53 ... Photodiode
54 ... Siilicon dioxide film
55 ... Shading film
56 ... Silicon nitride film
58 ... Microlens
59, 63 ... Wiring layers
60 ... Substrate support
62 ... Semiconductor substrate
76 ... Specific area image compressing unit
77 ... Code amount assignment control unit
Al ... Optical low-pass filter
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selected by the user to carry out the series of processes. Thus further
proper rate control can be achieved by - 42 changing the data
compressing ratio determined on the basis of the code amount detected
beforehand according to the pho- tographing mode and changing the area
from which the code amount is detected in advance according to the
photographing mode. (9) Seventh Embodiment An imaging apparatus in
a seventh embodiment according to the present invention determines the
most ifgortant partial areafera sefectéd photographing mode in the
sixth ergjﬁgdlment utom tl aIIy on the basis of color distribution in an
image cordlhg(‘i@Iﬁe p 1o ographlng mode. The construction of the
imaging apparatys in the seventh embediment.is identical with that of the
imaging apparatus in the sixth embodiment, except that the imaging
apparatus in the seventh embodiment determines the most important
partial area for a selected photographing mode by an automatic process.
In the imaging apparatus in the seventh embodiment, a part of a skin
color in an image in a preceding frame is detected when the user selects
a portrait mode, a partial area relating to advance data compressing
process is determined so as to include the part of skin color or so as to be
contained in the part of skin color. When the user selects a close-up
mode, an area of a warm color hue in an image in a precedlng frame is
detected and a
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partial area relating to advance data compressing process is determined
so as to include the part of the warm color hue or so as to be contained in
the part of the warm color hue. When an area for the advance detection of
a code amount - 43 on the basis of color distribution in an image, further
proper rate control can be achieved. Further proper rate control can be
achieved by changing the area aceo '%g to a selected photographing
mode. (10) Modifications Although the fourth to the seventh embodiment
carries out the advance data compressing process by a specific

1. HIOCessng; systems the agvancesdata:compressing process may be
carried out by the original data compressing system. Although the image
pigkup meansrefcéach okthesforegoinglerbodiments s dCMOSimagelty ©f
pickup device, various image pic devices capable of XY dd ess
phot @olrﬁfmﬁnﬁy%%rérﬁqugﬁgd INDOS @I%IAIF_ &PEEIﬁPAQDWTﬁe brésefIe cara

is Og@\ﬁg@(&n is applicable to video cameras capable of recording moving
pictures, electronic still cameras, monitoring devices and such. - 44

REFERENGE:GHARACTERS tpRiigdmagingappatsatusesrzctkensi®; the
73 ... Image pickup devices
photoeiectrlc converters by a wiring layer formed on a surface of
the image pickup means opposite a light-receiving surface of the
image pickup means and held integrally with the image pickup means
to process image data provided by the image pickup means and to
provide the processed image data:;
wherein the peripheral circuit includes at least an image
compressing means configured to compress the image data and provide
the compressed image data,
obtains image data from a partial area in an effective image
area in the image pickup means and compresses the image data thus
obtained to detect a code amount in advance, and the image data 1is
compressed at a data compression ratic based on the detected code

amount.
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4 ... Analog-to-digital converter 5, 75, 78 ... Image compressing units 6 ...
Wavelet transform unit 6A, 6C, 6E ... Low-pass filters 6B, 6D, 6F ...
High-pass filters 6AA, 6AB, 6AC, 6BA, 6BB, 6BC ... Vertical filters 7, 7A
to 7C ... Line buffers 8 ... Quantizing unit 9 ... Entropy encoding unit 10,

79 ... rate control units 51, 61 ... Integrated cwcwts 5 V|ce layer
2. ThphoRsdions 53PRAERiton d?Sﬁl%dﬁI%? 58° . Siiadh gfllm (- §|I|tgne Lmage

aca M908 o, Microlens 59, 63, iying layers 60 .. Substrate

upport 62 . Semiconductor substrate 76 ... Specific area image

compressmg unit 77 ... Code amount assignment control unit Al ..

Optical low-pass filter - 45 A2 ... Color correction filter A27 .. color filter
3. The imaging apparatus according to claim 1 or 2, wherein image
data on an image formed in areas excluding the partial area 1is
compressed at the data compressing ratioc based on the detected ccde
amount, and

the peripheral circult provides results of the advance data

compressing process and results of image data compression at the

data compressing ratio.

4. The imaging apparatus according to claim 1 or 2, wherein image
data on the effective image area is compressed at a data compression

ratio based on the detected code amount.

5. The imaging apparatus accerding to claim 1 or Z, wherein the
image compressing means compresses the image data by transforming
the image data into coefficient data and guantizing the coefficient
data by a quantizing means, and

the quantizing means quantizes the coefficient data by a

quantization scale corresponding to the data compressing ratio.
€. The imaging apparatus according to claim 1 or 2, wherein a data

compressing means relating to the advance data compression, and a

data compressing means relating to the
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Clto C3 ... Processing circuits 46 CLAIMS 1. Animaging apparatus
comprising: an image pickup means configured to include a plurality of
photoelectric converters arranged in a matrix from which image data is
obtained; and a peripheral circuit configured to be connected to the
photoelectric converters by a wiring layer formed on a surface of the

COTMPIRFAGE Pickip means BpPosite BlightretBiingSuiface BT ihgs magd a0 are
fncl L-BJ%UE means Pé‘dehe'dsi{;%%%r,a”}/e@g@ é@%@ﬁgg pickup means to process
image data rowéed%’yt e Image pickup means and to provide the
processed image data; wherein the peripheral circuit includes at least an
image compressing means configured to compress the image data and
7.  providendbercompressetimagecatal obtaihes imagedatadrom a pareiaein the
~area in an effective image, area in the image_ pickup means and
PeriRlsihBlesseENimEGE tats this “obitaindd to 4étéct a code amount in
advance, and the image data is compressed at a data compression ratio
based on the detected code amount. 47 2. The imaging apparatus
g. acgordingntorelaim Lpowheseinsthesimage idata iscobtainget by XY addressn the
control. 3. The imaging apparatus according to claim 1 or 2, wherein
perijiagel datbron Bh image fonetiatreds eXelndifigahe paffal ardgiscated by

separate wafer processing processes, respectively.
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compressed at the data compressing ratio based on the detected code
amount, and the peripheral circuit provides results of the advance data
compressing process and results of image data compression at the data
compressing ratio. 4. The imaging apparatus according to claim 1 or 2,
wherein image data on the effective image area is compressed at a data

9. cohpré<sisR T fdtiFbaSed Gh the d8tectdl cotfE&hount 5 Fhe iy 5347

integ%@%@t%§gggg£dig t&(ilgmjlg;l,- or 2, wherein the image compressing
means compresses the Image data by transforming the image data into
cogefficiem dats; andguantizing the cogfficient cdata by:aguantizifig:rality of
means, and the quantizing means quantizes the coefficient data by a
photaiantization-scale torresponding o the dataedmipressiag ralioch. Theoe data
‘ imaging apparatus according to claim 1 or 2, wherein a data compressing
s ohhaangSelatity to the advance data compression, and a data

compressing. means relating to the, 48 compression gf the-image data at,  «ne

the data compressing ratio are included in separate systems,
photdespeetively cénThe imaging,apparatisigccoigding tocctaim 1or 23 wheréire of

the peripheral circuit underlies the wiring layer. 8. The imaging apparatus
the jredring R 72WheSIRhE peAphEraGirdlit and the imageqsiekupt e
imag e A1e febricated by, SeRATRle JRIET PIOSESSMLRIOCERSES: piciup means
to process image data provided by the image pickup means and to
provide the processed image data;

wherein the peripheral circult includes at least an image
compressing means configured to compress the image data and provide
compressed image data,

image data 1s obtained from a partial area in an effective
image area in the image pickup means in advance, the image data thus
obtained is compressed to detect a code amount, and

the image data is compressed at a data compression ratlo based

on the detected code amount.

10. The integrated circuit according to claim 2, wherein the image

data 1s obtalned by XY address control.
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9. An integrated circuit for an image pickup device, said integrated circuit
comprising: an image pickup means configured to include a plurality of
photoelectric converters arranged in a matrix from which image data is
obtained, and a peripheral circuit configured to be connected to the
photoelectric converters by a wiring layer formed on a surface of the

1. PRag8Hickidp TREANS bppositBH light:keceiving surface of the image
PA%kU9%2%S‘”Sp%guzbe'ddﬂﬁ%gfaé%%wbgdmfe%e Rickup gpeans 1o.process o«
image data provided by the image pickup means and to provide the

shotoRrocessed image: data; wherein she pertipheral circuitincludes atleastar data
image compressing means configured to compress the image data and

1s obprovide :cempressed image data, image data is obtained from a partial
area in an effective image area in tp,e ima%e pickupbmeagg irqeacdc\eayceﬁo fhe
the iMagerdatEthus obtainEd i€ TBMSIEsEad 16 detdat a €8de amount,

phot@d é'%_%1@3%14?&%%PQWP{G%SGQ@;&%@%&%@%?&&!@@ rafio hasgd- once o
the detected code amount. 10. The integrated circuit according to claim 9,

the \Whefeinthe imagerdata ispbtained by XYcaddressecontral. 5:1fadm of the
imaging apparatus comprising: an image pickup unit configured to include

inagen pirsity of photdsledficcconverters ararged i A mattefomiwhich unit to

procég§u¥%gggiAgégnggggiggg by the image pickup means and to provide

the processed image data;
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a peripheral circuit configured to be connected to the photoelectric
converters by a wiring layer formed on a surface of the image pickup unit
opposite a light-receiving surface of the image pickup unit and held
integrally with the image pickup unit to process image data provided by
the image pickup means and to provide the processed imag]eedata; 51

WHEreit the PéripREFaI L ELtincTides af leddtoan hage” comprassing unit"2?®
comprZQMigured to.compress the jmage data.and provide the compressed orovide

image data, and imagé data is obtained from a partial area in an effective

+he Jdiage asea inthgdmagespickup unit in advance, the image data thus
obtained is compressed to detect a code amount, and the image data is
conyressed at & Hatdtompressioirtativ Hasstl ok tie detectedCodalfective
amount. 12. The imaging apparatus according to claim 1]1:1,ewherei€r3| tg

A ( 1 € . in
iraggniiee diia S obtAIRG BY XY Eddress cohtrdl T3 The imaging apparatis hus
obta2G0rding to claim.1 or. 11, yherein the image.data is processed by a

wavelet transform process in a first- stage band limiting process
comyprisingdhesteps of: qpraviding 4He dmagecddata inorder of lines froma based
first line buffer; applying a vertical band limiting process and a down

on thearApling “HroCEEERInAGrelet 'of the 'lines of the image data by vertical
low-pass and high-pass filters each having a predetermined number of
vertically arranged taps in order of about half the number of lines,

12. The imaging apparatus according to claim 11, wherein the image

data is obtained by XY address control.

13. The imaging apparatus according teo claim 1 or 11, wherein the
image data is processed by a wavelet transform process in a first-
stage band limiting process comprising the steps of:

providing the image data in order of lines from a first line
buffer;

applying a vertical band limiting process and a down sampling
process in order of the lines of the image data by vertical low-pass
and high-pass filters each having a predetermined number of
vertically arranged taps in order of about half the number of lines,

wherein the wvertical filters generate transform coefficient
data related to the first-stage band limiting process; and

applying a horizontal band limiting process and a down

sampling process by horizontal low-pass and high-pass filters
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wherein the vertical filters generate transform coefficient data related to
the first-stage band limiting process; and applying a horizontal band
limiting process and a down sampling process by horizontal low-pass and
high-pass filters 52 each having a predetermined number of horizontally
arranged taps, based on the generated transform coefficient data, to a
cach SRty HuRiRrCorraspbiting 1 frfe Aamber of tapsof the Tite? &= ~22%/
based SHREHLNE terminal ends of the lines, wherein the vertigaland harizontaly, ;g
and limiting processes process the data lines sequentially. 14. The
numbdmaging appaiadus accerdingrte claimdkd; fugther comprising @he filter at
second-stage band limiting process comprising the steps of: providing
resparanisferrrecoéfficiertrdbtaceldted tbitheirst stage band limiting process
corresponding to a low-frequency sjde with respect to hqrizqnttal and
vBiftat hr'r‘re&%ns"i%% s68ond" ﬁlr%e BUFfe? Broviding Simuttiheous® parale
orocHIPULOf the transform (coefficient dafa in order of lines from the second
~line buffer; applying a vertical band limiting process and a down sampling
process in order of the lines of the transform coefficient data by vertical
low-pass and high-pass filters each having a predetermined number of
14. vBrficalirafrangedrabstinorder of abouit Halfthaifurhber TOMMBS &k 5119
5 se Ct:ge _ertt_[cal fiI}tDers nerate transform coefficient data related.to the .
SEONYEhYe BARd Timiting process: and~ P E R pe oot

providing transform coefficlent data related to the filrst-

FSSQS

stage band limiting process corresponding to a low-frequency side
with respect to horizontal and vertical directiens to & second line
buffer;

croviding simultaneous, parallel output of the transform
coefficient data in order of lines from the second line buffer;

applying a vertical band limiting process and a down sampling
process in order of the lines of the transform coefficient data by
vertical low-pass and high-pass filters each having a predetermined
nunber of vertically arranged taps in order of about half the number
of lines,

wherein the wvertical filters genesrate transform coefficient
data related to the second-stage band limiting process; and

applving a horizontal band limiting process and & down

sampling process by horizontal low-pass and high-pass filters



applying a horizontal band limiting process and a down sampling process
by horizontal low-pass and high-pass filters 52a each having a
predetermined number of horizontally arranged taps, based on the
generated transform coefficient data, wherein the vertical and horizontal
band limiting processes process the data lines sequentially. 15. The

each ikagiAg afpdtafiis BREBIdIRG td EIRRRT14° furthier domphsing & thrdEtage 2P
vased 300 NG pIOCRSS COMRUTNGNEIERS Of  prowing transform

coefficient data related to the second stage band limiting process

corespondingdo adewr-frequency side iwtth respestte harizantakandrocesses

vertical directions to a third line buffer; providing simultaneous, parallel
procegutptibof the trahsferm seaqefficierit'data in order of lines from the third line

buffer; applying a vertical band limiting process and a down sampling

process in order of the lines of the transform coefficient data by vertical

15. low:-pass and high-pass filters.each haying,a predetermingd, BUMberQf, i s ing
vertically arranged taps in order of about half the number of lines, wherein

a thibe-vertical filters genarate dransfern coefficient idafaretated-osthes :
third-stage band limiting process; and applying a horizontal band limiting
PEOCESS AR a Hovns SSamplirieprocessBy KbtiZontat Iewspassandre second-
high-pass filters each havin%agredetermiqu number of horizontall

ri .

- 3O TES 1 t . low~3 gnc silde
ST29% rrahged 1ape, BaSed B fhe generated transtorm coetficient data,

with respect to horizontal and vertical directions to a third line

buffer;

providing simultaneous, parallel output of the transform
coefficient data in crder of lines from the third line buffer;

applying a vertical band limiting process and a down sampling
process in order of the lines of the transform ccefficlent data by
vertical low-pass and high-pass filters each having a predetermined
number of vertically arrangéd taps in order of about half the number
of lines,

wherein the wvertical filters generate transform coefficient
data related to the third-stage band limiting precess; and

applying a horizontal band limiting process and a down
sampling process by horizontal low-pass and high-pass filters each
having a predetermined number of horizontally arranged taps, bhased
on the generated transform coefficient data,

wherein the vertical and horizontal Dpand limiting processes

process the data lines sequentially.
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16.

wherein the vertical and horizontal band limiting processes process the
data lines sequentially. 52b 16. An integrated circuit for an image pickup
device, said integrated circuit comprising: an image pickup unit
configured to include a plurality of photoelectric converters arranged in a
matrix from which image data is gbtained, and 53 a pe,riBQeral 8ier%uit

configuret-fPha Cohnects b the” Bhotsélectiit: 86nvartafsby & wirng ' °*'¢

integlg @é&or&%@é)&aé&ﬁws%&be Image pickup unit opposite a

light-receiving surface of the image pickup unit and held integrally with
the imageypickup uhit to:rprocessnimage edataprovided bysthe imagerality of
pickup unit and to provide the processed image data; wherein the

photosaripherat cirenit srdlades Bileasean iage "eompressing uflitconfigiied data

to compress the image data and provide the compressed image data,

s °hhfdiE datd 15 obtained from a partial area in an effective image area in

the image pickup unit in advance, the image data thus obtained is
compressed to detect a code amount, and the image data is compressed
at a data compression ratio based on the detected code amount. 17. The
integrated circuit according to claim 16, wherein the image data is
obtained by XY address control. 18. The integrated circuit according to
claim 9 or 16, wherein the



image data is processed by a wavelet transform process in a first- stage
band limiting process comprising the steps of: providing the image data in
order of lines from a first line buffer; applying a vertical band limiting
process and a down sampling process in order of the lines of the image
data by vertical low-pass and high-pass filters each having a 54

fred8fgrmingdiumber GEvEricaIly Aanged tdds inrderof sbodt half®  =°°
pmo@fe;%bgf §£H08§twp§r% the yertical filleys generate trangform o race ot

coefficient data related to the first-stage band limiting process; and
the apRhENg.ahorizontal band fimiting process;and sedewni samplingprecess the
by horizontal low-pass and high-pass filters each having a predetermined
imagenurhbevpf hotizoatally drtdnded aps based ©n tHeegerierited tAnSfoAE
coefficient data, to a sampling number _correspondir:]% co the number o

f ,
ProceinsHIRE filer At PeSHactive Termihal SRaiorthe fites Wherain the provide

n
s, whereinthe

cne Merficaland harizontal hand limiting processes process the data lines
“sequentially. 19. The integrated circuit according to claim 18, further

comrsing a seconsrstage-banddimiting: process:dempriginglitressteps: ofinage
providing transform coefficient data related to the first- stage band limiting
compYsTeEesy CHFESPEABINTIY adowréiidtiSAsidéTRith Tasfedtibhotizonkaiov+de

and vertica directiong to a second line
the compressed lmage data,

image data is obtained from a partial area in an effective
image area in the image pickup unit in advance, the image data thus
cbtained is compressed to detect a code amount, and

the image data is compressed at a data compression ratlo based

on the detected code amount.

17. The integrated circuit according to claim 16, wherein the image

data is obtained by XY address control.

18. The integrated circuit according to claim % or 16, wherein the
image data is processed by a wavelet transform process in a first-
stage band limiting process comprising the steps of:

providing the image data in order of lines from a first line
buffer:;

applying a vertical band limiting process and a down sampling
process in order of the lines of the image data by vertical low-pass

and high-pass filters each having a



buffer; providing simultaneous, parallel output of the transform coefficient
data in order of lines from the second line buffer; applying a vertical band
limiting process and a down sampling process in order of the lines of the
transform coefficient data by vertical low-pass and high-pass filters 54a
each having a predetermined number of vertically arranged taps in order
vrededfaBgheRall e Rtintber 6f iheS2WherdhihBSrsticaHiters gnéfate ©F 200Ut
half t@gsfl%r%ggegigieirgnggta related to the second-stage band limiting
process; and applying a’horizontal band limiting process and a down
sampling.pregess-hyrhorzontalklovepass;and high-pass.fillers-@achoe fficient
having a predetermined number of horizontally arranged taps, based on
data thelgemerated ttansformicogfficientdata twhereindhervertieal andd
horizontal band limiting processes process the data lines sequentially. 20.

THEintegrated cirttift actording (°0iaim 16 firthr cofipfising 47~ & °o"°
samptRirg-stage band limifing process comprising the, steps_of providing .. .5 cacn

transform coefficient data related to the second- stage band limiting

havifyoeess-earespending toatow-frequeney side avitk respectdedotizentalvased
and vertical directions to a third line buffer; providing simultaneous,

on tharalteheugiecof the rraiisiorny ceotficictit datiirorde oflineyfpei theninber
third line buffer;

corresponding to the number of taps of the filter at respective
terminal ends of the lines,
wherein the wvertical and horizontal band limiting processes

process the data lines seqguentially.

19. The integrated circuilt according to c¢laim 18, further
comprising a second-stage band limiting process comprising the steps
of:

providing transform ceoefficient data related to the first-
stage band limiting process corresponding to a low-fregquency side
with respect to horizontal and vertical directions te a second line
buffer;

providing simultaneocus, parallel output of the transform
coefficient data in order of lines from the second line buffer;

applving a vertical band limiting process and a down sampling
process in order of the lines of the transform coefficient data by

vertical low-pass and high-pass filters



applying a vertical band limiting process and a down sampling process in
order of the lines of the transform coefficient data by vertical low-pass
and high-pass filters each having a predetermined number of vertically
arranged taps in order of about half the number of lines, 54b wherein the
vertical filters generate transform coefficient data related to the

each thipg dtdgé bRREHMitinG BIote SETHIRT applyifig a honzoftal banddmitng®s
oxaie:PIOPeS5AN0 &.dqwn. sampling pracess by horizontal low-pass and
high-pass filters each having a predetermined number of horizontally
afranged,tapsc:based: onsthe genesated sransterm coaffieient tatacoefficient
wherein the vertical and horizontal band limiting processes process the
data datadires sequbatiahEBYT 21200 iage datd brocessingihethcd fo be
carried out by an imaging apparatus includig%fm imagre gicsksup means_

iIFARAIG A pldrality 6f PHOtOelectie Sonveltérs Aftanged| iR & matix, and “°™
samp %RS“%@%@SQ"%J[ connected fo tﬁ%x@%@%‘%‘i’i@ conyerters by & Witng  cach

ayer formed on a surface of the image pickup means opposite a light-
havidgceivipgesiuface Df dhe image pickuprmeansrand helddntegrady withothe based
image pickup means, said image processing method comprising the
on tistepswArprdinerniage data fiohh the'tmage pickup means;

compressing the image data and providing the.compressed image data a
Ie%éf%?/“trﬁeb%eripﬁgr*a"f%i:r%ﬂit;anu horlzgnba* ancz flmﬂl%g jsiae! ésses

process the data lines sequentially.

20. The integrated circult according to claim 19, further
comprising a third-stage band limiting process comprising the steps
of:

providing transform coefficlent data related te the second-
stage band limiting process corresponding te a low-Irequency side
with respect to horizontal and vertical directions to a third line
buffer;

providing simultanecus, parallel output of the transform
coefficient data in order of lines from the third line buffer;

applying a vertical band limiting process and a down sampling
process in order of the lines of the transform coefficient data by
vertical low-pass and high-pass filters each having a predetermined
number of vertically arranged taps in order of about nalf the number

of lines,



obtaining image data from a partial area in an effective image area in the
image pickup means in advance; and detecting a code amount by
compressing the image data thus obtained; wherein the step of
compressing the image data compresses the image data at a data
compression ratio based on the detected code amount. 22. The image
dub& processiiy rﬁé%ﬁécor&ﬁg%%|aﬁﬁfﬂf%ﬁeré|ﬁa%ﬁémgé?a%f&“ils“en*
.o Provi ed.from the image picku m by XY addres control. 292,23. An
data 'r“naY gtgata procesrs.?ﬁg%l rﬁgﬁmo fo ge caarne outnb%/ gnol%?esgsratea circuit
inghuded in animage pickup:devige.iacluding annrimage pickip means a  down
including a plurality of photoelectric converters arranged in a matrix, and
sampla peripherat Tircuiy connéctettolthéophptoelectric cohvertess by &l 1iying each

layer formed on a surface of the image pickup means opposite a
havinghreteiifg Sitacs of tePfhage p%@ﬁf;fﬁfé%slé(n(fﬁéﬁfﬁﬁggr%ﬂﬁmtﬁa%d

on tﬁ@e&g}g e elcgupr leaps, < said i  data qucessmg method comprising
the steps of: providing image data from the image pickup means;
compressing the image data and providing:the compressed-image; dataatsses
least by the peripheral circuit; 56 obtaining image data from a partial area

procds anteéfective images argarirg the image pickup means in advance; and
detecting a code amount by compressing the image data thus
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obtained; wherein the step of compressing the image data compresses
the image data at a data compressing ratio based on the detected code
amount. 24. The image data processing method according to claim 23,
wherein the image data is provided from the image pickup means by XY
address control. 25. The image data processing method according to

23. AFinMDAI6r S3EAWRERSHH HhéTnabR G4t isTrotessEd ta Wavélgt ar imaging
app= (YOI prOeS 105 sk olage band \puliag PIOGESS eUPLSDBIE oy of
steps of: prowd"m the imagé data in order of lines from a first line buffer;
shotRRRIYING: a verticak banddimiting.precess andia dewnisampling Rrogessiitheral

order of the lines of the image data by vertical low-pass and high-pass
circiilterseachdiavinga predatbripetenamber ofrvertically arrangeditapsdn layer
order of about half the number of lines, wherein the vertical filters

formesbngiaté transfotit coetficidlt daadelakad folh e iat3tagdband imfting -9~
rece RIPEESS,0 ADRIing.a hofizgntal band limiting, process.and AdaWR 11y with

sampling process by horizontal low-pass and high-pass filters 57 each
the hawing apredetermined number efberizentady arranged taps, cbaged ©ng the
the generated transform coefficient data, to a sampling number
stepgariesponding to the number of taps of the filter at respective terminal
ends of the Iinies, V\éhec{aeti__nathger (\D/I%rtjcggel anpgah%ri%oré alll bapqgalrilrgiting
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compressing the image data and providing the compressed image
data at least by the peripheral circult;
obtaining image data from a partial area in an effective image
area in the image pickup means in advance; and
detecting a code amount by compressing the image data thus
obtained;
wherein the step of compressing the image data compresses the

image data at a data compression ratioc based on the detected code

amount.
22. The image data processing method according te claim 21, wherein

the image data is provided from the image pickup means by XY address

control.
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process the data 'lines sequentially. 26. The image data processing
method according to claim 25, further comprising a second-stage band
limiting process comprising the steps of: providing transform coefficient
data related to the first- stage band limiting process corresponding to a
low-frequency side with respect to horizontal and vertical directions to a

23.  sdvondTRe Sbuffer 2prévidiivg Simeitaheblis parallel Gutbtt df fie °4F ¥ @2
integt£%D%f8 m; %88@5(:@@*}(:(1%@@'5',ojrgeragf Imasgféo@itQQﬁj‘)eC@mﬂ%e QHfé?Ed_i ng an
applying a vertical band limiting process and a down sampling process in
imageorgeroighedines oftbetransformoaeefiicient data tiyo vestiealonspassiverters

and high-pass filters each having a predetermined number of vertically
arrargreanged tapsintorder obaBout hakf thermmBercof ives, witsrertizel to the
vertical filters generate transform coefficient_data related | to the ¢ ¢
Phot oGl Stage Baid liffifind Brote¥e5and appiiig a hiorizontal band “*~5°¢ ©
cre LU0 IDCESS Afcla down, sampling Procgss bk borizontal law-pass anel <o
igh-pass filters 57a each having a predetermined number of horizontally
i magarmanged taps; nbased onsthe generated transfarm coeffictentedatackur means,
wherein the vertical and horizontal band limiting processes process the
said datadineddequartiais 20 T nageita protessify Methdd Aktording
to claim 26, further com rising a gchri]rd-sta e band Iimitinga@lrg?ess

Cgﬁfb\ﬁs%él%héf%fggs a from e image Dickup m

compressing the image data and providing the compressed image

data at least by the peripheral circult;
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of: providing transform coefficient data related to the second- stage band
limiting process corresponding to a low-frequency side with respect to
horizontal and vertical directions to a third line buffer; providing
simultaneous, parallel output of the transform coefficient data in order of
'lines from the third 'Line buffer; applying a vertical band Iimiting process

IR & HouhT SR RIGCESSTH Grer b tie MBS0 the trarsfofiiic- ' © +1a¢®

coefficient data by. vertical Ig;{v-p s and high:-pass filters each having a
ares ﬁr%d%?grrﬁ%%%f %lrﬁég? o?%ert?czsﬁy arranged taps in order of about half

the ruunber; otlinesawhereindbe verticakditers generatedransform data thus

coefficient data related to the third-stage band limiting process; and
obtaiggplying a horizontal band limiting process and a down sampling process

by horizontal low-pass and high-pass filters each having chredetermined

nRTBErSH Hoizontally ArahGet 1S, Bséd ‘or e eerated Hanstorm~ °
imagecogmzcaiiergtdaia'dgqgre& %@g%ﬁj antq%rlzkggg%lcpatg}g lmgingetected code

processes process the data lines sequentially. 57b
amount.

24. The image data processing method according to claim 23, wherein

the image data is provided from the image pickup means by XY address

control.

25. The image data processing method according to claim zl or 23,
wherein the image data 1s processed by a wavelet transfiorm process
in a first-stage band limiting process comprising the steps of:

providing the image data in order of lines from a first line
buffer;

applying a vertical band limiting process and a down sampling
process in order of the lines of the image data by vertical low-pass
and hicgh-pass £filters each having a predetermined number of
vertically arranged taps in order of about half the number of lines,

wharein the vertical filters generate <transform ccefficient
data related to the first-stage band limiting process; and

applying a horizontal band limiting process and a down

sampling process by horizontal low-pass and high-pass filters



- each having a predetermined number of horizontally arranged taps,
based on the generated transform coefficient data, to a sampling
number corresponding to the number of taps of the filter at
respective terminal ends of the lines,

wherein the vertical and horigontal band limiting processes

process the data lines sequentially.

26. The image data processing method according to claim 235, further
comprising a second-stage band limiting process comprising the steps
of:

providing transform coefficient data related to the first-
stage band limiting process corresponding to a low-freguency side
with respect to horizontal and vertical directions te a second line
buffer;

providing simultansous, parallel output of the transform
coefficient data in order of lines from the second line buffer;

applying a vertical band limiting process and a down sampling
process in order of the lines of the transform coefflcient data by
vertical low-pass and high-pass filters each having a predetermined
number of vertically arranged taps In order of about half the number
of lines,

wherein the vertical filters generate transform coefficient
data related to the second-stage kand limiting process; and

applving a horizontal band limiting process and a down

sampling process by horizontal low-pass and high-pass filters
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each having a predetermined number of horizontally arranged taps,
based on the generated transform coefficient data,
wherein <the wertical and horizeontal band limiting processas

process the data lines sequentially.

27. The image data processing method according te claim 26, further
comprising & third-stage band limiting process comprising the steps
of:

providing transform coefficient data related to the second-
stage band limiting process corresponding to a low-frequency side
with respect to horizontal and vertical directions to a third line
buffer;

providing simultaneous, parallel output of the transform
coefficient data in order of lines from the third line buffer;

applving a vertical band limiting process and a down sampling
process in order of the lines of the transform coefficient data by
vertical low-pass and high-pass filters each having a predetermined
number of vertically arranged taps in order of about half the number
of lines,

wherein the vertical filters generate transform coefficient
data related to the third-stage band limiting process; and

applying a horizontal band limiting process and a down
sampling process by horizontal low-pass and high-pass filters each
having & predetermined number of horirzontally arranged taps, based
on the generated transform coefficient data,

wherein the vertical and horizontal band limiting processes

process the data lines seguentiaily.
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