
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 layer formed on  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 pickup means are
sent out  successively in processing units for an
image compression process  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, 1
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 frame memory and
compresses blocks  of image data by a JPEG (Joint
Photographic Experts Group) method. In recent years,
CMOS solid state image pickup devices  have been put
to practical use. 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 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  



heldby 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  sequentially. 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 to
signal lines. In the CMOS image  pickup device shown
in Fig. 3 by way of example, a plurality  of pixels
successively arranged on each vertical line use one
signal 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 out 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
column line in a time-sharing  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 and
low-frequency image data  by a band division process
with respect to the horizontal and  the vertical
direction, divides the image data into four subbands
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  is repeated to divide
image data into subbands as shown in Fig.  4(B). Fig.
4(B) shows the results 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 LL 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  subjected to the band division
process into four subbands LLLLHH,  LLLLHL, LLLLLH and
LLLLLLL. Previously proposed wavelet transform
processes for the  coding process includes a line-base
wavelet transform process  that processes image data
on each of lines and a tile-base wavelet  transform
process that processes image data on each of tiles,  



- 4  namely rectangular blocks defined in each of
pictures. It is expected that the construction of the
imaging  apparatus can be further simplified and the
rate can be controlled  more properly by a simple
process as compared with a known process  if the high
degree of freedom of reading image data characterizing
the MOS image pickup device, can be effectively used.
In- cidentally, different parts of an image have
different degrees  of coding difficulty. Therefore, if
a coding process uses the  MPEG method, fine rate
control is performed by, for example,  a TM5 method
(test mode 5 method). DISCLOSURE OF THE INVENTION The
present invention has been made in view of the
foregoing  points and it is therefore an object of the
present invention  to provide an imaging apparatus of
simple construction capable  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.  Another object of the present
invention is to 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 freedomof
reading image  data characterizing the CMOS image
pickup device, an integrated  circuit for an image
pickup device and an image data processing  method. An
imaging apparatus according to the present invention  



5 includes: an image pickup means having a plurality
of pho- toelectric converters arranged in a matrix
from which image data  is obtained by XY address
control; and a peripheral circuit  connected to 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 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 for compressing predetermined
processing units of the image data and providing
compressed  processing units of the image data, and
the image pickup 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
according to the present invention  including the
image pickup means having the plurality of
photoelectric converters arranged in a matrix from
which image  data is obtainedbyXY address control, 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 the image data  provided by the image pickup
means and to provide the processed  image data, the
photoelectric converters of the image pickup  means
are connected to the peripheral circuit by the wiring
layer  



formed on the surface of the image pickup means
opposite the  - 6  light-receiving surface of the
image pickup means. Therefore,  various troubles that
may occur when the wiring layer is formed  on the
light receiving surface can be effectively avoided,
the  photoelectric converters can be connected to the
peripheral  circuit in at a high degree of freedom of
connection and the  image data provided by the image
pickup means can be transmitted  in various modes to
the peripheral circuit without reducing the  high
degree of freedom of reading image data of the image
pickup  means. When the peripheral circuit includes at
least the image  compressing means for compressing
predetermined processing  units of the image data
andproviding compressed processing units  of the image
data, and the image pickup means provides image  data
provided by the photoelectric converters sequentially
in  the processing units of the image data to be
processed 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  by effectively utilizing the high degree of
freedom of reading  the image data of the image pickup
means and hence the construction  of the imaging
apparatus can be simplified. An imaging apparatus
according to the present invention  includes: an image
pickup means having a plurality of pho- toelectric
converters arranged in a matrix from which image data
is obtained by XY address control, and a peripheral
circuit  connected to 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 7 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 for compressing predetermined
processing units of the image data and providing
compressed  processing units of the image data, image
data is 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 ratio based on the detected code
amount. In the imaging apparatus according to the
present invention  including: the image pickup means
having the plurality of  photoelectric converters
arranged in a matrix from which image  data is
obtained by XY address control, 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 pickup means by
the wiring  circuit formed on the surface opposite the
light-receiving  surface. Therefore, various troubles
that may occur when the  wiring layer is formed on the
light receiving surface can be  



effectively avoided, the photoelectric converters can
be  connected to the peripheral circuit at a high
degree of freedom  of connection and the image data
provided by the image pickup 8  means can be
transmitted in various modes to the peripheral
circuit without reducing the high degree of freedom of
reading  image data of the image pickup means. When
the peripheral circuit  includes at least an image
compressing means for compressing  image data and
providing compressed image data, and image data  is
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 ratio based on the detected  code amount,
rate control can be more properly achieved by a
simple process as compared with a conventional process
by  effectively utilizing the high degree of freedom
of reading image  data. An integrated circuit
according to the present invention  for an image
pickup device including an image pickup means having
a plurality of photoelectric converters arranged in a
matrix  from which image data is obtained by XY
address control, and  a peripheral circuit connected
to 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
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 f or compressing
predetermined  processing units of the image data and
providing compressed  processing units of the image
data, and the image pickup means  provides image data
provided by the photoelectric converters  9
sequentially in the processing units of the image data
to be  processed by the peripheral circuit. The
integrated circuit for the image pickup device can
simplify the construction by effectively utilizing
high degree  of freedom of reading image data. An
integrated circuit according to the present invention
for an image pickup device including an image pickup
means having  a plurality of photoelectric converters
arranged in a matrix  from which image data is
obtained by XY address control, and  a peripheral
circuit connected to 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 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 for compressing the
image  data and providing compressed image data, image
data is 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 ratio based on the detected code
amount. Thus the integrated circuit for the image
pickup device  



can more properly achieve rate control by a simple
process as  compared with the conventional process by
effectively utilizing  the high degree of freedom of
reading image data. An image data processing method
according to the present  invention to be carried out
by an imaging apparatus including  10  an image pickup
means having a plurality of photoelectric  converters
arranged in a matrix, and a peripheral circuit
connected to 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 includes the steps of:  providing image
data from the image pickup means by XY address
control; and compressing predetermined processing
units of image  data and providing the compressed
processing units of image data  by the peripheral
circuit; wherein the step of providing the  image data
provides the image data provided by the plurality  of
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. An image data processing method according to the
present  invention to be carried out by an imaging
apparatus including  an image pickup means having a
plurality of photoelectric  converters arranged in a
matrix, and a peripheral circuit  



connected to 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 includes the steps of:  providing image
data from the image pickup means by XY address
control; compressing image data and providing the
compressed 11  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 compresses the image data
at a data  compression ratio based on the detected
code amount. Thus the image data processing method can
simplify the  construction by effectively utilizing
high degree of freedom  of reading image data. An
image data processing method according to the present
invention to be carried out by an integrated circuit
included  in an image pickup device including an image
pickup means having  a plurality of photoelectric
converters arranged in a matrix,  and a peripheral
circuit connected to 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  includes 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 data by the peripheral
circuit; wherein  the step of providing the image data
provides the image 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. An image data processing method according to the
present  invention to be carried out by an integrated
circuit included  in an image pickup device including
an image pickup means having  a plurality of
photoelectric converters arranged in a matrix,  and a
peripheral circuit connected to 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  includes 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 compresses the
image data  at a data compression ratio based on the
detected code amount. 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
the present invention, the construction can  be
simplified by effectively utilizing the high degree of
freedom  of reading image data. Rate control can be
more properly achieved  by a simple process as
compared with a conventional process by  effectively
utilizing the high degree of freedom of reading image
data. 13  BRIEF DESCRIPTION OF THE DRAWINGS 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  a
wavelet transform unit 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 buffer coefficient for a process to be carried
out by  the wavelet transform unit of the imaging
apparatus shown in  Fig. 5. Fig. 9 is a sectional view
of an integrated circuit 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. - 14
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 apparatus in a  fourth embodiment according to
the present invention. Fig. 15 is a plan view of
assistance in explaining a data  compressing process
to be executed by the imaging apparatus shown  in Fig.
14. BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiments 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. The
user operates a lens 2 included in the imaging
apparatus  1 for zooming to change magnification and
adjusts aperture.  Incident light is focused on the
imaging surface of an image  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  photoelectric conversion
by pixels into an image signal S1. The  image pickup
device 3 is controlled by a driving circuit, not
shown, in anXY address control mode to provide image
data provided  by the pixels in order corresponding to
that used by a coding  process to be carried out by a
data compressing means at a later  stage. In this
embodiment, an image compressing device 5 encodes
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/D converter)
4 converts  the analog image signal S1 into a
corresponding digital image  data Dl. The imaging
apparatus 1 supplies the image data Dl  to the image
compressing device 5 after processing the image  data
Dl 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  Dl and processes
the compressed image data Dl 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 apparatus 1
stores the coded data D2  in a predetermined recording
medium included in the recording  system and transmits
the coded data D2 through the transmission`  system to
an external device. The image compressing device 5
achieves data compression by a wavelet transform
method. In the image compressing device 5,.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  transform
unit 6 executes a line-base wavelet transform process
that processes lines of image data. 



Referring to Fig. 6, the wavelet transform unit 6
divides  the image data Dl into two band components VL
and VH by a low-pass  filter 6A and a high-pass filter
6B each having a predetermined  number of vertically
arranged taps by a first-stage band division  process
forband limitation. Then, subbands LL toHH are
produced  by dividing the band components VL and VH by
band division by  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 Dl 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 ma line buffer  7
temporarily, and provides the image data D1 held by
the line  buffer 7. Referring to Fig. 7, the wavelet
transform unit 6 carries  out the band division
process in three stages. A processing  circuit at a
lower stage processes the wavelet transform
coefficients HH to LLLLLL by band division processes.
Line  buffers 7A to 7C are assigned to the input
stages of the band  division processes. The image data
provided by the A/D converter  4 is supplied directly
to the first line buffer 7A. Transform coefficient
data on the wavelet transform  coefficients is
accumulated in the line buffers 7A 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 Dl has been started,  



corresponding coefficient data is provided. Referring
to Fig. 7, the process for processing a frame  is
started, the image data Dl is supplied 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 Dl
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
transform coefficient data is supplied  to the
horizontal low-pass and high-pass filters. When the
coefficient transform data corresponding to the
number of the taps of the horizontal low-pass and
high-pass  filters of the wavelet transform unit 6 is
supplied to the  horizontal low-pass and high-pass
filters, a horizontal band  limiting process using the
correct transform coefficient data  and a down
sampling process are started. The band limiting
process using the correct trans formcoefficient data
is continued  to 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 coefficient data through the band
limiting processes of the first stage, the transform
coefficient  data LL on the low-frequency side with
respect to horizontal  and vertical directions is
supplied to the line buffer 7B assigned  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  vertical
band limitation is provided in order of about half the
number of lines. The transform coefficient data is
supplied  to the horizontal low-pass and high-pass
filters. When the  coefficient transform data
corresponding to the number of the  taps of the
horizontal low-pass and high-pass filters of the
wavelet transform unit 6 is supplied to the horizontal
low-pass  and high-pass filters of the second stage, a
horizontal band  limiting process using the correct
transform coefficient data  and a down sampling
process are started. Thus the band limiting  processes
of the second stage for the lines are executed
sequentially.. Among the transform coefficient data
through the band  limiting processes of
thesecondstage, the transformcoef ficient  data LLLL
on the low-frequency side with respect to horizontal  



and vertical directions is supplied to the line buffer
7C assigned  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 line buffer 7C is accumulated,  the line buffer
7C starts simultaneous, parallel output of the
transform coefficient 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 coefficient data
relating to vertical  band limitation is provided in
order of about half the number  - 20  ---- -- - -----
------ of lines. The transform coefficient data is
supplied to the horizontal low-pass and high-pass
filters. When the coefficient  transform data
corresponding to the number of the taps of the
horizontal low-pass and high-pass filters is supplied
to the  horizontal low-pass and high-pass filters of
the second stage,  a horizontal band limiting process
using the correct transform  coefficient data and a
down sampling process are started. Thus  the band
limiting processes of the third for the lines are
executed  sequentially. The wavelet transform unit 6
of the imaging apparatus in  the first embodiment
processes the image data line-sequentially.
Therefore, the line buffers, namely, memory circuits,
on the  



input side of the band division processes may be those
of a small  capacity and the construction of the
imaging apparatus is simple. A quantizing unit 8
quantizes transform coefficient data  D3 sequentially
and supplies quantized data to an entropy  encoding
unit 9. The entropy encoding unit 9 processes the
output  data of the quantizing 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  of the coefficient data accumulated
in the buffers 7A to 7C.  Thus the quantizing unit 8
and the entropy encoding unit 9  processes the data
line-sequentially. Therefore, the quantizing unit 8
and the entropy encoding unit 9 are simple  21  in
configuration. The image compressing device 5 thus
compresses  the image data Dl line-sequentially. The
image pickup device  3 provides image data
line-sequentially according to the  line-sequential
operation of the image compressing unit 8 and
provides the image data on each line in processing
order in which  the image compressing device 5
processes the image data. Thus  the image data Dl
provided by the A/D converter 4 is supplied  directly
to the image compressing device 5 to simplify the
construction of the imaging apparatus. Fig. 9 is a
sectional view of a part of an integrated circuit  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  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
peripheral circuit. The integrated circuit 51 has a
device layer 52, namely,  a silicon (Si) layer of a
thickness between about 10 and about  20 m.
Photodiodes 53 for photoelectric conversion are formed
in parts respectively corresponding to pixels of the
device layer  52. Devices, such as MOSFETs, of the
peripheral circuit are  22  formed in a layer
underlying the device layer 52. In the integrated
circuit 51, a silicon dioxide film (SiO2  film) 54, a
shading film 55, a silicon nitride film (SiN film)
56, a color filter A27 and microlenses 58 are stacked
in that  order on the device layer 52. The photodiodes
53 and a wiring  layer 59 for connecting the circuit
devices of the peripheral  circuit are formed under
the device layer 52. The wiring layer  59 is formed on
a substrate support 60. In the integrated circuit  51,
the wiring layer 59 is formed on a surface opposite a
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-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 in a thin semiconductor substrate, the
wiring layer  59 is formed on the semiconductor
substrate, and then the  substrate support 60 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 shading film
55, the silicon  nitride film (SiN film) 56, the color
filters A27 and the  23 microlenses 58 are formed
sequentially. Thus the image pickup device 3 and the
peripheral circuit  of the imaging apparatus 1 are
combined integrally in the  integrated circuit, and
the wiring layer is formed on the surface  opposite
the light-receiving surface. The wiring lines are
arranged by effectively utilizing the greatly
increased degree  of freedom of wiring so that the
image data provided by the image  pickup device 3 can
be processed in a line-sequential mode for  the data
compressing process and in order for the data
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 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 Dl. The image data
Dl is processed by the edge sharpening  process, the
image compressing device 5 compresses the image  data
Dl to convert the image data Dl into the coded data
D2.  The coded data D2 is recorded on the recording
medium and is  transmitted 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 image compressing device  5 processes
the image data Dl 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  - 24  control process
to provide the coded data D2. The image pickup  device
3 provides image signals Si representing the image
data  sequentially in processing units. The image data
D1 provided  by the A/D converter 4 can be directly
supplied to the image  compressing device 5 for data
compression. Thus the con- struction can be
simplified. Image data is read by XY address control
from the image  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 readingmode, 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 by effectively  utilizing the high degree
of freedom of reading characterizing  the CMOS solid
state image pickup device. More concretely, in the
imaging apparatus 1, the processing  units in which
the image compressing device 5 processes the image
data are lines and the lines of the image data are
compressed  by a line-base wavelet trans form process,
the image pickup device  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, the image  compressing device 5,
namely, aperipheral circuit for processing 25  the
image data, and the A/D converter 4 are integrated in
an  integrated circuit. Thus the construction is
miniaturized and  simplified. If the image pickup
device and the peripheral circuit are  integrated
simply by a CMOS structure, a wiring pattern
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 reading  the image data, and the construction is
simplified by effectively  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 opposite  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  - 26  the image data provided by the
plurality of photoelectric  converters line
sequentially. 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. (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,  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 Dl 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 6 included in the imaging
apparatus in the second embodiment reads the tiles TO,
T1, T2, .. .  of the image data Dl sequentially in a
raster scanning mode and  processes the tiles TO, Tl,
T2, ... of the image data Dl by a  - 27  wavelet
transform process. A quantizing unit 8 quantizes tiles
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 the
tile-base wavelet  transform process at the input
stage of division processing may  be small as compared
with that of the line-base wavelet transform  process.
The image compressing device 5 of this imaging
apparatus  executes a tile-base data compressing
process and a driving  circuit not 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 connected to
forman integrated circuit by a wiring  layer formed on
a surface opposite a light-receiving surface  of the
image pickup means, the image data is provided
sequentially  in processing units for the image
compressing process by the  image pickup means, the
image compressing means processes the  tiles of the
image data by a wavelet transformprocess to compress
the image data, the image pickup means provides the
tiles of 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 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 will
be omitted  to avoid duplication. The integrated
circuit 61 integrally includes an image  pickup device
3 and a peripheral circuit. The peripheral 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.  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 between about
10 and about 20 m. The image pickup  device has
photodiodes formed in the image pickup layer 52 to
carry out a photoelectric conversion process. A
silicon dioxide film, a shading film, a silicon
nitride  film, a color filter A27 and microlenses 58
are stacked in that  order on the upper surface of the
image pickup layer 52 of the  image pickup device to
form an image pickup unit. A wiring layer  59 is
formed on the lower surface of 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  59 and 63 are connected
to form the integrated circuit 61 including  the image
pickup device and the peripheral circuit. The wiring
layer 59 of the integrated circuit 61 is formed  on a
surface opposite a light-receiving surface. Thus all
the  troubles 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. 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 the
peripheral circuit in a  small chip and to reduce
power consumption. If the pixel size  of the pixels of
the image pickup device is reduced, the  sensitivity
of the image pickup device decreases accordingly.  The
area of the chip increases with the increase of the
number  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. When integrated circuit 61 is built by
integrally combining  the image pickup device and the
peripheral circuit by the wiring  layer 59 formed on
the surface opposite the light receiving  surface, the
integrated circuit 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 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 circuit of the  integrated circuit 61 thus
formed by stacking up the component  layers can be
connected such that the pixels of the integrated
circuit 61 supply output signals in a simultaneous,
parallel  output mode to the peripheral circuit as
shown in Fig. 12(A)  and the image data is processed
by an A/D conversion process.  Columns of the image
data can be provided in a simultaneous,  parallel
output mode as shown in Fig. 12(B) and the columns of
the image data can be processed by the peripheral
circuit. Lines  of the image data can be provided in a
simultaneous, parallel  output mode as shown in Fig.
12 (C) and the lines of the image  data can be
processed by the peripheral 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
various output modes through  the XY address control
of the pixels. For example, the image  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.  32  



12(C), the image data can be provided from the
vertically  successively arranged pixels by
controlling the vertical address  lines instead of
controlling the horizontal address lines as  mentioned
with reference to Fig. 3, and assigning each signal
line sequentially to the horizontally arranged pixels
in a times  sharing mode. In an output mode shown in
Fig. 12 (D) , the image  data can be provided in
various sequences by sequentially  selecting a
plurality of pixels included in a block and connected
to a signal line in raster scanning mode and a zigzag
scanning  mode through the control of the vertical and
the horizontal  address line. The pixels are arranged
successively in  horizontal and vertical directions on
the horizontal 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 to provide the image  data in a
line-sequential output mode as shown in Fig. 13(A),
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 peripheral  circuit in
a simultaneous, parallel output mode through a  



33  plurality of systems. The image compressing device
8, namely,  the peripheral circuit, of the integrated
circuit 61 includes  three processing circuits Cl to
C3 as shown in Fig. 11. Those  three processing
circuits Cl to C3 process the image data supplied
thereto through the three systems in a simultaneous,
parallel  processing mode. The peripheral circuit and
the image pickup means of the  imaging apparatus in
the third embodiment are formed separately  by
different, suitable wafer processing processes,
respectively.  Consequently, various abilities can be
improved. (6) Fourth Embodiment Fig. 14 is a block
diagram showing an imaging apparatus  71 in a fourth
embodiment according to the present invention  in
comparison with the imaging apparatus 1 shown in Fig.
5. Parts  of the imaging apparatus 71 shown in Fig. 14
like or corresponding  to those of the imaging
apparatus l 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 can be supplied in
various output modes to the  peripheral circuit. Thus
the construction is simple and small. The image pickup
device 73 is a CMOS solid state image  



pickup device. The driving circuit, not shown, drives
the image  34 pickup device 73. Referring to Fig. 15,
the image pickup device  73 outputs successively an
image signal Si representing an image  formed in an
effective image area AR in processing units in which
the image compressing device 75 process image data.
The driving  circuit, not shown, controls the image
pickup device 73 by XY  address control such that the
image pickup device 73 provides  image data of partial
images formed in partial areas ARA to ARE  in advance.
The partial areas ARA to ARE are rectangular areas.
The partial area ARC is at the center of the effective
image  area ARA and the four partial areas ARA, ARB,
ARD and ARE are  at the four corners, respectively, of
the effective image area  AR. Compressing process
necessary for compressing the image  data of the image
formed in the effective image area AR can be  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. A specific  area image compressing unit
76 included in the image compressing  device 75
compresses image data Dl on images in the partial
areas  ARA to ARE, supplies a signal indicating the
code amount of codes  produced by compressing the
image data D1 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  35  the basis of the code amount
indicated by the received signal  and determines a
data compressing ratio on the basis of the  estimated
code amount. The specific area image compressing unit
76 compresses tiles corresponding to the partial areas
ARA to  ARE as processing units by a wavelet transform
process or  compresses the partial areas ARA to ARE as
one or a plurality  of macroblocks by a MPEG2 method.
The data may be compressed  by any one of various
compressing methods. An image compressing unit 78
determines a quantization  scale according to the data
compressing ratio determined by the  code amount
assignment control 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 compressing unit
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
control  can be practically satisfactorily achieved,
the image com- pressing unit 78 may compress the image
data by a data compressing  method different from that
used by the specific area image  compressing unit 76.
Thus the imaging apparatus in the fourth embodiment
detects  the code amount of codes produced by
compressing the image data  on images in the partial
areas in the effective image area by  



effectively utilizing the high degree of freedom of
reading image  data of the image pickup device,
namely, the CMOS solid state  image pickup device, and
determines the data compressing ratio  36 on the basis
of the code amount and compresses the image data  on
the overall image at this data compressing ratio. Thus
the  imaging apparatus determines the data compressing
ratio properly  and executes rate control more
properly than the conventional  imaging apparatus.
Suppose that the code amount of codes produced by
compressing the image data on the partial areas is TS
and a desired  code amount of the overall image is
TALL. Then a code amount  TE that can be assigned to
the rest of the areas can be expressed  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 code amount TS of codes that are produced  by data
compression that is executed in advance and hence the
data compressing process can be properly carried out.
The code amount assignment control unit 77 and the
rate  control unit 79 determine the data compressing
ratio according  to the code amount 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  37  compressing ratio
according to the code amount and processes  the image
data by the data compressing process. Thus the imaging
apparatus in the fourth embodiment can carry out rate
control  more properly than the conventional imaging
apparatus by a  process simpler than the conventional
process by effectively  utilizing the high degree of
freedom of reading image data  characterizing the CMOS
solid state image pickup device. 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 com-
pression. Concretely, rate control can be achieved by
a simple process  by applying a quantization scale
corresponding to the data  compressing ratio to the
quantization of the coefficient data. When. rate
control can be carried out 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  38
method different from that relating to the advance
process when  the imaging apparatus is provided with a
data compressing means  relating to the advance
process an a data compressing means using  the data
compressing ratio relating to the advance process.
Thus  various data compressing method can be used. 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 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  various 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 controlling  a code amount relating
to the rest of the areas by a code amount  detected by
an advance data compressing process. Animagepickup  39
device 73 provides image data on the image in the
effective image  area AR excluding the partial areas
ARA to ARE after the advance  data compressing
process. A code amount assignment control unit  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 relating to the
advance process is controlled by a code  amount of
codes produced by a data compressing process for
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 Dl by
the  same method. The imaging apparatus in the fifth
embodiment is identical  with the imaging apparatus in
the fourth embodiment, except that  



the constitution of the imaging apparatus in the fifth
embodiment  relating to processing the image data Dl
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  40  - ---- area, determining
the data compressing ratio according to the 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 the
partial  areas relating to the advance process
according to an image pickup  mode selected by the
user. The constitution of the imaging  apparatus in
the sixth embodiment is the same as that of the
imaging apparatus in the fourth or the fifth
embodiment excluding  the process relating to the
partial areas relating to the advance  process. The
imaging apparatus in the sixth embodiment selects the
most important areas for an image pickup mode selected
by the  



user as areas for previous code amount detection. 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
selects a portrait mode, image data on persons  is
important and, in most cases, an image of persons is
formed  in a central area of the effective image area.
Thus an area  41  from which a code amount is detected
beforehand is a central  area of thee ffective 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  area
6f the effective image area is larger than that
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 from
which  a code amount is detected beforehand when a
scenery mode is  selected. In a scenery mode, 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, an arithmetic processingmeans f or
generally  controlling operations of the imaging
apparatus, controls the  image data provided by the
image pickup device 3 and operations  of the image
compressing means 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  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 important partial  area
for a selected photographing mode in the sixth
embodiment  automatically on the basis of color
distribution in an-image  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 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 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  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 according to a selected photographing mode. (10)
Modifications Although the fourth to the seventh
embodiment carries out  the advance data compressing
process by a specific processing  system, the advance
data compressing process may be carried out  by the
original data compressing system. 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 video cameras  capable of recording
moving pictures, electronic still cameras,  



monitoring devices and such. 44  REFERENCE CHARACTERS
1, 71 ... Imaging apparatuses 2 ... Lens 3, 73 ...
Image pickup devices 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
circuits  52 . Device layer 53 ... Photodiode 54 ...
Silicon 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 - 45  A2 ... Color correction
filter  A27 ... color filter Cl to C3 ... Processing
circuits  46  CLAIMS  1. An imaging apparatus
comprising: an image pickup means configured to
include a plurality  of photoelectric converters
arranged in a matrix from which image  data is
obtained by XY address control; and a peripheral
circuit configured to be connected to 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 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 predetermined
processing units of the image data and provide
compressed  processing units of the image data, and
the image pickup means provides image data
sequentially  from the photoelectric converters in the
processing units of  the image data to be processed by
the peripheral circuit.  2. The imaging apparatus
according to claim 1, wherein the image  compressing
means compresses lines of the image data by a wavelet



transform process, and the image pickup means provides
the image data provided  by the plurality of
photoelectric converters ina line-sequential  output
mode. 3. The imaging apparatus according to claim 1,
wherein the image  47  compressing means compresses
tiles of the image data by a wavelet  transform
process, and the image pickup means provides tiles of
the image data  provided by the photoelectric
converters. 4. The imaging apparatus according to
claim 1, wherein the  peripheral circuit and the image
pickup means are fabricated  by different wafer
processing processes, respectively, and the
peripheral circuit underlies the wiring layer. 5. An
imaging apparatus comprising: an image pickup means
configured to include a plurality  of photoelectric
converters arranged in a matrix from which image  data
is obtained by XY address control; and a peripheral
circuit configured to be connected to 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 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 is compressed at a
data compression ratio based on  - 48  the detected
code amount. 6. The imaging apparatus according to
claim 5, wherein image  data on an image formed in
areas excluding the partial area is  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.
7. The imaging apparatus according to claim 5, wherein
image  data on the effective image area is compressed
at a data  compression ratio based on the detected
code amount. 8. The imaging apparatus according to
claim 5, wherein the image  compressing means
compresses the image data by transforming the  image
data into coefficient data and quantizing the
coefficient  data by a quantizing means, and the
quantizing. means quantizes the coefficient data by
aquantization scale corresponding to the data
compressing ratio.  9. The imaging apparatus according
to claim 5, wherein a data  compressing means relating
to the advance data compression, and  a data
compressing means relating to the compression of the
image  data at the data compressing ratio are included
in separate  systems, respectively. 



49  10. The imaging apparatus according to claim 5,
wherein the  peripheral circuit underlies the wiring
layer. 11. The imaging apparatus according to claim
10, wherein the  peripheral circuit and the image
pickup means are fabricated  by separate wafer
processing processes, respectively. 12. 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 by XY address control; and a peripheral
circuit configured to be connected to 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 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 predetermined
processing units of the image data and provide
compressed  processing units of the image data, and
the image pickup means provides image data provided by
the photoelectric converters sequentially in the
processing  units of the image data to be processed by
the peripheral circuit.  13. An integrated circuit for
an image pickup device, said  - 50  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 by XY
address control, and a peripheral circuit configured
to be connected to 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 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 compressed image data, image
data is 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 ratio  based on the detected code
amount. 14. An imaging apparatus comprising: an image
pickup unit configured to include a plurality  of
photoelectric converters arranged in a matrix from
which image  data is obtained by XY address control;
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 image pickup  51  unit to
process image data provided by the image pickup unit  



and to provide the processed image data; wherein the
peripheral circuit includes at least an image
compressing unit configured to compress predetermined
processing units of the image data and provide
compressed  processing units of the image data, and
the image pickup unit provides image data sequentially
from the photoelectric converters in the processing
units of  the image data to be processed by the
peripheral circuit.  15. An imaging apparatus
comprising: an image pickup unit configured to.
include a plurality  of photoelectric converters
arranged in a matrix from which image  data is
obtained by XY address control; 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 image pickup  unit 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 unit configured to compress the image data
and  provide the compressed image data, and image data
is 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  52  based on the detected code
amount. 



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 obtained by XY address control,
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 image pickup  unit to process
image data provided by the image pickup unit  and to
provide the processed image data; wherein the
peripheral circuit includes at least an image
compressing unit configured to compress predetermined
processing units of the image data and provide the
compressed  processing units of image data, and the
image pickup unit provides the image data provided  by
the plurality of photoelectric converters sequentially
in  the processing units of the image data to be
processed by the  peripheral circuit. 17. 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 by XY address control, and 53  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 unit  and to provide the
processed image data; wherein the peripheral circuit
includes at least an image  compressing unit
configured to compress the image data and  provide the
compressed image 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 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. 18. An image data
processing method to be carried out by an  imaging
apparatus including an image pickup means including a
plurality of photoelectric converters arranged in a
matrix, and  a peripheral circuit connected to 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, said
image data  processing method comprising the steps of:
providing image data from the image pickup means by XY
address control; and compressing predetermined
processing units of image data  and providing the
compressed processing units of image data by  54  the
peripheral circuit; wherein the step of providing the
image data provides the  



image data provided by the plurality of photoelectric
converters  in the processing units of the image data
to be processed by  the peripheral circuit. 19. An
image data processing method to be carried out by an
imaging apparatus including an image pickup means
including a  plurality of photoelectric converters
arranged in a matrix, and  a peripheral circuit
connected to 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, said image  processing method 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 compresses  the
image data at a data compression ratio based on the
detected  code amount. 20. An image data processing
method to be carried out by an  55 integrated circuit
included in an image pickup device including  an image
pickup means including a plurality of photoelectric
converters arranged in a matrix, and a peripheral
circuit  



connected to 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, said image data  processing method
comprising the steps of: providing image data from the
image pickup means by XY  address control; and
compressing at least predetermined processing units of
image data and providing the compressed processing
units of image  data by the peripheral circuit;
wherein the step of providing the image data provides
the  image data from the plurality of photoelectric
converters  sequentially in the processing units of
image data to be used  by the peripheral circuit. 21.
An image data processing method to be carried out by
an  integrated circuit included in an image pickup
device including  an image pickup means including a
plurality of photoelectric  converters arranged in a
matrix, and a peripheral circuit  connected to 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, said
image data  processing method comprising the steps of:
56  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 compresses  the image data
at a data compressing ratio based on the detected
code amount. _ 57 


