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TITLE OF THE INVENTION _
A Video Camera Having én Adaptive Automatic Iris
Controi Circuit
BACKGROUND QF THE INVENTION
5 Field of the Invention
The present invention relates to video cameras, and
more particularly, to an automatic iris control circuit
for automatically adjusting the aperture size to regulate
the amount of light incident into the optical system of a
10  video camera according to the incident amount of light.
Dgscription of the Background Art
Referring to Fig. 1, a conventional video camera
includes a lens 102 for bringing together incident light
from an object to form an image on a predetermined image
15 formation plane, an image sensing device 104 having an
image sensing plane arranged on the image sensing plane
for converting the optical image on the image sensing
plane into a video signal which is an electrical signal by
photoelectric conversion, an iris plate 103 for regulating
20 the amount of light incident upon image sensing device
104, an iris motor 113 for driving iris plate 103, a
preamplifier 116 for amplifying the video siénal provided
from image sensing device 104 and providing the same into
a signal processing circuit (not shown) for converting

25 into a television method, and an automatic iris control



.ineludes a lens 102 for bringing together incident Iight froman object to
forn1an i mge on a predeterm ned i mage formation plane, an inmage sensing
device 104 having an inmage sensing plane arranged on the inmage sensing

pl ane for converting the optical imge on the inage sensing plane into a
vi.deo signal which is an electrical signal by photoel ectric conversion, an
iris plate 103 for regulating the anmount of |ight incident upon inmage
sensing device 104, an iris nmotor 113 for driving iris plate 103, a
preanplifier 116 for anplifying the video signal provided frominage
sensing device 104 and providing the sane into a signal processing circuit
(not shown) for converting

circuit 217 responsive to the video signal provided from
preamplifier 116 for operating iris motor 113 so that the
level of the video signal attains a predetermined level.
Automatic iris control circuit 217 includes a gain

5 control amplifier (GCA) 206 for amplifying the video
signal provided from preamplifier 116 corresponding to the
central portion of the screen by a gain that is greater
than that of the remaining portion of the screen, a
voltage adder 207 for adding to the amplified video signal

10 provided‘from GCA 206 sawtooth wvoltage that will raise
the voltage in the lower portion of the screen, a
detection circuit 208 for averaging the outputs of voltage
adder 207, and a comparator 209 having a negative input
terminal connected to the output of detection éircuit 208

15 and a positive input terminal connected to a variable
reference voltage (Vy) 210 for comparing the signal
provided from detection circuit 208 and reference vol;age-
210 to drive iris motor 113 according to the comparison
output.

20 Referring to Fig. 2, the amplification carried out in
GCA 206 is for the purpose of giving a particularly great
weight to the central portion 252 of a screen 251. When
object 254 is located at the central portion 252} as shown
in Fig. 3A, iris plate 103 is driven to obtain an

25 ‘appropriate image sensing state of object 254 owing to the
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intq a television nethod, and an automatic iris control 2 circuit 217
responsive to the video signal provided frompreanplifier 116 for operating
iris motor 113 so that the |level of the video signal attains a
prédetermned | evel. Automatic iris control circuit 217 includes a gain
eontrol anplifier (GCA) 206 for amplifying the video signal provided from
preanplifier 116 corresponding to the central portion of the screen by a
gain that is greater

4

amplification by GCA 206. Even if there is ground 255 in
the background scenery with rear light, photometry is
carried out giving weight to object 254 rather than to
ground 255 or the background scenery.

5 Referring to Fig. 2 again, voltage adder 207 adds
offset voltage to the lower region 253 of screen 251. 1In
the case where sawtooth voltage such as that shown in Fig.
1l is added, the weight for control of iris plate 103
becomes greater as a function of distance towards the

10 bottom o? screen 251. Therefore, when object 256 is
located with the sky as the backgrouﬁd in screen 251 as
shown in Fig. 3B, the diaphragm is adjusted to a wvalue
that can shoot object 256 in an optimum state without
being affected by the luminance of the sky.

15 Referring to Fig. 1, a conventional video camera
operates as follows. The incident amount of light from
object 101 forms an image on -the image sensing plane of
image sensing device_104 by lens 102. Image sensing
device 104 converts the optical image into a wvideo signal

20 by photoelectric conversion. The video signal is provided
to amplifier 116. Preamplifier 116 amplifies output of
image sensing device 104 to provide the same to a signal
processing circuit and the input of GCA 206.

As already described with reference to Figs. 2 and

25 3A, GCA 206 amplifies the converted video signal
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han, ¢that of the remaining portion of the screen, a voltage adder 207 for
addi'ng to the anplified video signal provided from GCA 206 sawt oot h vol t age
that will raise the voltage in the |ower portion of the screen, a detection
circlit 208 for averaging the outputs of voltage adder 207, and a
conpar at or 209 having a negative input term nal connected to the output of
detection circuit 208 and a positive input termnal connected to a variable
“reference voltage (VIR) 210 for conparing the signal provided from
detection circuit 208 and reference voltage 210 to drive iris notor 113

according to the conparison output.

corresponding to the central region of the screen by a
gain that is greater than that of the surrounding region.
The amplified signal is provided to voltage adder 207. As
described with reference to Figs. 2 and 3B, voltage adder

5 207 adds sawtooth voltage to the input signal so that the
video signal representing the lower region of the screen
becomes a greater value. This signal is provided to
detection circuit 208, where the video signals from
voltage adder 207 are averaged and provided to the

10 negative ,input terminal of comparator 209. Comparator 209
compares the output of detection circuit 208 and reference
voltage 210 to drive iris motor 113 according to the
comparison output. Iris mofor 113 drives iris plate 103
according to the drive voltage. The amount of light of

15 the object image upon image sensing device 104 is adjusted
by the open/close of iris plate 103.

The detail operation of ‘dutomatic iris control
circuit 217 is as follows.
If the luminance of the objept image is’ too bright,

20 the amplitude of the image signal provided from
preamplifier 116 bécomes great. This increases the
average voltage of the video signal provided from
detection circuit 208. If the output voltage of detection
circuit 208 becomes greater than reference voltage 210,

25 the output of comparator 209 shifts to a low potential.
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Referring to Fig. 2, the anplification carried out in GCA 206 is for the
purpose of giving a particularly great weight to the central portion 252 of
a screen 251. Wien object 254 is |located at the central portion 252, as
shown in Fig. 3A iris plate 103 is driven to obtain an appropriate inmage
sensing state of object 254 owing to the 3 anplification by GCA 206.
Even if there is ground 255 in the background scenery with rear |ight,
photonetry is

Iris motor 113 responds to the output of comparator 209 to
be operative to close iris plate 103. This reduces the
incident of light from the object to image sensing device
104.

5 If the incident amount of light from the object to
image sensing device 204 is low, an operation opposite to 
-that described above is carried out. That is to say, the
output voltage of detection circuit 208 decreases to
become lower than reference voltage 210. The output of

10 comparator 209 shifts to a high potential so that iris
motor 113 operates to open iris plate ;03. Thus, the
incident amount of light to image sensing device 104
increases.

By the above-described operation of the automatic

15 iris control circuit, the aperture size of iris plate 103
is adjusted to obtain a maximum luminance of an object
located in the central and lower region of the screen.
The operator of the video camera does not have to manually
adjust the aperture size to obtain a desired shooting

20 state.
| As described above, a video camera having a
conventional automatic iris control circuit employs
center-weighted metering and foot-weighted metering. <This
is based on the typical shooting condition where an object

25 is usually located at the central region of a screen, and
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carr,jed out giving weight to object 254 rather than to ground 255 or the
background scenery. Referring to Fig. 2 again, voltage adder 207 adds
offset voltage to the lower region 253 of screen 251. In the case where
sawt oot h voltage such as that shown in Fig. 1 is added, the weight for
control of iris plate 103 becones greater as a function of distance towards
the bottom of screen 251. Therefore, when object 256 is |ocated wth the
sky as the background in screen 251 as shown in Fig. 3B, the diaphragmis
adjusted to a value that can shoot object 256 in an opti num state w t hout
being affected by the | um nance of the sky.

that the sky is located above as the background with the
object in the lower region. However, there are some cases
where the center-weighted metering and the foot-weighted
metering may not result in an optimum diaphragm.

5 Consider the case where the entire background of
object 254 is of high luminance in screen 251, as shown in
Fig. 3C. In-this case, the luminance of the lower portion
of screen 251 becomes high. If foot-weighted metering is
employed, the diaphragm will be operated towards the

10 ' closing %}rection. This means that the sensed image of
object 254 becomes dark.

Consider the case where object 254 is not located in
the center portion 252, as shown in Fig. 3C. In this
case, most of central portion 252 bécomes a2 high luminance

15 portion. The diaphragm will be operated towards the
closing direction. This will also result in a very dark
sensed image of object 254. -

The above~described object state is not so rare.

This is often encountered when shooting at a ski resort,

20 for example. 1In this case, the background scenery is
snow, which has a very high luminance. The state such as
shown in Fig. 3C may often be seen in ski resorts.

For users that often shoot at a ski gelédnde, optimum
aperture value coudd not be obtained by automatic iris

25 control with the conventional center-weighted metering or
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Referring to Fig. 1, a conventional video canera operates as follows. The
i nci dent ampunt of light fromobject 101 fornms an image on the image
sensing, pl ane of image sensing device 104 by lens 102. |mage sensing device
104 converts the optical imge into a video signal by photoelectric

conver si on.

The video signal is provided to anplifier 116. Preanplifier

anplifies output of imge sensing device 104 to provide the sane to a

signal processing circuit and the input of GCA 206. As already described
with reference to Figs. 2 and 3A, GCA 206 anplifies the converted video

si gnal

10

15

20

25

foot-weighted metering, resulting in an unsatisfactory
picture. There are some video cameras that can adjust the
diaphragm manually. However, it is wvery difficult to
control the iris while shooting. There was a problem that
control of the iris could not be carried out easily with
the above-described conventional video camera.

A technique, not directed to a video camera, but to a
still camera, is disclosed in Japanese Patent Laying-Open
No. 2-96724 for controlling the camera according to the
condition‘of the object.

Referring to Fig. 4, the still camera d;sclosed in
Japanese'Patent Laying-Open No. 2-96724 includes a lens
320, a diaphragm 319 provided in front of lens 320, and an
in-focus mechanism 335 for focusing the optical image of
an object at a predetermined image formation plane by
moving lens 320 along the optical axis. The optical image
of the object is provided to an amplifier 322 as data
representing the luminance of the object for each
photoelectric converted device by an image sensing device
321 formed of photoelectric conversion devices allocated
in a matrix manner. The luminance information of the
object amplified by amplifier 322 is A/D converted by A/D
converter 323 to be provided to an operation circuit 324
as a stopped down luminance BV’. Operation circuit 324 is

previously input with an aperture value AVb representlng
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4 cqQrresponding to the central region of the screen by a gain that is
greater than that of the surrounding region. The anplified signal is
provided to vol tage adder 207. As described with reference to Figs. 2 and
3B, voltage adder 207 adds saw ooth voltage to the input signal so that the
xi.deo signal representing the | ower region of the screen becones a greater
value. This signal is provided to detection circuit 208, where the video
signals fromvoltage adder 207 are averaged and provided to the

the open aperture of diaphragm 319. Operation circuit 324
calculates and provides the actual luminance BV (= BV’ -~

AV,) of the object from the two walues of BV’ and AV,. The

output object luminance BV is provided to a multiplexer .
5 328 and a frame memory 334. The operation of multiplexer
328 will be described afterwards.

Frame memory 334 stores object.luminance BV according
to the output of each photoelectric conversion device of
image sensing device 321 for each photoelectric conversion

10 device. ,Frame memory 334 is connected to a neuro-computer
325, to which the luminance information stored in_ffame
memory 334 is supplied, and from which signal P,
representing the position of the main object of the video
stored in frame memory 334 is output; Neuro-computer 325

15 is connected to a coefficient memory 326 for storing
coefficient W; to determine the operational process
carried out by neuro-computef'325. Coefficient Wy is
rewritten to obtain an appropriate output corresponding to
the input in the learning process of neuro-computer 325.

20 The output of neuro-computer 325 is connected to one
input of a selector 336. The output of selector 336 is
connected to multiplexer 328. The output of an operation
panel 327 is connected to the other input terminal of
‘selector 336. The output‘of operation panel 327 is also

25 connected to neuro-computer 325. Operation panel 327 is
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. hegative input termnal of conparator 209. Conparator 209 conpares the
~output of detection circuit 208 and reference voltage 210 to drive iris
notor 113 according to the conparison output; Iris notor 113 drives iris
pl dte 103 according to the drive voltage. The amount of |ight of the object
Jmage upon i mage sensing device 104 is adjusted by the open/close of iris
pl ate 103. The detail operation of automatic iris control circuit 217 is as
follows. If the lum nance of the object inage is too bright, the anplitude
of the imge signal provided frompreanplifier 116 becomes great. This
I ncreases the

for the purpose of providing to neuro-computer 325 a

signal tp; representing the location of the main object

from the picture stored in the frame memory 334 at the

time of the learning mode. Operation panel 327 includes. a
5 touch panel switch (not shown), for example, having a one-

to-one correspondence to the position of the screen.

The user inputs the position of the main object on
the screen while looking through the finder, whereby

signal tp; representing the position of the main object is

10 . provided(from operation panel 327 to neuro-computer 325.
Neuro~computer 325 carries out operation aécording to the
coefficient stored in coefficient memory 326 by the input
provided from frame memory 324 to temporarily determine an
output. Neuro-computer 325 also compares signal tp;

15 provided from operatioﬁ panel 327 with the its own output
to rewrite coefficient Wy in coefficient memory 326 so
that fhe offset is minimized:' By repeéting such learning
several times, an artificial neural network implemented

with neuro-computer 325 and coefficient memory 326 is

20 self-organized to provide an appropriate signal P,

according to the input from frame memory 334.

The output of operation panel 327 is also provided to
selector 336. At the time of learning mode, selector 336
provides the output of operation panel 327 to multiplexer

25 328. At the time of automatic mode, selector 326 provides
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aver,age vol tage of the video signal provided fromdetection circuit 208. If
the output voltage of detection circuit 208 becones greater than reference
vol tage 210, the output of conparator 209 shifts to a |ow potential. 5
Iri's notor 113 responds to the output of conparator 209 to be operative to
close iris plate 103. This reduces the incident of light fromthe object to
| mge sensing device 104.

the output of neuro-computer 325 to multiplexer 328.
Multiplexer 328 passes only output BV of the photoelectric
conversion device corresponding to the main object of the
screen designated by control signal P,, provided from
5 neuro-computer 325 or operation panel 327. The passed
output BV is provided to operation circuits 329 and 331.
- Operation circuit 329 carries out operation for
focus-detection according to the so-called hill-climbing
method based on luminance output BV of the photoelectric
10 conversion device corresponding to the main object. The
output of operation circuit 329 is provided to a driver
330. Driver 330 moves in-focus mechanism 335 according to
the supplied operation result to move lens 320 in its
optical axis direction. By operation circuit 329, lens -
15 320 stops at a location so that an image ié formed on the
light receiving plane of image sensing device 321.
Operation circuit 331 determines the shutter speed or
the signal value according to luminance BV of the main
portion of the object provided from multiplexer 328, film
20 sensitivity SV, aperture value AV of diaphragm 319, and
the set shutter speed TV. The determined shutter speed
and aperture value are provided to a shutter control
device 332 and an iris control device 333, respectively.
Thus, the still camera disclosedin Japanese Patent

25 Laying-Open No. 2-96724 has the aperture value, the
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. If the incident amount of light fromthe object to i mage sensing device 204
"is low, an operation opposite to that described above is carried out. That
is to say, the output voltage of detection circuit 208 decreases to becone
| ovier than reference voltage 210. The output of conparator 209 shifts to a
high potential so that iris notor 113 operates to open iris plate 103.

Thus, the incident anobunt of |ight to i mage sensing device 104 increases.
By the above-described operation of the automatic iris control circuit, the
aperture size of iris plate 103 is adjusted to obtain a nmaxi mum | um nance
of an object

shutter speed, the in-focus position determined according
to the luminance information of not the entire object, but
only the main portion of the object. The position of the
main object is detected by neuro-computer 325. This is
5 carried out according to the learning process specified by
the user through operation panel 327. Therefore, the
. detection of the position of the main portion of the
object can be carried out similarly as to the liking of
the user. It is described in the aforementioned Japanese
10 Patent Application that the main objeét can be shot
under an ;ppropriate shooting state by controlling the
camera according to the luminance of the main object.
However, the technique of Japanese Patent Laying-Open
No. 2-96724 is directed to a still camera. There is no |
15 disclosure as to how this technique is applied to a video
camera. Although it is suggested in Japanese Patent
Laying-Open No. 2-96724 that it is possible to provide as
a teacher signal an exposure co#rection signal according
to the brightness or the luminance pattern of the object
20 to such a neuron-computer for carrying out learning such
as retrogressive correction, no specific structure is
taught.
The still camera described in the embodiment of the
Japanese Patent Application which is controlled according

25 to the luminance information of only the main object has
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,located in the central and |ower region of the screen. The operator of the
vi deo canera does not have to manual |y adjust the aperture size to obtain a
desired shooting state. As described above, a video camera having a
conventional automatic iris control circuit enploys center-weighted
metering and foot-weighted netering. This is based on the typical shooting
condition where an object is usually located at the central region of a
screen, and

the following problems which will be described
hereinafter. The relation between the luminance
information of the background scenery excluding the main
object and the luminance signal of the main object is

5 critical in obtaining an optimum aperture value. However,
it is impossible to optimize the luminance balance between
the main object and the background with the technique
disclosed in Japanese Patent Laying-Open No. 2-96724.
This is not a problem in practice for a silver salt camera

10 represen?ed by a still camera since luminance adjustment
can be carried out at the time of printing. However, for
a video camera, there is limitation in carrying out
luminance adjustment at the time of reproduction. The
technique disclosed in Jépanese Patent Laying-Open No. 2-

15 96724 cannot be applied to a video camera.

There is also another problem. It is general to use

the output of the image sensing device required to obtain
a video signal for the control of the diaphragm in a video
camera. The number of photoelectric conversion devices

20 that are allocated in the image sensing device is
significant to comply with the high requirements of the
picture quality. If the technique disclosed in Japanese
Patent Laying-Open No. 2-96724 is applied to a video
camera and the output of each photoelectric conversion

25 device is stored in a frame memory to be provided to the
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6 that the sky is |ocated above as the background with the object in the

| ower region. However, there are sone cases where the center-wei ghted
netering and the foot-weighted nmetering nmay not result in an optinmm

di aphragm Consider the case where the entire background of object 254 is
of high lum nance in screen 251, as shown in Fig. 3C. In this case, the

| um nance of the | ower portion of screen 251 becones high. If foot-weighted
nmetering is enployed, the diaphragmw ||l be operated towards the cl osing
direction. This neans that the sensed i mage of object 254 becones darKk.

neuro-computer, the number of inputs for the neuro-
computer will become too great and not appropriate for
practical use. A great number of inputs for the neuro
network will result in a problem of a longer time period.

5 for the learning process of the neural network.
Furthermore, if the output of the photoelectric conversion
device is directly input to the neural network, the input
value to the neural network will vary greatly in response
to just a slight change in position of the object,

10 resultinq in an unstable operation of the neural network.
SUMMARY OF THE INVENTION

An object of the present invention is to provide a
video camera that .can automatically control the diaphragm
to an aperture value that the user feels optimum according

15 to a specific state of the object.

Another object of the present invention is to provide
an automatic camera that can confrol the diaphragm
automatically and stably to an aperture value that the
usér feels optiﬁum according to a specific state of the

20 object.

A further object of the present invention is to
provide a video camera that can automatically control the
diaphragm to an aperture wvalue that the user feels
optimum, and that can lea:n to realize automatic diaphragm

25 that the user feels optimum for various states.
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Consi der the case where object 254 is not |located in the center portion
252, as shown in Fig. 3C. In this case, nost of central portion 252 becones
a high lum nance portion. The diaphragmw || be operated towards the
closing direction. This will also result in a very dark sensed i nage of

obj ect 254. The above-described object state is not so rare.

This is often

encount ered when shooting at a ski resort, for exanple. In this case, the

background scenery is snow, which has a very high | um nance.

The state such

as shown in Fig. 3C may often be seen in ski resorts. For users that often

shoot at a ski gel ande, optinmum

Still another object of the present invention is to

provide a video camera that can control automatically the

diaphragm to an aperture value that the user feels optimum

according to a specific state of the object, and that can

5 carry out stably and speedily learning for realizing

automatic diaphragm that the user feels optimum for

various conditions.

The video camera according to the present invention

includes an optical system for gathering incident light

10 from an quect for forming an image on a predetermined

image formation plane, an iris and an iris driving circuit

for regulating the incident amount of light in response to

a supplied incident light amount regulating signal, an

image sensor for image sensing an optical image of the

15 object formed in a predetermine frame for providing a

luminance signal, and a luminance distribution

characteristics extraction circuit connected to the image

sensor to divide the frame in which the optical image is

formed into a plurality of sub-areas for extracting the

20 luminance distribution characteristics of the optical

image in the frame as the luminance for each sub-area

according to the luminance signal and providing the same

as a plurality of luminance distribution signals.

The

video camera includes a target value signal generating

25 circuit for generating a target value signal to determine
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aperture val ue could not be obtained by automatic iris control with the
conventional center-weighted netering or 7 foot-weighted netering,
resulting in an unsatisfactory picture. There are some video caneras that
can adjust t he di aphragm manual | y. However, it is very difficult to control
the iris while shooting. There was a problen1that control of the iris could
not be carried out easily wth the above-descri bed conventional video

caner a.

a target value of the incident light amount regulating
signal that can be arbitrary set by the user according to
the luminance distribution of the optical image, an
adaptive circuit using an artificial neural network to

5 which a plurality of luminance distribution signals are
input and from which an incident light amount regulating
signal obtained by a predetermined conversion is provided,
for adapting conversion so that the offset of the output
with respect to a provided teacher signal is minimized,

10 and a se%gcting circuit responsive to the operation of the
user for selecting one of the output of the target wvalue
signal and the adaptive circuit for.providing the same as
a teacher signal to the adaptive circuit.

The image formed by the optical system in the wvideo

15 camera is converted into a luminance signal by the image
sensor. The frame of a picture is divided into plurality
of sub-areas, whereby the luminance for each sub-area is
extracted from the luminance signal as the characteristics
of the luminance distribution of the picture. The

20 extracted characteristics of the luminance distribution of
the picture is provided to the artificial neural network
of the adaptive circuit as a plurality of luminance
distribution signals. The artificial neural network
applies a predetermined conversion to the plurality of

25 luminance distribution signals to provide the same as an
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A technique, not directed to a video canmera, but to a still canera, is

di scl osed in Japanese Patent Laying-QOpen No. 2-96724 for controlling the
camera according to the condition of the object. Referring to Fig. 4, the
sti'll camera disclosed in Japanese Patent Layi ng-Qpen No. 2-96724 incl udes
.a lens 320, a diaphragm 319 provided in front of |ens 320, and an in-focus
mechani sm 335 for focusing the optical imge of an object at a
predeterm ned i mage formati on plane by noving | ens 320 al ong the opti cal
axis. The optical imge of the object is provided to an anplifier 322 as
data representing the |Ium nance of the object for each

incident light amount regulating signal. At the time of
learning of the artificial neural network, the selecting
circuit provides the target value signal set by the user
as the teacher signal. The adaptive circuit has the

5 conversion carried out internally adapted so that the
offset between the teacher signal and its own output is
minimized. At the time of normal operation, the adaptive
circuit processes the luminance distribution signals
according to the conversion adapted during the learning

10 process 29 provide the same to the iris driving circuit.
Therefore, the value of the incident light amount
regulating signal at the time of normal operation takes a
value according to the users preference which is learned
based on various states. Optimum aperture can be obtained

15 automatically thereafter just by a slight manual operation
even in special states which could not be obtained in the
.conventional automatic iris centrol. An optimum aperture
value taking into consideration the luminance balance
between- the main object and the background can be obtained

20 in the artificial neural network, resulting in a picture
having satisfactory balance in luminance all over the
' entire screen.

The luminance distribution characteristics extraction

circuit in the video camera of a preferred embodiment of

25 the present invention includes an A/D converting circuit
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phot oel ectric converted device by an i nage sensing device 321 forned of
phot oel ectric conversion devices allocated in a matri x nmanner. The

| um nance information of the object amplified by anplifier 322 is A/D
converted by A/D converter 323 to be provided to an operation circuit 324
as a stopped down | um nance BV . Operation circuit 324 is previously input
with an aperture value AVo representing 8 the open aperture of diaphragm
319. Qperation circuit 324

for A/D (analog-digital) converting the video signal
provided from the image sensor for providing the same as a
luminance data indicating the ;uminance of the optical
image, and an average luminance calculating circuit to

5 integrate luminance data for each sub-area by a
predetermined time period for calculating the average
luminance for each sub-area to provide the same as a-
luminance distribution signal.

In the video camera, the luminance data for each sub-

10 area of Ehe screen is extracted, whereby the average
luminance thereof is calculated for each sub-area to be
provided to the adaptive_circuit as the luminance
distribution signal. Because the luminance is averaged
for each sub-area, there is no great change in the

15 luminance distributioﬁ signal when there is a slight
movement of the object. A stable automatic iris control
can be realized. Furthermore., the number of inputs to the
artificial neural network will not become too great.

The artificial neural network of the adaptive circuit

20 in the video camera according to another embodiment of the
present invention includes: an intermediate layer having a
plurality of neurons, each carrying out a predetermined
conversion for a set of the luminance distribution signals
for obtaining one output; an output layer having a

25 plurality of neurons, each carrying out a predetermined
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cal cul ates and provides the actual |um nance BV (= BV - AVo) of the object
fromthe two values of BV and AVo. The output object |lum nance BV is
provided to a nultiplexer 328 and a frane menory 334. The operation of

mul ti pl exer 328 will be described afterwards. Frane nenory 334 stores

obj ect | um nance BV according to the output of each photoel ectric
conversi on devi ce of image sensing device 321 for each photoelectric
conversion device. Frame nenory 334 is connected to a neuro-conputer 325,
to which the lum nance information stored in frane nenory 334 is supplied,
and fromwhich signal Ps, representing the position of the main object of

t he vi deo '

conversion to the signal provided from the intermediate
layer for obtaining one output; an output converting
circuit for carrying out a predetermined conversion to the
set of signals provided from the output layer for

5 obtaining a single incident light amount regulating
signal; and a conversion updating circuit for adaptively
updating the conversion carried out in the intermediate
layer and the output layer according to the difference
between the output of the output layer and the teacher

10 signal sq'that the offset thereof is minimized.

In this video camera, each neuron in the intermediate

layer of the artificial neuron network carries out a
predetermined conversion for the set of input luminance
distribution signals for obtaining one output, which is

15 provided to each neuron of the output layer. Each neuron
in the output layer carries out a predetermined conversion
to the signal provided from tHe intermediate layer to
obtain one output, which is provided to the output
converting circuit. The output converting circuit carries

20 out a predetermined conversion to the set of output of the
output layer to provide an incident light amount
regulating signal. The conversion carried out in each
converting circuit of the intermediate layer and the
output layer is adaptively updated so that the difference

25 between the output of the output converting circuit and
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stored in frame menory 334 is output. Neuro-conputer 325 is connected to a
coefficient nmenory 326 for storing coefficient Wi to determ ne the
operational process carried out by neuro-conputer 325. Coefficient Wi is
rewitten to obtain an appropriate output corresponding to the input in the
| earni ng process of neuro-conputer 325. The output of neuro-conputer 325 is
connected to one input of a selector 336. The output of selector 336 is
connected to nultiplexer 328. The out put of an operation panel 327 is
connected to the other input term nal of selector 336. The output of
operation panel 327 is also connected to neuro-conputer 325. Operation
panel 327 is

the provided teacher signal is minimized. As a result,
the conversion carried out in each converting circuit is
updated according to each repetition of the learning
process of the artificial neural network, whereby learning

5 is carried out that realizes automatic diaphragm such that
the user feels optimum in various states.

Each neuron in the intermediate layer and the output
layer of the artificial neural network of the video camera
according to a further preferred embodiment of the present

10 inventioq includes a weighting circuit for giving a
predetermined weight to each input signal, an adding
circuit for adding all the weighted signals, and a
function converting circuit for converﬁing and providing
the output of the adding circuit according to a

15 predetermined monotone increasing function. The
conversion updating circuit includes a weight updating
circuit for recalculating and;updating each weight so that
the root mean square of the offset is minimized according
to the offset between the output of the output converting

20 circuit and a teacher signal.

Each converting circuit of this video camera applies
a predetermined weight to the input thereof, followed by
addition and a predetermined function conversion to obtain
one output. This weighting value is sequentially

25 recalculated and updated by the welght updatlng circuit so
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9 for the purpose of providing to neuro-conputer 325 a signal tnpi

" representing the location of the main object fromthe picture stored in the
frame menory 334 at the time of the |earning node. Operation panel 327

i nCl udes a touch panel switch (not shown), for exanple, having a one-
to-one correspondence to the position of the screen. The user inputs the
position of the main object on the screen while |ooking through the finder,
wher eby

that the root mean sguare of the offset between the
teacher signal and the output of the neuron network is
minimized. Thus, the so-called error backpropagation rule
is realized, whereby a stable and rapid learning is

5 carried out.

The foregoing and other objects, features, aspects
and advantages of the present invention will become more-
apparent from the following detailed description of the
present invention when taken in conjunction with the

10 accompanzing drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a wvideo camera having a
conventional automatic iris control circuit.

Fig. 2 is a schematic diagram of a picture for

15 describing center-weighted metering and foot-weighted
metering.
.Figs. 3A-3C are schematic diagrams showing
conventional photometry methods.
| Fig. 4 is a block diagram of a conventional still
20 camera using neural network.

Fig. 5 is a block diagram showing an example of a
video camera according to the present invention.

Fig. 6 is a schematic diagram showing an example of a
divided screen.

25 Fig. 7 is a block diagram of an area dividing and
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signal tpi representing the position of the main object is provided from
operation panel 327 to neuro-conputer 325. Neuro-conputer 325 carries out
operation according to the coefficient stored in coefficient menory 326 by
t he ‘i nput provided fromframe nmenory 324 to tenporarily determne an
output. Neuro-conputer 325 al so conpares signal tpi provided from operation
panel 327 with the its own output to rewite coefficient Wi in coefficient
menory 326 so that the offset is mnimzed. By repeating such | earning
several tines, an artificial neural network inplenented w th neuro-conputer
325 and coefficient menory 326 is self-organized to provide an appropriate
si gnal Pxy

average producing circuit.

Fig. 8 illustrates waveform charts of horizonﬁal area
pulses for dividing the screen.

Fig. 9 illustrates waveform charts of vertical area

5 pulses for dividing the screen.

Fig. 10 is a block diagram of an integrating circuit.

Fig. 11 is a block diagram of a neural network.

Fig. 12 is a block diagram of a neuron of an output
layer and a weight updating circuit.

10 Fig; 13 is a block diagram of a neuron of the output
layer.

Fig. 14 is a graph showing the characteristics of a
sigmoid function of conversion carried out in a function
generator.

15 Fig. 15 is a block diagram of a weight calculating
circuit for calculating the weight coefficient of the
neuron of fhe output layer. .

Fig. 16 is a block diagram of a neuron of the input
layer and the weight updating circuit.

20 Fig. 17 is a block diagram of a neuron of the input
layer.

Fig. 18 is a block diagram of a weight calculating
circuit for calculating the weight coefficient of the
neuron of the input layer.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS
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according to the input fromfranme nenory 334. The output of operation panel
327 is also provided to selector 336. At the tine of |earning node,

sel ector, 336 provides the output of operation panel 327 to nultipl exer 328.
At 'the time of automatic node, selector 326 provides 10 the output of
neur o- conputer 325 to nultiplexer 328. Miltipl exer 328 passes only out put
BV of the photoel ectric conversion device corresponding to the nain object
of the

Fig. 5 is a block diagram of a video camera according

to an embodiment of the present invention. Referring to
Fig. 5, the video camera includes lens 102 as the optical
system for gathering the incident light from object 1 an@

5 forming an image on a predetermined image formation plane,
a CCD image sénsor 104 for image sensing the optical image
"of object 101 formed on a predetermined frame by lens 102
for converting the same into a video signal which is an
electrical signal, an iris plate 103 for regulating the

10 incident ?mount of light to image sensor 104, an iris
motor 113 for driving iris plate 103 according to the
provided incident light amount regulatipg signal, i.e.
iris control voltage, a preamplifier 116 for amplifying
the video signal provided from image sensor 104 to provide

15 the same to a signal processing circuit, an automatic iris
control circuit 117 responsive to the level of the wvideo
-signal provided from preamplifier 116 for providing an
iris control voltage to drive iris motor 113 according to
an iris control pattern learned by the iris control

20 process set manually by a user, and a manually operable
iris control signal generating circuit 118 connected to
automatic iris control circuit 117 for providing a teacher
signal thereto in the learning of the automatic iris
control pattern of automatic iris control circuit 117.

25 Automatic iris control circuit 117 1ncludes an A/D
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. Screen designated by control signal Pxy provided from neuro-conputer 325 or
operation panel 327. The passed output BV is provided to operation circuits
329 and 331. Operation circuit 329 carries out operation for
focus-detection according to the so-called hill-clinbing nethod based on

| 'ém nance output BV of the photoelectric conversion device corresponding to
the main object. The output of operation circuit 329 is provided to a
driver 330. Driver 330 noves in-focus nmechani sm 335 according to the
supplied operation result to nove lens 320 in its optical axis direction.
By operation circuit 329, lens 320 stops at a |ocation so that an inmage is
formed on the

converter 105 for A/D (analog-digital) converting the
luminance component of the video signal amplified by
preamplifier 116, an area dividing and average producing
circuit '1¢e for dividing the screen into a plurality of

5 sub-areas and integrating the luminance data provided from
A/D converter 105 for a predetermined time period for each
sub-area for calculating the average luminance to provide
an average luminance signal for each sub-area, an
artificial neural network (referred to as ANN hereinafter)

10 107 respoPsive to the average luminance signal provided
from area dividing and average producing circuit 106 for
recognizing the pattern of the luminance distribution
pattern in the screen to carry out conversion conforming
to the iris control by the user obtained by learning for

15 providing in a digital value the optimum aperture size, a
D/A converter 108 connected to the output of ANN 107 for -
D/A (digital-analog) converting the.digital signal
representing an optimum aperture value provided from ANN
107, an adder 114 for adding and providing the offset

20 voltage representing the offset between the aperture value
which is the target value set by the user and the output
of ANN 107 provided from manual iris control signal
generating circuit 118, a comparator 112 for comparing the
output voltage of adder 114 and reference voltage 111 for

25 driving iris motor 113 according to the comparison output,
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i ght receiving plane of inmage sensing device 321. Operation circuit 331
determ nes the shutter speed or the signal value according to | um nance BV
of the main portion of the object provided fromnultiplexer 328, film
sensitivity SV, aperture value AV of diaphragm 319, and the set shutter
speed TV. The determ ned shutter speed and aperture value are provided to a
shutter control device 332 and an iris control device 333, respectively.
Thus, the still canmera disclosedin Japanese Patent Layi ng-Qpen No. 2-96724
has the aperture val ue, the

and an A/D converter 115 for A/D converting the output of
adder 114 for providing to ANN 107 a teacher signal for
learning.

Manual iris control signal generating circuit 118

5 includes a variable resistor 110 connected between a
predetermined power supply potential and ground potential,
and a switch 109 having one input terminal 10%9a connected
to variable resistor 110, the other input terminal 109b
connected to ground potential, and the output tetminal

10 connecteq to one input of adder 114.

Referring to Fig. 6, area dividing and average
producing circuit 106 divides screen 251 into 4 x 4 sub-
areas of agp-2ai;;, where each area is equal in size. Arxea
dividing and average producing circuit 106 obtains the

15 average luminance fér each sub-region for a predetermined
time period to provide the same as the luminance data of
each sub-region. -

Referring to Fig. 7, area dividing and average
producing circuit 106 includes a plurality of integrating

20 circuits 121 provided corresponding to the number of sub-
areas for integrating luminance signal from one of the
sub-areas of ag-a;; (refer to Fig. 2) for a predetermined
time period to provide to ANN 107 an integrated value, and
an area dividing timing signal generator 122 for

25 generatlng and prov;dlng to each integrating circuit 121
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shutter speed, the in-focus position determ ned according to the | um nance
information of not the entire object, but only the main portion of the

obj ect. The position of the main object is detected by neuro-conmputer 325.
Thi's is carried out according to the |earning process specified by the user
through operation panel 327. Therefore, the detection of the position of
the main portion of the object can be carried out simlarly as to the
liking of the user. It is described in the aforenenti oned Japanese Patent
Application that the nmain object can be shot under an appropriate shooting
state by controlling the

area diving timing signals v0-v3 and h0-h3 for allowing
integration of the luminance data from only the
corresponding area and a clear signal CL for clearing the
integration for each screen to provide the same to each

5 integrating circuit 121.

Regarding the area dividing timing signals, signals
h0-h3 are area pulses for indicating the time of dividing
screen 251 (Fig. 6) along the line in the vertical
direction. It is assumed that a video signal in the

10 wa#efornlﬁhown in Fig. 8(A) is provided to A/D converter
105 (Fig. 5). Referring to Fig. 8 (B), signal h0 attains
a high potential from the beginning of the wvideo period of
each horizontal scanning period. fhis high potential of
signal h0 is maintained for 1/4 of the video period.

15 Signal h0 has a low potential in the remaining period.

Referring to Fig. 8 (C), signal hl attains a high
potential in response to the £all of signal h0. Signal hl
maintains the high potential state for 1/4 of the video
period and attains a low potential at the remaining

20 period. Referring to Figs. 8 (D) and (E), signals h2 and
h3 attain a high potential in response to the fall of
signals hl and h2, respectively, and maintain the high
potential state for 1/4 of the video period. Signals h2
and h3 are both held at a low potential in the remaining

25 period.
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canera according to the |um nance of the main object. However, the
"techni que of Japanese Patent Laying-QOpen No. 2-96724 is directed to a stil
canera. There is no disclosure as to how this technique is applied to a
vidéo canera. Although it is suggested in Japanese Patent Laying-Qpen No.
2-96724 that it is possible to provide as a teacher signal an exposure
correction signal according to the brightness or the |um nance pattern of
the object to such a neuron-conputer for carrying out |earning such as
retrogressive correction, no specific structure is taught. The still canera
described in the enbodi rent of the

Signals v0-v3 are signals indicating the timing for
dividing screen 251 along the line in the horizontal
direction. It is assumed that the video signal has a
waveform shown in Fig. 9 (A). Referring to Figs. 9 (B)-

) (E), the vertical scanning period having the region
including the effective wvideo signal is divided into 4.
Signals v0-v3 attain a high potential in the first, the
second, the third and the fourth period, respectively, of
the period divided into 4. Signals v0-v3 attain a low

10 potentia% in their respective remaining periods.

By combining one of signals h0-h3 and one of signals

v0-v3, and integrating the luminance of the video signal

when both signals .attain a high potential, the luminance

data can be obtained for one of the sub-areas ag-a;; shown

15 in Fig. 6.
Integrating circuit (i, j) 121 for integrating
luminance data of sub-area a;; includes én adder 124 having
one input connected to A/D converter 105, a register 123
for storing added data provided from adder 124, and a gate
20 circuit 125 for ANDing clock signal CLX provided from area
dividing timing signal generator 122 (refer to Fig. 7) in
synchronization with the input luminance data and area

pulses v; and h; provided from area dividing timing signal

generator 122 to control the storing timing of registerx

25 123. The output of register 123 is connected to one input
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Japanese Patent Application which is controlled according to the | um nance
I nformati on of only the nmain object has 12 the follow ng problens which
w || be described hereinafter. The relation between the | um nance

i nformati on of the background scenery excluding the main object and the

| um nance signal of the main object is critical in obtaining an optinmm
apérture value. However, it is inpossible to optinize the |uninance bal ance
bet ween

of adder 124. The added value of the stored contents of
register 123 and the luminance data provided from A/D
converter 105 is provided again to register 123 to be
added. The clear terminal of register 123 is supplied

5 with clear pulse CL provided for each vertical period by
area dividing timing signal generator 122. By clear pulse
CL, the contents of register 123 is cleared for each
screen.

In the present embodiment, screen 251 is divided into

10 equal sub-areas of ag-aj; shown in Fig. 6. The number of
Py

luminance data sampled from each sub-area is identical.
Therefore, the integrated value of the luminance data
obtained by register 123 can be directly processed as the
luminance average of the sub-area. The output 134 of

15 integrating circuit 121 is provided to ANN 107.

Fig. 11 is a block diagram schematically showing ANN

107. The operation mechanism of the neural network is
described in, for example, "Using Neural Network for
Pattern Recognition, Signal Processing and Knowledge

20 Process" Nikkei Electronics, Aﬁgust 10, 1987, No. 427 pp.
115-124), Neuro-Computer (by Toyohiko Kikuchi, published

by OHM issued in 1990), and Artificial Neural Networks-

Theoretical Concepts (ed. V. Vemuri, Washington D.C, IEEE

Computer Press, 1988). The details of the operation

25 mechanism will not be described here.
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the . mai n object and the background with the techni que disclosed in Japanese
" Patent Layi ng- Qpen No. 2-96724. This is not a problemin practice for a
silver salt canera represented by a still camera since |um nance adj ust nent
can be carried out at the tinme of printing. However, for a video canera,
there is limtation in carrying out |um nance adjustnment at the tinme of
reproduction. The techni que disclosed in Japanese Patent Layi ng-Open No. 2-
96724 cannot be applied to a video canmera. There is al so anot her problem

It is general to use the output of the imge sensing device required to
obtain a video signal for the control of the diaphragmin a video

Referring to Fig. 11, ANN 107 includes an
intermediate layer 132 for applying a predetermined
process to luminance average data 134 provided from area
dividing and average producing circuit 106 for obtaining

5 an intermediate output, an output layer 136 to apply a
predetermined conversion to the output of intermediate
layer 132 for obtaining n normalized outputs, and n
comparators 135 provided corresponding to each of output
layer 136 for comparing the output of output layer 136

10 with O.S‘for providing an output of 1 or 0 according to
the compared value. Intermediate layer 132 includes m
neurons 131. Each is applied with all the luminance
average data 134 branched by an inpﬁt layer not shown.

Output layer 136 includes n neurons 137, each having

15 the output connected to the positive input terminal of the
corresponding comparator 135 and the input connected to
the.output of all the neurons-'131 in intermediate layer
132. In Fig. 11, neuron 137 of the output layer is
designated a serial number of 0 to (n-1).

20 ANN 107 further includes an encoder 133 for
converting the number into a 8-bit data.allocated to the
neuron 137 connected to the comparator having an output of
1 and providing the same to D/A converter 108, and a
decoder 130 having the input connected to A/D converter

25 115 (refer to Fig. 5) for decoding the signal provided
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canmera. The nunber of photoel ectric conversion devices that are allocated
“in the inmage sensing device is significant to conply with the high

requi renents of the picture quality. If the technique disclosed in Japanese
Pat'ent Layi ng- Open No. 2-96724 is applied to a video canera and the out put
of. each photoel ectric conversion device is stored in a frame nmenory to be
provided to the 13 neuro-conputer, the nunber of inputs for the neuro-

from A/D converter 115 into 1 bit data of t0-t255 to
provide the same as a teacher signal to output layer 136.
Each neuron 131 of intermediate layer 132 and each
neuron 137 of output layer 136 sexrve to apply a
5 predetermined weight to each input signal and carrying out
addition, followed by a predetermined function conversion
to provide the same. Therefore, each of neurons 131 and
137 is provided with a circuit for carrying out weighting
for each input and a circuit for sequentially updating the
10 weight agcording to data t0-255 provided from decoder 130.
These circuits are not shown in Fig. 11 for the purpose of
simplicity. These circuits will be described with
reference to Figs. 12-15.
The number of neurons 137 in output layer 136 is set

15 to 2° (a is an integer), for example 128 or 256, taking

into consideration the encoding of a 8-bit data.

Each neuron 131 of intermediate layer 132 applies é
predetermined weight to the input signal, followed by
addition and conversion with a particular function.

20 Therefore, each neuron 131 is provided with a weighting
circuit for applying weight to each input, and a circuit
for updating each weight coefficient according to data for
learning provided from output layer 136. These circuits
are not indicated in Fig. 11 for the sake of simplicity.

25 These circuits will be described in detail with reference
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conputer will become too great and not appropriate for practical

use.

A

great nunber of inputs for the neuro network will result in a problemof a
| onger time period for the I earning process of the neural network.
Furthernore, if the output of the photoelectric conversion device is
directly input to the neural network, the input value to the neural
wll vary greatly in response to just a slight change in position of the
object, resulting in an unstabl e operation of the neural network. SUMVARY
OF THE | NVENTI ON An object of the present invention is to provide a video

net wor k

canera that

10

15

20

25

can automatically control the di aphragm

to Figs. 16-18.

In the ANN shown in Fig. 11, the teacher signal
provided from A/D converter 115 is decoded by decoder 130
into one bit signals of t0-t255. The bit signal is
provided to output layer 136, whereby each weight
coefficient is updated. Using the updated result, each
weight coefficient of intermediate layer 132 is updated.
In other words, the flow of data at the time of normal’
operation and that at the time of learning is opposite to
each othe;. Such a learning method is called error
backpropagation rule.

Fig. 12 is a block diagram of neuron 137 of output
layer 136 and a weight updating circuit 138 provided
associated with neuron 137 for calculating and updating
the weight for output 139 (x;-x;) from intermediate layer
132 provided to neuron 137. Weight updating circuit 138
is not shown in Fig. 11, as déscribed before. Referring
to Fig. 12, weight updating circuit 138 includes m weight
calculating circuits 141 for carrying out the weight
calculation for each of input signals 139 (x;-x,).

It is assumed that neuron 137 is allocated with
number j. The output thereof is y;. It is clear from Fig.
12 that weight calculating circuit 141 corresponding to
the i-th input signal 139 (x;) recalculates the weight

coefficient according to output y; of neuron 137, 1 bit
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to an aperture value that the user feels optinumaccording to a specific
state of the object. Another object of the present invention is to provide
an . automatic canmera that can control the diaphragmautomatically and stably
to an aperture value that the user feels optinmum according to a specific
st'ate of the object. A further object of the present invention is to
provide a video camera that can automatically control the diaphragmto an
aperture value that the user feels optimum and that can learn to realize
automati c di aphragmthat the user feels optimum for various states.

signal t; provided from decoder 130, input signal x;, and
the weight coefficient corresponding to input signal x;
included in neuron 137 for updating the weight coefficient
in neuron 137. The output of weight calculating circuit
5 141 is provided'to each neuron 131 of intermediate layer
132 to be used in updating the weight coefficient of the
weight applying process carried out in each neuron 131.
Referring to Fig. 13, neuron 137 of output layer 136
includes m registers 143 for storing weight coefficients
10 w0, ~-w0;, gorresponding to respective input signals 139 (x;-
%), m multipliers 142 for multiplying respective input
signals 139 (xrqg) by weight coefficients w0 -w0;, stored
in the corresponding register 143, an adder 144 for adding
all the outputs of the m ﬁultipliers_142 for providing an
15  output w0, and a function generator 145 for carrying out a
predetermined conversion f to the output w0; of adder 144
for pfoviding an output 140 (%5) as the converted result.
Weight coefficient w0;-w0;, of each register 143 is updated
by the corresponding weight calculating circuit 141. Each
20 .weight coefficient of w0;-w0y, is used in the process
carried out in weight calculating circuit 141 for the next
learning.
The characteristic of function generator 145 is
represented as y; = £ (w;). Function £ is a monotone non-

25 decreasing function. 1In the present embodlment,_a sigmoid
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14 Still another object of the present invention is to provide a video
canera that can control automatically the diaphragmto an aperture val ue
that the user feels optinmmaccording to a specific state of the object,

and that can carry out stably and speedily learning for realizing automatic
diraphragm that the user feels optinmmfor various conditions. The video
canera according to the present invention

function taking the value of intervals (0, 1) is employed
as function f£f. Sigmoid function is defined by the
following equation (3). The operation of neuron 137 can

be defined by the following three equations.

5 a
W, =i§i Wji. « X ' .o (1)
Yy = £ (W) ) e (2)
10 :
1
f (Wj) = .« (3)

1 + Exp (W)
The ,above equation (3) representing the sigmoid
15 function is shown in the graph of Fig. 14. It can be
appreciated from the graph of Fig. 14 that 0 and 1 are
approximated when w; are - @ and + ®, respectively. When
w; = 0, 0.5 holds. Function f is not limited to this
sigmoid function, and can take any other function that is
—~ 20 a monotone non-decreasing function. |
Fig. 15 is a block diagram of weight calculating
circuit 141 for updating the weight for the i-th input 139
(xi) of neuron 137. One neuron includes n weight
calculating circuits 141. |
25 - Weight coefficient w0; corresponding to the i-th
input x; carried out by weight calculating circuit 141 is
calculated according to the operation indicated by the
following equation with output y; of the output layer and

teacher signal tj. e e e e e
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I ncludes an optical systemfor gathering incident |ight froman object for
formng an imge on a predeterm ned image formation plane, an iris and an
iris driving circuit for regulating the incident amount of light in
response to a supplied incident |ight anount regul ating signal, an inmage
sensor for inmage sensing an optical imge of the object fornmed in a
predeterm ne frane for providing a |um nance signal, and a | um nance
distribution characteristics extraction circuit connected to the inmage
sensor to divide the franme in which the optical inage is forned into a
plurality of sub-areas for extracting the | um nance distribution
characteristics of the optical

AWO, = e « 80; « X cee (4)
where 80; = (y: - t;) v; (1 - ¥y) <e e (3)
¢ : small positive real number
By adding Aw0;; to weight coefficient w0; for the i-th
5 input x; of the j-th neuron 137 of the output layer, weight
coefficient w0;; is updated. The updated weight
coefficient w0y of register 143 is multiplied by input x,
by multiplier 142 to be provided to adder 144 (refer to
Fig. 13).

10 Figs 15 is a block diagram of weight calculating
circuit 141 for carrying out the weight calculation
indicated by equations (4) and (5). Referring to Fig. 15,
weight calculating circuit 141 includes an adder 146 for
obtaining value (y; -t;) from output y; of neuron 137 and

15 teacher signal t; provided from decoder 130, an adder 147
for generating value (1-y;) frpm output y}iof neuron 137, a
multiplier 148 for multiplying output y; of neuron 137 by
output (y;-t;) of adder 136 by output (1l-y;) of adder 147
for providing value §0; shown in equation (5), a multiplier

20 150 for multiplying output 8§0; of multiplier 148 by the i-
th input x; by value (-e¢) for calculating value Aw(j; shown
in equation (4), and an adder 149 for obtaining the
difference between weight coefficient w0y of the i-th

input x; and output Aw0, of multiplier 150 for storing the
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image in the frane as the | um nance for each sub-area according to the
| um nance signal and providing the sanme as a plurality of |um nance
di stribution signals. The video camera includes a target value srgna}~-w~w

gerierating circuit for generating a target value signal & dat ngggawR Red

a-target value of the incident |ight anmount regulating sign
arbitrary set by the user according to the |um nance distri
optical image, an

same as weight coefficient wlj; in register 143.

Weight calculating circuit 141 further includes a
multiplier 151 for multiplying output 80j of multiplier 148
by weight coefficient woy, provided from register 143 for.

5 providing the result to intermediate layer 132. The
output 8§0;+w0; of multiplier 151 is used for updating the
weight coefficient in each neuron 131 of intermediate
layer 132.

A small positive~real'number value ¢ is used in the

10 operation carried out within weight calculating circuit
141. This wvalue is obtained empirically so as to improve
the convergence properties of each weight coefficient of
the learning process.

Fig. 16 is a block diagram of weight updating circuit

15 129 for updating the weight coefficient of the conversion
carried out at the i-th neuron 131 included in
interﬁediate layer 132. Each neuron 131 of intermediaté
layer 132 is provided with one weight updating circuit
129.

20 Referring to Fig. 16, weight updating circuit 129
‘includes an adder 152 for producing value (1l-x;) from
output x; of the i-th neuron 131, a multiplier 153 for
producing value x; (l-x;) by multiplying the output of
adder 152 by the output of neuron 131, and k weight

25. . calculating circuits 154 for calculating the weight
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adaptive circuit using an artificial neural network to which a plurality of
| um nance distribution signals are input and fromwhich an incident |ight
anpunt regul ating signal obtained by a predeterm ned conversion is
provi ded, for adapting conversion so that the offset of the output with
respect to a provided teacher signal is mnimzed, and a selecting circuit
responsive to the operation of the user for selecting one of the output of
the target value signal and the adaptive circuit for providing the sanme as
a teacher signal to the adaptive circuit. The image forned by the optical
systemin the video canera is converted into a |um nance signal by the
i mage

coefficient for the weight applied in neuron 131 for each

of the k input signals of b;~by (luminance average data ag,-
as;). As shown in Fig. 16, each weight calculating circuit
154 carries out weight calculation according to data for

5 correction 80,w0;; - 8§0,w0,; provided from the neuron in
output layer 136, the output of multiplier 153, the
corresponding input 134, and the respective weight
coefficient corresponding to the input included in neuron
131 for updating the weight coefficient.

10 Fig. 17 is a block diagram of the i-th neuron 131 of
the plurality of neuron 131 in intermediate layer 132.
Referring to Fig. 17, neuron 131 includes k registers 156
for storing each of weight coefficients wl;,-wl,
corresponding to k inpufs 134 (b;-b.), k multipliers 155

15 for multiplying the weight coefficient stored in the
corresponding register 156 by each of inputs 134 (b,-by),
an adder 157 for taking the tétal sum of the outputs of.
tﬁe k multipliers, and a function generator 158 for
obtaining output x; by carrying out conversion indicated by

20 the aforementioned sigmoid function f for output wl of
'adder 157.

As shown in Fig. 17, weight coefficient wl,-wl,
stored in each register 156 is updated by weight
calculating circuit 154 (Fig. 16). Each weight

25 | coefficient wy-wl;,, is supplied to weight calculating
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. sensor. The frame of a picture is divided into plurality of sub-areas,
whereby the | um nance for each sub-area is extracted fromthe | um nance
signal as the characteristics of the |umnance distribution of the picture.
The extracted characteristics of the |uninance dlstrlbutlon of the picture
i s provided to the artificial neural network of the adsS$heet idasiBeeh Replace

plurality of |um nance distribution signals. The artlfchﬂl"gﬂlﬁﬂ'llmrmk

applies a predeterm ned conversion to the plurality of
distribution signals to provide the sane as an

circuit 154 for respective updating.
Fig. 18 is a block diagram of weight calculating

circuit 154 for calculating the weight coefficient for
each input. The number of weight calculating circuits 154

5 corresponds to the number of inputs for neurcn 131. The
weight calculating circuit shown in Fig. 18 is a circuit
for calculating weight coefficient wl;, for the p-th input
b, for the i-th neuron 131. Referring to Fig. 18, weight
calculating circuit 154 includes n multipliers 161 for

10 multiplyi'ng data 6§0,w0,,-50,w0,; provided from output layer
136 by value x; (1-x;) provided from multiplier 160, an
adder 162 for taking the total sum of the outputs of the n
multipliers 161 to obtain output 61;, a multiplier 163 for
calculating the product of the p-th input b,, output §1; of

15 adder 162 and the small positive real number ¢ to obtain
output Awl;,, and an adder 164 for taking the difference
betweén weight coefficient wl; stored in register 156 ana
the output of multiplier 163 for updating weight
coefficient wl;, of register 156 according to the result

20 .thereof.

The update process of weight coefficient wly, by

weight calculating circuit 154 is calculated by adding
Awl;, obtained by the following equation to weight
coefficient wl,. |

25 . AWl = -¢ .« 81; - b, oo (6)
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16 .incident |ight anount regulating signal. At the tinme of |earning of the
artificial neural network, the selecting circuit provides the target val ue
signal set by the user as.the teacher signal. The adaptive circuit has the
conver si on carrled out |nternally adapted so that the offset between the

t eacher i output Is mnimzed. At the time of normnal
operati on, ircuit processes the |um nance distribution
signal s ac conversi on adapted during the |earning process to

provi de the sane to the iris driving circuit.

a
where 81; =iﬁ §0W0; (1 - xy) oo (7)

The structure of ANN 107 is as follows. Referring to

5 Fig. 5 again, ANN 107 has the circuit configuration
adapted by learning to obtain an output more represented
by a teacher signal, by updating weight coefficient w0 (]
=lton,i=1tom), wly, (j =1 tom, L =1 to k) in
each of neurons 131 and 137 according to the teacher

10 signal provided from A/D converter 115 for various inputs
provided £rom area dividing and average producing circuit
106.

Switch 109 carries out selection of learning mode and

normal operation mode of ANN 107, in addition to providing

15 an offset value between the output of ANN 107 and the
aperture value desired by the oéeraﬁor for providing a
teacher signal to ANN 107 at the time of learning mode.
The.cdnnection of switch 109 Eo terminal 10%b causes
voltage 0 to be applied to adder 114. Therefore, the

20 output of D/A converter 108 is directly provided to
comparator 112. When switch 109 is connected to terminal
109a, a voltage predetermined by wvariable resistor 110 is
applied to adder 114. This means that the output of adder
114 is offset from the output of D/A converter 108 by the

25 voltage determined by wvariable resistor 110. By adjusting

variable resistor 110 to obtain a diaphragm the user feels
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-« Therefore, the value of the incident |ight amount regul ating signal at the
time of nornmal operation takes a value according to the users preference
whi.ch i 8 | earned based on various states. Optinum aperture can be obtai ned
automatically thereafter just by a slight manual operation even in special
states which could not be obtained in the conventional automatic iris
control. An optinmum aperture value taking into consideration the |um nance
bal ance between the nain object and the background can be obtained in the
artificial neural network, resulting in a picture having satisfactory
bal ance in |um nance all over the entire screen.

optimum, a teacher signal is provided to ANN 107 via adder
114 and A/D converter 115. The update of each weight
coefficient of ANN 107 is carried out according to this
teacher signal.

5 The above-video camera operates as follows. Lens 162
gathers incident light from object 101 to form an optical
image of the object on the light receiving plane of image
sensor 104. The amount of light entering image sensor 104
is regulated by iris plate 103. Image sensor 104 converts

10 the optical image in the frame of a pfedetermined screen
into a video signal which is an electrical signal by
photoelectric conversion. The video signal is provided to
preamplifier 116 to be amplified. The amplified signal is
provided to a signal processing circuit not shown to be

15 converted into the system of television signal. The video
signal provided from preamplifier 116 is also supplied to
A/D converter 105 of automatic iris control circuit 117.

A/D converter 105 converts the luminance value of the
input video signal into a digital wvalue. This digital

20 value is provided to area dividing and average producing
circuit 106. The luminance data of the video signal
provided to area dividing and average producing circuit
106 is the line sequential signal obtained by raster-
scanning the two dimensional image formed on the light

25 receiving plane of image sensor 104.
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The’l um nance distribution characteristics extraction circuit in the video
canera of a preferred enbodi nent of the present invention includes an A/D
converting circuit 17 for A/D (anal og-digital) converting the video
signal provided fromthe image sensor for providing the sane as a | um nance
data indicating the lum nance of the optical inmage, and an average

| um nance cal culating circuit to integrate |lum nance data for each sub-area
by a

Referring'to Fig. 7, area dividing and average

producing circuit 122 generates area pulses h0-h3 and v0-~
v3 such as those shown in Figs. 8(B)-(E) and Figs. 9(B)-
(E), respectively. The area pulse is provided to

5 integrating c1rcu1t 121. Area dividing and average
producing circuit 122 generates and provides to each
integrating circuit 121 a clear signal CL for clearing the
integration of the luminance data for éach vertical
scanning area.

10 Ref?rring to Fig. 10, integrating circuit 121 for
integrating the luminance data of the wvideo signal
generated from sub-area a;; shown in Fig. 6 operates as
follows. Gate_circuit 125 takes the AND of clock signal
CLK in synchronization with the input luminance data,

15 vertical area pulse v;, horizontal area pulse h; to provide
the same to register 123. Register 123 is supplied with
clock signal CLK only when both area pulses of v; and hy
are at the high potential. The luminance data provided
from A/D converter 105 is added with the data in register

20 123 by adder 124 to be provided to register 123. Register
123 stdres the output of adder 124 in synchronization with
the clock signal provided from gate circuit 125. By
repeating the above-described operation, the luminance
data of the video signal generated from sub-area a,; are

25 integrated in register 123. e e e o
iThis Sheet Has Been Replacec
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. predetermined time period for calculating the average |um nance for each
sub-area to provide the sane as a |um nance distribution signal. In the

vi deo canera, the |um nance data for each sub- area of the screen is
extracted, whereby the average |um nance thereof is calculated for each
sub-area to be provided to the adaptive circuit as the |um nance

di stribution signal. Because the |lum nance is averaged for each sub-area,
there is no great change in the |um nance distribution signal when there is
a slight novenent of the object. A stable automatic.iris control can be
realized. Furthernore, the nunmber of inputs to the

Clear signal CL is provided from area dividing and
average-producing circuit 122 (refer ﬁo Fig. 7) to
register 123 for each vertical period. 1In response to
clear signal CL, the integrated value in register 123 is

5 cleared for each one screen, whereby the luminance

integrated value of sub-area a;; is provided as the output
of register 123 for each screen.

As described above, the area of each sub-area a;

shown in Fig. 6 is equal to each other, with the number of
10 luminance data provided from a sub-area also equal in
number. Therefore, the integrated value provided from
register 123 is proportional to the luminance average of
the sub-area. The integrated value of the luminance data
provided from register 123 can be taken as the luminance
15 average of each sub-area. As will be described
afterwards, each luminance average is given weight
according to learning in ANN 107. It is therefore
considered that each sub-area is not necessarily equal to
each other and that the luminance average of each sub-area
20 is not necessarily required to be used for iris control.
However, it is considered that the learning speed of
recognition pattern by ANN 107 is improved with equal
areas of each sub-area, as in the present embodiment.
Referring to Fig. 11, luminance average data 134

25 provided from each integrating circuit 121 shown in Fig. 7

i
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.artificial neural network will not becone too great. The artificial neural
network of the adaptive circuit in the video canera according to anot her
enbodi ment of the present invention includes: an internediate | ayer having
a plurality of neurons, each carrying out a predeternined conversion for a
setr of the |um nance distribution signals for obtaining one output; an

out put | ayer having a plurality of neurons, each carrying out a

pr edet er mi ned 18

is branched in an input layer not shown of ANN 107 to be
provided to each neuron 131 of intermediate layer 132.
Each neuron 131 carries out a predetermined conversion to
the input luminance average data 134. This result is
5 provided to each neuron 137 of output layer 136. The
operation of each neuron 131 will be described later.
Each neuron 137 of output layer 136 carries out a
predetermined conversion to the data provided from each
neuron 131 of intermediate layer .132. The converted data
10 is provi%ed to the positive input terminal of each
corresponding comparator 135. The operation of each
neuron 137 will also be described later.
Each comparator 135 compares the output of the
corresponding neuron 137 with a reference wvalue of 0.5.
15 If the output of neuron 137 is 0.5 or above, 1 is provided
to encoder 133. If less than 0.5, 0 is provided to
encoder 133. Encoder 133 responds to the output of each
comparator 135 to generate as a 8-bit data the number of
the neuron 137 corresponding to the comparator 135 that
20 provides 1. The generated 8-bit data is provided to D/A
converter 108 (refer to Fig. 6).
In normal operation, switch 109 is connected to
terminal 109b. Voltage adder 114 is provided with the
output of ANN 107 that has been converted into an analog

25 value by D/A converter 108, and voltage 0. Therefore, the

This Sheet Has Been Repla

AT III




conversion to the signa
one out put;

conversion to the set of signals provided fromthe output |ayer for
obtaining a single incident |ight anount regulating signal; and a

conversion updating circuit for adaptively updating the conversion carried
out in the internediate |ayer and the output |ayer according to the

di fference between the out put of the output

| ayer and the teacher signal

provided fromthe internediate | ayer for obtaining
an out put converting circuit for carrying out a predeterm ned

SO

that the offset thereof is mnimzed. In this video canera, each neuron in
the internedi ate | ayer of the artificial neuron network carries out a

10

15

20

25

output of voltage adder 114 is a signal having the digital
output of ANN 107 converted into an analog data.

The output of voltage adder 114 is provided to the
negative input terminal of comparator 112. Comparator 112
compares reference voltage 111 with the output of voltagé
adder 114 to control iris motor 113 according to the
comparison result. Accordingly, iris motor 113 operates
to open iris plate 103 when determination is made that the
picture is dark, and operates to close iris plate 103 when
determination is made that the picture-is too bright, from
the resul% of the pattern recognition by ANN 107.

At the time of normal operation, the output of
voltage adder 114 -is the analog data provided from ANN
107. If this data is digitalized by A/D converter 115 and
provided as teachef signal to ANN 107, update process of
weight in ANN 107 will not be carried out since the
teacher signal and the output of ANN 107 coincide with
each other.

Referring to Fig. 17, neuron 131 of intermediate
layer 132 carries out the following operation for the
input luminance average data 134. Each multiplier 155
multiplies the input luminance average data 134 (b,:p=1 to
k) by weight coefficient wl,;,-wl; stored in each register

156 to provide the output to adder 157. Adder 157 obtains

the total sum wl of luminance average data b,-b, given
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predeterm ned conversion for the set of input |um nance distribution

signal s for obtaining one output,

out put |ayer. Each neuron in the output |ayer carries out a predetefm-

out put, which is provided to the output converting circu

cohverting circuit carries out a predeterm ned conversio

coriversion to the signal provided fromthe internedi atl?hik%)@éu-fag’ﬁgiiﬁplacec

. i
out put of the output |ayer to provide an incident |ight ;””HHQHH

signal. The conversion carried out in each converting circuit of the
internedi ate | ayer and the output |layer is adaptively updated so that the

di f ference

10

15

20

25

weight according to weight coefficients wl;,-wl;, by
multiplier 155. The total sum wl is provided to function
generator 158, where conversion according to sigmoid
function shown in Fig. 14 is carried out. The converted
result is provided as intermediate layer output 139 (x;).

Each neuron 131 of intermediate layer 132 carries out
the above-described process to provide outputs x;-x; to
each neuron 137 in output layer 136.

Referring to Fig. 13, the j-th neuron 137 of the
plurality, of neurons 137 in output layer 136 operates as
follows. Outputs x;,-x, from each neuron 131 of intermediate
layer 132 are provided to the j-th neuron 137. Each
multiplier 142 in neuron 137 multiplies output 139 (x,-x,)
of intermediate layer 132 by the corresponding weight
coefficient w0;;-w0, to provide the same to adder 144.
Adder 144 provides the total sum w0; of the outputs of each
multiﬁlier 142 to function geﬂérator 145. Function
generator 145 carries out sigmoid conversion shown in Fig.
14 for output w0; of adder 144.to obtain output y;. Output
Y; is provided to the corresponding comparator 135 (refer
to Fig. 11).

A similar process is carried out in all the neurons
137 in output layer 136, whereby respective outputs y,-y.
are provided to the corresponding comparator 135.

More briefly, an output for controlling the operation
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bet ween the output of the output converting circuit and 19 the provided
‘teacher signal is mnimzed. As a result, the conversion carried out in
each converting circuit is updated according to each repetition of the

| earni ng'process of the artificial neural network, whereby learning is
carried out that realizes automatic di@iﬂﬁmﬁm&@e@nh@ Ledyne user feels

s et s s o

out put

of iris plate 103 is obtained as the output of ANN 107,
according to weighting and function conversion carried out
in each neuron 131 of intermediate layer 132, the
weighting and function conversion carried out in each

5 neuron 137 of output layer 136, and the encoding of the
number of the neuron of output layer 136 which outputs 1.
Each weight is recalculated by the learning process of ANN
107 according to a teacﬁer signal that will be described
afterwards, and updated appropriately. Thus, iris control

10 is carrigg_out automatically reflecting for the.learning
based on the teacher signal as the output of ANN 107.

The operation of the video camera in the learning
process of ANN 107 will be described hereinafter. This
learning employs error backpropagation rule, as mentioned

15 before, to update each weight coefficient according to
equations (1)-(7). It is known that an output closely
matching the teacher signal is obtained as the output of
the neural network using the learning according to errox
backpropagation rule. It is also known that a learned

20 neural network provides an output closely conforming to
the liking of the user who provided the teacher signal
even for inputs that are not yet learned.

The learnihg process 1s executed by switching switch
109 to terminal 109a when the user makeg determination

25 that the aperture value obtained using ANN 107 is not
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| ayer of the artificial neural network of the video canera according to a
further preferred enbodi ment of -the present invention includes a weighting
circuit for giving a predeterm ned weight to each input signal, an adding
cifcuit for adding all the wei ght ed S|gnals and a function converting
cikrcuit for converting arp put of the adding circuit
according to a predeterntn iﬁ reaS|ng function. The conversion
updating circuit includes ng circuit for recal cul ating and
updati ng each wei ght so that t he root mean square of the offset is

m nimzed according to the offset between the output of the output
converting

optimum. The user adjusts the resistance of wvariable
resistor 110 to obtain an optimum diaphragm. The voltage
obtained by variable resistor 110 is applied to one
terminal of voltage adder 114. This means that the output
5 of voltage adder 114 is the analog value of the output of
ANN 107 added with the voltage regulated by variable
resistor 110. 1In other words, the output of voltage adder
114 has an offset with respect to the output of ANN 107.
The iris control voltage provided from adder 114 is
10 converte% into a digital wvalue by_A/D converter 115 to be
applied to ANN 107 as a teacher signal-of, fér example, 8
bits. |
Referring to .Fig. 11, decoder 130 decodes the digital
data of 8 bits provided from D/A converter 115 to generate
15 256 of one bit teacher signals of t0-t255. Each teacher
signal is provided to the corresponding neuron 137 of
‘output layer 136. One of the-teacher signals of t0-t255
take a value of 1, while the other remaining teacher
signals all take a value of 0.
20 It is assumed that a luminance average data 134 is
provided from area dividing and average producing circuit
106 from ANN 107 in the learning process. The output of
output layer 136 is represented as a vector of 256

dimensions expressed by equation (8).

25 (Yor Yir <+« Yis5) co. (8)
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circuit and a teacher signal. Each converting circuit of this video canera
applies a predeterm ned weight to the input thereof, followed by addition
and a predeternned function conversion to obtain one output. This
wei‘ghting value is sequentlally recal cul ated and updated by the wei ght
updat i ng (This Shaet iﬂBee"RﬂaP at the root nean square of the offset between

t he teacher ﬂ‘ﬂ H“H‘ out put of the neuron network is

where y; takes a value of 0-1.

It has been mentioned that the learning process is
carried out according to error backpropagation rule. 1In
other words, the update of the weight coefficient is

5 carried out from the stage of output layer 136 to
intermediate layer 132 which is the direction opposite to
that of the input signal. Therefore, the process carried
out in each neuron 137 of output layer 136 will first be
described hereinafter.

10 Refe;ring to Figs. 12-15, weight ‘coefficient w0y
corresponding to the i-th output x, provided from
intermediate layer 132 of the j-th neuron 137 of output
layer 136 is updated as follows. With particular
reference to Fig. 15, value (y;-t;) is produced using

15 output y; of the j-th neuron 137 and the j-th teacher
signal t; by adder 146. Value (1l-y;) is produced by adder
147. ﬁultiplier 148 multipliés the outputs of adders 146
and 147 by output y; of neuron 137 to produce value 80,
expressed by equation (5).

20 Multiplier 150 produces and provides to adder 149 the
value Aw0,; expressed 5y equation (4) by multiplying the
provided small positive real number (threshold value) e by
output 80; of multiplier 148 by the i-th input x,. Adder
149 calculates and provides to register 143 a new weight

25 coefficient w0y by reducing output AwQ;; of multiplier 150
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m nim zed. Thus, the so-called error backpropagation rule is realized,
whereby a stable and rapid learning is carried out. The foregoi ng and ot her
obj ects, features, aspects and advantages of the present invention wll
becone Tore apparént fromthe follow ng detailed description of the present
i-[TYREhe6Ha8/BREn Rafedeci N conj unction with the acconpanyi ng draw ngs. BRI EF

DES DRAWNGS Fig. 1 is a block diagramof a video canera
havi nal automatic iris control circuit. Fig. 2 is a schematic
di ag icture for

from weight coefficient w0;; stored in registexr 143. The

-

update of the weight coefficient of neuron 137 is
completed by the new weight coefficient w0;; being stored
in register 143.

5 In multiplier 151 of weight calculating circuit 141,
output 805 of multiplier 148 is multiplied by weight
coefficient w0; to produce value 8§0;-w0;; which is provided
to intermediate layer 132. This value is used for
updating the weight coefficient in the intermediate layer.

10 Referring to Figs. 16-18, the update process of
weight coefficient carried out in the i-th neﬁron 131 of
intermediate layer 132 is carried out as follows. It is
assumed that outpiut x; is obtained as the output of the i-
th neuron 131 for the input luminance average data 134 (b,-

15 by). With reference particularly to Fig. 18, adder 159
produces value (l-x;) from output x; of neuron- 131 to
provide the same to multiplie; 160. Multiplier 160
produces value x; (l-x;) from output x; of néuron 131 and
the output of adder 159. This wvalue is provided to each

20 weight calculating circuit 154.

The update process of weight coefficient wl;, for the
p-th luminance average data b, of the i-th neuron 131 is
carried out as follows. With particular reference to Fig.
14, weight calculating circuit 154 is provided with

25 . " learning data 80,w0,, 80,w0,, ..., 80,w0,; from each .neuron
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descri bing center-weighted netering and foot-wei ghted netering. Figs. 3A-3C
are schematic diagrams show ng conventional photonetry nethods. Fig. 4 is a
bl ock di agram of a conventional still canera using neural.network. Fig. 5

i.s a bl ock di agram showi ng an exanple of a video canera accordlng to the

-present invention. Fig. 6 is a schematic di agram show ng 3 e Beén Re
divided screen. Fig. 7 is a block diagramof an area divi d| ri f",”””,“"l

137 of output layer 136. In other words, each weight

calculating circuit 154 of the i-th neuron x; is provided
with data 80;-w0y; (j=1 to n) provided from the weight
calculating circuit of the weight coefficient for the i-th
S input to each neuron 137, out of the data from each neurdn
137 of output data layer 136.
Each multiplier 161 multiplies the corresponding
input 80,w0,;-80,w0,; by output x; (1l-x;) of multiplier 160
to provide the.same to adder 162. Adder 162 takes the
10 total sum of the outputs of multiplier 161 to produce
value Sli‘expressed by equation (7). This value is
provided to multiplier 163.
Multiplier 163 multiplies the provided small positive
real number ¢ by output 81; of adder 162 by the p-th
15 luminance average data b, to produce:and'provide to adder
164 Awl;, expressed by equation (6). Adder 164 reads out
the value of the correspondiné weight coefficient wl;, from
register 156 fo carry out operation with output Awl;, of
multiplier 163 to produce a new weight coefficient wil,
20 which is provided to register 156. The update of weight

coefficient wl;, for the p-th luminance average data b, of

the i-th neuron 131 of intermediate layer 132 is completed
by a new weight coefficient wl,;, being stored in register
156.

25 - .One cycle of learning is completed by carrying out

-48-



21 average producing circuit. Fig. 8 illustrates waveformcharts of

hori zontal area pulses for dividing the screen. Fig. 9 illustrates waveform
charts of vertical area pulses for dividing the screen. Fig. 10 is a block
di agram of an integrating circuit. Fig.- 1l-i-s.a.bl.ock-diagramof a neural
network. Fig. 12 is a block diagram of_a peuron of an out ut | ayer and a
wei ght updating circuit. This Sheet Has Been Repla

Pl II

the above described update process of weight coefficient

for all registers 143 in each neuron 137 of output layer
136, and for all registers 156 in each neuron 131 of
intermediate layer 132.

5 Thus, ANN 107 is made adaptive to provide a more
optimum diaphragm for the object specified by the user
from variable resistor 110 by repeating the learning of
all weight coefficients in ANN 107 for various teacher
signals.

10 Even;in the case of an object state where optimum
aperturé value can not be obtained in conventional
automatic iris control using center-weighted meteriﬁg and
foot-weighted metering, adjustment of the diaphragm is
carried out automatically conforming to the usage

15 condition by adjusting manually the diaphragm a few times.
The disadvantage of having to.éajust manually the
diaphragm frequently encountered in a.video camera just -
having a conventional manual iris control is eliminated to
realize a video cameral having automatic iris control

20 conforming to the usage purpose of the operator.

The network is input with the luminance of all angles
of view, and a value selected by the operator taking into
consideration the balance of luminance of the main object
and the background scenery is provided as the teacher

25 signal to the network. According to this network, an iris
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Fig. 13 is a block diagramof a neuron of the output layer. Fig. 14 is a
graph showi ng the characteristics of a signmoid function of conversion
carried out in a function generator. Fig. 15 is a bl ock diagramof a weight
calculating circuit for calculating the weight coefficient of the neuron of
the output layer. Fig. 16 is a bl ock diagram of a neuron of the input |ayer
and the weight updating circuit. Fig. 17 is a block diagramof a neuron of
t he input | ayer.

control signal is obtained for appropriately adjusting the
luminance balance of the main object and the background
for all angles of view.
In the video camera that carries out automatic iris
5 control using the above~described neural network, the
output of the neural network is always fed back to the
iris driving portién-even when the operation mode is
switched to the manual iris control mode by switch 109.
There is possibility of an unstable iris control if the
10  weight co?ﬁficient in ANN 107 is constantly updated. To
avoid such a problem, only calculation of updating the
weight coefficient of the neurons is carried out at the
time of manual iris control operation mode, wherein the
contents of each weight coefficient register in the neuron
15 is updated when the operation mode is switched from manual
to automatic iris control. This prevents the generation
" of an unstable state of iris control occurring from the
update of the coefficients.
The values learned by center-weighted metering and
20 foot-weighted metering is previously written in as the
initial value of the weight coefficient in ANN 107.
Therefore, the problem does not occur of the operation of
the video camera becoming unstable when the video camera

is used with automatic iris control right after the

25 purchase of the video camera.
s Sheet Has Been Replaced
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Fig. 18 is a block diagramof a weight calculating circuit for calculating
the wei ght coefficient of the neuron of the input |ayer. DESCRI PTION OF THE
PREFERRED ENMBODI MENTS 22 Fig. 5 is a block diagramof a video canera
according to an enbodi nent of the present invention. Referring to Fig. 5,
t-he video canera includes |lens 102 as the optical systemfor gathering the
I ncident |ight fromobject 1 and

In the above described embodiment, conversion was

carried out so that the value of outputs y;, x; becomes 0.5
when the values of w0, wl; supplied to the function

generator is exactly 0 by the function conversion carried
5 out in each neuron. Each neuron should be implemented as
follows if the input value to the function generator is a
value other than 0 (threshold value) for an output value
of 0.5. One terminal that inputs a fixed value of "1" is
added to each neuron. A new weight coefficient is defined
10 for this ;nput, whereby this weight coefficient is
multiplied by fixed value "1" to be provided to adders 144
and 157. The characteristics of each of function
generators 145 and 158 is that shifted by the threshold
value in the left and right directions of the graph of
15 Fig. 10. This allows the provision of a threshold wvalue
for each neuron. This weight coefficient may be updated
any time by the learning process.
Although the present invention has been described and
illustrated in detail, it is clearly understood that the
20 same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of

the appended claims. e o T
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forming an inmage on a predeterm ned i mage formation plane, a CCD i mage
sensor 104 for inmage sensing the optical imge of object 101 formed on a
predeterm ned frame by |l ens 102 for converting the sanme into a video signal
which is an electrical signal, an iris plate 103 for regulating the

i nci dent anmount of i to i.mage, sensor 104, an iris notor 113 for driving
iris plate 103 accord?ﬁ%efﬁ BRE ASiATdRed rbeNsit novght fambumresr GGt | Ng
signal, i.e. iri nt Lok tage, a preanplifier 116 for anplifying the

vi deo signal pr oa;%gd g%%nilghagg'a?en llloﬁﬁbrﬁﬁkﬂﬁaie gheesamdskto acsi gnal

processi ng ci rcuigdvg)@t@é,ggorm hGJris control circuit 117 responsive to the
| evel of the video ‘Trfesd e"8dch independent aspects of the

invention to be covered by the present application,
irrespective of whether or not they are included

within the scope of the following claims.

eet Has Been Replaced’
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signal provided frompreanplifier 116 for providing an iris control voltage
to drive iris notor 113 according to an iris control pattern |earned by the
iris control process set manually by a user, and a manually operable iris
control signal generating circuit 118 connected to autonmatic iris control
.circuit 117 for providing a teacher signal thereto in the Iearning of the
automatic iris control pattern of automatic iris control "¢Citcuit 117.
Automatic iris control circuit 117 includes an Rfi$Sheet Has Been R

™

CLAIMS:

1. A video camera comprising:

an optical system (102) for gathering the incident
light from an object to form an image on a predetermined
image formation plane,

5 incident light amount regulating means (103, 113)
responsive to a provided incident light amount regulating
signal for regulating said incident light amount,

image sensing means (104, 116) f&r image sensing the
optical i%age of the object within a predetermined frame

10 (251) formeﬁ by said optical system (102) to provide a -
luminance signal,

luminance distribution characteristics extraction
means (105, 106) connected to said image sensing means to
divide said frame (251) into a predetermined plurality of

15 sub-areas for extracting the characteristics of the
Juminance distribution of said optical image in said frame
(251) aé the luminance for each said sub-area according to
said luminance signal to provide the same as a plurality
of luminance distribution signals,

20 means for generating a target value signal for
determining the target value of said incident light amount
regulating signal that can be arbitrarily set by an user

according to said luminance distribution of said optical

-53- R O A



23 converter 105 for A/D (analog-digital) converting the | um nance

conponent of the video signal anplified by preanplifier 116, an area

di viding and average producing circuit 106 for dividing the screen into a
plurality of sub-areas and integrating the |um nance data provided from A/ D
converter 105 for a predeterm ned tiive period fer each sub-area for

cal cul ating the average | um nancenid Shef Qyd " p’average | um nance si gnal
for each sub-area, an artificial nzymllmmg@f erred to as ANN
hereinafter) 107 responsive to the nce signal provided from
area dividing and average producin or

image,

25 adaptive means (107, 108, 115) using an artificial
neural network (107) to which said plurality of luminance
distribution signals are input and from which said
incident light amount regulating signal by a predeterminéd
conversion is output for making adaptive said conversion

30 so that the offset is minimized between a provided teacher
signal and the output of said artificial neural network
(107), and

manually operable selecting meané responsive to the
operatioé of the user for selecting either said target

35 value signal or the output of said adaptive means (107,

115) which is provided as said teacher signal to said

adaptive means.

2. The video camera according to claim 1, wherein
said luminance distribution characteristics extraction
means (105, 106) comprises

A/D converting means (105) for A/D converting said

5 luminance signal provided from said image sensing means
(104, 116) to provide the same as a digital luminance data
indicating the luminance of said optical image, and

average luminance calculating means (106) to
integrate said luminance data for a predetermined time

10 period for each said sub-area for calculating an average

~54-
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recogni zing the pattern of the |lum nance distribution pattern in the screen
to carry out conversion conformng to the iris control by the user obtained
by learning for providing.in a.digital _value the opti num aperture size, a
D/ A converter 108 connected to the output of ANN 107 for DA

.(digi tal -anal og) convert ‘agﬁdgnal representing an optinmum
aperture val ue provided f adder 114 for addi ng and providi ng
the offset voltage repres et bet ween the aperture val ue which

is the target value set by the user and t he out put of ANN 107 provi ded from

manual iris control signal generating circuit 118, a conparator 112 for
conparing the
luminance for each said sub-area to provide the same as

said luminance distribution signals.

3. The video camera according to claim 2, wherein
said average luminance calculating means (106) comprises
area dividing signal generating means (122) for
producing a plurality of horizontal dividing signals hO0-h3
5 taking a predetermined first value only during respective
predetermined time periods in the horizontal scanning
period of each of said luminance signals and taking a
second V;Eue different from said first value during the
period other than said predetermined time period of said
10 horizontal scanning period of each of said luminance
signals, and a plurallty of vertical dividing signals vO0-
v3 taking a predetermlned third value only during
respective predetermined time periods in the vertical
o scanning period of each of said luminance signals and
15 taking a fourth value different frem said third value
during the time period other than said predetermined time
period of tHe vertical scanning period of each of said
luminance signals, and for generating a clear pulse CL for
each of said integrating period, and
20 a plurality of integrating means (121) each connected
to the output of said A/D converting means (105), and

responsive to a predetermined one of said horizontal

5. LW L



out put vol tage of adder 114 and reference voltage 111 for driving iris

notor 113 according to the conpari son output, 24 and an A/ D converter

115 for* A/ D converting the output of adder 114 for providing-to-ANN 107--a -—--
teacher signal for learning. Manual iris control signal ggaaey

C|r _
118 includes a variable resistor 110 connected between a pr ﬁm"" ﬁep'aced

power supply potential and ground potential,

dividing signals h0-h3 taking said first wvalue, and a

predetermined one of said vertical dividing signals v0-v3
25 taking said third wvalue to sample said luminance data at a

predetermined timing for integrating the same during said

integrating period for providing an integrated result.

4. The video camera according to claim 3, wherein
each of said integrating means (121) comprises

gate means (125) connected to receive a predetermined
clock signal CLK, said one of said hofizontal dividing

5 signals,*and said one of said wvertical dividing signals
for passing said clock signal only when said one of said
horizontal dividing signals takes said first value and
said one of said vertical dividing signals takes said
third value,

10 holding means (123) responsive to said clock signal
CLK gated by said gate means 1125) for hoiding and
providing the value of an input digital signal, and for
clearing the integrated result in response to said clear
pulse CL, and

15 digital adding means (124) connected to the output of
said holding means (123) and to the output of said A/D
converting means (105) for adding and providing to said
holding means (123) the value of the digital signal

provided from said holding means (123) and said luminance

| WL
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and a switch 109 having one input term nal 109a connected to variable
resistor 110, the other input term nal 109b connected to ground potential,
and the output term nal connected to one input of adder 114. Referring to
Fig. 6, area dividing and average producing circuit 106 divides screen 251
into 4 x 4 sub- areas of aoo-a33, where each area is equal in size. Area
di vidi ng and average producing circuit 106 obtains the average | um nance

the | um nance data of each sub-region. Referring to TFhiisgs'her H%&%n?’{iewa@gdng

[ITHTHRL

5. The video cameral according to claim 3, wherein

data.

said horizontal dividing signals h0-h3 alternately take

said first wvalue.

6. The video camera according to claim 5, wherein
the time length of said horizontal dividing signals h0-h3
taking said first value is equal to each other.

‘

7. The video camera acco;ding to claim 5, wherein

said vertical dividing signals v0-v3 alternately take said

third wvalue.

8. The video camera according to claim 7, wherein
the time length of said vertical dividing signals v0-v3

<! taking said third value is equal to each other.

9. The video camera according to claim 7, wherein
the time length of said horizontal dividing signals h0-h3

taking said first value is equal to each other.

10. The video camera according to claim 9, wherein
the time length of said vertical dividing signals v0-v3

taking said third value is equal to each other.

-



producing circuit 106 includes a plurality of

provided corresponding to the number of sub- areas for integrating

| um nance signa

a predetermned tinme period to prOV|d to ANN 107 an integrated value
“an area dividing timng signal generat H ﬁ ieﬂemaieung and providing

to each integrating circuit 121 25 ar
hO-h3 for allow ng

10

15

20

I

11. The video camera according to claim 1, wherein
said artificial neural network (107) of said adaptive
means (107, 108, 115) comprises

an intermediate layer (132) including a plurality of
converting means (131), each for obtaining one output by'
carrying a predetermined conversion to said luminance
distribution signals (134),

an output layer (136) having a plurality of
converting means (137), each for obtaining one output by
carrying a predetermined conversion to the output of said

intermedifte layer (132),

output converting means (133, 135) for carrying out a

predetermined conversion to the output of said output
layer (136) to obtain a single said incident light amount
regulating signal, and

conversion updating means (129, 130, 138, 141) for
updatipg adaptively according to the offset between the
output of said artificial neural network and said teacher
signal said conversion being carried out in each of said
converting means (131, 137) in said intermediate layer
(132) and said output layer (136) so that said offset is

minimized.

12. The video camera according to claim 11, wherein

each of said converting means (131, 137) of said

-5 -

integrating circuits 121

and

!"ﬂng signal s v0-v3 and



integration of the |um nance data fromonly the corresponding area and a
clear signal CL for clearing the integration for each screen to provide the
same to each integrating circuit 121. Regarding the area dividing timng
signals, signals hO-h3 are area pul ses~for- iﬁdicating t+he tinme of dividing
screen 251 (Fig. 6) along the line i I re tion. It is assunmed
that a video signal in the vvaveformi,hr']ggﬁeeyﬁé ééﬁ s provided to A/ID
converter 105 (Fig. 5). Referring to F Eﬂl ' aI hO attains a high
potential fromthe beginning of the vi ach hori zont al
scanni ng period. This high potential of

intermediate layer (132) and said output layer (136)
comprises
5 weighting means (142, 143, 155, 156) for carrying out
a predetermined weighting to each of the input signal,
| adding means (144, 157) for adding all the signals
given weight by said weighting means (142, 143, 155, 156),
and
10 function converting means (145, 158) for converting
the autput of said adding means (144, 157) according to a
predeterq;ned monotone increasing function,
wherein said conversion updating means (138, 129)
comprises weight updating means (141, 154) for updating
15 the weight of each of said weighting means (142, 143, 155,
156), according to an offset between the output of said
output converting means (135, 133) and said teacher '
signal, by recalculating each of said weighting so that

the root mean square of said offset is minimized.

13. The video camera according to claim 1, wherein
said means for generating said target value signal
comprises

manually operable offset generating means (10%a, 110)

5 for generating an arbitrary offset for the output of said
artificial neural network (107), and |

adding means (108, 114) for generating said target

-so- | [N O O R



signal. hO is maintained for 1/4 of the video period. Signal hO has a | ow
potential in the remaining period. Referring to Fig. 8 (C, signal hl
attains a- high potential -i-n.response to the fall of signal hO. Signal hl
mai nt ai ns h otentlal state for 1/4 of the video period and attains
a 1l ow potg'P |ng period. Referring to Figs. 8 (D) and (E)
signals h2 hlgh potential in response to the fall of

signal s h1 ively, and nmaintain the high potential state for
1/4 of the V|deo perlod Signals h2 and h3 are both held at a | ow potenti al
in the remai ning peri od.

value signal by adding said offset provided from said
offset generating means (118) with the output of said

10 artificial neural network (107).

14. The video camera according to claim 13, whereiﬁ
said selecting means comprises
zero offset generating means (109b) for generating
zero offset, and
5 switching means (109) inserted between said offset
generating means (109a, 110) and the input of said adding
means (112) for selecting and prowviding to the input of
said adding means (114) either the output of said offset
generating means (10%a, 110) or the output of said zero
10 offset generating means (109b) in response to the manual

operation of the operator.

- 15. The video camera according to claim 13, wherein
the output of said artificial neural network (107,
108) comprises an analog signal,
said offset generating means (10%a, 110) comprises
5 offset voltage generating means (10%a, 110) for generating
an arbitrary offset voltage, and
said adding means (108, 114) comprises voltage adding-
means (11l4) for adding said offset voltage génerated by

said offset voltage generating means (10%a, 110) to said

-



26 _Signals vOv3 are signals indicating the timng for dividing screen 251
along the Iine in the horizontal direction. It is assuned that the video
signal has a waveformshown in Fig. 9 (A). Referring to Figs:-9 (B}~ (E), __ _

t He verti cal scanni ng period having the region including &Hgsﬁ t|ve
video signal is divided into 4. Signals vOv3 attain a high ﬂ’ﬁil ﬂipiaced'

the first, the second, the third and the fourth peri od, res
10 analog signal provided from said artificial neural network
(107, 108).
16. The video camera according to claim 15, wherein
said selecting means comprises |
zero offset voltage generating means (109b) for
generating zero offset voltage, and
"5 switching means (109) inserted between the output of
said offset voltage generating means (109a, 110) and the
input of said voltage adding means (114) for selecting and
providingfto the input of said voltage adding means (114)

either said offset voltage or said zero offset voltage in

10 response to the manual operation of the operator.

17. The video camera according to claim 16, wherein
said offset voltage generating means (10%a, 110) comprises
voltage dividing means (109a,.110) connected between
predetermined first and second potentials for dividing the

5 potential difference between said first and second

potentials to provide an arbitrary potential.

18. The video camera according to claim 15, wherein
said means for generating said target value signal
comprises quantizing means (115) for guantizing the output

of said voltage adding means to one of a predetermined

e HIIIIIl |||I|| Illll Illll ll lIIl



the, period divided into 4. Signals vOv3 attain a |low potential in their
respective remaining periods. By conbining one of signals hO-h3-and-one-oef —-.

signals v0-v3, and integrating the |um nance of the video g bgt
signals attain a high potential, the |um nance data can be gﬁﬂﬁ[ Been R eed
of . t he sub-areas - a33,sho in Fig. 6..lntegrating circui q ﬂ" a
for integrating Ié#ﬁ%éﬁ&%ycﬁgtk%ébgﬁé%zﬁ%ﬂf%é] I ncl udes an & g
one input connected to A/D converter 105, a register 123 for storing added
data provided from adder 124, and a gate circuit 125 for ANDi ng cl ock

signal CLX provided frpg arfle video camera according to claim 18,

wherein said quantizing means (115) comprises
digitizing means (115) for digitizing the output of
5 said voltage adding means (114) into a binary signal

of a predetermined number of bits.

+20. A video camera comprising:
an objective optical system (102);
light control means (103) for controlling the
10 amount of light entering the camera and a driving
circuit (113) therefor; |
‘ an image sensor (104) for sensing an image formed
by the objective from the controlled light;
a circuit (105, 106) for processing a signal
15 | derived from the output of said image sensor so as to
divide the image into a plurality of sub-areas and to
provide a luminance distribution signal representing
the luminance distribution in said divided image;
a circuit (114) for generating a signal defining
20 a target value of a driving signal for the light
control means;
an adaptive circuit (107) to which the luminance
distribution signal is input for carrying out adaptive

conversion so as to minimise the offset between a

62
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dividing timng signal generator 122 (refer to Fig. 7) in synchronization
with the input |um nance data and area pulses vj and hj provided from area
dividing timng signal generator 122 to control the storing timng of

regi ster 123. The output of register 123 is connected to one input 27 of
‘adder 124. The agdesideducterclidie signedl ot ehts afwir eguspet, 1addanal t he

| um nance data provided from A/D converter 105 is provided again to
regi ster 123 to witch (109) for selecting either the target value

signal or the output of the adaptive circuit to
provide the same as a teacher signal to the adaptive

5 circuit.

This Sheet Has Been Replaced
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added. The clear termnal of register 123 is supplied with clear pulse CL
provi ded for each vertical period by area dividing timng signal generator
122. By clear pulse CL, the contents of register 123 is cleared for each
screen. In the present enbodi nent, screen 251 is divided into equal
sub-areas of a00-a33 shown in Fig. 6. The nunber of |um nance data sanpl ed
fromeach sub-area is identical. Therefore, the integrated value of the

| um nance data obtained by register 123 can be directly processed as the

| um nance average of the sub-area. The output 134 of integrating circuit
121 is provided to ANN 107.

ABSTRACT OF THE DISCLOSURE
A video camera includes a lens (102), an iris (103)

and an iris driving circuit (113), an image sensor (104},
a circuit (105, 106) for dividing the picfure into a

5 plurality of sub-areas for extracting the luminance of
each sub-area according to the luminance signal provided
from the image sensor (104) as a luminance distribution
signal, a circuit (114) for generating a signal defining a
target value of an iris driving signal, an adaptive

10 circuit %sing an artificial neural network (107) to which
the_luminance distribution signal is input for carrying
out adaptive conversion so that the offset between a
provided teacher signal and its own output is minimized,
and a switch (109) for selecting either the target value

15 signal or the output of the adaptive circuit to'provide

the same as a teacher signal to the adaptive circuit.

This Sheet Has Been Replaced’
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Fig. 11 is a block diagram schematically showi ng ANN 107. The operation
mechani sm of the neural network is described in, for exanple, "Using Neural
Network for Pattern Recognition, Signal Processing and Know edge Process”
N kkei El ectronics, August 10, 1987 427 pp. 115-124), Neur o- Conput er
"(by Toyohi ko Ki kuchi, published by &j{ sued in 1990), and Artificial

Neur al Networ ks- Theoretical Concepts (ed. V. Venuri, Washington D.C, |EEE

Comput er Press, 1988). The details of the operation mechani smwill not be

descri bed here.  r— ~_3
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28 Referring to Fig. 11, ANN 107 includes an internediate |ayer 132 for
applying a predeterm ned process to | um nance average data 134 provided
fromarea dividing and average producing circuit 106 for obtaining an

i nt er nédi at e output, an output |ayer 6 apply a predeterm ned
conversion to the output of internedi i yer 132 for obtaining n
normal i zed outputs, and n conparators 135 provided corresponding to each of
out put layer 136 for conparing the output of output layer 136 with 0.5 for
provi ding an output of 1 or O according to

FIC. 2

251
J
253 252
% AN
///////
. FIG. 3A FIG. 3B
251 | 251

f s
256 ~ 253

FIG. 3C

251

B
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the conpared value. Internediate |ayer 132 includes mneurons 131. Each is
applied with all the |Ium nance average data 134 branched by an input |ayer
not shown. Qutput |ayer 136 includes EéT?gzgns 137, each havi ng the out put
connected to the positive input term t he correspondi ng conpar at or
135 and the input connected to the output of all the neurons 131 in

I nternmedi ate |ayer 132. I® Eig._11, neuron 137 of the output |ayer is

desi gnated a serial numbef of to (n-1). ANN 107 further includes an
iffo a 8-bit data allocated to the

encoder 133 for convert
neuron 137 connected to| t® arator faving an output of
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1 and providing the same to D/A converter
| nput connected to A/ D converter
29 from A/ D converte

the sane as a teacher signa
132 and each neu

si gnal provided
provi dé

of

I nternmedi ate | ayer
apply a predeterm ned wei ght to each input signa

l4

108, and a decoder
115 (refer to Fig. 5 for decoding the
115 into 1 bit data of tOt255 to

qgﬁut | ayer 136. Each neuron 131
37 of output

| ayer
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addition, followed by a predeterm ned function conversion to provide the
sane. Therefore, each of neurons 131 and 137 is provided with a circuit for
carrying out weighting for each input apd a circuit for sequentially
updating the weight according to data %— provi ded from decoder 130.
f

These circuits are not shown in Fig. or the pur pose of sinplicity.
These circuits will be described with reference to Figs; 12-15. The nunber
of neurons 137 in output layer 136 is set to 2a (a is an integer), for
exanpl e 128 or 256, taking into consideration the encoding of a 8-bit data.
Each neuron 131 of internedi ate |ayer 132 applies a

FIG.6
200 a01 | aon2| ao3
aio| a1
az22 251
a3s
FIG. 7
. B 121
! INTEGRATING CIRCUIT —
105
134 121
< INTEGRATING CIRCUIT D
107 < ! I
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134 I 121 ’
)Y . \ : e /_/
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1L 111

O m N M O -
l > > > > L £
AREA DIVIDING
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AREA DIVIDING AND
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predeterm ned weight to the input signal, followed by addition and
conversion with a particular function. Therefore, each neuron 131 is
provided with a weighting circuit for ing weight to each input, and a
circuit for updating each weight coeffé}eﬁ according to data for |earning
provi ded from output |ayer 136. These ric s are not indicated in Fig. 11
for the sake of sinplicity. These circuits will be described in detail with
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to. Figs. 16-18. In the ANN shown in Fig. 11, the teacher signal provided
fromA/ D converter 115 is decoded by decoder 130 into one bit signals of
tO-t255. The bit signal is provided ta o t layer 136, whereby each

wei ght ‘coefficient is updat ed. Using the ~E;ated result, each wei ght
coefficient of internediate |ayer 132 is updated. In other words, the flow
of data at the tine of normal operation and that at the tine of learning is

opposite to each other. Such a learning nmethod is called error
backpropagation rule. Fig. 12 is a block diagram of neuron 137 of output

1A - - -
[ L

h
[

M- - - -
L

I

VERTICAL SCANNING PERIOD

(a) vioeo signalMMAN - - - - fitp

(B) Vo
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updating circuit 138 i ncI udes m wei ght

| ayer 136 and a wei ght updating circuit 138 provided associated w th neuron
137 for calculating and updating the weight for output 139 (xl-xm from
|nternad|ate | ayer 132 provided to neuron 137. Weight updating circuit 138
is not shown in Fig. 11, as described g; % — Referring to Fig. 12, weight
C ating circuits 141 for
carrying out the weight calculation for each of input signals 139 (xl-xn).
It is assunmed that neuron 137 is allocated with nunber j. The out put
thereof is Yj. It is clear fromFig. 12 that weight calculating circuit 141
corresponding to the i-th input signal 139 (xi) recal cul ates the weight

FIG. 10
121
/
B4 -t - -
L 2l \ 123 26| A
UMINANCE ‘DATA
10 NEURAL< , REGISTER ADDER | FROM A/D
NETWORK 107 a} A CONVERTER 105

125
S

< —CLK
' — Vi
‘_'hj !

INTEGRATING CIRCUIT (i , j)

This Sheet Has Been Replaced

AR II




25 coefficient according to output Yj of neuron 137, 1 bit 31 signal
tj provided fromdecoder 130, input signal xi, and the weight coefficient
corresponding to input signal xi included in neuron 137 for updating the
wei ght coefficient in neuron 137. The of wei ght cal culating circuit
-7141 is provided to each neuron 131 of mi diate layer 132 to be used in
updating the weight coefficient of the |ght appl yi ng process carried out
in each neuron 131.

FIG. 11
136 132 107
- ,,/ ,./
135 40| 137|139 131 134
| —Q_: A NINNA . M
135,005 i 1?4
. -%]_JT N -
- 05 :
< w
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Referring to Fig.

13, neuron 137 of output |ayer

136 includes mregisters

143 for storing weight coefficients wOj1-wljmcorresponding to respective

i nput signals 139 (x1- xm,

n1nu|tip|iers 142 for

143, an adder

mul ti plyi ng respective

i nput signals 139 (x1-xm by wei ght Cii ggts w0j 1-w0j m stored in the
ddi

“torrespondi ng register
mmul tipliers 142 for providing an output' w0, and a function generator
for carrying out a predeterm ned conversion f to the output wOj
144 for providing an output 140 (yj) as the converted result.
coefficient wojl-wlfm of each register

wei ght calculating circuit 141. Each

ing all

the outputs of the
145
of adder

Vi ght

143 is updated by the correspondi ng
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wei ght coefficient of wOji-wOjmis used in the process carried out

wei ght cal culating circuit 141 for the

function generator 145 is represented as

in

next | earning. The characteristic of

j—=Tf (W). Function f is a
nmonot one non- decreasing function. In W%ngésent enbodi nent, a signmoid
32 function taking the value of interval 7 1) is enployed as function f.
Signoid function is defined by the
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foll owi ng equation (3). The operation of neuron 137 can be defined by the
followi ng three equations. [err] The above equation (3) representing the
sigmoid function is shown in the graph of Fig. 14. It can be appreciated
fromthe graph of Fig. 14 that 0 and %;2&3 proxi mated when wj are - [err]
-and + [err], respectively. Wen w hol ds. Function f is not
limted to this signoid function, and can take any other function that is a
nonot one non-decreasing function. Fig. 15 is a bl ock di agram of wei ght
calculating circuit 141 for updating the weight for the i-th input 139

FIG. 15
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(xi) of neuron 137. One neuron includes n weight calculating circuits 141.

Wei ght coefficient woji
wei ght calculating circuit 141 is calcul
indi cated by the followi ng equation mﬁ}?b

-t eacher signa

- FROM
o 136

o

corresponding to the i-th input xi

carried out by

according to the operation

ut yj of the output |ayer and
ti. 33 [err]
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[err] : small positive real nunber By adding [err]w0ji to weight
coefficient wOji for the i-th input xi of the j-th neuron 137 of the output
| ayer, weight coefficient wOji is updated. The updated wei ght coefficient
woji of register 143 is nultiplied b%f%)qgg;%i by multiplier 142 to be
-provided to adder 144 (refer to Fig. T 15 is a bl ock diagram of

wei ght calculating circuit 141 for carrying out the weight calculation

i ndi cated by equations (4) and (5). Referring to Fig. 15, weight
calculating circuit 141 includes an adder 146 for obtaining value (yj -tj)
fromoutput yj of néuron 137 and
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teacher signal tj provided from decoder 130, an adder 147 for generating
value (l-yj) " fromoutput yj of neuron 137, a nultiplier 148 for multiplying
out put yj of neuron 137 by output (yj.-it4) adder 136 by output (l-yj) of
adder *147 for providing value [err]Qj ¥n equation (5), a multiplier
150 for multiplying output [err]Oj of nmultiplier 148 by the i- th input xi
by value (-e) for calculating value [err]w0ji shown in equation (4), and an
adder 149 for obtaining the difference between weight coefficient wlji of
the i-th input xi and output [err]wOji of nmultiplier 150 for storing the

FIG. 18
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34 sanme as weight coefficient wOji in register 143. Wi ght calcmﬁﬂ?%bﬁ?
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TITLE OF THE INVENTION .

A Video Camera Havingmég,ﬁdgptive Automatic Iris
Control Circuit~ o

' BACKGROUND OF THE INVENTION
' Field of the Invention

The present invention relates to video cameras, and
more particularly, to an automatic iris control circuit
for automatically adjusting the aperture size to regulate
the amount of light incident into the optical system of a
video camera according to the incident amount of light.
Description of the Background 2Art

Referring to Fig. 1, a conventional video camera
includes a lens 102 for bringing together incident light
from an object to form an image on a predetermined image

- formation plane, an image sensing device 104 having an

image sensing plane arranged on the image sensing plane
for converting the optical image on the image sensing
plane into a video signal which is an electrical signal by
photoelectric conversion, an iris plate 103 for regulating
the amount of light incident upon image sensing device
104, an iris motor 113 for driving iris plate 103, a
preamplifier 116 for amplifying the video signal provided
from image sensing device 104 and providing the same into
a signal processing circuit (not shown) for converting

into a television method, and an automatic iris control
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141. This value is obtained enpirically so as to inprove the convergence
properties of each weight coefficient of the learning process. Fig. 16 is a
bl ock di agram of weight updating circuit 129 for updating the weight
coefficient of the conversion carried out at the i-th neuron 131 i ncl uded
in intermedi ate | ayer 132. Each neurog 131 of internediate layer 132 is
provided with one weight updating cirCuit 129. Referring to Fig. 16, weight
updating circuit 129 includes an adder 152 for producing value (1-xi) from
output xi of the i-th neuron 131, a nmultiplier 153 for

circuit 217 responsive to the video signal provided from
preamplifier 116 for operating iris motor 113 so that the
level of the video signal attains a predetermined level.

Automatic iris control circuit 217 includes a gain
control amplifier (GCA) 206 for amplifying the video
signal provided from preamplifier 116 corresponding to the
central portion of the screen by a gain that is greater
than that of the remaining portion of the screen, a
voltage adder 207 for adding to the amplified video signal
provided from GCA 206 sawtooth voltage that will raise
the voltage in the lower portion of the screen, a
detection circuit 208 for averaging the outputs of voltage
adder 207, and a comparator 209 having a negative input
terminal connected to the output of detection éircuit 208
and a positive input terminal connected to a variable
reference voltage (Vy) 210 for comparing the signal
provided from detection circuit 208 and reference voltage -
210 to drive iris motor 113 according to the comparison
output.

Referring to Fig. 2, the amplification carried ocut in
GCA 206 is for the purpose of giving a particularly great
weight to the central portion 252 of a screen 251. When
object 254 is located at the central portion 252, as shown
in Fig. 3A, iris plate 103 is driven to obtain an

appropriate image sensing state of object 254 owing to the
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produci ng value xi (1-xi) by nultiplying the output of adder 152 by the
out put of neuron 131, and k weight calculating circuits 154 for cal culating

t he wei ght

35 coefficient for the weight applied in neuron 131 for each

of the k input signals of bj-bk (lum nance average data a00- a33). As shown

in Fig. 16,

each wei ght calculating circuit 154 carries out weight

cal cul ation according to data for correction [err]01lw0[err] - [err]OwO[err]
provi ded fromthe neuron in

amplification by GCA 206. Even if there is ground 255 in
the background scenery with rear light, photometry is
carried out giving weight to object 254 rather than to
ground 255 or the background scenery.

Referring to Fig. 2 again, voltage adder 207 adds
offset voltage to the lower region 253 of screen 251. 1In
the case where sawtooth voltage such as that shown in Fig.
1 is added, the weight for control of iris plate 103
becomes greater as a functibn of distance towards the
bottom of screen 251. Therefore, when object 256 is
located with the sky as the backgrouﬁd in screen 251 as
shown in Fig. 3B, the diaphragm is adjusted to a value
that can shoot object 256 in an optimum state without
being affected by the luminance of the sky.

Referring to Fig. 1, a conventional video camera
operates as follows. The incident amount of light from
object 101 forms an image on the image sensing plane of
image sensing device 104 by lens 102. Imaée sensing
device 104 converts the optical image into a video signal
by photoelectric conversion. The video signal is provided
to amplifier 116. Preamplifier 116 amplifies output of
image sensing device 104 to provide the same to a signal
processing circuit and the input of GCA 206.

As already described with reference to Figs. 2 and
37, GCA 206 amplifies the converted video signal
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out put |l ayer 136, the output of nultiplier 153, the correspondi ng i nput
134, and the respective weight coefficient corresponding to the input

i ncluded in neuron 131 for updating the weight coefficient. Fig. 17 is a

bl ock diagramof the i-th neuron 131 of tjhe plurality of neuron 131 in
internedi ate | ayer 132. Referring to Fig. 17, neuron 131 includes k

regi sters 156 for storing each of weight coefficients wlerr]-wi[err] ~
corresponding to k inputs 134 (bl-bk), k multipliers 155 for multiplying

t he wei ght coefficient stored in the corresponding register 156 by each of
i nputs 134 (bl -bk), an adder 157 for taking the total sum of the outputs of

corresponding to the central region of the screen by a
gain that is greater than that of the surrounding region.
The amplified signal is provided to voltage adder 207. As
described with reference to Figs. 2 and 3B, voltage adder
207 adds sawtooth voltage to the input signal so that the
video signal representing the lower region of the screen
becomes a greater value. This signal is provided to
detection circuit 208, where the video signals from
voltage adder 207 are averaged and provided to the
negative input terminal of comparator 209. Comparator 209
compares the output of detection circuit 208 and reference
voltagg 2;0 to drive iris motor 113 according to the
comparison output. Iris mofor 113 drives iris plate 103
according to the drive voltage. The amount of light of
the object image upon image sensing device 104 is adjusted
by the open/close of iris plate 103.

The detail operation of automatic iris control
circuit 217 is as follows.

If the luminance of the object image is’ too bright,
the amplitude of the image signal provided from
preamplifier 116 becomes great. This increases the
average voltage of the video signal provided from
detection circuit 208. If the output voltage of detection
circuit 208 becomes greater than reference voltage 210,

the output of comparator 209 shifts to a low potential.
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the k nultipliers, and a function generator 158 for obtaining output xi by
carrying out conversion indicated by the aforenentioned signoid function f
for output wl of adder 157. As shown in Fig. 17, weight coefficient
W[err]-wi[err] stored in each register 156 is updated by wei ght
calculating circuit 154 (Fig. 16). Each ®eight coefficient werr]-Wik is
supplied to wei ght cal cul ating 36 '

Iris motor 113 responds to the output of comparator 209 to
be operative to close iris plate 103. This reduces the
incident of light from the object to image sensing device
104.

If the incident amount of light from the object to
image sensing device 204 is low, an operation opposite to-
-that described above is carried out. That is to say, the
output voltage of detection circuit 208 decreases to
become lower than reference voltage 210. The output of
comparator 209 shifts to a high potential so that iris
motor 113 operates to open iris plate ;03. Thus, the
incident amount of light to imagé sensing device 104
increases.

By the above-~described operation of the automatic
iris control circuit, the apertpre.size of iris plate 103
is adjusted to obtain a maximum luminance of an object
located in the central and lower region of the screen.

The operator of the video camera does not have to manually
adjust the aperture size to obtain a desired shooting
state.

As described above, a video camera having a
conventional automatic iris control circuit employs
center-weighted metering and foot-weighted metering. This
is based on the typical shooting condition where an object

is usually located at the central region of a screen, and
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circuit 154 for respective updating. Fig. 18 is a bl ock di agram of wei ght
calculating circuit 154 for calculating the weight coefficient for each

i nput. The nunber of weight calculating circuits 154 corresponds to the
nunber of inputs for neuron 131. The weight calculating circuit shown in
Fig. 18 is a circuit for calculating weiglgt coefficient w[err] for the
p-th input bp for the i-th neuron 131. Referring to Fig. 18, weight
calculating circuit 154 includes n nmultipliers 161 for multiplying data
[err]O1wO[err]O[err] W[ err] provided from output |ayer 136 by val ue xi
(I-xi) provided fromnultiplier 160, an adder 162 for taking the total sum

of the OUtpuéﬁagftﬁgesﬂy is located above as the background with the

object in the lower region. However, there are some cases
where the center-weighted metering and the foot-weighted
metering may not result in an optimum diaphragm.

Consider the case where the entire background of
object 254 is of high luminance in screen 251, as shown in
Fig. 3C. In-this case, the luminance of the lower portion
of screen 251 becomes high. If foot-weighted metering is
employed, the diaphragm will be operated towards the
closing direction. This means that the sensed image of
object 254 becomes dark.

Consider the case where object 254 is no;_located in
the center portion 252, as shown in Fig. 3C. 1In this
case, most of central portion 252 bécomes a high luminance
portion. The diaphragm will be operated towards the
closing direction. This will also result in a very dark
sensed image of object 254.

The above-described object state is not so rare.

This is ofien encountered when shooting at.a ski resort,
for example. 1In this case, the background scenery is
snow, which has a very high luminance. The state such as
shown in Fig. 3C may often be seen in ski resorts.

For users that often shoot at a skiléelande, optimum
aperture value couild not be.obtained by automatic iris

control with the conventional center-weighted metering or
Tene o e brialenart sheet
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multipliers 161 to obtain output [err]1li, a nultiplier 163 for cal cul ating
the product of the p-th input bp, output [err]li of adder 162 and the snal
positive real nunber e to obtain output [err]wl[err], and an adder 164 for
taking the difference between weight coefficient wi[err], stored in

regi ster 156 and the output of multiplier 163 for updating wei ght
coefficient w[err] of register 156 according to the result thereof. The
updat e process of weight coefficient w[err] by weight calculating circuit
154 is calculated by adding [err]wli[err] obtained by the follow ng equation
to weight coefficient wi[err].

foot-weighted metering, resulting in an unsatisfactory
picture. There are some video cameras that can adjust the
diaphragm manually. However, it is very difficult to
control the iris while shooting. There was a problem that
control of the iris could not be carried out easily with
the above-described conventional video camera.

A technique, not directed to a video camera, but to a
still camera, is disclosed in Japanese Patent Laying-Open
No. 2-96724 for controlling the camera according to the
condition of the object.

Referring to Fig. 4, the still camera d;sclosed in
Japanese-Patent Laying-Open No. 2-96724 includes a lens
320, a diaphragm 319 provided in front of lens 320, and an
in~-focus mechanism 335 for focusing the optical image of
an object at a predetermined image formation plane by
moving lens 320 along the optical axis. The optical image
of the object is provided to &n amplifier 322 as data
representing the luminance of the object for each
photoelectric converted device by an image sensing device
321 formed of photoelectric conversion devices allocated
in a matrix manner. The luminance information of the
object amplified by amplifier 322 is A/D converted by A/D
converter 323 to be provided to an operation circuit 324
as a stopped down luminance BV'’. Operation circuit 324 is

previously input with an aperture value AV, representing
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[err] 37 [err] The structure of ANN 107 is as follows. Referring to Fig.
5 again, ANN 107 has the circuit configuration adapted by learning to
obtain an output nore represented by a teacher signal, by updating weight
coefficient wjJerr] (j =1ton, i =1tom, Wwlerr] (j =1tom i =1to
k) in each of neurons 131 and 137 acccﬁding to the teacher

the open aperture of diaphragm 319. Operation circuit 324
calculates and provides the actual luminance BV (= BV’ -

AV,) of the object from the two values of BV’ and AV,. The

output object luminance BV is provided to a multiplexer
328 and a frame memory 334. The operation of multiplexer
328 will be described afterwards.

Frame memory 334 stores object.luminance BV according
to the output of each photoelectric conversion device of
image sensing device 321 for each photoelectric conversion
device. Frame memory 334 is connected to a neuro-computer
325, to which the luminance information stored in.ffame
memory 334 is supplied, and from which signal Py
representing the position of the main object of the video
stored in frame memory 334 is output; Neuro-computer 325
is connected to a coefficient memory 326 for storing
coefficient Wy to determine the operational process
carried out by neuro-computer.325. Coefficient Wy is
rewritten to obtain an appropriate output corresponding to
the input in the learning process of neuro-computer 325.

The output of neuro-computer 325 is connected to one
input of a selector 336. The output of selector 336 is
connected to multiplexer 328. The output of an operation
panel 327 is connected to the other input terminal of
selector 336. The output of operation panel 327 is also

connected to neuro-computer 325. Operation panel 327 is
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signal provided fromA/D converter 115 for various inputs provided from
area dividing and average producing circuit 106. Switch 109 carries out

sel ection of |earning node and nornal operation node of ANN 107, in
addition to providing an offset val ue between the output of ANN 107 and the
aperture value desired by the operator for providing a teacher signal to
ANN 107 at the tine of |earning node9 The connection of switch 109 to
terminal 109b causes voltage O to be applied to adder 114. Therefore, the
output of D/A converter 108 is directly provided to conparator 112. Wen
switch 109 is connected to term nal

for the purpose of providing to neuro-computer 325 a
signal tp; representing the location of the main.object
from the picture stored in the frame memory 334 at the
time of the learning mode. Operation panel 327 includes a
touch panel switch (not shown), for example, having a one-
to-one correspondence to the position of the screen.

The user inputé the position of the main object on
the screen while looking through the finder, whereby

signal tp; representing the position of the main object is

provided from operation panel 327 to neuro-computer 325.
Neuro-computer 325 carries out operation aécording to the
coefficient stored in coefficient memory 326 by the input
provided from frame memory 324 to temporarily determine an
output. Neuro-computer 325 also compares signal tp;
provided from operatioﬁ panel 327 with the its own output
to rewrite coefficient W; in coefficient memory 326 so
that the offset is minimized.. By repeating such learning
several times, an artificial neural network implemented
with neuro-computer 325 and coefficient memory 326 is
self-organized to provide an appropriate signal Pyy
according to the input from frame memory 334.

The output of operation panel 327 is also provided to
selector 336. At ﬁhe time of learning mode, selector 336
provides the output of operation panel 327 to multiplexer

328. At the time of automatic mode, selector 32§ provides
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109a, a voltage predeterm ned by variable resistor
114. This neans that the output of adder
DY A converter 108 by the voltage determ ned by variable resistor 110. By

adjusting variable resistor 110 to obtain a diaphragmthe user feels
opti mum a teacher signal is provided i{& ANN 107 via adder 114 and A/D

converter

out according to this

the output of neuro-computer 325 to multiplexer 328.
Multiplexer 328 passes only output BV of the photoelectric
conversion device corresponding to the main object of the
screen designated by control signal P,, provided from
neuro-computer 325 or operation panel 327. The passed
output BV is provided to operation circuits 329 and 331.
Operation circuit 329 carries out operation for
focus~detection according to the so-called hill-climbing
method based on luminance output BV of the photoelectric
conversion devicé corresponding to the main object. The
output of operation circuit 329 is provided to a driver
330. Driver 330 moves in-focus mechanism 335 accoxding to
the supplied operation result to move lens 320 in its
optical axis direction. By operation circuit 329, lens -
320 stops at a location so that an image is formed on the
light receiving plane of image sensing device 321.
Operation circuit 331 determines the shutter speed or
the signal value according to luminance BV of the main
portion of the object provided from multiplexer 328, film .
sensitivity SV, aperture value AV of diaphragm 319, and
the set shutter speed TV. The determined shutter speed
and aperture vaiue are provided to a shutter control
device 332 and an iris control device 333, respectively.
Thus, the still camera disclosedin Japanese Patent

Laying-Open No. 2-96724 has the aperture value, the

110 is applied to adder
114 is offset fromthe output of

38

115. The update of each weight coefficient of ANN 107 is carried
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teacher signal. The above-vi deo canera operates as follows. Lens 102
gathers incident light fromobject 101 to forman optical imge of the
object on the light receiving plane of inmage sensor 104. The anpunt of
light entering i mge sensor 104 is regulated by iris plate 103. | nmage
sensor 104 converts the optical image jjn the frane of a predetermn ned
screen into a video signal which is an electrical signal by photoelectric
conversion. The video signal is provided to preanplifier 116 to be
anplified. The anplified signal is provided to a signal processing circuit
not shown to be converted into the systemof television signal. The video
shutter speed, the in-focus position determined according
to the luminance information of not the entire object, but
only the main portion of the object. The position of the
main object is detected by neuro-computer 325. This is
carried out according to the learning process specified by
the user through operation panel 327. Therefore, the
. detection of the position of the main portion of the
object can be carried out similarly as to the liking of
the user. It is described in the aforementioned Japanese
Patent Application that the main object can be shot
under an appropriate shooting state by controlling the
camera according to the luminance of the main object.
However, the technique of Japanese Patent Laying-Open
No. 2-96724 is directed to a still camera. There is no
disclosure as to how this technique is applied to a video
camera. Although it is suggested in Japanese Patent
Laying-Open No. 2-96724 that it is possible to provide as
a teacher signal an exposure correction signal according
to the brightness or the luminance pattern of the object
to such a neuron-computer for carrying out learning such
as retrogressive correction, no specific structure is
taught.
The still camera described in the embodiment of the

Japanese Patent Application which is controlled according

to the luminance information of only the main object has

This is ine replacement sheet

12 AUG 9%

Date:



signal provided frompreanplifier 116 is also supplied to A/D converter 105
of automatic iris control circuit 117. A/ D converter 105 converts the

| um nance val ue of the input video signal into a digital value. This
digital value is provided to area dividing and average producing circuit
106. The | um nance data of the video SH%nal provided to area dividing and
average producing circuit 106 is the |liife sequential signal obtained by
raster- scanning the two dinmensional imge forned on the |ight receiving
pl.ane of image sensor 104.

the following problems which will be described
hereinafter. The relation between the luminance
information of the background scenery excluding the main
object and the luminance signal of the main object is
critical in obtaining an optimum aperture value. However,
it is impossible to optimize the luminance balance between
the main object and the background with the technigue
disclosed in Japanese Patent Laying-Open No. 2-96724.

This is not a problem in practice for a silver salt camera
represented by a still camera since luminance adjustment
can be carried out at the time of printing. However, for
a video camera, there is limitation in carrying out
luminance adjustmgnt at the time of reproduction. The
technique disclosed in Japanese Patent Laying-Open No. 2-
96724 cannot be applied to a video camera.

There is also another problem. It is general to use
the output of the image sensing device required to obtain
a video signal for the control of the diaphragm in a video
camera. The number of photoelectric conversion devices
that ére allocated in the image sensing device is
significant to comply with the high requirements of the
picture quality. If the technique disclosed in Japanese
Patent Laying-Open No. 2-96724 is applied to a video
camera and the output of each photoelectric conversion

device is stored in a frame memory to be provided to the
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39 Referring to Fig. 7, area dividing and average producing circuit 122
generates area pul ses hO-h3 and vO v3 such as those shown in Figs.
8(B)-(E) and Figs. 9(B)- (E), respectively. The area pulse is provided to
integrating circuit 121. Area dividinglgnd average producing circuit 122
generates and provides to each integrati’ng circuit 121 a clear signal CL
for clearing the integration of the |lum nance data for each vertical
scanning area. Referring to Fig. 10, integrating circuit 121 for

neuro-computer, the number of inputs for the neuro-
computer will become too great and not appropriate for
practical use. A great number of inputs for the neuro
network will result in a problem of a longer time period
for the learning process of the neural network.
Furthermore, if the output of the photoelectric conversion
device is directly input to the neural network, the input
value to the neural network will vary'greatly in response
to just a slight change in position of the object,
resulting in an unstable operation of the neural network.
SUMMARY OF THE INVENTION

An object of the present invention is to provide a
video camera that.can automatically control the diaphragm
to an aperture value that the user feels optimum according
to a specific state of the object.

Another object of the present invention is to provide
an automatic camera that can cqn£rol the diaphragm
automatically and stably to an aperture value that the
usér feels-optiﬁum according to a specific state of the
object.

A further object of the present invention is to
provide a video camera that can automatically control the
diaphragm to an aperture value that the user feels
optimum, and that can learn to realize automatic diaphragm

that the user feels optimum for various states.
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integrating the |lum nance data of the video signal generated from sub-area
alerr] shown in Fig. 6 operates as follows. Gate circuit 125 takes the AND
of clock signal CLK in synchronization with the input |um nance dat a,
vertical area pulse vj, horizontal agﬁa pul se hj to provide the same to
‘register 123. Register 123 is suppli with clock signal CLK only when both
area pulses of vi and hi are at the high potential. The | um nance data
provided from A/D converter 105 is added with the data in register 123 by
‘adder 124 to be provided to register 123. Register 123 stores the output of
adder 124 in synchronization with the clock signal provided fromgate
circuit 125. By still another object of the present invention is to

provide a video camera that can control automatically the
diaphragm to an aperture value that the user feels optimum
according to a specific state of the object, and that can
carry out stably and speedily learning for realizing
automatic diaphragm that the user feels optimum for
various ' conditions.

The video camera according to the present invention
includes an optical system for gathering incident light
from an object for forming an image on a predetermined
image formation plane, an iris and an iris driving circuit
for regulating the incident amount of light in response to
a supplied incident light amount regulating signal, an
image sensor for image sensing an optical image of the
object formed in a predetermine frame for providing a
luminance signél, and a luminance distribution
characteristics extraction circuit connected to the image
sensor to divide the frame in which the optical image is
formed into a plurality of sub-areas for extracting the
luminance distribution characteristics of the optical
image in the frame as the luminance for each sub-area
according to the luminance signal and providing the same
as a plurality of luminance distribution signals. The
video camera includes a target value signal generating

circuit for generating a target value signal to determine

-
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repeati ng the above-described operation, the |um nance data of the video
signal generated fromsub-area a[err] are integrated in register 123. 40
Clear signal CL is provided fromarea dividing and average produci ng
circuit 122 (refer to Fig. 7) to register 123 for each vertical period. In
response to clear signal CL, the ilftegrated value in register 123 is

cl eared for each one screen, whereby the | um nance

a target value of the incident light amount regulating
signal that can be arbitrary set by the user according to
the luminance distribﬁtion of the optical image, an
adaptive circuit using an artificial neural net#ork to
which a plurality of luminance distribution signals are
input and from which an incident light amount regulating
signal obtained by a predetermined conversion is provided,
for adapting conversion so that the offset of the output
with respect to a provided teacher signal is minimized,
and a selecting circuit responsive to the operation of the
user for selecting one of the output of the target value
signal and the adaptive circuit for‘providing the same as
a teacher signal to the adaptive circuit.

The image formed by the optical system in the video
camera is converted into a luminance signal by the image
sensor. The frame of a picture is divided into plurality
of sub-areas, whereby the luminance for each sub-area is
extracted from the luminance signal as the characteristics
of the luminance distribution of the picture. The
extracted characteristics of the luminance distribution of
the picture is provided to the artificial neural network
of the adaptive circuit as a plurality of luminance
distribution signals. The artificial neural network
applies a predetermined conversion to the plurality of

luminance distribution signals to provide the same as an
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I ntegrated val ue of sub-area aij is provided as the output of register 123
for each screen. As described above, the area of each sub-area aij shown in
Fig. 6 is equal to each other, with the nunber of |um nance data provided
froma sub-area al so equal in nunber. Therefore, the integrated val ue
provided fromregister 123 is proportional to the |um nance average of the
sub-area. The integrated value of thg | um nance data provided fromregister
123 can be taken as the |um nance average of each sub-area. As will be
descri bed afterwards, each |um nance average is given weight according to

| earning in ANN 107. It is therefore

incident light amount regulating signal. At the time of
learning of the artificial neural network, the selecting
circuit provides the target value signal set by the user
as the teacher signal. The adaptive circuit has the
conversion carried out internally adapted so that the
offset between the teacher signal and its own output is
minimized. At the time of normal operation, thé adaptive
circuit processes the luminance distribution signals
according to the conversion adapted during the learning
process to provide the same to the iris driving circuit.
Therefore, the value of the incident light amount
regulating signal at the time of normal operation takes a
value according to the users preference which is learned
based on various states. Optimum aperture can be obtained
automatically thereafter just by a slight manual operation
even in special states which could not be obtained in the
-conventional automatic iris control. An optimum aperture
value taking into consideration the luminance balance
between: the main object and the background can be obtained
in the artificial neural network, resulting in a picture
having satisfactory balance in luminance all over the
entire screen.

The luminance distribution characteristics extraction
circuit in the video camera of a preferred embodiment of

the present invention includes an A/D cdnverting circuit
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consi dered that each sub-area is not necessarily equal to each other and
that the |lum nance average of each sub-area is not necessarily required to
be used for iris control. However, it is considered that the |earning speed
of recognition pattern by ANN 107 is inproved with equal areas of each
sub-area, as in the present enbodinent. Referring to Fig. 11, |um nance
average data 134 provided fromeach dhtegrating circuit 121 shown in Fig.

7, 41

for A/D (analog-digital) converting the video signal
provided from the image sensor for providing the same as a
luminance data indicating the luminance of the optical
image, and an average luminance calculating circuit to
integrate luminance data fbr each sub-area by a
predetermined time period for calculating the average
luminance for each sub-area to provide the same as a-
luminance distribution signal.

In the video camera, the luminance data for each sub-
area of the screen is extracted, whereby the average
luminance thereof is calculated for each sub-area to be
provided to the adaptive circuit as the luminance
distribution signal. Because the luminance is averaged
for each sub~area, there is no great change in the
luminance distributioﬁ signal when there is a slight
movement of the object. A stable automatic iris control
can be realized. Furthermore, the number of inputs to the
artificial neural network will not become too great.

The artificial neural network of the adaptive circuit
in the video camera according to another embodiment of the
present invention includes: an intermediate layer having a
plurality of neurons, each carrying out a predetermined
conversion for a set of the luminance distribution signals
for obtaining one output; an output layer having a

plurality of neurons, each carrying out a predetermined
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I's branched in an input |ayer not shown of ANN 107 to be provided to each
neuron 131 of internediate |ayer 132. Each neuron 131 carries out a
predet erm ned conversion to the input |um nance average data 134. This

result

I's provided to each neuron 137 of output |ayer 136. The operation of

each neuron 131 will be described | ater.jgach neuron 137 of output |ayer
136 carries out a predeterm ned conversion to the data provided from each
neuron 131 of internediate |layer 132. The converted data is provided to the
positive input term nal of each correspondi ng conparator 135. The operation
of each neuron 137 will also be described later.

conversion to the signal provided from the intermediate
layer for obtaining one output; an output converting
circuit for carrying out a predetermined conversion to the
set of signals provided from the output layer for
obtaining a single incident light amount regulating
signal; and a conversion updating circuit for adaptively
updating the conversion carried out in the intermediate
layer and the output layer according to the difference
between the output of the output layer and the teacher
signal so that the offset thereof is minimized.

In this video camera, each neuron in the intermediate
layer of the artificial neuron network cafries out a
predetermined conversion for the set of input luminance
distribution signals for obtaining one output, which is
prbvided to each neuron of the output layer. Each neuroh
in the output layer carries out a ?redetermined conversion
to the signal provided from thHe intermediate layer to
obtain one output, which is provided to the output
converting circuit. The output converting circuit carries
out a predetermined conversion to the set of output of the
output layer to provide an incident light amount
regulating signal. The conversion carried out in each
converting circuit of the intermediate layer and the
output layer is adaptively updated so that the difference

between the output of the output converting circuit and

Vi Tuone repiacenert shaet

SN



Each conparator 135 conpares the output of the correspondi ng neuron 137
with a reference value of 0.5. If the output of neuron 137 is 0.5 or above,
1 is provided to encoder 133. If less than 0.5, 0 is provided to encoder
133. Encoder 133 responds to the output of each conparator 135 to generate
as a 8-bit data the nunber of the néfron 137 corresponding to the
conparator 135 that provides 1. The generated 8-bit data is provided to DA
converter 108 (refer to Fig. 6). In normal operation, switch 109 is
connected to term nal 109b. Vol tage adder 114 is provided with the out put

of ANN 107 that has been converted into an anal og

the provided teacher signal is minimized. As a result,
the conversion carried out in each converting circuit is
updated according to each repetition of the learning
process of the artificial neural network, whereby learning
is carried out that realizes automatic diaphragm such that
the user feels optimum in various states.

Each neuron in the intermediate layer and the output
layer of the artificial neural network of the video camera
according to a further preferred embodiment of the present
invention includes a weighting circuit for giving a
predetermined weight to each input signal, an adding
circuit for adding all the weighted signals, and a
function converting circuit for converiing and providing
the output of the adding circui£ according to a
predetermined monotone increasing function. The
conversion updating circuit includes a weight updating
circuit for recalculating andzupdating each weight so that
the root mean square of the offset is minimized according
to the offset between the output of the output converting
circuit and a teacher signal.

Each converting circuit of this video camera applies
a predetermined weight to the input thereof, followed by
addition and a predetermined function conversion to obtain
one output. This weighting value is sequentially

recalculated and updated by the weight updating circuit so
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val ue by D/ A converter 108, and voltage 0. Therefore, the 42 out put of
vol tage adder 114 is a signal having the digital output of ANN 107
converted into an anal og data. The output of voltage adder 114 is provided
to the negative input termnal of conparator 112. Conparator 112 conpares
reference voltage 111 with the outp2d of voltage adder 114 to control iris
notor 113 according to the conparison result. Accordingly, iris notor 113

operates

that the root mean square of the offset between the
teacher signal and the output of the neuron network is
minimized. Thus, the so-called error backpropagation rule
is realized, whereby a stable and rapid learning is
carried out.

The foregoing and other objects, features, aspects
and advantages of the present invention will become more.
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a video camera having a
conventional automatic iris control circuit.

FPig. 2 is a schematic diagram of a picture for
describing center-weighted metering and foot-weighted
metering.

Figs. 3A-3C are schematic diagrams showing
convéntioﬁal photometry methods.

| Fig. 4 is a block diagram of a conventional still
camera using neural network.

Fig. 5 is a block diagram showing an example of a
video camera according to the present invention.

Fig. 6 is a schematic diagram showing an example of a
divided screen.

Fig. 7 is a block diagram of an area dividing and
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to open iris plate 103 when determnation is nade that the picture is dark
and operates to close iris plate 103 when determ nation is made that the
picture is too bright, fromthe result of the pattern recognition by ANN
107. At the tinme of normal operation, the output of voltage adder 114 is

t he anal og data provided from ANN 10721 If this data is digitalized by AAD
converter 115 and provided as teacher signal to ANN 107, update process of
wei ght in ANN 107 will not be carried out since the teacher signal and the
out put of ANN 107 coincide with each other. Referring to Fig. 17, neuron
131 of internediate

average producing circuit.

Fig. B illustrates waveform charts of horizontal area
pulses for dividing the screen.

Fig. 9 illustrates waveform charts of vertical area
pulses for dividing the screen.

Fig. 10 is a block diagram of an integrating circuit.

Fig. 11 is a block diagram of a neural network.

Fig. 12 is a block diagram of a neuron of an output
layer and a weight updating circuit.

Fig. 13 is a block diagram of a neuron of the output
layer.

Fig. 14 is a graph showing the characteristics of a
sigmoid function of conversion carried out in a function
generator.

Fig. 15 is a block diagram of a weight calculating
circuit for calculating the weight coefficient of the
neuron of ihe output layer.

Fig. 16 is a block diagram of a neuron of the input
layer and the weight updating circuit.

Fig. 17 is a blockldiagram of a neuron of the input
layer.

Fig. 18 is a block diagram of a weight calculating
circuit for calculating the weight coefficient of the
neuron of the input layer.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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| ayer 132 carries out the follow ng operation for the input |um nance
average data 134. Each nultiplier 155 nultiplies the input |um nance
average data 134 (bp:p=1 to k) by weight coefficient w[err]-w[err] stored
in each register 156 to provide the output to adder 157. Adder 157 obtains
the total sumw of |um nance averagesglata bl-bk given 43 wei ght
according to weight coefficients Wlerr]-W[err] by multiplier 155. The
total sumwl is provided to function

Fig. 5 is a block diagram of a video camera according
to an embodiment of the present invention. Referring to
Fig. 5, the video camera includes lens 102 as the optical
system for gathering the incident light from object 1 and
forming an image on a predetermined image formation plane,
a CCD image sensor 104 for image sensing the optical image
‘of object 101 formed on a predetermined frame by lens 102
for converting the same into a video signal which is an
electrical signal, an iris plate 103 for regulating the
incident amount of light to image sensor 104, an iris
motor 113 for driving iris plate 103 according to the
provided incident light amount regulating signal, i.e.
iris control voltage, a preamplifier 116 for amplifying
the video signal provided from image sensor 104 to provide
the same to a signal processing circuit, an automatic iris
control circuit 117 responsive to the level of the video
-signal provided from preamplifier 116 for providing an
iris control voltage to drive iris motor 113 according to
an iris control pattern learned by the iris control
process set manually by a user, and a manually operable
iris control signal generating circuit 118 connected to
automatic iris control circuit 117 for providing a teacher
signal thereto in the learning of the automatic iris
control pattern of automatic iris control circuit 117.

Automatic iris control circuit 117 includes an A/D
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generator 158, where conversion according to signoid function shown in Fig.
14 is carried out. The converted result is provided as internedi ate | ayer
output 139 (xi). Each neuron 131 of internediate |ayer 132 carries out the -
above-descri bed process to provide outputs x1-xmto each neuron 137 in
output layer 136. Referring to Fig. 1z the j-th neuron 137 of the _
plurality of neurons 137 in output |ayer 136 operates as follows. Qutputs
Xj-xm from each neuron 131 of internediate |ayer 132 are provided to the
j-th neuron 137. Each multiplier 142 in neuron 137 nultiplies output 139
(x1-xm) of internediate |ayer 132 by the correspondi ng wei ght

converter 105 for A/D (analog-digital) converting the
luminance component of the video signal amplified by
preamplifier 116, an area dividing and average producing
circuit 1¢e for dividing the screen into a plurality of
sub-areas and integrating the luminance data provided from
A/D convertef 105 for a predetermined time period for each
sub-area for calculating the average luminance to provide
an average luminance signal for each sub-area, an
artificial neural network (referred to as ANN hereinafter)
107 responsive to the average luminance signal provided
from area dividing and average producing circuit 106 for
recognizing the pattern of the luminance distribution
pattern in the screen to carry out conversion conforming
to the iris control by the user obtained by learning for
providing in a digital value the optimum aperture size, a
D/A converter 108 connected to the output of ANN 107 for -
D/A (digital-analog) converting the'digital signal
representing an optimum aperture value provided from ANN
107, an adder 114 for adding and providing the offset
voltage representing the offset between the aperture value
which is the target value set by the user and the output
of ANN 107 provided from manual iris control signal
generating circuit 118, a comparator 112 for comparing the
output voltage of adder 114 and reference voltage 111 for

driving iris motor 113 according to the comparison output,
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coefficient wo[err]-wOjm to provide the sane to adder 144. Adder 144
provides the total sumw0j of the outputs of each multiplier 142 to
function generator 145. Function generator 145 carries out signoid
conversion shown in Fig. 14 for output w0j of adder 144 to obtain output
yj. Qutput yi is provided to the corres#ondi ng conparator 135 (refer to
Fig. 11). A simlar process is carried out in all the neurons 137 in output
| ayer 136, whereby respective outputs yl-yn are provided to the
correspondi ng conparator 135. More briefly, an output for controlling the
operation

and an A/D converter 115 for A/D converting the output of
adder 114 for providing to ANN 107 a teacher signal for
learning.

Manual iris control signal generating circuit 118
includes a variable resistor 110 connected between a
predetermined powexr supply potential and ground potential,
and a switch 109 having one input terminal 109a connected
to variable resistor 110, the other input terminal 108%b
connected to ground potential, and the output terminal
connected to one input of adder 114. |

Referring to Fig. 6, area dividing and average
producing circuit 106 divides screen 251 into 4 x 4 sub-
areas of ag~as;;, where each area is equal in size. Area
dividing and average producing circuit 106 obtains the
average luminance fér each sub-region for a predetermined
time period to provide the same as the luminance data of
each sub-region.

Referring to Fig. 7, area dividing and average
producing circuit 106 includes a plurality of integrating
circuits 121 provided corresponding to the number of sub-
areas for integrating luminance signal from one of the
sub-areas of ag-as;; (refer to Fig. 2) for a predetermined
time period to provide to ANN 107 an integrated value, and
an area dividing timing signal generator 122 for

generating and providing to each integrating circuit 121

bk s e replatems sinet



44 of iris plate 103 is obtained as the output of ANN 107, according to

wei ghting and function conversion carried out in each neuron 131 of

i nternmedi ate | ayer 132, the weighting and function conversion carried out

i n each neuron 137 of output |ayer 136, and the encodi ng of the nunber of

t he neuron of output |[ayer 136 whi @5 outputs 1. Each weight is recal cul ated
by the | earning process of ANN 107 according to a teacher signal that wll
be described afterwards, and updated appropriately. Thus, iris control

area diving timing signals v0-v3 and h0-h3 for allowing
integration of the luminance data from only the
corresponding area and a clear signal CL for clearing the
integration for each screen to provide the same to each
integrating circuit 121.

Regarding the area dividing timing signals, signals
h0-h3 are area pulses for indicating the time of dividing
screen 251 (Fig. 6) along the line in the vertical
direction. It is assumed that a video signal in the
waveform shown in Fig. 8(A) is provided to A/D converter
105 (Fig. 5). Referring to Fig. 8 (B), signal h0 attains
a high potential from the beginning of the video period of
each horizontal scanning period. fhis high potential of
signal h0 is maintained for 1/4 of the video period.
Signal h0 has a low potential in the remaining period.

Referring to Fig. 8 (C), signal hl attains a high
potential in response to the fall of signal h0. Signal hl
maintains the high potential state for 1/4 of the video
period and attains a low potential at the remaining
period. Referring to Figs. 8 (D) and (E), signals h2 and
h3 attain a high potential in response to the fall of
signals hl and h2, respectively, and maintain the high
potential state for 1/4 of the video period. Signals h2
and h3 are both held at a low potential in the remaining

period.
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Is carried out automatically reflecting for the | earning based on the
teacher signal as the output of ANN 107. The operation of the video canera
in the learning process of ANN 107 will be described hereinafter. This

| earni ng enpl oys error backpropagation rule, as nentioned before, to update
each wei ght coefficient according to %quations (1)-(7). It is known that an
out put closely matching the teacher gignal I s obtained as the output of the
neural network using the |earning according to error backpropagation rule.
It is also known that a | earned neural network provides an output closely
conformng to the liking of the user who provided the teacher signal

Signals v0-v3 are signals indicating the timing for
dividing screen 251 along the line in the horizontal
direction. It is assumed that the video signal has a
waveform shown in Fig. 9 (A). Referring to Figs. 9 (B)-
(E), the vertical scanning period having the region
including the effective video signal is divided into 4.
Signals v0-v3 attain a high potential in the first, the
second, the third and the fourth period, respectively, of
the period divided into 4. Signals v0-v3 attain a low
potential in their respective remaining periods.

By combining one of signals h0-h3 and one of signals
v0-v3, and integrating the luminance of the video signal
when both signals .attain a high potential, the luminance
data can be obtained for one of the sub-areas ag-a;; shown
in Fig. 6.

Integrating circuit (i, j) 121 for integrating
luminance data of sub-area a;; includes én adder 124 having
one input connected to A/D converter 105, a register 123
for storing added data provided from adder 124, and a gate
circuit 125 for ANDing clock signal CLX provided from area
dividing timing signal generator 122 (refer to Fig. 7) in
synchronization with the input luminance data and area
pulses v; and h; provided from area dividing timing signal
generator 122 to control the storing timing of register

123. The output of register 123 is connected to one input
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even for inputs that are not yet |earned. The |earning process is executed
by switching switch 109 to term nal 109a when the user nakes determ nation
that the aperture val ue obtai ned using ANN 107 i s not 45 optimum  The
user adjusts the resistance of variable resistor 110 to obtain an opti num
di aphragm The vol tage obtained by azariable resistor 110 is applied to one
term nal of voltage adder 114. This neans that the out put

of adder 124. The added value of the stored contents of
register 123 and the luminance data provided from A/D
converter 105 is provided again to register 123 to be
added. The clear terminal of register 123 is supplied
with clear pulse CL provided for each vertical period by
area dividing timing signal generator 122. By clear pulse
CL, the contents of register 123 is cleared for each
screen.

In the present embodiment, screen 251 is divided into
equal sub-areas of ag-~as;; shown in Fig. 6. The number of
luminance data sampled from each sub-area is identical.
Therefore, the integrated value of the luminance data
obtained by register 123 can be directly processed as the
luminance average of the sub-area. The output 134 of
integrating circuit 121 is provided to ANN 107.

Fig. 11 is a block diagram schematically showing ANN
107. The operation mechanism of the neural network is
described in, for example, "Using Neural Network for
Pattern Recognition, Signal Processing and Knowledge

Process" Nikkei Electronics, August 10, 1987, No. 427 pp.

115-124), Neuro-Computer (by Toyohiko Kikuchi, published

by OHM issued in 1990), and Artificial Neural Networks-

Theoretical Concepts (ed. V. Vemuri, Washington D.C, IEEE

Computer Press, 1988). The details of the operation

mechanism will not be described here.
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of voltage adder 114 is the anal og val ue of the output of ANN 107 added
with the voltage regul ated by variable resistor 110. In other words, the
out put of voltage adder 114 has an offset with respect to the output of ANN
107. The iris control voltage provided fromadder 114 is converted into a
digital value by A/D converter 115 t ipe applied to ANN 107 as a teacher
signal of, for exanple, 8 bits. Referting to Fig. 11, decoder 130 decodes
the digital data of 8 bits provided fromD A converter 115 to generate 256
of one bit teacher signals of t0-t255. Each teacher signal is provided to

t he correspondi ng neuron 137 of

Referring to Fig. 11, ANN 107 includes an
intermediate'layer 132 for applying a predetermined
process to luminance average data 134 provided from area
dividing and average producing circuit 106 for obtaining
an intermediate output, an output layer 136 to apply a
predetermined conversion to the output of intermediate
layer 132 for obtaining n normalized outputs, and n
comparators 135 provided corresponding to each of output
layer 136 for comparing the output of output layer 136
with 0.5 for providing an output of 1 or 0 according to
the compared value. Intermediate layer 132 includes m
neurons 131. Each is applied with all the luminance
average data 134 branched by an input layer not shown.

Output layer 136 includes n neurons 137, each having
the output connected to the positive input terminal of the
corresponding comparator 135 and the input connected to
the'output of all the neurons ‘131 in intermediate layer
132. 1In Fig. 11, neuron 137 of the output layer is
designated a serial number of 0 to (n-1).

.ANN 107 further includes an encoder 133 for
converting the number into a 8-bit data allocated to the
neuron 137 connected to the comparator having an output of
1 and providing the same to D/A converter 108, and a
decoder 130 having the input connected to A/D converter

115 (refer to Fig. 5) for decoding the signal provided
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out put layer 136. One of the teacher signals of t0-t255 take a value of 1,
whil e the other remaining teacher signals all take a value of 0. It is
assunmed that a |um nance average data 134 is provided from area dividing
and average producing circuit 106 from ANN 107 in the | earning process. The
out put of output layer 136 is representged as a vector of 256 di nensions
expressed by equation (8). (Yo,yl,...,??err])

(8)

from A/D converter 115 into 1 bit data of t0-t255 to
provide the same as a teacher signal to output layer 136.

Each neuron 131 of intermediate layer 132 and each
neuron 137 of output layer 136 serve to apply a
predetermined weight to each input signal and carrying out
addition, followed by a predetermined function conversion
to provide the same. Therefore, each of neurons 131 and
137 is provided with a circuit for carrying out weighting
for each input and a circuit for sequentially updating the
weight according to data t0-255 provided from decoder 130.
These circuits are not shown in Fig. 11 for the purpose of
simplicity. These circuits will be described with
reference to Figs. 12-15.

The number of neurons 137 in output layer 136 is set
to 2* (a is an integer), for example 128 or 256, taking
into consideration the encoding of a 8-bit data.

Each neuron 131 of intermediate layer 132 applies a
predetermined weight to the input signal, followed by
addition and conversion with a particular function.
Therefore, each neuron 131 is provided with a weighting
circuit for applying weight to each input, and a circuit
for updating each weight coefficient according to data for
learning provided from output layer 136. These circuits
are not indicated in Fig. 11 for the sake of simplicity.

These circuits will be described in detail with reference
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46 where yj takes a value of 0-1. It has been nentioned that the | earning
process is carried out according to error backpropagation rule. In other
words, the update of the weight coefficient is carried out fromthe stage
of output layer 136 to internediate |ayer 132 which is the direction
opposite to that of the input signa0. Therefore, the process carried out in
each neuron 137 of output layer 136 will first be described hereinafter.
Referring to Figs. 12-15, weight coefficient wOi corresponding to the i-th
out put xi provided from
to Figs. 16-18.
In the ANN shown in Fig. 11, the teacher signal
provided from A/D converter 115 is decoded by decoder 130
into one bit signals of t0-t255. The bit signal is
provided to output layer 136, whereby each weight
coefficient is updated. Using the updated result, each
weight coefficient of intermediate layer 132 is updated.
Ih other words, the flow of data at the time of normal
operation and that at the time of learning is opposite to
each other. Such a learning method is called error
backpropagation rule. |
Fig. 12 is a block diagram of neuron 137 of output
layer 136 and a weight updating circuit 138 provided
associated with neuron 137 for calculating and updating
the weight for output 139 (x;-x,) from intermediate layer
132 provided to neuron 137. Weight updating circuit 138
is not shown in Fig. 11, as described before. Referring
to Fig. 12, weight updating circuit 138 includes m weight
calculating circuits 141 for carrying out the weight
calculation for each of input signals 139 (x;-x;).
It is assumed that neuron 137 is allocated with
number j. The output thereof is y,. It is clear from Fig.
12 that weight calculating circuit 141 corresponding to

the i-th input signal 139 (x;) recalculates the weight

25 coefficient according to output y; of neuron 137, 1 bit
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internmedi ate |ayer 132 of the j-th neuron 137 of output layer 136 is
updated as follows. Wth particular reference to Fig. 15, value (yj-tj) is
produced using output yj of the j-th neuron 137 and the j-th teacher signal
tj by adder 146. Value (1-yj) is produced by adder 147. Multiplier 148

mul tiplies the outputs of adders 146 agq 147 by output yj of neuron 137 to
produce value [err]0 expressed by equation (5). Miultiplier 150 produces and
provi des to adder 149 the value [err]wO[err] expressed by equation (4) by
mul tiplying the provided small positive real nunber (threshold value) e by
output [err]O of nmultiplier 148 by the i-th input xi. Adder

signal t; provided from decoder 130, input signal x;, and
the weight coefficient corresponding to input signal x;
included in neuron 137 for updating the weight coefficient
in neuron 137. The output of weight calculating circuit
141 is provided to each neuron 131 of intermediate layer
132 to be used in updating the weight coefficient of the
weight applying process carried out in each neuron 131.

Referring to Fig. 13, neuron 137 of output layer 136
includes m registers 143 for storing weight coefficients
w0y,~w0;,, corresponding to respective input signals 139 (x,-
%), m multipliers 142 for multiplying respective input
signals 139 (xrag) by weight coefficients w0;-w0;, stored
in the corresponding register 143, an adder 144 for adding
all the outputs of the m ﬁultipliers 142 for providing an
output w;0, and a function generator 145 for carrying out a
predetermined conversion f to the output w0; of adder 144
for providing an output 140 (fj) as the converted result.
Weight coefficient w0;-w0;, of each register 143 is updated
by the corresponding weight calculating circuit 141. Each
_weight coefficient of w0;-w0;,, is used in the process
carried out in weight calculating circuit 141 for the next
learning.

The characteristic of function generator 145 is
represented as y; = £ (w;). Function f is a monotone non-
decreasing function. In the present embodiment, a sigmoid
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149 cal cul ates and provides to register 143 a new weight coefficient wWoji
by reducing output [err]wO[err] of multiplier 150 47 from wei ght
coefficient woji stored in register 143. The update of the weight

coefficient of neuron 137 is conpleted

y the new wei ght coefficient w0ji

being stored in register 143. In nultiB ier 151 of weight calculating

circuit 141,

output [err]Oj of multiplier 148 is nmultiplied by weight

function taking the value of intervals (0, 1) is employed
as function f. Sigmoid function is defined by the
following equation (3). The operation of neuron 137 can

be defined by the following three equations.

Wl =i-£; Wji. ° Xi .o (l)

Yj = f (Wj) o e (2)
1

£ (W) = e (3)

The above equation (3) representing the sigmoid
function is shown in the graph of Fig. 14. It can be
appreciated from the graph of Fig. 14 that 0 and 1 are
approximated when 'w; are - @ and + ®, respectively. When
w; = 0, 0.5 holds. Function f is not limited to this
sigmoid function, and can take any other function that is
a monotone non-decreasing function.

Fig. 15 is a block diagrém of weight calculating
circuit 141 for updating the weight for the i-th input 139
(xi) of neuron 137. One neuron includes n weight
calculating circuits 141.

Weight coefficient w0y corresponding to the i-th
input x; carried out by weight calculating circuit 141 is
calculated according to the operation indicated by the

following equation with output y; of the output layer and

teacher signal t;.
This is the replacement sheet
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coefficient woji to produce value [err]O[err]-wO[err] which is provided to
I ntermedi ate | ayer 132. This value is used for updating the weight
coefficient in the internediate |layer. Referring to Figs. 16-18, the update
process of weight coefficient carried out in the i-th neuron 131 of
internedi ate layer 132 is carried out as follows. It is assunmed that output
Xi 1s obtained as the output of the i-33h neuron 131 for the input

| um nance average data 134 (bl- bk). Wth reference particularly to Fig.

18, adder 159 produces value (1-xi) fromoutput xi of neuron 131 to provide
the same to nmultiplier 160. Multiplier 160 produces value xi (1-xi) from

out put xi of neuron 1%%Oanq c 50 < (4)
i o= * j ° Ay “ e 4

where 80; = (y: - t3) v5 (1 - ¥y) <.« (5)
¢ : small positive real number

By adding Aw0; to weight coefficient w0;; for the i-th
input x; of the j-th neuron 137 of the output layer, weight
coefficient w0; is updated. The updated weight
coefficient w0, of register 143 is multiplied by input x;
by multiplier 142 to be provided to adder 144 (refer to
Fig. 13).

Fig. 15 is a block diagram of weight calculating
circuit 141 for carrying out the weight calculation
indicated by equations (4) and (5). Referring to Fig. 15,
weight calculating circuit 141 includes an adder 146 for
obtaining value (y; -t;) from output y; of neuron 137 and
teacher signal t; provided from decoder 130, an adder 147
for generating value (1l-y;) frpm output yg-of neuron 137, a
multiplier 148 for multiplying output y; of neuron 137 by
output (y;-t;) of adder 136 by output (1-y;) of adder 147
for providing value 80; shown in equation (5), a multiplier
150 for multiplying output §0; of multiplier 148 by the i-
th input x; by value (-¢) for calculating value Aw0;; shown

in equation (4), and an adder 149 for obtaining the

difference between weight coefficieht w0;; of the i-th

input x; and output Aw0,; of multiplier 150 for storing the
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t he out put of adder 159. This value is provided to each weight cal cul ating
circuit 154. The update process of weight coefficient wi[err] for the p-th
| um nance average data bp of the i-th neuron 131 is carried out as follows.
Wth particular reference to Fig. 14, weight calculating circuit 154 is
provided with learning data [err]O[err]wO[err], [err]O[err]wi[err], ...,
[err]O,w0[err] from each neuron 48 §§7 of output layer 136. In other
words, each weight

same as weight coefficient w0;; in register 143.
Weight calculating circuit 141 further includes a

| multiplier 151 for multiplying output §0; of multiplier 148
by weight coefficient wo; provided from register 143 for |
providing the result to intermediate layer 132. The
output 80;.w0;; of multiplier 151 is used for updating the
weight coefficient in each neuron 131 of intermediate
layer 132.

A small positive~real.number value ¢ is used in the
operation carried out within weight calculating circuit
141. This wvalue is obtained empirically so as to improve
the convergence properties of each weight coefficient of
the learning process.

Fig. 16 is a block diagram of weight updating circuit
129 for updating the weight coefficient of the conversion
carried out at the i-th neuron 131 included in
intermediate layer 132. Each neuron 131 of intermediate
layer 132 is provided with one weight updating circuit
129.

Referring to Fig. 16, weight updating circuit 129
‘includes an adder 152 for producing value (l-x;) from
output x; of the i-th neuron 131, a multiplier 153 for
producing value x; (1-x;) by multiplying the output of
adder 152 by the output of neuron 131, and k weight
calculating circuits 154 for calculating the weight

R N - ot ¥
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calculating circuit 154 of the i-th neuron xi is provided with data
[err]O[err].wO[err] (j=I to n) provided fromthe weight calculating circuit
of the weight coefficient for the i-th input to each neuron 137, out of the
data from each neuron 137 of output data |layer 136. Each multiplier 161

mul tiplies the corresponding input [err]O[err]wO[err]-[err]O[err]wi[err] by
output xi (1-xi) of nmultiplier 160 to ovi de the sane to adder 162. Adder
162 takes the total sum of the outputs of nultiplier 161 to produce val ue
[err]1li expressed by equation (7). This value is provided to multiplier

163. Multiplier 163 nmultiplies the provided small positive

coefficient for the weight applied in neuron 131 for each
of the k input signals of b;-by (luminance average data agy-
a833). As shown in Fig. 16, each weight calculating circuit
154 carries out weight calculation according to data for
correction &§0,w0,; - 80,w0,; provided from the neuron in
output layer 136, the output of multiplier 153, the
corresponding input 134, and the respective weight
coefficient corresponding to the input included in neuron
131 for updating the weight coefficient.
Fig. 17 is a block diagram of the i-th neuron 131 of
the plurality of neuron 131 in intermediate layer 132.
Referring to Fig. 17, neuron 131 includes k registers 156
for storing each of weight coefficients wl,-wl,,
corresponding to k inputs 134 (b;~-b), k multipliers 155
for multiplying the weight coefficient stored in the
corresponding register 156 by each of inputs 134 (b,-b,),
an adder 157 for taking the tatal sum of the outputs of
tﬁe k multipliers, and a function generator 158 for
obtaining output x; by carrying out conversion indicated by
the aforementioned sigmoid function £ for output wl of
.adder 157.
As shown in Fig. 17, weight coefficient wl;,-wl,,

stored in each register 156 is updated by weight
calculating circuit 154 (fig. 16). Each weight

coefficient w;-wl; is supplied to weight calculating
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real nunber e by output [err]li of adder 162 by the p-th | um nance average
data bp to produce and provide to adder 164 [err]w [err] expressed by
equation (6). Adder 164 reads out the value of the correspondi ng wei ght
coefficient wi[err] fromregister 156 to carry out operation w th output
[err]wW [err] of nmultiplier 163 to produce a new wei ght coefficient w[err]
which is provided to register 156. Thesgipdate of weight coefficient w[err]
for the p-th lum nance average data bp of the i-th neuron 131 of
internedi ate layer 132 is conpleted by a new wei ght coefficient wi[err]
being stored in register 156. One cycle of learning is conpleted by

carrying out
ytng circuit 154 for respective updating.

Fig. 18 is a block diagram of weight calculating
circuit 154 for calculating the weight coefficient for
each input. The number of weight calculating circuits 154
corresponds to the number of inputs for neuron 131. The
weight calculating circuit shown in Fig. 18 is a circuit
for calculating weight coefficient wl;, for the p-th input
b, for the i-th neuron 131. Referring to Fig. 18, weight
calculating circuit 154 includes n multipliers 161 for
multiplying data 8§0,w0,;,~80,w0,; provided from output layer
136 by value x; (1-x;) provided from multiplier 160, an
adder 162 for taking the total sum of the outputs of the n
multipliers 161 to obtain output 8l;, a multiplier 163 for
calculating the product of the p-th input b,, output &1; of
adder 162 and the small positive real number & to obtain
output Awl;,, and an adder 164 for taking the difference
between weight coefficient wl# stored in register 156 and
the output of multiplier 163 for updating weight
coefficient wl;, of register 156 according to the result
.thereof.

The update process of weight coefficient wl, by
weight calculating circuit 154 is calculated by adding
Awl,, obtained by the following equation to weight
coefficient wl,,.

AW1;, = ~e - 81, + b, .ot (6)

P
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49 the above descri bed update process of weight coefficient for al
~registers 143 in each neuron 137 of output |layer 136, and for all registers
156 in each neuron 131 of internediate |ayer 132. Thus, ANN 107 is nmade
adaptive to provide a nore optimum di aphragm for the object specified by
the user fromvariable resistor 110 by repeating the | earning of all weight
coefficients in ANN 107 for various teagher '

n
where 81, =1E S0W0; (1 - x;) e (7)

The structure of ANN 107 is as follows. Referring to
Fig. 5 again, ANN 107 has the circuit configuration
adapted by learning to obtain an output more represented
by a teacher signal, by updating weight coefficient w0y (]
=lton, i =1¢tom), wly (j =1tom, i=1tok)in
each of neurons 131 and 137 according to the teacher
signal provided from A/D converter 115 for various inputs
provided from area dividing and average producing circuit
106.

Switch 109 carries out selection of learning mode and
normal operation mode of ANN 107, in addition to providing
an offset value between the output of ANN 107 and the
aperture value desired by the oﬁerator for providing a
teacher signal to ANN 107 at the time of learning mode.
The connection of switch 109 ﬁo terminal 108b causes
voltage 0 to be applied to adder 114. Therefore, the
output of D/A converter 108 is directly provided to
comparator 112. When switch 109 is connected to terminal
109a, a'voltage predetermined by variable resistor 110. is
applied to adder 114. This means that the output of adder
114 is offset from the output of D/A converter 108 by the
voltage determined by variable resistor 110. By adjusting

variable resistor 110 to obtain a diaphragm the user feels
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signals. Even in the case of an object state where optinum aperture val ue
can not be obtained in conventional automatic iris control using
center-wei ghted netering and foot-weighted netering, adjustnment of the
di aphragmis carried out automatically conform ng to the usage condition by
adjusting manual ly the diaphragma few tines. The di sadvantage of having to
adj ust manual |y the diaphragm frequenthy encountered in a video canera j ust
havi ng a conventional nmanual iris control is elimnated to realize a video
caneral having automatic iris control conformng to the usage purpose of
t he operator.

optimum, a teacher signal is provided to ANN 107 via adder

114 and A/D converter 115. The update of each weight

coefficient of ANN 107 is carried out according to this

teacher signal.

The above-video camera operates as follows. Lens 102
gathers incident light from object 101 to form an optical
image of the object on the light receiving plane of image
sensor 104. The amount of light entering image sensor 104
is regulated by iris plate 103. Image sensor 104 converts
the optical image in the frame of a predetermined screen
into -a video signal which is an electrical signal by
photoelectric conversion. The video signal is provided to
preamplifier 116 to be amplified. The amplified signal is
provided to a signal processing circuit not shown to be
converted into the system of television signal. The video
signal provided from preamplifier 116 is also supplied to
A/D converter 105 of automatic iris control circuit 117.

A/D converter 105 converts the luminance value of the
input video signal into a digital value. This digital
value is provided to area dividing and average producing
circuit 106. The luminance data of the video signal
provided to area dividing and average producing circuit
106 is the line sequential signal obtained by raster-

scanning the two dimensional image formed on the light

receiving plane of image sensor 104.
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The network is input wwth the Ium nance of all angles of view, and a val ue
sel ected by the operator taking into consideration the balance of | um nance
of the main object and the background scenery is provided as the teacher
signal to the network. According to this network, an iris 50 contro
signal is obtained for appropriately adjusting the |um nance bal ance of the
mai n obj ect and the background for all3gngles of view '

Referring-to Fig. 7, area dividing and average
producing circuit 122 generates area pulses h0O-h3 and vO0-
v3 such as those shown in Figs. 8(B)-(E) and Figs. 9(B)-
(E), respectively. The area pulse is provided to
integrating circuit 121. Area dividing and average
producing circuit 122 generates and provides to each
integrating circuit 121 a clear signal CL for clearing the
integration of the luminance data for each vertical
scanning area.

Referring to Fig. 10, integrating circuit 121 for
integrating the luminance data of the video signal
generated from sub-area a;; shown in Fig. 6 operates as
follows. Gate circuit 125 takes the AND of clock signal
CLX in synchronization with the input luminance data,
vertical area pulse v;, horizontal area pulse h; to provide
the same to register 123. Register 123 is supplied with
clock signal CLK only when both area pulses of v; and h;
are at the high potential. The luminance data provided
from A/D converter 105 is added with the data in register
123 by adder 124 to be provided to register 123. Register
123 stdres the output of adder 124 in synchronization with
the clock signal provided from gate circuit 125. By
repeating the above-described operation, the luminance
data of the video signal generated from sub-area a;; are

integrated in register 123.
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In the video canera that carries out automatic iris control using the
above-descri bed neural. network, the output of the neural network is always
fed back to the iris driving portion even when the operation node is
switched to the manual iris control node by switch 109. There is
possibility of an unstable iris control if the weight coefficient in ANN
107 is constantly updated. To avoid sygh a problem only cal cul ation of
updating the wei ght coefficient of the neurons is carried out at the tine
of manual iris control operation node, wherein the contents of each wei ght
coefficient register in the neuron is updated when the operation node is
swi t ched from manual .
Clear signal CL is provided from area dividing and

average producing circuit 122 (refer to Fig. 7) to

register 123 for each vertical period. 1In response to

clear signal CL, the integrated value in register 123 is

cleared for each one screen, whereby the luminance

integrated value of sub-area a;; is provided as the output

of register 123 for each screen.

As described above, the area of each sub-area ay;

shown in Fig. 6 is equal to each other, with the number of
luminance data provided from a sub-area also equal in
number. Therefore, the integrated value provided from
register 123 is proportional to the luminance average of
the sub-area. The integrated value of the luminance data
provided from register 123 can be taken as the luminance
average of each sub-area. As will be described
afterwards, each luminance average is given weight
according to learning in ANN 107. It is therefore
considered that each sub-area is not necessarily equal to
each other and that the luminance average of each sub-area
is not necessarily required to be used for iris control.
However, it is considered that the learning speed of
recognition pattern by ANN 107 is improved with equal
areas of each sub-area, as in the present embodiment.
Referring to Fig. 11, luminance average data 134

provided from each integrating circuit 121 shown in Fig. 7
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Yhig in the ransgperent sngst

L T

LIS e
.. oo datary AN R
Tyt R viils R



to automatic iris control. This prevents the generation of an unstable
state of iris control occurring fromthe update of the coefficients. The
val ues | earned by center-wei ghted netering and foot-weighted netering is
previously witten in as the initial value of the weight coefficient in ANN
107. Therefore, the problem does not occur of the operation of the video
canera becom ng unstable when the videp canera is used with automatic iris
control right after the purchase of the video canera.

is branched in an input layer not shown of ANN 107 to be
provided to each neuron 131 of intermediate layer 132.
BEach neuron 131 carries out a predetermined conversion to
the input luminance average data 134. This result is
provided to each neuron 137 of output layer 136. The
operation of each neuron 131 will be described later.

Each neuron 137 of output layer 136 carries out a
predetermined conversion to the data provided from each
neuron 131 of intermediate layer .132. The converted data
is provided to the positive input terminal of each
corresponding comparator 135. The operation of each
neuron 137 will also be described later.

Each comparator 135 compares the output of the
corresponding neuron 137 with a reference value of 0.5.

L If the output of neuron 137 is 0.5 or above, 1 is provided

to encoder 133. 1If less than 0.5, 0 is provided to
encoder 133. Encoder 133 responds to the output of each
comparator 135 to generate as a 8-bit data the number of
the neuron 137 corresponding to the compafator 135 that
provides 1. The generated-8-bit data is provided to D/A
converter 108 (refer to Fig. 6).

In normal operation, switch 109 is connected to
terminal 109b. Voltage adder 114 is provided with the
output of ANN 107 that has been converted into an analog

value by D/A converter 108, and voltage 0. Therefore, the
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51 In the above described enbodi nent, conversion was carried out so that
the value of outputs yj, xi becones 0.5 when the values of wWoi, Wi
supplied to the function generator is exactly 0 by the function conversion
carried out in each neuron. Each neuron should be inplenented as follows if
the input value to the function generator is a value other than O .
(threshold value) for an output value gf 0.5. One termnal that inputs a
fixed value of "1" is added to each neuron. A new wei ght coefficient is
defined for this input, whereby this weight coefficient is

output of voltage adder 114 is a signal having the digital
output of ANN 107 converted into an analog data.

The output of voltage adder 114 is provided to the
negative input terminal of comparator 112. Comparator 112
compares reference voltage 111 with the output of voltage
adder 114 to control iris motor 113 according to the
comparison result. Accordingly, iris motor 113 operates
to open iris plate 103 when determination is made that the
picture is dark, and operates to close iris plate 103 when
determination is made that the picture is too bright, from
the result of the pattern recognition by ANN 107,

At the time of normal operation, the output of
voltage adder 114 -is the analog data provided from ANN
107. If this data is digitalized by A/D converter 115 and
provided as teacher signal to ANN 107, update process of
weight in ANN 107 will not be carried out since the
teacher signal and the output 'of ANN 107 coincide with
each other.

Referring to Fig. 17, neuron 131 of intermediate
layer 132 carries out the following operation for the
input luminance average data 134. Each multiplier 155
multiplies the input luminance average data 134 (by:p=1 to

k) by weight coefficient wl,,-wl; stored in each register

156 to provide the output to adder 157. Adder 157 obtains

the total sum wl of luminance average data b,~-b, given
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mul tiplied by fixed value "1" to be provided to adders 144 and 157. The
characteristics of each of function generators 145 and 158 is that shifted
by the threshold value in the left and right directions of the graph of
Fig. 10. This allows the provision of a threshold value for each neuron.
This wei ght coefficient may be updated any tinme by the |earning process.

Al t hough the present invention has bees described and illustrated in
detail, it is clearly understood that the same is by way of illustration
and exanple only and is not to be taken by way of limtation, the spirit
and scope of the present invention being limted only by the terns of

weight according to weight coefficients wl; -wl,, by
multiplier 155. The total sum wl is provided to function
generator 158, where conversion according to sigmoid
function shown in Fig. 14 is carried out. The converted
result is provided as intermediate layer output 139 (x;).

Each neuron 131 of intermediate layer 132 carries out
the above-described process to provide outputs x;-x;, to
each neuron 137 in output layer 136.

Referring to Fig. 13, the j-th neuron 137 of the
plurality of neurons 137 in.output layer 136 operates as
follows. Outputs x;-x, from each neuron 131 of intermediate
layer 132 are provided to the j-th neuron 137. Each
multiplier 142 in neuron 137 multiplies output 139 (x;~x;)
of intermediate layer 132 by the corresponding weight
coefficient'wojl-wojm to provide the same to adder 144.
Adder 144 provides the total sum w0; of the outputs of each
multiplier 142 to function geﬂerator 145. Function
generator 145 carries out sigmoid conversion shown in Fig.
14 for output w0; of adder 144 to obtain output y;. Output
y; is provided to the corresponding comparator 135 (refer
to Fig. 11).

A similar process is carried out in all the neurons
137 in output layer 136, whereby respective outputs y;-y.
are provided to the corresponding comparator 135.

More briefly, an output for controlling the operation
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t he appended cl ai ns. 52 There are described above novel features which
the skilled man w || appreciate give rise to advantages. These are each

i ndependent aspects of the invention to be covered by the present
application, irrespective of whether or not they are included within the
scope of the follow ng clains.

44

of iris plate 103 is obtained as the output of ANN 107,
according to weighting and function conversion carried out
in each neuron 131 of intermediate layer 132, the
weighting and function conversion carried out in each
neuron 137 of output layer 136, and the encoding of the
number of the neuron of output layer 136 which outputs 1.
Bach weight is recalculated by the learning process of ANN
107 according to a teacﬁer signal that will be described
afterwards, and updated appropriately. Thus, iris control
is carried out automatically reflecting for the. learning
based on the teacher signal as the output of ANN 107.

The operation of the video camera in the learning
process of ANN 107 will be described hereinafter. This
learning employs error backpropagation rule, as mentioned
before, to update each weight coefficient according to
equétions (1)~-(7). It is known that an output closely
matching the teacher signal is obtained as the output of
the neural network using the learning according to error
backpropagation rule. It is also known that a learned
neural network provides an output closely conforming to
the liking of the user who provided the teacher signal
even for inputs that are not yet learned.

The learniﬁg process is executed by switching switch
109 to terminal 109a when the user makeé determination

that the aperture value obtained using ANN 107 is not
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-53- What is clained is: 1. A video canera conprising: optical means for
gathering incident light froman object to forman i mage on a predeterm ned
i mage formation plane; incident |ight anount regul ati ng means, responsive
to an incident |ight anount regulating signal, for reg- ulating an incident
| i ght anount; inmage sensing nmeans for image sensing the inmage of

45

optimum. The user adjusts the resistance of variable
resistor 110 to obtain an optimum diaphragm. The voltage
obtained by variable resistor 110 is applied to one
terminal of voltage adder 114. This means that the output
of voltage adder 114 is the analog value of the output of
ANN 107 added with the voltage regulated by variable
resistor 110. In other words, the output of voltage adder
114 has an offset with respect to the output of ANN 107.
The iris control voltage provided from adder 114 is
converted into a digital value by A/D converter 115 to be
applied to ANN 107 as a teacher signal.of, fﬁr example, 8
bits. |

Referring to .Fig. 11, decoder 130 decodes the digital
data of 8 bits provided from D/A converter 115 to generate
256 of one bit teacher signals of t0-t255. Each teacher
signal is provided to the corresponding neuron 137 of
output layer 136. One of the teacher signals of t0-t255
take a value of 1, while the other remaining teacher
signals all take a value of 0.

It is assumed that a luminance average data 134 is
provided from area dividing and average producing circuit
106 from ANN 107 in the learning process. The output of
output layer 136 is iepresented as a vector of 256

dimensions expressed by eguation (8).
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the object within a predeterm ned frane forned by said optical neans to
provide a | um nance signal; |um nance distribution characteristics
extraction means. connected to said i mage sensing neans, for dividing said
predetermned franme into a predeter- mned plurality of sub-areas and for
extracting a lum nance distribution of the image in said prede- term ned
frame as a | uminance value for each ofjgsai d sub-areas according to said

| umi nance signal to provide the extracted |unminance distribution as a
plurality of lum nance distribution signals. said |umnance distribution
characteristics extraction

where y; takes a value of 0-1.

It has been mentioned that the learning process is
carried out according to error backpropagation rule. In
other words, the update of the weight coefficient is
carried out from the stage of output layer 136 to
intermediate layer 132 which is the direction opposite to
that of the input signal. Therefore, the process carried
out in each neuron 137 of output layer 136 will first be
described hereinafter.

Referring to Figs. 12-15, weight ‘coefficient w0y
corresponding to the i-th output x; provided from
intermediate layer 132 of the j-th neuron 137 of output
layer 136 is updated as follows. With particular
reference to Fig. 15, value (y;-t;) is produced using
output y; of the j-th neuron 137 and the j-th teacher
signal t; by adder 146. Value (1l-y;) is produced by adder
147. Multiplier 148 multipliés the outputs of addexs 146
and 147 by output y; of neuron 137 to produce value 80,
expressed by equation (5). |

Multiplier 150 produces and provides to adder 149 the
value Aw0,;; expressed By equation (4) by multiplying the
provided small positive real number (threshold valuej ¢ by
output 80; of multiplier 148 by the i-th input x;. Adder
149 calculates and provides to register 143 a new weight

coefficient w0y, by reducing output Aw0; of multiplier 150
ein in g rasdaesmert shesf
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means including A/D converting neans for A/D converting said | um nance
signal provided fromsaid i rage sens- ing neans and for outputting a
digital lum nance data indicating the |um nance of the inage, and average
| um nance cal cul ating neans for integrat- ing said digital |umnance data
over a predeter- mned integrating tine period for each of said sub-areas
to cal cul ate an average | um nance for gach of said sub-areas as said

| um nance distribu- tion signals; nmeans for generating a target val ue
signal for deter-

from weight coefficient w0; stored in register 143. The
update of the weight coefficient of neuron 137 is
completed by the new weight coefficient w0;; being stored
in register 143.

In multiplier 151 of weight calculating circuit 141,
output 80; of multiplier 148 is multiplied by weight
coefficient w0 to produce value 80;-w0; which is provided
to intermediate iayer 132. This value is used for
updating the weight coefficient in the intermediate layer.

Referring to Figs. 16-18, the update process of
weight coefficient carried out in the i-th neﬁron 131 of
intermediate layer 132 is carried out as follows. It is
assumed that output x; is obtained as the output of the i-
th neuron 131 for the input luminance average data 134 (b,-
by). With reference particularly to Fig. 18, adder 159
produces value (l-x;) from output x; of neuron-131 to
provide the same to multiplier 160. Multiplier 160
produces value x; (1l-x;) from output x; of neuron 131 and
the output of adder 159. This value is provided to each
weight calculating circuit 154.

The update process of weight coefficient wl;, for the
p-th luminance average data b, of the i-th neuron 131 is
carried out as follows. With particular reference to Fig.
14, weight calculating circuit 154 is provided with

‘learning data &0,w0,;, 80,w0;, ..., 8§0,w0,; from each .neuron
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mning a target value of said incident |ight anount regulating signal that
can be arbitrarily set by a user according to the |lum nance distribution of
the im age; adaptive neans, coupled to said |um nance distribu- tion

characteristics extraction neans and havi ng an - 54 - artificial neural
network to which said plurality of |um nance distribution signals are
i nput, for gener- , 48 '

137 of output layer 136. In other words, each weight
calculating circuit 154 of the i-th neuron x; is provided
with data §0;°w0y; (j=1 to n) provided from the weight
calculating circuit of the weight coefficient for the i-~th
input to each neuron 137, out of the data from each neuron
137 of output data layer 136.

Each multiplier 161 multiplies the corresponding
input 80,w0,;-60,w0,; by output x; (1-x;) of multiplier 160
to provide the same to adder 162. Adder 162 takes the
total sum of the outputs of multiplier 161 to produce
value 8§1; expressed by equation (7). This value is
provided to multiplier 163.

Multiplier 163 multiplies the provided small positive
real number e¢ by output 51; of adder 162 by the p-th
luminance average data b, to produce:and provide to adder
164 Awl;, expressed by equation (6). Adder 164 reads out
the value 6f the corresponding weight coefficient wi, from
register 156 to carry out operation with output Awl;, of
multiplier 163 to produce a new weight coefficient wil,,
which is provided to register 156. The update of weight
coefficient wl,, for the p-th luminance average data b, of
the i-th neuron 131 of intermediate layer 132 is completed
by a new weight coefficient wl;, being stored in register
156.

.One cycle of learning is completed by carrying out
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ating said incident |ight anmobunt regulating signal in accordance with a
predet erm ned conversion, the predeterm ned conversion bei ng nade adaptive
so that an offset between a teacher signal and said incident |ight anount
regul ating signal is mni- mzed; and manual | y operabl e sel ecti ng nmeans,
responsi ve to operation by the user, for selecting one of said target val ue
signal and said incident |ight anbunt regul ati ng signal as said teacher
signal, said average |um nance cal cul ati ng neans i ncludi ng area dividing

si gnal generating nmeans for producing

the above described update process of weight coefficient
for all registers 143 in each neuron 137 of output layer
136, and for all registers 156 in each neuron 131 of
intermediate layer 132.

Thus, ANN 107 is made adaptive to provide a more
optimum diaphragm for the object specified by the user
from variable resistor 110 by repeating the learning of
all wéight coefficients in ANN 107 for various teacherx
signals.

Even in the case of an object state where optimum
aperturé_value can not be obtained in conventional
automatic iris control using center-weighted meteriﬂg and
foot-weighted metering, adjustment of the diaphragm is
carried out automatically conforming to the usage
condition by adjusting manually the diaphragm a few times.
The disadvantage of having to.éajust manually the
diaphragm frequently encountered in a-video camera just
having a conventional manual iris control is eliminated to
realize a video cameral having automatic iris control
conforming to the usage purpose of the operator.

The network is input with the luminance of all angles
of view, and a value selected by the operator taking into
consideration the balance of luminance of the main object
and the background scenery is provided as the teacher

signal to the network. According to this network, an iris
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a plurality of horizontal dividing signals hO-h3 which are a predeterm ned
first value only dur- ing respective predetermned tine periods in a

hori zontal scanning period of each of said |um - nance signals and which
are a predeterm ned second value, different fromsaid predeterm ned first
val ue, during a period other than thefﬁfspec- tive predetermned tinme
period of said horizontal scanning period of each of said | um nance sig-
nals, a plurality of vertical dividing signals VO v3 which are a
predetermned third value only during

control signal is obtained for appropriately adjusting the
luminance balance of the main object and the background
for all angles of view.

In the video camera that carries out automatic iris
control using the above-described neural network, the
output of the neural network is always fed back to the
iris driving portién even when the operation mode is
switched to the manual iris control mode by switch 109.
There is possibility of an unstable iris control if the
weight coefficient in ANN 107 is constantly updated. To
avoid such a problem, only calculation of updating the
weight coefficient of the neurons is carried out at the
time of manual iris control operation mode, wherein the
contents of each weight coefficient register in the neuron
is updated when the operation mode is switched from manual
to automatic iris control. This prevents the generation
of an unstable state of iris control occurring from the
update of the coefficients.

The values learned by center-weighted metering and
foot-weighted metering is previously written in as the
initial value of the weight coefficient in ANN 107.
Therefore, the problem does not occur of the operation of
the video camera becoming unstable when the video camera
is used with automatic iris control right after the

purchase of the video camera.
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respective predetermned tinme periods in a verti- cal scanning period of
each of said [um nance signals and which are a predeterm ned fourth val ue,
different fromsaid predetermned third value, during a tine period other
than the re- spective predetermined tinme period of said verti- cal scanning
period of each of said |um nance signals, and a clear pulse CL for each of
said integrating tinme periods, and a gurality of integrating neans, each
connected to said digital |um nance data output of said A/ID

In the above described embodiment, conversion was
carried out so that the value of outputs y;, x; becomes 0.5
when the values of w0;, wl; supplied to the function

generator is exactly 0 by the function conversion carried
out in each neuron. Each neuron should be implemented as
follows if the input value to the function generator is a
value other than 0 (threshold value) for an output value
of 0.5. One terminal that inputs a fixed wvalue of "1" is
added to each neuron. A new weight coefficient is defined
for this input, whereby this weight coefficient is
multiplied by fixed value "1" to be provided to adders 144
and 157. The characteristics of each of function
generators 145 and 158 is that shifted by the threshold
value in the left and rxight directions of the graph of
Fig. 10. This allows the provision of a threshold wvalue
for each neuron. This weight coefficient may be updated
any time by the learning process.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of

the appended claims.
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- 55 - converting nmeans and being responsive to a prede- term ned one of
said horizontal dividing signals hO h3 becom ng said predeterm ned first
val ue and a predeterm ned one of said vertical dividing sig- nals vOv3
becom ng said predetermned third value, for sanpling said digital
| um nance data at a predetermned timng for integration during said
integrating tinme period, for providing an integrated

52

There are described above novel features which
the skilled man will appreciate give rise to
advantages. These are each independent aspects of the
invention to be covered by the present application,
irrespective of whether or not they are included

within the scope of the following claims.
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result. 2. The video canera according to claim1, wherein each of said

I ntegrati ng neans conprises: gate neans, connected to receive a
predeterm ned cl ock signal CLK a respective one of said horizon- tal

di viding signals hO h3, and a respective one of said vertical dividing
signals vO-v3, for passing said clock signal only when the respective one
of said horizontal dividing signals h 3 becones_saLdmpLedeLeLninedmfirst
val ue and the respective one of said vertical diV|d|n nal s v0-v3
becones said predetermined third val ue; heet as Been Replaced

CLAIMS:

1. A video camera comprising:

an optical system (102) for gathering the incident
light from an object to form an image on a predetermined
image formation plane,

incident light amount regulating means (103, 113)
responsive to a provided incident light amount regulating
signal for regulating said incident light amount,

image sensing means (104, 116) for image sensing the
optical image of the object within a predetermined frame
(251) forme& by said optical system (102) to provide a
luminance signal, .

luminance distribution characteristics extraction
means (105, 106) connected to said image sensing means to
divide said frame (251) into a predetermined plurality of
sub-areas for extracting the characteristics of the
luminance distribution of said optical image in said frame
(251) aé the luminance for each said sub-area according to
said luminance signal to provide the same as a plurality
of luminance distribution signals,

means for generating a target wvalue signal for
determining the target value of said incident light amount
regulating signal that can be arbitrarily set by an user

according to said luminance distribution of said optical

O ) )
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hol di ng nmeans, responsive to said clock signal CLK gated by said gate
hol ding and provid- ing a value of an input digital signal and

means, for
for clear-
and digital

to the output of said A/D con- verting neans,
sai d hol di ng neans an added val ue of t%% I nput digital SL
said holding neans and said digital |umnance data. 3. The
according to claim1l1, wherein

ing the integrated result in response to said clear pulse CL;

addi ng nmeans. connected to the output of said holding neans and

image,

adaptive means (107, 108, 115) using an artificial
neural network (107) to which said plurality of luminance
distribution signals are input and from which said
incident light amount regulating signal by a predetermined
conversion is output for making adaptive said conversion
so that the offset is minimized between a provided teacher
signal and the output of said artificial neural network
(107), and

manuélly operable selecting means responsive to the
operation of the user for selecting either said target
value signal or the output of said adaptive means (107,
115) which is provided as said teacher signal to said

adaptive means.

2. The video camera according to claim 1, wherein
said luminance distribution characteristics extraction
means (105, 106) comprises

A/D converting means (105) for A/D converting said
luminance signal provided from said image sensing means
(104, 116) to provide the same as a digital luminance data
indicating the luminance of said optical image, and

average luminance calculating means (106) to
integrate said luminance data for a predetermined time

period for each said sub-area for calculating an average

for addingfand“prdvfdfﬁﬁ"tﬁ_”'
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said horizontal dividing signals hO-h3 alternately as- sunme said

predeterm ned first value. 4. The video camera according to claim 3,
wherein a time length in which said horizaoptal d|V|d|ng SIgnals hO- h3
assune said predetermned first value is eﬁﬁz h 5. The video

canmera according to claim3, wherein said ve 5|gnals vO-v3
alternately assune said predeterm nedsgshird ‘ng

luminance for each said sub-area to provide the same as

said luminance distribution signals.

3. The video camera according to claim 2, wherein
said average luminance calculating means (106) comprises

area dividing signal generating means (122) for
‘producing a plurality of horizontal dividing signals h0-h3
taking a predetermined first value only during respective
predetermined time pericds in the horizontal scanning
period of each of said luminance signalé and taking a
second value different from said first valune during the
pericd other than said predetermined time period of said
horizontal scanning period of each of said luminance
signals, and a plurality of vertical dividing signals v0-
v3 taking a predetermined third value only during
respective predetermined time periods in the vertical
scanning period of each of said luminance signals and
taking a fourth value different frém said third value
during the time period other than said predetermined time
period of the vertical scanning period of each of said
luminance signals, and for generating a clear pulse CL for
each of said integrating period, and

a plurality of integrating means (121) each connected
to the output of said A/D converting means (105), and

responsive to a predetermined one of said horizontal
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- 56 - 6. The video canera according to claim5, wherein a tinme length in
whi ch said vertical dividing signals v0-v3 assune said predetermned third
val ue i s equal -te--each-ether .- #--The video canmera according to claim®6,

wherein a tine.}e th in L h ggkd hori zontal dividing signals hO-h3
assunme said pre & | Value is equal to each other. 8. The video
canera accordi ng l ﬂ , rein gegtine length in which said vertica

di vi di ng signals id predetermined third value is equal to

dividing signals h0-h3 taking said first value, and a
predetermined one of said vertical dividing signals v0-v3
taking said third value to sample said luminance data at a
predetermined timing for integrating the same during said

integrating period for providing an integrated result.

4. The video camera according to claim 3, wherein
each of said integrating means (121) comprises

gate means (125) connected to receive a predetermined
clock signal CLK, said one of said horizontal dividing
signals,land said one of said vertical dividing signals
for passing said clock signal only when said one of said
horizontal dividing signals takes said first value and
said one of said vertical dividiﬁg signals takes said
ﬁhird value,

holding means (123) responsive to said clock signal
CLK gated by said gate means (125) for holding and
providing the value of an input digital signal, and for
clearing the integrated result in response to said clear
pulse CL, and

digital adding means (124) connected to the output of
said holding means (123) and to the output of said A/D
converting means (105) for adding and providing to said
holding means (123) the value of the digital signal

provided from said holding means (123) and said luminance
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each other. 9. A video canera conprising: optical means for. gathering
incident light froman object to forman image on a predetern1ned | mage T
formation plane, incident |ight amount regul ati ng neans, e QetsHaseBetamR

i nci dent |ight anpunt regulating signal, for reg- ulating a !”mht

anount; inmage sensing nmeans for inmage sensi ng the i nage of
within a predeterm ned frane formed byysaid optical nmeans to provide
| umi nance signal; |uminance distribution characteristics extraction

data.

5. The video cameral according to claim 3, wherein
said horizontal dividing signals h0-h3 alternately take

said first wvalue.

6. The video camera according to claim 5, wherein
the time length of said horizontal dividing signals h0-h3

taking said first value is equal to each other.

7. The video camera according to claim 5, wherein
said vertical dividing signals v0-v3 alternately take said

thirxrd value.

8. The video camera according to claim 7, wherein
the time length of said vertical dividing signals v0-v3

taking said third value is equal to each other.

9. The video camera according to claim 7, wherein
the time length of said horizontal dividing signals h0-h3

taking said first value is equal to each other.

10. The video camera according to claim 9, wherein
the time length of said wvertical dividing signals v0-v3

taking said third value is equal to each other.
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means, connected to said i mage sensing neans, for dividing said
predetermned frame into a predeter- mned plurality of sub-areas and for
extracting a lum nance distribution of the i mage in said prede- term ned
frame as a | uminance value for each of said sub-areas according to sald

| um nance signal to provide the extracted IﬂmssaaﬂﬁadBemtmqmnmmn as
plurality of lum nance distribution sigha ating a target
val ue signal for detef- mining a target value nt |ight anount
regul ating signal that can be arbitrarily set user according to the

| um nance distribution of the im

11. The video camera according to claim'l, wherein
said artificial neural network (107) of said adaptive
means (107, 108, 115) comprises

an intermediate layer (132) including a plurality of
converting means (131), each for obtaining one output by
carrying a predetermined conversion to said luminance
distribution signals (134),

an output layer (136) having a plurality of
converting means (137), each for obtaining one output by
carrying a predetermined conversion to the output of said
intermediate layer (132),

output converting means (133, 135) for carrying out a
predetermined conversion to the output of said output
layer (136) to obtain a single said incident light amount
regulating signal, and

conversion updating means t129, 130, 138, 141) for
updating adaptively according to the offset between the
output of said artificial neural network and said teacher
signal said conversion being carried out in each of said
converting means (131, 137) in said intermediate layer
(132) and said output layer (136) so that said offset is

minimized.
12. The video camera according to claim 11, wherein
each of said converting means (131, 137) of said
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age; adaptive neans. coupled to said |um nance distribu- tion
characteristics extraction neans and having an artificial neural network to
whi ch sai-d- p}uraki%y of luninance distribution signals are input. for

gener- at ght anount regul ating signal in accordance
Wth a prgﬁgl%%kg ?A t he - 57 - predeter-mned conversion
bei ng nade 59

intermediate layer (132) and said output layer (136)
comprises

weighting means (142, 143, 155, 156) for carrying out
a predetermined weighting to each of the input signal,

| adding means {144, 157) for adding all the signals

given weight by said weighting means (142, 143, 155, 156),
and

function converting means (145, 158) for converting
the output of said adding means (144, 157) accoxding to a
predetermined monotone increasing function,

wherein said conversion updating means (138, 129)
comprises weight updating means (141, 154) for updating
the weight of each of said weighting means (142, 143, 155,
156), according to an offset between the output of said
output converting means (135, 133) and said teacher
signal, by recalculating each of said weighting so that

the root mean square of said offset is minimized.

13. The video camera according to claim 1, wherein
said means for generating said target value signal
comprises

manually operable offset generating means (109a, 110)
for generating an arbitrary offset for the output of said
artificial neural network (107), and

adding means (108, 114) for generating said target

m sheel
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that an offset between a teacher signal and said incident anpbunt regul ating
signal is mnimzed, and nmanual |y operabl e sel ecti ng neans, responsive to
operation by the user, for selecting one of said-first-val ue-signal_.and
said incident |ight amount regulat- ing signal asT

saj d acher signal, said
artificial neural network of said adaptive means n Pefedi at e
| ayer including a plurality of first cggverting nmea n t ai ni ng
one output by performng a first predeterm ned conv iik®l | um nance

di stribution signals,

value signal by adding said offset provided from said
offset generating means (118) with the output of said

artificial neural network (107).

14. The video camera according to claim 13, wherein
said selecting means comprises

zero offset generating means (109b) for generating
zero offset, and

switching means (109) inserted between said offset
generating means (109a, 110) and the input of said adding
means (114) for selecting and providing to the input of
said adding means (114) either the output of said offset
generating means (109a, 110) or the output of said zero
offset generating means (109b) in response to the manual

operation of the operator.

15. The video camera according to claim 13, wherein

the output of said artificial neural network (107,
108) comprises an analog signal,

said offset generating means (109a, 110) comprises
offset voltage generating means (109a, 110) for generating
an arbitrary offset wvoltage, and

said adding means (108, 114) comprises voltage adding
means (114) for adding said offset voltage génerated by

said offset voltage generating means (109a, 110) to said
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an out put |ayer having a plurality of second con- verting neans, each for
obt ai ni ng one out put by perform ng a second predeterm ned conversion of an
output of said internmediate |ayer, output converting-neans—for performng a
third predeterm ned conversion of an output of sa qﬂ%g Ea%pr to

generate said incident |ight anount regulat S onver si on
updating neans for adaptively updatinggfaid fi 1 pr edet er m ned
sdi

conversions according to the offset between ght anount
regul ati ng signal output of said

analog signal provided from said artificial neural network

(107, 108).

16. The video camera according to claim 15, wherein
said selecting means comprises

zero offset voltage generating means (109b) for
generating zero offset wvoltage, and

switching means (109) inserted between the output of
said offset voltage generating means (ld9a, 110) and the
input of said voltage adding means (114) for selecting and
providing to the input of said voltage adding means (114)
either said offset voltage or said zero offset voltage in

response to the manual operation of the operator.

17. The video camera according to claim 16, wherein
said offset voltage generating means (109a, 110) comprises
voltage dividing means (109a)'110) connected between
predetermined first and second potentials for dividing the
potential difference between said first and second

potentials to provide an arbitrary potential.

18. The video camera according to claim 15, wherein
said means for generating said target value signal
comprises quantizing means (115) for quantizing the output

of said voltage adding means to one of a predetermined

TV i tmn g mene b .. | fm &
AT IS NS TaRMacemam shes

) R

N T i e
a2 1. 2 ,‘31”) }S{‘\}}}



artificial neural network and said teacher signal so that the offset is

i ni m zed, eacHig$h
wei ghti ng nmeans f
i nput signal, ad

sai d wei ghti ng neans,

B PiEfRf second converting neans incl uding
ﬂ a predeterm ned wei ghting of each respective
addi ng all the weighted signals output by

and function conventing neans for converting an out-

put of said addi ng neans according to a prede- term ned nonotone increasing
function, said conversion updating nmeans conprising wei ght updati ng neans

for updating a weighir2fiepche discrete values.

A

19. The video camera according to claim 18,
wherein said quantizing means (115) comprises
digitizing means (115) for digitizing the output of
said voltaée adding means (114) into a binary signal

of a predetermined number of bits.

-20. A video camera comprising:

an objective optical system (102);

light control means (103) for controlling the
amount of light entering the camera and a driving
circuit (113) therefor;

an image sensor (104) for sensing an image formed
by the objective from the controlled light;

a circuit (105, 106) for processing a signal
derived from the output of said image sensor so as to
divide the image into a plurality of sub-areas and to
provide a luminance distribution signal representing
the luminance distribution in said divided image;

a circuit (114) for generating a signal defining
a target value of a driving signal for the 1light
control means;

an adaptive circuit (107) to which the luminance
distribution signal is input for carrying out adaptive

conversion so as to minimise the offset between a

Date: 12 AUG 1396
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sai d wei ghting neans, according to an offer be- tween said incident |ight
anount regul ating signal and said teacher signal, by recal culating each

wei ght so that a root nean square of the offset is mnimzed. - 58 - 10.
A video canera conprising: optical neans for gathering incident light from
an object to forman image on a predeterm ned i nage

63

provided teacher signal and its own output, and a
switch (109) for selécting either the target value
signal or the output of the adaptive circuit to
provide the same as a teacher signal to the adaptive

circuit.
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formati on plane; incident |ight amount regul ati ng neans, responsive to an
incident light amount regulating signal, for reg- ulating an incident |ight
anount; image sensing nmeans for image sensing the inage of the object
within a predetermned frane fornmed by said optical neans to provide a

| um nance signal; lumnance distributigp characteristics extraction neans.
connected to said i nage sensing neans, for dividing said predeterm ned
frame into a predeter- mned plurality of sub-areas and for extracting a

| um nance dipstyriphidl ICAMEHA HAS/ TINGROAR IADADPHIVED18€3®" CONTROL CIRCUIT

ABSTRACT OF THE DISCLOSURE

A video camera includes a lens (102), an iris (103)
and an iris driving circuit (113), an image sensor (104),
a circuit (105, 106) for dividing the picture into a
plurality of sub-areas for extracting the luminance of
each sub-area according to the luminance signal provided
from the image sensor (104) as a luminance distribution
signal, a circuit (114) for generating a signal defining a
target value of an iris driving signal, an adaptive
circuit using an artificial neural network (107) to which
thelluminance distribution signal is input for carrying
out adaptive conversion so that the offset between a
provided teacher signal and its own output is minimized,
and a switch (109) for selecting either the target value
signal or the output of the adaptive circuit to provide

the same as a teacher signal to the adaptive circuit.

FIGURE 5
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termned frame as a | um nance value for each of said sub-areas according to
said lum nance signal to provide the extracted |um nance distribution as a
plurality of lum nance distribution signals; neans .for generating a target

val ue signal for deter- mning a target value of said incident |ight anount
regul ating signal that can be arbitrarily set by a user according to the

| um nance distribution of the im age; adaptive neans, coupled to said

| um nance distribu- tion characteristiqs extraction means and having an

artificial neural network to which said plurality of
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| um nance distribution signals are input, for gener- ating said incident

| i ght anmpbunt regul ating signal in accordance with a predeterm ned
conversion, the predeterm ned conversion being nade adaptive so that an

of fset between a teacher signal and said incident |ight anount regul ating
signal is mni- mzed; and manual ly operabl e sel ecting means, responsive to
operation by the user, for selecting one of said target val ue signal and
said incident |ight anount regul ating signal as said teacher signal, said
means for generating a target val ue sigﬁal i ncl ud-

FIG. 2
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i ng manual Iy operabl e of fset generating neans for gen- - 59 - erating an
arbitrary offset for the output of said artificial neural network, and

addi ng nmeans for generating said target val ue sig- nal by adding said
arbitrary offset provided fromsaid nmanually operabl e offset generating
means Wi th an output of said artificial ne3ura|_ net wor k.
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11. The video canera according to claim 10, wherein said nmanually operable
sel ecti ng nmeans conprises; zero offset generating neans for generating a
zero offset; and sw tching neans, inserted between said nanually operable
of fset generating nmeans and an input of said adding neans, for selecting
and providing to the input of said adding nmeans either an output of said
manual | y operabl e of fset generating nmeans4or an output of said zero offset
generating means in response to nanual operation by the user. 12. The video

‘canmera according to claim 10, wherein
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the output said artificial neural network is an anal og signal, said
manual | y operabl e of fset generating neans com prises offset voltage
generating nmeans for generat- ing an arbitrary offset voltage, and said
addi ng means conprises voltage addi ng nmeans for adding said arbitrary

of fset voltage generated by said offset woltage generating means to said
anal og signal output fromsaid artificial neural net- work. 13. The video
canmera according to claim 12, wherein said manual ly operabl e sel ecting
means conpri ses:
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zero of fset voltage generating nmeans for generating a zero offset voltage;
~and switching neans, inserted between the output of said offset voltage
generating means and an i nput of said voltage addi ng neans, for selecting
and pro- viding to the input of said voltage adding neans either said
arbitrary offset voltage or said zero offset voltage in response to nmanua
operation by the user. 14. The video canera according to claim 18, wherein
said of fset voltage generating nmeans conprises vol tage dividi ng neans

connect ed between predeterm ned first

ERIOD

HORIZONTAL SCANNING P
1

[ 1

—

A VIDEO SIGNAL
ho
h1

D h2

E h3

B
C

FIG. 8

Trig i he raplacsiasin shest

¢ 7 AlG 9g

Omis:



- 60 - and second potentials for dividing the potential differ- ence
between said first and second potentials to provide an arbitrary potenti al
as said arbitrary offset voltage. 15. The video canera according to claim
12, wherein said nmeans for generating a target value signal com prises
guanti zi ng means for quantizing an output of said voltage adding neans to

one of a predetermned plural- ity of discrete val ues.
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16. The video canera according to claim15, wherein said quantizing neans
conprises digitizing neans for digitizing the output of said voltage adding
nmeans into a binary signal of a predeterm ned nunber of bits. 17. A video
canmera conprising: image sensing neans for generating | um nance signals in
accordance with Iight froman object to be im aged; |ight regul ating nmeans
for regulating an anmount of the light fromthe object incident upon said

i mge sensing neans in accordance with & light regulation signal:
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i ght regulating control neans, coupled to said i mage sensing neans, for
generating the light regulation signal, said light regulating control neans
conpris- ing average |um nance signal neans, coupled to said i mage sensing
means, for dividing the.lum nance signals corresponding to the object into
sub- areas and for generating average |um nance sig- nals for each of the
sub- areas. adaptive network neans, coupled to said average |um nance signal
means and including an artific- ial neural network, for adaptively

generating an 9
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optimum aperture value signal which is indica- tive of an optinum aperture
of said light regulat- ing neans in accordance with a teacher signa
i'ndicative of a desired aperture of said |ight regu- |lating nmeans and the
average | um nance signals, and adder neans, coupled to said adaptive
networ k means, for adding an offset to the optinum aper- ture val ue signal
to generate the light regulating signal, the light regulating signal being

supplied
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-61- to said adaptive network nmeans as the teacher signal: and manual ly
operabl e aperture setting neans, responsive to selection by an operator of
the video canera and coupled to said adder neans, for generating a tar- get
val ue signal corresponding to a desired aper- ture of said |light regulating
means, the target value signal being inpui to said adder neans as the

of fset. 18. The video canera of claim 17, b herein said manu- ally operable
aperture setting neans conpri ses:
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zero offset neans for generating a zero offset signal; variable offset
nmeans for generating a variable offset signal upon nmanipul ati on by the
operator; and sw tching nmeans, coupled to said variable offset nmeans and
said zero offset neans, for outputting either the zero offset signal or the
vari abl e offset signal as the target value signal in response to selec-
tion by the operator. 19; The video canerg of claim 18, wherein said vari-
abl e of fset neans conprises vol tage dividi ng neans, connected between '
predetermned first and second po- tentials, for dividing a potenti al

di fference between said
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first and second potentials to generate the variable off- set signal. 20. A
nmet hod of generating video i mage signals using a video canera conpri sing
the steps of: generating |um nance signals in accordance with Iight from an
object to be inmaged; regulating an anount of |ight to be inaged during said
step of generating |lum nance signals in accor- dance with a |ight

regul ating signal; and generating the Iig?% regul ation signal, to control
said step of regulating an amount of |ight~“to be imged, conprising the
subst eps of
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di viding the |lum nance signals corresponding to the object into sub-areas,
generating average |um nance signals for each of the sub-areas, adaptively
generating an optimum aperture val ue signal which is indicative of an
optimum aper- ture value of the video canmera in accordance with a teacher
signal indicative of a desired aper- - 62 -
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ture of the video canera and the average |um - nance signals, adding an
offset to the optinum aperture value signal to generate the |ight

regul ation signal, the light regulation signal being used as the teacher
signal during said substep of adaptively generat- ing an optinmm aperture
val ue signal, and generating a target val ue signal corresponding to a
desired aperture of the video canera upon man- ual sel ection by an operator
of the video canera, the target value sigpal being used as the offset
during said substep of adding an offset to the
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optirum aperture val ue signal. qooisseL-D
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What is claimed is:

1. A video camera comprising:

optical means for gathering incident light from an
object to form an image on a predetermined image
formation plane;

incident light amount regulating means, responsive to
an incident light amount regulating signal, for reg-
ulating an incident light amount;

image sensing means for image sensing the image of
the object within a predetermined frame formed by
said optical means to provide a luminance signal;

luminance distribution characteristics extraction
means, connected to said image sensing means, for
dividing said predetermined frame into a predeter-
mined plurality of sub-areas and for extracting a
luminance distribution of the image in said prede-

- termined frame as a luminance value for each of
said sub-areas according to said luminance signal to
provide the extracted luminance distribution as a

plurality of luminance distribution signals. said

luminance distribution characteristics extraction

means including

A/D converting means for A/D converting said
luminance signal provided from said image sens-
ing means and for outputting a digital luminance
data indicating the luminance of the image, and

average luminance calculating means for integrat-
ing said digital luminance data over a predeter-
mined integrating time period for each of said
sub-areas 1o calculate an average lumunance for
each of said sub-areas as said luminance distribu-
tion signals;

means for generating a target value signal for deter-

mining a target value of said incident light amount

regulating signal that can be arbitrarily set by a user

according to the luminance distribution of the im-

age; :

adaptive means, coupled to said luminance distribu-
tion characteristics extraction means and having an
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artificial neural network to which said plurality of

luminance distribution signals are input, for gener-

ating said incident light amount regulating signal in
accordance with a predetermined conversion, the
predetermined conversion being made adaptive so
that an offset between a teacher signal and said
incident light amount regulating signal i1s mini-
mized; and

manually operable selecting means, responsive to
operation by the user, for selecting one of said
target value signal and said incident light amount
regulating signal as said teacher signal,

said average luminance calculating means including

area dividing signal generating means for producing

a plurality of horizontal dividing signals h0-h3
which are a predetermined first value only dur-
ing respective predetermined time periods in a
horizontal scanning period of each of said lumi-
nance signals and which are a predetermined
second value, different from said predetermined
first value, during a period other than the respec-
tive predetermined time period of said horizontal
scanning period of each of said luminance sig-
nals,

a plurality of vertical dividing signals V0-v3 which
are a predetermined third value only during
respective predetermined time periods in a verti-
cal scanning period of each of said luminance
signals and which are a predetermined fourth
value, different from said predetermined third
value, during a time period other than the re-
spective predetermined time period of said verti-
cal scanning period of each of said luminance
signals, and

a clear pulse CL for each of said integrating time
periods, and

a plurality of integrating means, each connected to

said digital luminance data output of said A/D
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converting means and being responsive to a prede-
termined one of said horizontal dividing signals
h0-h3 becoming said predetermined first value and
a predetermined one of said vertical dividing sig-
nals v0-v3 becoming said predetermined third
value, for sampling said digital luminance data at a
predetermined timing for integration during said
integrating time period, for providing an integrated
result.
2. The video camera according to claim 1, wherein
each of said integrating means comprises:
gate means, connected to receive a predetermined
clock signal CLK. a respective one of said horizon-
tal dividing signals h0-h3, and a respective one of
said vertical dividing signals v0-v3, for passing said
clock signal only when the respective one of said
horizontal dividing signals h0-h3 becomes said

" predetermined first value and the respective one of
said vertical dividing signals v0-v3 becomes said
predetermined third value;

holding means, responsive to said clock signal CLK

gated by said gate means, for holding and provid-
ing a value of an input digital signal and for clear-
ing the integrated result in response to said clear
pulse CL; and

digital adding means. connected to the output of said

holding means and to the output of said A/D con-
verting means, for adding and providing to said
holding means an added value of the input digital
signal provided from said holding means and said
digital luminance data.

3. The video camera according to claim 1, wherein
said horizontal dividing signals h0-h3 alternately as-
sume said predetermined first value.

4. The video camera according to claim 3, wherein a
time length in which said horizontal dividing signals
h0-h3 assume said predetermined first value is equal to
each other.

S. The video camera according to claim 3, wherein
said vertical dividing signals v0-v3 alternately assume
said predetermined third value.
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6. The video camera according to claim §, wherein a
time length in which said vertical dividing signals v0-v3
"assume said predetermined third value is equal to each
other.

7. The video camera according to claim 6, wherein a
time length in which said horizontal dividing signals
h0-h3 assume said predetermined first value is equal to
each other.

8. The video camera according to claim 7, wherein a
time length in which said vertical dividing signals
V0-v3 assume said predetermined third value is equal to
each other.

9. A video camera comprising:

optical means for gathering incident light from an

object to form an image on a predetermined image
formation plane,

incident light amount regulating means, responsive to

an incident light amount regulating signal, for reg-
ulating an incident light amount;

image sensing means for image sensing the image of

the object within a predetermined frame formed by
said optical means to provide a luminance signal;
luminance distribution characteristics extraction
means, connected to said image sensing means, for
dividing said predetermined frame into a predeter-
mined plurality of sub-areas and for extracting a
luminance distribution of the image in said prede-
termined frame as a luminance value for each of
said sub-areas according to said luminance signal to
provide the extracted luminance distribution as a
plurality of luminance distnibution signals;

means for generating a target value signal for deter-

mining a target value of said incident light amount
regulating signal that can be arbitrarily set by a user
according 10 the luminance distribution of the im-
age;

adaptive means. coupled to said luminance di§tribu-

tion characteristics extraction means and having an
artificial neural network to which said plurality of
luminance distribution signals are input, for gener-
ating said incident light amount regulating signal in
accordance with a predetermined conversion. the
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predetermined conversion being made adaptive so

that an offset between a teacher signal and said

incident amount regulating signal is minimized, and

manually operable selecting means, responsive to

operation by the user, for selecting one of said first

value signal and said incident light amount regulat-

ing signal as said teacher signal,

said artificial neural network of said adaptive means

including

an intermediate layer including a plurality of first
converting means, each for obtaining one output
by performing a first predetermined conversion
of said luminance distribution signals,

an output layer having a plurality of second con-
verting means, each for obtaining one output by
performing a second predetermined conversion
of an output of said intermediate layer,

output converting means for performing a third
predetermined conversion of an output of said
output layer to generate said incident light
amount regulating signal, and

conversion updating means for adaptively updating
said first and second predetermined conversions
according to the offset between said incident
light amount regulating signal output of said
artificial neural network and said teacher signal
so that the offset is minimized, each of said first
and second converting means including

weighting means for performing a predetermined
weighting of each respective input signal,

adding means for adding all the weighted signals
output by said weighting means, and

function converting means for converting an out-
put of said adding means according to a prede-

termined monotone increasing function,
said conversion updating means comprising weight

updating means for updating a weight of each of
said weighting means, according to an offer be-
tween said incident light amount regulating signal
and said teacher signal, by recalculating each
weight so that a2 root mean square of the offset is

minimized.
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10. A video camera comprising:

optical means for gathering incident light from an
object to form an image on a predetermined image
formation plane; '

incident light amount regulating means, responsive to
an incident light amount regulating signal, for reg-
ulating an incident light amount;

image sensing means for image sensing the image of
the object within a predetermined frame formed by
said optical means to provide a luminance signal;

luminance distribution characteristics extraction
means, connected to said image sensing means, for
dividing said predetermined frame into 2 predeter-
mined plurality of sub-areas and for extracting a
luminance distribution of the image in said prede-
termined frame as a luminance value for each of
said sub-areas according to said luminance signal to

- provide the extracted luminance distribution as a
plurality of luminance distribution signals;

means for generating a target value signal for deter-
mining a target value of said incident light amount
regulating signal that can be arbitrarily set by a user
according to the luminance distribution of the im-
age;

adaptive means, coupled to said luminance distribu-
tion characteristics extraction means and having an
artificial neural network to which said plurality of
luminance distribution signals are input, for gener-
ating said incident light amount regulating signal in
accordance with a predetermined conversion, the
predetermined conversion being made adaptive so
that an offset between a teacher signal and said
incident light amount regulating signal is mini-
mized; and

manually operable selecting means, responsive to
operation by the user, for selecting one of said
target value signal and said incident light amount
regulating signal as said teacher signal,

said means for generating a target value signal includ-
ing
manually operable offset generating means for gen-
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erating an arbitrary offset for the output of said
artificial neural network, and '

adding means for generating said target value sig-
nal by adding said arbitrary offset provided from
said manually operable offset generating means
with an output of said artificial neural network.

11. The video camera according to claim 10, wherein
said manually operable selecting means comprises;

zero offset generating means for generating a zero

offset; and

switching means, inserted between said manually

operable offset generating means and an input of
said adding means, for selecting and providing to
the input of said adding means either an output of
said manually operable offset generating means or
an output of said zero offset generating means in
response to manual operation by the user.

12. The video camera according to claim 10, wherein
the output said artificial neural network is an analog
signal,

said manually operable offset generating means com-

prises offset voltage generating means for generat-
ing an arbitrary offset voltage, and

said adding means comprises voltage adding means

for adding said arbitrary offset voltage generated
by said offset voltage generating means to said
analog signal output from said artificial neural net-
work.

13. The video camera according to claim 12, wherein
said manually operable selecting means comprises:

zero offset voltage generating means for generating a

zero offset voltage; and

switching means, inserted between the output of said

offset voltage generating means and an input of
said voltage adding means, for selecting and pro-
viding to the input of said voltage adding means
either said arbitrary offset voltage or said zero
offset voliage in response to manual operation by
the user.

14. The video camera according to claim 18, wherein
said offset voltage generating means comprises voltage

_dividing means connected between predetermined first
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and second potentials for dividing the potential differ-
ence between said first and second potentials to provide
an arbitrary potential as said arbitrary offset voliage.

15. The video camera according to claim 12, wherein
said means for generating a target value signal com-
prises quantizing means for quantizing an output of said
voltage adding means to one of a predetermined plural-
ity of discrete values.

16. The video camera according to claim 15, wherein
said quantizing means comprises digitizing means for
digitizing the output of said voltage adding means into
a binary signal of a predetermined number of bits.

17. A video camera comprising:

image sensing means for generating luminance signals

in accordance with light from an object to be im-
aged;

light regulating means for regulating an amount of

. the light from the object incident upon said image

sensing means in accordance with a light regulation
signal;

light regulating control means, coupled to said image

sensing means, for generating the light regulation
signal, said light regulating control means compris-

_ing ' '

average luminance signal means, coupled to said
image sensing means, for dividing the luminance
signals corresponding to the object into sub-
areas and for generating average luminance sig-
nals for each of the sub-areas,
adaptive network means, coupled to said average
luminance signal means and including an artific-
ial neura] network, for adaptively generating an
opuimum aperture value signal which is indica-
tive of an optimum aperture of said light regulat-
ing means in accordance with a teacher signal
indicative of a desired aperture of said light regu-
lating means and the average luminance signals,
and
adder means, coupled to said adaptive network
means, for adding an offset to the optimum aper-
. ture value signal to generate the light regulating
N signal, the light regulating signal being supplied
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to said adaptive network means as the teacher
signal; and

manually operable aperture setting means, responsive

to selection by an operator of the video camera and
coupled to said adder means, for generating 2 tar-
get value signal corresponding to a desired aper-
ture of said light regulating means, the target value
signal being input to said adder means as the offset.
18. The video camera of claim 17, wherein said manu-
ally operable aperture setting means comprises:
zero offset means for generating a zero offset signal;
variable offset means for generating a variable offset
signal upon manipulation by the operator; and

switching means, coupled to said variable offset
means and said zero offset means, for outputting
either the zero offset signal or the variable offset
signal as the target value signal in response to selec-
tion by the operator.

19: The video camera of claim 18, wherein said vari-
able offset means comprises voltage dividing means,
connected between predetermined first and second po-
tentials, for dividing a potential difference between said
first and second potentials to generate the variable off-
set signal.

20. A method of generating video image signals using
a video camera comprising the steps of:

generating luminance signals in accordance with light

from an object to be imaged;

regulating an amount of light to be imaged during

said step of generating luminance signals in accor-

dance with a light regulating signal; and '

generating the light regulation signal, to control said

step of regulating an amount of light to be imaged,

comprising the substeps of

dividing the luminance signals corresponding to
the object into sub-areas,

generating average luminance signals for each of
the sub-areas,

adaptively generating an optimum aperture value
signal which is indicative of an optimum aper-
ture value of the video camera in accordance
with a teacher signal indicative of a desired aper-
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ture of the video camera and the average lumi-
nance signals,

adding an offset to the optimum aperture value
signal to generate the light regulation signal, the
light regulation signal being used as the teacher
signal during said substep of adaptively generat-

~ ing an optimum aperture value signal, and

generating a target. value signal corresponding to a
desired aperture of the video camera upon man-
ual selection by an operator of the video camera,
the target value signal being used as the offset
during said substep of adding an offset to the
optimum aperture value signal.
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A VIDEO CAMERA HAVING AN ADAPTIVE IRIS CONTROL CIRCUIT

ABSTRACT OF THE DISCLOSURE

A video camera includes a lens (102), an iris (103)
and an iris driving circuit (113), an image sensoxr (104),
a circuit (105, 106) for dividing the picture into a
plurality of sub-areas for extracting the luminance of
each sub-area according to the luminance signal provided
from the image sensor (104) as a luminance distribution
signal, a circuit (114) for generating a signal defining a
target value of an iris driving signal, an adaptive
circuit using an artificial neural network (107) to which
the luminance distribution signal is input for carrying
out adaptive conversion so that the offset between a
provided teacher signal and its own output is minimized,
and a switch (109) for sglecting either the target vaiue
signal or the output of the adaptive circuit to provide

the same as a teacher signal to the adaptive circuit.

FIGURE 5
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