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57 ABSTRACT 
An image pickup apparatus for a television and a depth 
of-field control apparatus used in the same. Image sig 
nals corresponding to a plurality of picture images dif 
ferent in focal point or length position are obtained by a 
mechanism for changing a focal point or length position 
to produce a new image signal by composing these 
image signals through a composition circuit, and motion 
information of an object is obtained by a circuit for 
detecting a moving portion in the object to control the 
image composition by the motion information. The 
focal point or length position is moved in synchronism 
with an integer multiple of a vertical scanning period of 
the television. The image signals corresponding to the 
plurality of picture images different in focal point or 
length position are obtained within one vertical scan 
ning period determined by the system of the television. 
The amount of movement of the focal point or length 
position is controlled in conjunction with a value of a 
lens aperture of the camera lens. The image composi 
tion is controlled by a composition control circuit made 
up of a circuit for detecting individual powers of image 
signals corresponding to a plurality of different picture 
images, a circuit for comparing the detected powers 
with each other, and a circuit for detecting the position 
of an edge included in one of the image signals, wherein 
a control signal for the image composition produced by 
the power comparison circuit is compensated by the 
edge position information obtained by the edge detec 
tion circuit. 

6 Claims, 15 Drawing Sheets 
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DEPTH-OFFIELD CONTROL APPARATUS AND 
IMAGE PICKUP APPARATUS HAVING THE 

SAME THEREN 

BACKGROUND OF THE INVENTION 
The present invention relates to a television camera 

apparatus or an image pickup apparatus and more par 
ticularly to a depth-of-field control apparatus and image 
pickup apparatus having the same therein for obtaining 
an image which is of great depth of field and is of high 
resolution. 

In a television camera apparatus utilizing an image 
pickup tube, or a solid-state imaging device and a cam 
era lens, the best focal length is obtained by adjusting a 
focus ring of a lens. At this time, a range in a direction 
of depth allowing an image to be taken or shot with a 
resolution substantially equal to that of the best focal 
length, i.e., a depth of field is determined by a lens 
aperture. More specifically, in a state in which the aper 
ture of the lens is increased, the depth offield is shallow. 
In other words, the range allowing an image having a 
focal length near the best focal length to be obtained 
becomes narrow. Conversely, in a state in which the 
aperture of the lens is decreased, the depth of field 
becomes greater so that the range allowing a sharp 
image to be obtained is increased. 

In a high definition television system which is antici 
pated as the next generation-television system, system 
design has been performed mainly for the purpose of 
providing an image of high resolution. It is also required 
for a television camera apparatus used for the high 
definition television system to have a high resolution 
property. In the meantime, since an image signal of high 
resolution is processed in the high definition television 
system, the band width of a signal processing circuit is 
about 30 MHz which is about 6 times as large as that of 
4 to 6 MHz in the current television system. Accord 
ingly, the noise band width is widened, and therefore, 
the power of noise mixed therein is increased. Then, the 
quantity of light made incident on the image pickup 
device is increased for the purpose of improving the 
signal to noise ratio (SNR). In the normal shooting in a 
studio or the like, the quantity of light for illumination 
is increased to realize the increase in the quantity of 
incident light. On the other hand, in the case where the 
quantity of light cannot be changed as in outdoor shoot 
ing, the aperture is increased to cope with such. Ac 
cordingly, in this case, the depth of field becomes shal 
low, so that the range allowing a sharp image to be 
obtained will be necessarily limited. 

In the field of a microscope, a still-camera and the 
like, there has been well known a technique in which 
images located in a plurality of different focal lengths 
are composed to obtain a wide depth of field. For exam 
ple, such a technique is disclosed in Takatoshi Ota et al: 
"A Method for Image Composition Using Image Vari 
ance', National Conference Record of the Institute of 
Electronics and Communication Engineer's of Japan, 
Vol. Jó6-D, No. Oct. 10, 1983, Satoshi A. Sugimoto et 
al: "Digital Composition of Images with Increased 
Depth of Focus Considering Depth Information', AP 
PLIED OPTICS, Vol. 24, No. 14, Jul. 15, 1985, and the 
JP-A-1-309478. (Incidentally, JP-A-2-212809 (laid open 
on Aug. 24, 1990) which has not yet been yet laid open 
at the priority date of the present application also relates 
to the control of the depth of field). 
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SUMMARY OF THE INVENTION 
Although, as described above, the aperture is in 

creased to increase the quantity of incident light, 
thereby to improve the signal to noise ratio, the increase 
in aperture makes the depth of field shallow so that the 
range allowing an image of high resolution to be ob 
tained becomes very narrow. For example, in the case 
of shooting a person, if the best focal length is set to the 
person, a background scenery thereof is completely out 
of focus, so that only an image which is of poor resolu 
tion as a whole will be obtained. Moreover, when the 
aperture is decreased, due to the diffraction phenome 
non of light, an image of high resolution may not be 
necessarily obtained in some cases. 
Even if an image of high resolution is obtained by 

composing the images located at a plurality of different 
focal lengths, as described above, for obtaining an 
image of high resolution irrespective of the degree of 
the lens aperture, there are various problems to be 
solved in order to apply such a method to a camera used 
for a television. 
For example, in the case where an object including 

therein a moving portion is to be shot, it is found that if 
a plurality of images are simply added to each other, 
discontinuity occurs in the moving portion. Moreover, 
it is also necessary to determine the timing of shifting 
the focal point. Further, the speed of reading out an 
image for one field must also be adapted to the current 
television system. In addition thereto, there are various 
problems to be solved which will be shown in the para 
graph of DESCRIPTION OF THE PREFERRED 
EMBODIMENTS. 

It is therefore an object of the present invention to 
provide a camera or image pickup apparatus used for a 
television and a depth-of-field control apparatus there 
for which are capable of providing a great depth offield 
and a high resolution irrespective of the degree of the 
lens aperture. - 

In order to attain the above object, according to one 
aspect of the present invention, there is provided a 
depth-of-field control apparatus used with an image 
pickup apparatus for a television provided with at least 
a camera lens and an image pickup device, the control 
apparatus comprising: means for changing a focal point 
or length of the camera lens; means for composing 
image signals; and means for obtaining motion informa 
tion of an object from a signal outputted by the image 
pickup device, wherein a plurality of images different in 
focal point or length are obtained using the means for 
changing a focal point or length of the lens, a new image 
signal is obtained by composing those images, and 
image composition is controlled by the motion informa 
tion of the object. The control of the image composition 
by the motion information is preferably carried out in 
such a way that when the motion of the object is de 
tected, the means for changing the focal length of the 
lens is deactivated. This operation is based on an Appli 
cants' finding that even if the increase in depth of field 
is stopped for an object having therein a moving por 
tion, there is practically no problem. 
According to another aspect of the present invention, 

the movement of the focal point or length is carried out 
in synchronism with an integer multiple of a period of 
vertical scanning of a television. 
According to a further aspect of the present inven 

tion, the movement of the focal point or length of the 
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5,282,045 3 
lens is carried out in a blanking period during driving of 
the image pickup device. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the follow 
ing more particular description of the preferred embodi 
ments of the invention as illustrated in the accompany 
ing drawings in which like reference numerals desig 
nates like or corresponding parts throughout figures, 
and wherein: 

FIG. 1 is a diagram showing the concept of the pres 
ent invention; 
FIG. 2 is a block diagram showing one embodiment 

of a television camera according to the present inven 
tion; 
FIG. 3, FIG. 4 and FIG. 5 are timing charts showing 

the image pickup operation: 
FIG. 6, FIG. 7, FIG. 8 and FIG. 9 are respectively 

block digrams showing examples of a signal composi 
tion circuit; 

5 

10 

15 

20 

FIG. 10 and FIGS. 11A and 11B are respectively 
block diagrams showing examples of arrangement of a 
camera lens each of which is capable of changing a focal 
point length; 
FIG. 12 and FIG. 13 are respectively block diagrams 

showing examples of arrangement of an image pickup 
system each of which is capable of changing a focal 
point or length; 

FIG. 14 and FIG. 16 are respectively block diagrams 
showing examples of a composition control circuit; 

FIG. 15 is a block diagram showing one example of a 
power arithmetic circuit; 
FIG. 17 and FIG. 18 are respectively a block diagram 

showing another example of the composition control 
circuit as shown in FIG. 14, and a diagram useful in 
explaining the operation of the composition control 
circuit shown in FIG. 17; 
FIG. 19 and FIG. 20 are respectively block diagrams 

showing further examples of the composition control 
circuit as shown in FIG. 14; 

FIG. 21 is a block diagram showing one example of a 
method of performing a compensating operation of the 
composition control circuit shown in FIG. 17, FIG. 19 
or FIG. 20 in a two dimensional manner; 
FIG.22 is a block diagram showing another embodi 

ment of the television camera according to the present 
invention, which is constructed by adding an image 
distortion compensating circuit to the television camera 
shown in FIG. 2; 
FIG.23 is a block diagram showing a further embodi 

ment of the television camera according to the present 
invention, which is constructed by adding a motion 
detection circuit to the television camera shown in FIG. 
2; 
FIG. 24 is a timing chart showing the operation in 

which the shutter action of a solid-state image pickup 
device and the movement of a focal length are com 
bined; and 

FIG. 25 is a graphical representation showing one 
example of control characteristics of change in focal 
length position vs. value of a lens aperture. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will 
hereinafter be described in detail with reference to the 
accompanying drawings. First, description will be 

4. 
given with respect to the concept of the present inven 
tion referring to FIG. 1. FIG. 1(a) and (b) show respec 
tively two sheets of picture images in which an image 1 
and an image 2 are shot by changing the best focal 
length position with the same scene. In this scene, a 
person, and a building, a motor vehicle and a tree are 
shot in a near view and a distant view, respectively. The 
best focal length position in the image 1 is set to the 
person in the near view. As a result, in the image 1, the 
motor vehicle, the building and the tree in the distant 
view are out of focus, so that an image of poor resolu 
tion alone can be obtained. On the other hand, the best 
focal length position in the image 2 is set to the distant 
view, and therefore, an image alone in which the person 
in the near view is out of focus can be obtained. How 
ever, image portions set to the respective best focal 
length positions are selectively extracted from the two 
sheets of picture images to compose the extracted image 
portions, thus enabling a composite image which is in 
focus in both the near and distant views to be obtained. 
FIG. 1(c) shows a composite image 3 thus obtained. 
Since an image area having the best focal length posi 
tion of the image 1 and an image area having the best 
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focal length of the image 2 are used, the composite 
image 3 becomes an image which has a good focus 
condition in both the near and distant views and is of 
high resolution. 
FIG. 2 is a block diagram showing one embodiment 

of a television camera for realizing the above concept of 
the present invention. The present television camera 
comprises a camera lens 1 capable of controlling the 
best focal length position, a focallength position control 
circuit 2, an image pickup device 3, an analog-to-digital 
converter (hereinafter, referred to as simply "an ADC', 
when applicable) 5, a switch 6, image memories 7 and 8, 
a memory control circuit 11, a signal composition cir 
cuit 9, a digital-to-analog converter 13, a composition 
control circuit 12, and a synchronizing circuit 10. An 
image of an object is formed on a light receiving surface 
of the image pickup device 3 through the camera lens 1 
and is converted into an electrical analog signal by the 
image pickup device 3. During the image pickup opera 
tion, the focal point or length position control circuit 2 
exerts on the lens 1 so that the shooting is carried out 
with the best focal length position being switched to 
alternately a near view and a distant view. An analog 
amplifier 4 amplifies the electrical analog signal from 
the image pickup device 3 up to a predetermined ampli 
fication value and inputs the amplified analog signal into 
the ADC5. The ADC5 converts the analog signal into 
a digital signal. The digitized image signal is alternately 
written to the image memory 7 and image memory 8 by 
periodically switching the switching circuit 6 which is 
controlled by the synchronizing circuit 10. Incidentally, 
the write operation of the signal to the individual image 
memories is controlled by the memory control circuit 
11. The image signals different in focal point or length 
position are stored in the image memory 7 and the 
image memory 8, respectively. Each of the signals 
which have been stored in the image memories 7 and 8 
is inputted into both the signal composition circuit 9 and 
the composition control circuit 12. The signal composi 
tion circuit 9 selects one of the image signals inputted 
thereto through the two lines or systems near the re 
spective best focal point or length positions and com 
poses the selected image signals for one sheet of picture 
image. The composition control circuit 12 judges which 
is set to the best focal length out of the image signals 
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inputted thereto through the two lines or systems and 
sends a control signal used for selecting an image set to 
the best focal length to the signal composition circuit 9. 
Incidentally, the synchronizing circuit is used for syn 
chronizing the focal length position control circuit 2, 
the memory control circuit 11 and the switching circuit 
6. 
FIGS. 3(a) and 3(b) are timing charts useful for ex 

plaining one example of operation of the television cam 
era shown in FIG. 2. With the camera shown in FIG. 2, 
it has been described that the shooting is carried out in 
such a way as to switch the focal point or length condi 
tion alternately to a near view and a distant view. FIGS. 
3(a) and 3(b) show the switching timing therefor. Ac 
cording to the present timing, in the period of a first 
field, shooting is carried out under a focal length condi 
tion 1 (e.g., corresponding to a near view), and in the 
period of a second field, shooting is carried out under a 
focal length condition 2 (e.g., corresponding to a distant 
view). The change of the focal length position may be 
performed in a vertical blanking period (V-BL period). 
Of course, although the change of the focal length posi 
tion may be performed in a video period, this change 
operation is preferably performed in the vertical blank 
ing period (V-BL period) upon which there is no influ 
ence of noise or the like generated during the change of 
the focal length position. Incidentally, after a third field, 
shooting is continued while changing the focal length 
conditions 1 and 2 alternately again. 
FIGS. 4(a) and 4(b) are timing charts showing a mod 

ification of the example shown in FIG. 3. In these fig 
ures, three kinds of focal length conditions are pro 
vided. The details of these three kinds of focal length 
conditions correspond to a distant view, a middle view, 
and a near view, respectively, for example. That is, 
there is shown a timing at which images different in 
focal point or length position are successively inputted 
into the three fields and one sheet of picture image 
having a great depth of field is obtained by composing 
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these three kinds of images. In this case, as a matter of 40 
course, the memory for storing therein the image signals 
corresponding to the respective focal length conditions 
is provided with three fields. The point is that images 
different in focal length condition are taken, and image 
portions in focus are selected from these images to be 
composed so that a composite image which has a great 
depth of field and is of high resolution may be obtained. 
Therefore, the number of the focal length positions can 
be set freely, 
FIGS. 5(a) and 5(b) are timing charts showing an 

other modification of the example shown in FIG. 3. 
According to the present modification, the timing of the 
double speed operation is provided in which the image 
signals of the two fields are read out in one vertical 
scanning period (16.6 ms in the high vision system). 
When one sheet of picture image is obtained by compos 
ing the images taken in the period of the two fields, as 
shown in FIG. 3, the field frequency becomes one half. 
Therefore, the images are previously read out at a dou 
ble field frequency, and the normal field frequency is 
finally secured. Since the image signals are read out at 
the double field frequency, the band width of noise is 
increased and the quantity of signals is decreased to 
reduce the sensitivity so that it will be necessary to 
increase the lens aperture. According to the present 
system, however, since the depth of field can be con 
trolled irrespective of the increase or decrease in the 
lens aperture, a depth more than wide enough to com 
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6 
pensate for the decrease in the depth of field due to the 
increase in the lens aperture can be obtained. As a re 
sult, there is practically no problem when the signals are 
read out at the double speed. 
FIG. 6 is a block diagram showing an embodiment of 

the signal composition circuit 9. This circuit is made up 
of buffer memories 20 and 21, and a selection circuit 22. 
The image signals read out from the image memories 7 
and 8 shown in FIG. 1 are temporarily stored in the 
buffer memories 20 and 21, respectively, and are then 
inputted into the selection circuit 22. The selection 
circuit 22 controls to select which signal stored in either 
the buffer memory 20 or buffer memory 21 to be output 
ted by receiving an instruction of a control signal 23. 
More specifically, the selection circuit 22 selects the 
image signal, from which an image nearer the focusing 
state is obtained, read out from the memory. In this 
regard, the function of each buffer memory will be 
described later. 
FIG. 7 is a block diagram showing a modification of 

the embodiment shown in FIG. 6. In the modified en 
bodiment as shown in FIG. 6, an on/off control has 
been carried out by the selection circuit 22. In contrast 
thereto, in the present modification, a control system 
using gain control circuits 24 and 25, and an adder 26 is 
operated. The output signals from the buffer memories 
20 and 21 are respectively applied to the gain control 
circuits 24 and 25 which adjust the respective gains, and 
are then inputted to the adder 26. According to this 
circuit system, there are provided an effect in that since 
the gains are smoothly changed when two sheets of 
picture images are composed, the picture quality of a 
boundary portion of the composite image is continu 
ously changed to eliminate distortion of the boundary 
portion, and another effect in that any depth of field can 
be set freely irrespective of the state of increase or de 
crease of the lens aperture. 

FIG. 8 is a block diagram showing an embodiment of 
a simplified circuit of the circuit system shown in FIG. 
6 or FIG. 7. In this circuit, the gain control circuits are 
eliminated, and image signals corresponding to two 
sheets of picture images are simply added to each other 
by the adder 26. According to such a system, an image 
signal corresponding to an image area which is in focus 
is added to an image signal corresponding to an image 
area which is out of focus. As a result, there is an effect 
in that high resolution information (high frequency 
region) is obtained from the image in the focusing state, 
and therefore, simple addition allows an image signal of 
higher resolution than the state normally out of focus to 
be obtained. 

FIG. 9 is a block diagram showing an embodiment of 
a signal composition circuit in which a contour correc 
tor 27 is added to the embodiment of FIG. 8. A simply 
adding operation results in that a high frequency signal 
is added. In the present embodiment, however, an en 
hancement of a high frequency region is further per 
formed by the contour corrector 27, thus enabling an 
image signal corresponding to an image of high resolu 
tion to be obtained. Incidentally, in the above-men 
tioned embodiments, description has been given with 
respect to the system for selecting an image in the focus 
ing state, or performing the simply adding operation. 
However, alternatively, as another image signal pro 
cessing technique, a method of displaying a plurality of 
picture images different in focal point or length position 
alternately may be employed. In this case, if image 
signals corresponding to a plurality of picture images 
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are displayed through a contour enhancement circuit, it 
is possible to obtain an image of higher resolution. Ac 
cording to the present embodiment, there is an effect 
substantially similar to that of FIG. 8 in that a human 
eye has an integral function (i.e., the function of recog 
nizing a plurality of picture images displayed in a short 
time as an added image) as visual characteristics, and 
therefore, the images alternately displayed are recog 
nized as an image of high resolution. 
FIG. 10, FIG. 11, FIG. 12 and FIG. 13 are respec 

tively block diagrams showing embodiments each hav 
ing therein means for changing the best focal length 
position. FIG. 10 shows an embodiment in which the 
best focal length position is controlled by moving a 
movable lens 31. A camera lens used for a television 
camera is formed by a plurality of lenses a part of which 
is moved to change the best focal point or length posi 
tion 32 to a focal point or length position 33. In the 
present embodiment, the position of the movable lens 31 
is changed at a frequency equal to or more than a field 
period (60 Hz), and therefore, it is preferable to drive a 
lens with a less weight. Moreover, it is needless to say 
that it is preferable to change a focal point or length 
position with a method of providing the least variations 
in magnification of an image to be taken and the least 
occurrence of image distortion by moving a lens. As a 
method of driving the movable lens 31, there is consid 
ered a method of utilizing a piezoelectric element, or a 
method of mechanically driving the lens by a motor. 

FIGS. 11A and 11B show another embodiment for 
changing a focal point or length position. In the present 
embodiment, a disc-like glass plate 37 which has differ 
ent thicknesses in position (i.e., stepped shape in cross 
section) is rotated. This glass disc 37 is inserted between 
a lens 39 and an image pickup device 38. A change in 
the thickness of the glass allows the control of the focal 
length position to be carried out. For the rotation of the 
glass disc 37, a motor can be utilized. By rotating, the 
glass disc 37 in synchronism with the reading out of an 
image signal from the image pickup device 38, two 
sheets of picture images different in focal length posi 
tion can be obtained. In this regard, although the glass 
having two kinds of thicknesses is utilized in the present 
embodiment, the kind of thickness of the glass is not 
necessarily limited thereto. That is, it is readily under 
stood that a glass disc having three or more kinds of 
thicknesses may be used. 

Moreover, instead of the above-mentioned glass disc, 
a crystalline plate may be used. This crystalline plate is 
produced by forming transparent electrodes on both 
sides of a plate member made of ferroelectrics such as 
gadolinium molybdate. The refractive index of the crys 
talline plate thus produced can be controlled by apply 
ing a suitable voltage across the crystalline plate. There 
fore, if, instead of the glass disc 37, the crystalline plate 
is arranged, the focal length position can be changed 
using no movable portion. 
Now, in FIG. 2, description was given with respect 

to the specific embodiment in which the focal length 
position control circuit 2 exerts control on the camera 
lens. In the meantime, FIG. 12 shows an embodiment in 
which the position of an image pickup device 36 is 
changed with no movement of a lens 35 to change the 
best focal length position. In the present embodiment, 
the focal length position control circuit 2 exerts control 
on the image pickup device 36 to change the position of 
the image pickup device, so that the best focal length 
position can be controlled in such a way as to be set to 
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8 
either a near view or a distant view. It is considered that 
the position of the image pickup device 36 is changed by 
driving a piezoelectric element or a motor in the same 
manner as in the embodiment shown in FIG. 10. 
FIG. 13 shows an embodiment in which the embodi 

ment shown in FIG. 11 is applied to a multiple solid 
state imager, or multitube type camera. In the embodi 
ment shown in FIG. 12, as already described above, the 
position of one image pickup device 36 is vibrated me 
chanically. But, in the present embodiment shown in 
FIG. 13, three image pickup devices 41, 42 and 43 are 
mounted on an optical axis of a lens 40 at phase differ 
ences of a predetermined value. On the individual image 
pickup devices are formed the same image of an object 
through half mirrors 44, 45 and 46, respectively. In this 
connection, the image pickup devices 41, 42 and 43 are 
placed in positions in which their best focal length posi 
tions are set to a near view, a middle view, and a distant 
view, respectively. By selecting an image signal corre 
sponding to an image in a good focusing state from 
image signals obtained from the individual image 
pickup devices, a sharp image having a great depth of 
field can be obtained. In this regard, the present embodi 
ment is suitable for a color television camera. More 
specifically, a color camera provided with a plurality of 
image pickup devices may be constructed in such a way 
that the half mirrors 44, 45 and 46 are replaced with a 
dichroic mirror, and image pickup devices provided for 
individual color channels are arranged in a manner as 
shown in FIG. 13. Out of image signals obtained from a 
color camera, a luminance signal for which high resolu 
tion characteristics are required is a composite signal of 
the individual color signals, and therefore, the present 
embodiment in which a composite image signal of the 
image signals from the individual image pickup devices 
has a high resolution is suitable for the color camera. 
Moreover, the present embodiment is also suitable for a 
color image pickup system which is referred to as a dual 
green system. The dual green system is such a system 
that three image pickup devices are prepared, and of 
them, two image pickup devices are used for a green 
signal and the remaining one is used for a red signal and 
a blue signal. Since the two image pickup devices are 
used for the green signal which has the highest ratio 
among the original colors forming the luminance signal, 
it is especially effective for increasing the depth of field 
of the luminance signal to arrange the two image pickup 
devices with phase differences being kept. In this re 
gard, it will be readily understood that the number of 
image pickup devices may be set arbitrarily as long as 
they are arranged with phase differences being kept, 
which is in the scope of the present invention. 
The composition control circuit 12 shown in FIG. 2 

will be described in detail. The composition control 
circuit 12 of FIG. 2 serves to judge which signal tempo 
rarily stored in either the image memory 7 or the image 
memory 8 is in a focusing state and to generate the 
control signal 22 for selecting an image signal in the 
focusing state. FIG. 14 is a block diagram showing an 
embodiment of a focusing state judgment circuit suit 
able for the selection circuit 22 shown in FIG. 6. The 
present circuit is made up of signal power arithmetic 
circuits 50 and 51, and a comparison circuit 52. An 
image in a focusing state includes therein many high 
frequency signal components, so that a high frequency 
power becomes large. Therefore, by comparing two 
high frequency powers with each other, it is possible to 
readily judge which signal is in a focusing state. FIG. 15 
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is a block diagram showing an embodiment of the 
power arithmetic circuit 50. The present circuit is made 
up of a band pass filter (hereinafter, referred to as sim 
ply "a BPF", when applicable) 53, a square circuit 55, 
and an accumulation circuit 57. The BPF 53 serves to 
selectively pass therethrough an intermediate frequency 
signal of an image signal. The power of an image signal 
can be calculated by means of the square circuit 55 and 
the accumulation circuit 57. In this regard, even if an 
absolute circuit is used instead of the square circuit, the 
power of an image can be calculated, and therefore, 
such replacement is available. The judgment of the 
power of an image signal needs to be performed prior to 
the operation of the signal composition circuit 9 shown 
in FIG. 1. The buffer memories 20 and 21 incorporated 
in the selection circuit as described in the embodiments 
of FIG. 6, FIG. 7, FIG. 8 and FIG. 9 are used for signal 
delay of a period required for the composition control 
circuit to generate the control signal. 
FIG. 16 is a block diagram showing an embodiment 

of the composition control circuit suitable for the signal 
composition circuit shown in FIG. 7. The present cir 
cuit employs a coefficient control circuit 59. The coeffi 
cient control circuit 59 serves to generate a coefficient 
signal depending on the arithmetic results of the power 
arithmetic circuits 50 and 51. For example, in the case 
where the power of an image signal stored in the image 
memory 7 of FIG. 2 is larger than that of an image 
signal stored in the image memory 8, the gain of the gain 
control circuit 24 is set larger than that of the gain 
control circuit 25. The gain control characteristics may 
be set in such a way that the boundary portion of a used 
image is smoothly changed. 
Now, the description will be given with respect to 

another example of the composition control circuit 
shown in FIG. 14. The present embodiment has a func 
tion of compensating an error on selection of a near 
view and a distant view. 
The composition control circuit shown in FIG. 14 

compares the powers of the inputted high frequency 
signals of two sheets of picture images with each other 
and outputs the control signal for selecting a near view 
and a distant view. Then, the noise is contained in the 
image signal outputted by the image pickup device. 
Therefore, in the selection circuit for judging the focus 
ing state on the basis of the comparison result of the 
magnitudes of the high frequency signals, there may be 
an error on selection of a near view and a distant view 
due to the mixed noise in some cases. 
FIG. 17 is a block diagram showing an embodiment 

of a circuit for compensating the mistaken selection 
result. In the present embodiment, a boundary signal 
contained in an image signal, i.e., information about an 
edge position is used to compensate the selection result. 
The procedure is based on the Applicant's knowledge 
that in a general image, an edge signal is present at the 
boundary portion of an object, and an area surrounded 
by the edge belongs to the same object in many cases. 

In the circuit of the present embodiment shown in 
FIG. 17, an edge detection circuit 103, a selection con 
trol signal memory 101, an edge position information 
memory 104, and a compensating circuit 102 are added 
to the composition control circuit shown in FIG. 14. 
The description will subsequently be given with respect 
to a method of compensating a selection control signal 
using edge position information, with reference to FIG. 
18. 
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10 
FIG. 18 is a diagram showing parts of output data of 

the edge detection circuit 103, the comparison circuit 52 
and the compensating circuit 102 of FIG. 17 which are 
taken out in a direction of the vertical scanning line. 
The output of the edge detection circuit 103 is shown by 
an edge position signal line 110; the output of the com 
parison circuit 52 is shown by a selection control signal 
line 111; and the output of the compensating circuit 102 
is shown by a signal line 112 after compensation. Inci 
dentally, a position where the edge is present and that 
where the edge is absent are digitally represented by 
"1" and "O'", respectively. Moreover, with the output of 
the comparison circuit 52, the judgment of a near view 
image and that of a distant view image are digitally 
represented by "0" and "1", respectively. As shown in 
FIG. 18, with coded areas in the selection control signal 
line 111 corresponding to continuous coded image areas 
in the line 110 surrounded by the two edge signals, the 
selection-control signal line 111 is inspected. More spe 
cifically, in the coded areas in the line 111 correspond 
ing to the continuous coded image areas in the line 110, 
the number of selection of near views ("0") and that of 
selection of distant views ('1') are individually 
counted. Then, all the digitized codes of the selection 
results with less counts (e.g., "0") are replaced with the 
digitized codes of the selection results with larger 
counts (e.g., "1"). In this regard, there is provided the 
selection control signal memory 101 for temporarily 
storing therein the selection control signal used for that 
replacement. In the example of FIG. 18, the data re 
placement is carried out in the data positions 113, 114, 
115 and 116, so that the coded data in the line 111 corre 
sponding to the continuous coded data in the line 110 
surrounded by the edge signal are made to be identical 
with each other. As set forth hereinabove, according to 
the present embodiment, the information about the 
boundary of an object is taken out by the edge signal of 
an image and the image areas combined by the bound 
ary is judged to belong to the same image, whereby it is 
possible to prevent an error on selection of a near view 
and a distant view due to the mixed noise. 

In order to judge whether or not image areas com 
bined by the boundary belong to the same object as 
described above, color information of an image signal is 
also utilized. That is, in this case, such a judgment pro 
cedure is based on the information that the same object 
is formed by a similar color in many cases. FIG. 19 is a 
block diagram showing an embodiment of a circuit for 
compensating the selection signal with color informa 
tion. In the present embodiment, the edge signal detec 
tion circuit 103, and the edge position memory 104 both 
shown in FIG. 17 are replaced with a color area detec 
tion circuit i06 for detecting an area having the same 
color, and a color area memory 107, respectively. In the 
embodiment shown in FIG. 19, an image area formed 
by the same color is detected by the color area detection 
circuit 106, and the result of detection is stored in the 
color area detection memory 107. In a similar way to 
the compensation by the edge, the number of near views 
and that of distant views within an image area sur 
rounded by the same color are individually counted, 
and all the codes of the selection result with less counts 
are replaced with the codes of the selection result with 
larger counts. 
FIG. 20 is a block diagram showing an embodiment 

of a circuit in which the examples of FIG. 17 and FIG. 
19 are combined and compensation is carried out in two 
steps. Incidentally, in the present embodiment, after the 

Canon Ex. 1016
Page 21 of 23



5,282,045 
11 

compensation by the edge is performed, the compensa 
tion by the color information is performed. However, 
the order of the compensations may be reversed. More 
over, in the above description with respect to the com 
pensation, a compensating method by one dimensional 
signal processing has been described. However, it is 
readily understood that such a signal processing may be 
expanded to two dimensional one. In this case, such a 
procedure may be taken that an image area is divided by 
either the edge signal or a color area, and in each of the 
divided image areas, the number of selection of near 
views and that of selection of distant views are individu 
ally counted. Further, even in the case of one dimen 
sional compensating processing, as shown in FIG. 21, 
even if a vertical one dimensional compensation is per 
formed after the completion of a horizontal one dimen 
sional compensation, there is the same effect as in the 
two dimensional compensation. 
FIG.22 and FIG.23 are respectively block diagrams 

showing modified embodiments of the embodiment 
shown in FIG. 1. The embodiment of FIG. 22 is differ 
ent in arrangement from the embodiment of FIG. 2 in 
the additional provision of an image distortion compen 
sating circuit 60. With a normal lens, when the focal 
length position is changed, following this, the magnifi 
cation of an image is changed. The image distortion 
compensating circuit 60 has a function of compensating 
distortion of an image due to the change of the focal 
length position. For a method of compensating the 
image distortion, a geometric image compensating 
method such as an affine transformation which has been 
developed in the field of a digital image processing may 
be employed. The distortion of an image which is gen 
erated during the change of the focal length position 
mainly results in the change of the magnification of an 
image, and therefore, such a distortion compensating 
circuit is not necessarily used. For example, alterna 
tively, such a construction may be taken that a zoom 
lens is used as a camera lens, and the zoom magnifica 
tion is controlled in synchronism with the drive of a 
focal lens to prevent the change of the image magnifica 
tion. 
The embodiment of FIG. 23 is different in arrange 

ment from the embodiment of FIG. 2 in the additional 
provision of a motion detection circuit 61. It is consid 
ered that the drive of the lens is, as shown in the em 
bodiments of FIG. 3, FIG. 4 and FIG. 5, carried out at 
a two field period, or one half field period due to the 
double speed operation. Thus, one sheet of composite 
picture image is obtained by composing two sheets of 
continuous picture images. At this time, if there is a 
motion in an image, discontinuity may occur in the 
moving portion of the composite image in some cases. 
The motion detection circuit shown in FIG. 23 has a 
function of detecting the motion of an object from the 
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obtained image signals, and of stopping both the control 
of the focal length position and the signal composition 
when detecting the motion of an image of interest. The 
decrease in the depth of field and resolution is detected 
mainly when an object is at rest, and therefore, even if 
the increase in the depth of field is stoped for a moving 
image, there is practically no problem. 
FIG. 24 is a timing chart showing an embodiment of 

a system for control of the focal length position, and 
image pickup which system is available when using a 
solid-state imaging device. In the case where a solid 
state imaging device is used, a shutter operation can be 
readily performed. In the control of the focal length 
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position according to the present invention, a transient 
focusing state is necessarily present between a time 
period of setting the best focal length position to a dis 
tant view and a time period of setting the best focal 
length position to a near view. The image at the tran 
sient focusing state includes therein image distortion 
and the like which are generated during movement of 
the lens, and when such an image is in the period of 
storage of an image pickup device, the picture quality is 
lowered. An electronic shutter function is used to re 
move the transient image signal. For that purpose, the 
lens or image pickup device begins to be driven immedi 
ately after reading out the signal. As soon as movement 
of the lens is completed, signal charges which have been 
stored are discharged with the shutter function, and the 
storage of the signal charges is started again. Such an 
operation can be realized by synchronizing the shutter 
operation and the lens drive with each other. The image 
signal at the transient state can be removed by the shut 
ter operation, so that an image of high resolution is 
obtained. 
FIG. 25 is a graphical representation showing an 

embodiment of control characteristics of a change in the 
focal point or length position. The depth of field is 
changed depending on a value of the lens aperture. 
Therefore, in order to obtain the same depth of field, it 
is necessary to control the movement of the image pick 
up device by a value of the lens aperture. As shown in 
the embodiment of FIG. 25, the control is carried out in 
such a way that in a state in which the lens aperture is 
increased, the movement of the focal length position is 
increased, and conversely, in a state in which the lens 
aperture is decreased, the movement thereof is de 
creased. This allows a condition such as a fixed depth of 
field to be kept. Moreover, it is preferable that after 
reaching a value of the lens aperture (e.g., F=5.6) in 
which a practically sufficient depth of field can be ob 
tained, the change of the focal point or length position 
is stopped to proceed to a normal image pickup opera 
tion. FIG. 25 shows one example of control characteris 
tics, and the purpose of the present embodiment is that 
the amount of movement of the focal length position is 
controlled depending on the value of the lens aperture. 
As another control method, it is considered that the 

range of the focal length position is controlled in con 
junction with the motion of an object. In the case where 
a moving object is taken, a sufficient resolution cannot 
be obtained. In such a case, since the best focal point or 
length does not need to be set to a moving object, it is 
effective to control the focal length position in accor 
dance with the motion of an object. Moreover, the 
control of the depth of field allows a shooting aiming at 
a special effect to be carried out. In this case, the control 
range of the focal length position may be freely set by a 
shooter. 

Incidentally, description about many embodiments 
described above has been given mainly to the method of 
controlling the depth of field of a television camera. 
However, it is readily appreciated that the present in 
vention can be applied to an electronic camera employ 
ing a lens and an image pickup device. 
As set forth hereinabove, according to the present 

invention, it is possible to freely control the depth of 
field of a television camera apparatus irrespective of a 
value of a lens aperture. Therefore, an image signal 
corresponding to an image which has a great depth of 
field and is of high resolution is obtained while obtain 
ing a high sensitivity with the lens aperture being in 
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creased. This is effective for highly improving a picture 
quality. Moreover, since the depth of field can be con 
trolled to a desired amount for a shooter, there is an 
immeasurable effect in that the degree of freedom of a 
shooting is increased and a shooter aiming at a specific 
effect can be carried out, so that an increase in a range 
of utilizing a television camera can be realized. 
What is claimed is: 
1. A depth-of-field control apparatus used with an 

image pickup apparatus for a television provided with 
at least one camera lens and at least one image pickup 
device, said control apparatus comprising: 
means for changing a focal point or length position of 

said camera lens; 
means for producing a new image signal by compos- 1 

ing image signals corresponding to a plurality of 
picture images different in focal point or length 
position, said image signals being obtained using 
said means for changing a focal point or length 
position; and 

means for controlling said image composition means, 
said control means including: 

means for detecting individual powers of said image 
signals corresponding to the plurality of picture 
images; 

means for comparing the individually detected pow 
ers for each minute area of the image signals with 
each other; 

means for detecting the position of an edge included 
in one of said image signals corresponding to the 
plurality of picture images; and 

means for producing a compensated signal for image 
composition in accordance with a selection of an 
image signal with the highest power produced by 
said power comparing means and by the edge posi 
tion information obtained by said edge position 
detection means so that the compensated signal of 
the selected image signal remains the same within a 
continuous image area present between a pair of 
edges. 

2. A depth-of-field control apparatus used with an 
image pickup apparatus for a television provided with 
at least one camera lens and at least one image pickup 
device, said control apparatus comprising: 
means for changing a focal point or length position of 

said camera lens; 
means for producing a new image signal by compos 

ing image signals corresponding to a plurality of 
picture images different in focal point or length 
position, said image signals being obtained using 
said means for changing a focal point or length 
position; and 
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14 
means for producing a compensated signal for images 
composition in accordance with a selection of an 
image signal with the highest power produced by 
said power comparing means and by the color 
information detected by said area detection means 
so that the compensated signal of the selected 
image signal remains the same within a continuous 
image area of the same color. 

3. A depth-of-field control apparatus according to 
claim 2, wherein said control means further includes 
means for detecting the position of an edge included in 
the one of said image signals corresponding to the plu 
rality of picture images, so that said compensated signal 
for the image composition is compensated by both said 

5 color information and the edge position information 
detected by said edge position detection means so that 
the compensated signal of the selected image signal 
remains the same within a continuous image area pres 
ent between a pair of edges. 

4. A depth-of-field control apparatus used with an 
image pickup apparatus for a television provided with 
at least one camera lens and one image pickup device, 
said control apparatus comprising: 

focal length changing means for performing a cyclic 
change of focal length of the camera lens among a 
plurality of focal length positions in synchronism 
with an integer multiple of a vertical scanning per 
iod of said television so that an image signal which 
sequentially indicates a plurality of picture images 
at respective focal length positions is outputted 
from the image pickup device; 

a plurality of image memories respectively storing the 
plurality of picture images sequentially outputted 
from the image pickup device; 

means for composing a new image signal indicating a 
composite picture image having an increased 
depth-of-field from said plurality of picture images 
read out from the image memories and for output 
ting the new image signal of the composite picture 
image in synchronism with the vertical scanning 
period of said television; and 

means for obtaining motion information of an object 
from a signal outputted from the image pickup 
device and for deactivating said focal length 
changing means when the motion information ob 
taining means detects the motion of said object, 

wherein the composing means stops composing the 
new image signal indicating the composite picture 
image of the increased depth-of-field and outputs 
an image signal indicating an image at a focal 
length position during the time period that the 
means for obtaining motion information detects the 
motion of the object. 

5. A depth-of-field control apparatus according to 
means for controlling said image composition means, 55 clai 4, further comprising means for compensating 
said control means including: 
means for detecting individual powers of said image 

signals correspond to the plurality of picture im 
ages; 

means for comparing the individually detected pow 
ers for each minute area of the image signals with 
each other; 

means for detecting an area included in one of said 
image signals corresponding to the plurality of 

60 

image distortion due to a change of the focal length 
position, wherein after compensating for image distor 
tion of the image signals corresponding to the plurality 
of picture images different in focal length position, a 
new composite image signal is obtained. 

6. A depth-of-field control apparatus according to 
claim 5, wherein the composing means includes means 
for adding image signals corresponding to a plurality of 
picture images different in focal length position, the 

picture images, the individual colors of said de- 65 image signals being individually weighted. 
tected area being similar to each other; and is is 
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