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(57) ABSTRACT 

In an interchangeable lens assembly video camera system 
including an interchangeable lens assembly and a camera, a 
?lter of an AF signal processing circuit (113) of the camera 
extracts a focus evaluation value signal from an image 
sensing signal corresponding to one or a plurality of focus 
detection areas in an image sensing surface, and on the basis 
of the transmitted focus evaluation value signal from the 
camera and data stored in a ROM (120), the microcomputer 
(116) performs a Zooming operation of a Zoom lens (102) 
While maintaining an in-focus state of a focus lens (105). 
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INTERCHANGEABLE LENS VIDEO CAMERA 
SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a video camera 
system Whose lens assemblies are interchangeable. 

[0002] Conventionally, a so-called hill-climbing method is 
known as the method of an automatic focusing device used 
in video apparatuses such as video cameras. The method 
performs focusing by extracting a high-frequency compo 
nent from an image sensing signal obtained by an image 
sensing device such as a CCD and driving a taking lens such 
that the mountain-like characteristic curve of this high 
frequency component is a maximum. 

[0003] This automatic focusing method requires neither 
emission/reception of infrared rays nor special focusing 
optical members for detecting the movement of an image 
Which changes in accordance With the state of a focus. The 
method also has an advantage in that an object can be 
accurately focused regardless of Whether the distance to the 
object is long or short. 

[0004] An example in Which an automatic focusing 
method of he above sort is applied to an interchangeable lens 
video camera Will be described beloW With reference to FIG. 
15. 

[0005] FIG. 15 is a block diagram shoWing an inter 
changeable lens video camera system as one prior art. 

[0006] In FIG. 15, an automatic focusing system com 
prises a lens assembly 500 and a camera main body 550. 
Focusing is performed by driving a focus lens 501 in the 
direction of an optical axis by a lens driving motor 511. An 
image of light transmitting through this lens is formed on the 
image sensing surface of an image sensing device 502 and 
changed into an electrical signal by photoelectric conver 
sion. This electrical signal is output as a video signal. The 
video signal is sampled-and-held and ampli?ed to a prede 
termined level by a CDS/AGC (Correlated Double Sam 
pling/Auto Gain Control) circuit 503, and converted into 
digital video data by an A/D (Analog/Digital) converter 504. 
The data is input to a process circuit (not shoWn) of the 
camera and converted into a standard television signal. The 
data is also input to a bandpass ?lter (to be referred to as BPF 
hereinafter) 505. 
[0007] The BPF 505 extracts a high-frequency component 
from the video signal. A gate circuit 506 extracts only a 
signal corresponding to a portion set in an in-focus desig 
nated area in an image sensing surface. A peak hold circuit 
507 holds peak values at intervals synchroniZed With inte 
gral multiples of a vertical sync signal, generating an AF 
(AutoFocus) evaluation value. 

[0008] An AF microcomputer 508 of the camera main 
body 550 fetches this AF evaluation value and determines 
the driving velocity of a focus motor 511 in accordance With 
an in-focus degree and the driving direction of the motor 
along Which the AF evaluation value increases. The AF 
microcomputer 508 transmits the driving velocity and the 
driving direction of the focus motor 511 to a microcomputer 
509 of the lens assembly 500. 

[0009] In accordance With the designations from the AF 
microcomputer 508 of the camera main body 550, the 
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microcomputer 509 operates the focus motor 511 via a 
motor driver 510 to drive the focus lens 501 in the optical 
axis direction, thereby performing focusing. 

[0010] In the above prior art, hoWever, the camera main 
body has the function of controlling automatic focusing in 
order to alloW an interchange of lenses. Therefore, if, for 
example, the response characteristics of automatic focusing 
are so determined as to be optimum for a speci?c lens, the 
characteristics may not be optimum for other lenses, result 
ing in a loW versatility. 

[0011] Aproblem arising When an interchangeable lens is 
a Zoom lens Will be described beloW With reference to FIG. 
16. 

[0012] FIG. 16 is a block diagram of an interchangeable 
Zoom lens video camera system as another prior art. 

[0013] In a conventional variable poWer lens assembly, a 
variable poWer lens 21 and a compensating lens 22 are 
mechanically connected by a cam. When a Zooming opera 
tion is manually or electrically performed, the variable 
poWer lens 21 and the compensating lens 22 integrally 
move. 

[0014] These variable poWer lens 21 and compensating 
lens 22 are called Zoom lenses. In this lens system, a lens 
(front lens) 1 Which is closest to an object When the image 
is taken is a focus lens. The focus lens 1 moves in the 
direction of an optical axis to perform focusing. 

[0015] An image of light transmitting through these lenses 
is formed on the image sensing surface of an image sensing 
device 3, photoelectrically converted into an electrical sig 
nal, and output as a video signal. This video signal is 
sampled-and-held (correlated double sampling) by a CDS/ 
AGC circuit 4, ampli?ed to a predetermined level by AGC 
(Auto Gain Control), and converted into digital video data 
by an A/D converter 5. The digital video data is input to a 
subsequent camera process circuit (not shoWn) and con 
verted into a standard television signal. The data is also input 
to an AF signal processing circuit 6. 

[0016] The AF signal processing circuit 6 extracts a high 
frequency component Which changes in accordance With the 
focus state from the video signal. A microcomputer 7 for 
controlling the system fetches this high-frequency compo 
nent as an AF evaluation value. 

[0017] The microcomputer 7 determines the driving 
velocity of a focus motor in accordance With the in-focus 
degree and the driving direction of the motor along Which 
the AF evaluation value increases. The microcomputer 7 
sends the velocity and the direction of the focus motor to a 
focus motor driver 9 of a lens assembly 12 and drives the 
focus lens 1 via a focus motor 10. 

[0018] The microcomputer 7 also reads the state of a Zoom 
sWitch 8 and, in accordance With the operation state of the 
Zoom sWitch 8, determines the driving directions and the 
driving velocities of the Zoom lenses 21 and 22. The 
microcomputer 7 transmits these driving directions and 
driving velocities to a Zoom motor driver 11 of the lens 
assembly 12 and drives the Zoom lenses 21 and 22 via a 
Zoom motor 12. 

[0019] A camera main body 13 can be separated from the 
lens assembly 12 and connected to another lens assembly. 
This Widens the range of shooting. 
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[0020] In recent integrated cameras for consumers having 
the above structure, the cam for mechanically connecting the 
compensating lens With the variable poWer lens is no longer 
used in order to miniaturiZe a camera and enable shooting at 
a close distance such as When an object is almost at the front 
surface of the lens. In these cameras, the locus of movement 
of the compensating lens is previously stored as lens cam 
data in a microcomputer, and the compensating lens is 
driven in accordance With this lens cam data. Also, a 
focusing operation is performed by using this compensating 
lens. Lenses of this type, i.e., so-called inner focus type (rear 
focus type) lenses have become most popular. 

[0021] According to the technical concept of the above 
prior art, hoWever, all control operations are done in the 
camera main body, and the lens assembly is driven in 
accordance With control signals supplied from the camera 
main body. Therefore, to use an inner focus type lens as an 
interchangeable lens assembly, the camera main body must 
have the data of the locus of movement of the focus lens, i.e., 
the lens cam data, for maintaining the in-focus state by 
compensating for a change in the focal plane caused by a 
Zooming operation. 

[0022] This, hoWever, imposes on the camera main body 
the serious burden of having the lens cam data Which differs 
from one lens assembly to another. Accordingly, the method 
becomes unrealistic as the number of interchangeable lenses 
increases. 

SUMMARY OF THE INVENTION 

[0023] The present invention has been made in consider 
ation of the above situation, and has as its object to provide 
an interchangeable lens (assembly) video camera system 
capable of performing optimum automatic focusing With not 
only a front focus type lens assembly but also an inner focus 
type lens assembly. 

[0024] Avideo camera system of the present invention and 
a camera and a lens assembly constituting the system have 
the folloWing characteristic features. 

[0025] There is provided a lens assembly Which can be 
detachably attached to a camera including focus detecting 
means, comprising receiving means for receiving a focus 
signal transmitted from the camera, control means for check 
ing an in-focus state on the basis of the focus signal and 
determining a driving direction and a driving velocity of a 
focus lens of the lens assembly, and driving means for 
driving the focus lens in accordance With the driving direc 
tion and the driving velocity. 

[0026] There is also provided a camera to Which a lens 
assembly can be detachably attached, comprising extracting 
means for extracting a focus signal from an image sensing 
signal corresponding to an interior of one or a plurality of 
focus detection areas in an image sensing surface of the 
camera, and transmitting means for transmitting the focus 
signal to the lens assembly. 

[0027] There is further provided a video camera system 
constituted by the above lens assembly and camera. 

[0028] There is further provided a lens assembly Which 
can be detachably attached to a camera including focus 
detecting means, comprising receiving means for receiving 
a focus signal and a state of a sWitch for manipulating a 
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Zooming operation, both of Which are transmitted from the 
camera, a Zoom lens for performing a Zooming operation, a 
focus lens for maintaining an in-focus state during the 
Zooming operation, memory means for storing data repre 
senting a positional relationship betWeen the Zoom lens and 
the focus lens, Zoom lens driving means for driving the 
Zoom lens in accordance With the state of the sWitch, control 
means for checking the in-focus state on the basis of the 
focus signal and determining a driving direction and a 
driving velocity of the focus lens While compensating for a 
movement of a focal plane caused by the Zooming operation 
of the Zoom lens on the basis of the data, and focus lens 
driving means for driving the focus lens in accordance With 
the driving direction and the driving velocity. 

[0029] There is further provided a camera to Which a lens 
assembly can be detachably attached, comprising extracting 
means for extracting a focus signal from an image sensing 
signal corresponding to an interior of one or a plurality of 
focus detection areas in an image sensing surface of the 
camera, a sWitch for manipulating a Zooming operation of a 
Zoom lens of the lens assembly, and transmitting means for 
transmitting the focus signal and a state of the sWitch to the 
lens assembly. 

[0030] There is further provided a video camera system 
constituted by the above lens assembly and camera, Wherein 
the lens assembly controls the operation of the focus lens. 

[0031] In any of the above constructions, the extracting 
means comprises a plurality of ?lter means for extracting a 
signal of a predetermined frequency component as the focus 
signal from the image sensing signal. 

[0032] The extracting means further comprises peak value 
detecting means for detecting a peak value of a luminance 
component in the image sensing signal. 

[0033] The extracting means further comprises contrast 
component detecting means for detecting a contrast compo 
nent in the image sensing signal. 

[0034] The extracting means further comprises peak hold 
ing means for detecting the contrast component by holding 
a peak value of a difference betWeen a maximum value and 
a minimum value of the luminance component. 

[0035] The camera may further comprise a sWitch for 
permitting an automatic focusing operation, and the lens 
assembly may control the focus lens When the sWitch 
permits the automatic focusing operation. 

[0036] The camera may further comprise normaliZing 
means for normaliZing the output from the extracting means 
and, When an image of a speci?c object is taken, substan 
tially the same focus signal may be output to the lens 
assembly under the same taking conditions even if the 
characteristics of cameras vary. 

[0037] Data representing the type of the focus signal may 
be transmitted betWeen the camera and the lens assembly, 
and the control of the focus lens may be changed in 
accordance With the type signal. 

[0038] Other features and advantages of the present inven 
tion Will be apparent from the folloWing description taken in 
conjunction With the accompanying draWings, in Which like 
reference characters designate the same or similar parts 
throughout the ?gures thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] The accompanying drawings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention and, together With the 
description, serve to explain the principles of the invention. 

[0040] FIG. 1 is a block diagram of an interchangeable 
lens video camera system according to an embodiment of 
the present invention; 

[0041] FIG. 2 is a block diagram shoWing an internal 
con?guration of an AF signal processing circuit of the 
camera according to the embodiment of the present inven 
tion; 
[0042] FIG. 3 is a vieW for explaining the operations and 
timings of extraction of various focus evaluation values 
according to the embodiment of the present invention; 

[0043] FIG. 4 is a How chart of AF processing in the 
embodiment of the present invention; 

[0044] FIG. 5 is a timing chart shoWing the timings of 
communications of the AF evaluation values to a lens 
assembly in the embodiment of the present invention; 

[0045] FIG. 6 is an illustration shoWing the locus of 
movement (lens cam data) of a focus lens used to maintain 
an in-focus state by compensating for the position of a focal 
plane Which changes With a Zooming operation of a Zoom 
lens in the embodiment of the present invention; 

[0046] FIG. 7 is an illustration for explaining a method of 
calculating a locus not stored in the lens cam data from the 
information of a plurality of loci stored in the lens cam data 
in the embodiment of the present invention; 

[0047] FIG. 8 is an illustration for explaining a method of 
calculating a locus not stored in the lens cam data from the 
information of a plurality of loci stored in the lens cam data 
in the embodiment of the present invention; 

[0048] FIGS. 9A and 9B are illustrations for explaining 
an algorithm for alloWing the focus lens to trace the locus 
stored in the lens cam data in the embodiment of the present 
invention; 
[0049] FIGS. 10A and 10B are vieWs shoWing details of 
the evaluation values and version information exchanged 
betWeen the camera and the lens according to the ?rst 
modi?cation of the embodiment of the present invention; 

[0050] FIG. 11 is a How chart for explaining the process 
ing performed by a microcomputer of a lens assembly 
according to the ?rst modi?cation of the embodiment of the 
present invention; 

[0051] FIG. 12 is a How chart for explaining a method of 
matching the versions of communications betWeen the cam 
era and the lens assembly according to the ?rst modi?cation 
of the embodiment of the present invention; 

[0052] FIG. 13 is a block diagram of an interchangeable 
lens video camera system according to the second modi? 
cation of the embodiment of the present invention; 

[0053] FIGS. 14A to 14D are illustrations for explaining 
the processing done by an evaluation value normaliZing 
circuit 132 Which constitutes a normaliZing means in the 
embodiment of the present invention; 
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[0054] FIG. 15 is a block diagram shoWing the con?gu 
ration of an interchangeable lens video camera system as 
one prior art; and 

[0055] FIG. 16 is a block diagram shoWing the con?gu 
ration of an interchangeable lens video camera system as 
another prior art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0056] A preferred embodiment of the present invention 
Will be described in detail in accordance With the accom 
panying draWings. FIG. 1 is a block diagram of an inter 
changeable lens video camera system according to an 
embodiment of the present invention. 

[0057] Referring to FIG. 1, a lens assembly 127 is detach 
ably attached to a main body 128 of the camera to constitute 
a so-called interchangeable lens system. 

[0058] An image of light from an object is formed by 
image sensing devices 106 to 108, e.g., CCDs, in the camera 
main body through a ?xed ?rst lens group 101, a second lens 
group 102 for performing a Zooming operation, an iris stop 
103, a ?xed third lens group 104, and a fourth lens group 105 
(to be referred to as a focus lens hereinafter) in the lens 
assembly 127. The fourth lens 105 has both a focusing 
function and a function of compensating for the movement 
of a focal plane caused by Zooming. 

[0059] The image pick devices 106, 107, and 108 in the 
camera main body 128 are provided for three primary colors, 
red (R), green (G), and blue (B), respectively, constituting a 
so-called three-sensor image sensing system. 

[0060] Images of the three primary colors, red, green, and 
blue, are formed on the image sensing devices 106, 107, and 
108, respectively. 
[0061] The images formed on the image sensing devices 
106, 107, and 108 are photoelectrically converted and ampli 
?ed to their respective optimum levels by ampli?ers 109, 
110, and 111, respectively. These images are then input to a 
camera signal processing circuit 112 and converted into a 
standard television signal. This signal is output to, e.g., a 
video recorder (not shoWn) and also input to an autofocus 
(AF) signal processing circuit 113. 

[0062] AnAF evaluation value generated by the AF signal 
processing circuit 113 is read out at a period Which is an 
integral multiple of a vertical sync signal by a data read 
circuit 115 of a microcomputer 114 in the camera main body 
128. The readout AF evaluation value is transferred to a 
microcomputer 116 of the lens assembly 127 via commu 
nication interfaces 135 and 136. 

[0063] In the camera signal processing circuit 112, the 
levels of luminance signals of the output image sensing 
signals from the image sensing devices are detected and 
transferred from the microcomputer 114 to the microcom 
puter 116 of the lens assembly 127 via the communication 
interfaces 135 and 136. On the basis of this luminance signal 
information, an iris driver 124 is controlled, an IG (Iris 
Galvano) meter 123 is driven, and the iris stop 103 is 
controlled. 

[0064] The aperture value of the iris stop 103 is detected 
by an encoder 129, supplied to the microcomputer 116, and 
used as depth-of-?eld information. 
























