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(57) ABSTRACT 

A digital camera has distance measurement Zone setting 
means (12) for dividing distance to a subject into a plurality of 
distance measurement Zones; distance measurement Zone 
selection means (13) for selecting a distance measurement 
Zone to be scanned; an autofocus evaluation calculation cir 
cuit (14) for acquiring anAF evaluation value by scanning the 
selected distance measurement Zone; Zone-update determina 
tion means (15) for determining, through use of the AF evalu 
ation value, Whether or not to update a distance measurement 
Zone to be scanned; and in-focus position decision means (16) 
for appropriately updating the scanned distance measurement 
Zone based upon the determination as to Whether to update the 
distance measurement Zone, and deciding an in-focus posi 
tion based upon acquisition of AF evaluation value. A focus 
ing lens (2) is driven to the in-focus position by a focusing 
lens drive circuit (17). 
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FIG. 3 
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FIG. 4 
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FOCUS CONTROL APPARATUS, IMAGE 
SENSOR, PROGRAM AND STORAGE 

MEDIUM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
US. Ser. No. 11/585,306, ?led Oct. 24, 2006 Which is a 
reissue ofU.S. Ser. No. 11/253,614 ?led on Oct. 20, 2005 and 
issued as US. Pat. No. 7,079,763, Which is a division ofU.S. 
Ser. No. 10/661,210, ?led Sep. 12, 2003, now US. Pat. No. 
6,970,646, Which claim priority to Japan application serial 
No. 2002-267774, ?led Sep. 13, 2002, all of Which the con 
tents of are hereby incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to a focus control apparatus 
capable of shortening distance measurement time by dividing 
subject distance into a plurality of distance measurement 
Zones and scanning each of the distance measurement Zones 
in succession, as Well as to an image sensor having this 
apparatus, a program applicable to this apparatus and storage 
medium on Which the program has been stored. 

BACKGROUND OF THE INVENTION 

[0003] Image sensors in digital cameras and the like often 
adopt an autofocus (“AF” beloW) method referred to as the 
TV-AF method. This method moves the focus position Within 
a certain range and calculates distance to the subject using an 
AP evaluation signal at each of a number of points Within this 
range (e.g., see the speci?cation of Japanese Patent Applica 
tion Laid-Open No. 3-68280). The AP evaluation signal is 
computed by extracting a signal component of a prescribed 
band using a BPF (bandpass ?lter), etc. The more the subject 
is in focus, the greater the signal computed. 
[0004] For example, if the distance from in?nity to 50 cm is 
adopted as the range of distance measurement, as shoWn in 
FIG. 10, anAF evaluation signal at a focus position for focus 
ing on in?nity is acquired and then AF evaluation signals at 
each of a number of distances are acquired successively While 
making the focus position approach to a distance of 50 cm. AF 
control is subsequently carried out through a method of com 
paring the AF evaluation signals acquired at each of the dis 
tances and taking the focus position to be at a subject distance 
A judged to provide the best focus. (The subject distance A 
corresponds to the peak of the AF evaluation signal.) 
[0005] It is usually dif?cult to acquireAF evaluation signals 
continuously While assigning focus positions. In many cases, 
therefore, AF evaluation signals are acquired upon doWnsam 
pling AF evaluation signals at intervals of distances equiva 
lent to depth of ?eld. 
[0006] HoWever, in the case of a digital camera having a 
long focal length and a broad range of focus movement or a 
digital camera having a shalloW depth of ?eld and requiring 
?ne movement of focus, the prior art is such that it is neces 
sary to increase greatly the number of data samples (AF 
evaluation signals) acquired With regard to the range of dis 
tance measurement. As a consequence, acquiring the data 
takes time and, hence, the time needed for AF control is 
prolonged. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, an object of the present invention is to 
provide a focus control apparatus that makes it possible to 
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shorten autofocus time by raising autofocus speed Without 
loWering autofocus precision even in a case Where a large 
number of samples of autofocus evaluation signals are 
required With respect to range of distance measurement, as 
Well as an image sensor having this apparatus, a program 
applicable to this apparatus and a storage medium on Which 
the program has been stored. 

[0008] According to the present invention, the foregoing 
object is attained by providing a focus control apparatus for 
detecting in-focus position of a focusing optical system by 
performing scanning for driving the focusing optical system 
in accordance With a prescribed range of a subject distance, 
comprising: Zone dividing means for dividing the subject 
distance into a plurality of distance measurement Zones; Zone 
selection means for selecting a distance measurement Zone to 
be scanned; in-focus state acquisition means for acquiring the 
in-focus state of the focusing optical system by scanning the 
selected distance measurement Zone; Zone-update determina 
tion means for determining, through use of the in-focus state, 
Whether or not to update a distance measurement Zone to be 
scanned; and in-focus position decision means for deciding 
an in-focus position of the focusing optical system based 
upon updating of the distance measurement Zone to be 
scanned, Which is based upon the update determination, and 
the acquisition of the in-focus state. 
[0009] Further, according to the present invention, the fore 
going object is attained by providing a focus control appara 
tus for detecting in-focus position of a focusing optical sys 
tem by performing scanning for driving the focusing optical 
system in accordance With a prescribed range of a subject 
distance, comprising: Zone dividing means for dividing the 
subject distance into a plurality of distance measurement 
Zones; Zone selection means for selecting a distance measure 
ment Zone to be scanned; in-focus state acquisition means for 
acquiring the in-focus state of the focusing optical system by 
scanning the selected distance measurement Zone; in-focus 
discrimination means for discriminating Whether or not focus 
has been achieved using the in-focus state; Zone updating 
means for successively updating the distance measurement 
Zone to be scanned; and update-execution determination 
means for determining Whether or not to execute updating of 
the distance measurement Zone in dependence upon result of 
in-focus discrimination. 

[0010] Thus, in accordance With the present invention, as 
described above, subject distance is divided into a plurality of 
distance measurement Zones and a distance measurement 

Zone to be scanned is selected. The in-focus state of the 
focusing optical system is acquired by scanning the selected 
distance measurement Zone and Whether the distance mea 
surement Zone to be scanned is to be updated or not is deter 
mined using the distance-measurement information. The dis 
tance measurement Zone scanned is updated appropriately 
and the in-focus position is decided based upon the acquisi 
tion of the in-focus state. In cases Where the subject is found 
quickly, therefore, it is no longer necessary to scan other 
distance measurement Zones. As a result, it is possible to 
realiZe a focus control apparatus and an image sensor having 
this apparatus in Which autofocus time is shortened by raising 
autofocus speed Without loWering autofocus precision even in 
a case Where there are a large number of samples of the 
in-focus state required With respect to the range of distance 
measurement. 

[0011] Further, in accordance With the present invention, 
subject distance is divided into a plurality of distance mea 
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surement Zones and a distance measurement Zone to be 

scanned is selected. The in-focus state of the focusing optical 
system is acquired by scanning the selected distance mea 
surement Zone and whether focus has been achieved is dis 
criminated using the in-focus state. The distance measure 
ment Zone to be scanned is updated successively. Whether 
updating of the distance measurement Zone is to be executed 
or not is determined in dependence upon the result of the 
in-focus discrimination. In cases where the subject is found 
quickly, therefore, it is no longer necessary to scan other 
distance measurement Zones. As a result, as set forth above, it 
is possible to realiZe a focus control apparatus and an image 
sensor having this apparatus in which autofocus time is short 
ened. 

[0012] Further, by changing a requirement for determining 
updating of the distance measurement Zone and the require 
ment for in-focus discrimination in dependence upon the 
history of updating of the distance measurement Zone, it is 
possible to carry out more suitable determination of updating 
of the distance measurement Zone and discrimination of the 
in-focus state. 

[0013] Even if there are a plurality of distance-measure 
ment positions, division is made into a plurality of distance 
measurement Zones, the in-focus state of the focusing optical 
system is acquired by scanning a selected distance measure 
ment Zone and scanning can be halted when it is judged that 
the in-focus state has been obtained based upon the in-focus 
state. This makes it possible to shorten autofocus time by 
raising autofocus speed, as set forth above. 

[0014] Further, by changing the order in which distance 
measurement Zones are updated in accordance with photo 
graphic conditions or mode of photography and changing the 
number of distance measurement Zones into which the sub 
ject distance is divided in accordance with focal length or 
f-stop at the time of photography, it is possible to shorten 
autofocus time by raising autofocus speed, as set forth above. 
[0015] Other objects and advantages besides those dis 
cussed above shall be apparent to those skilled in the art from 
the description of a preferred embodiment of the invention 
which follows. In the description, reference is made to 
accompanying drawings, which form a part thereof, and 
which illustrate an example of the invention. Such example, 
however, is not exhaustive of the various embodiments of the 
invention, and therefore reference is made to the claims which 
follow the description for determining the scope of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a block diagram illustrating the structure of 
a digital camera equipped with an autofocus apparatus 
according to a ?rst embodiment of the present invention; 
[0017] FIG. 2 is a diagram illustrating an example in which 
a distance measurement Zone has been divided into a plurality 
of Zones in dependence upon subject distance; 
[0018] FIG. 3 is a ?owchart illustrating an AP operation 
when a distance measurement Zone has been divided; 

[0019] FIG. 4 is a ?owchart illustrating processing for 
determining updating of a distance measurement Zone; 

[0020] FIG. 5 is a diagram illustrating an example of a 
relationship between the range of each distance measurement 
Zone and an AP evaluation value; 
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[0021] FIG. 6 is a diagram illustrating positions of AF 
frames in a case where nine AF frames have been set in 
accordance with a second embodiment of the present inven 
tion; 
[0022] FIG. 7 is a ?owchart illustrating processing for 
determining updating of a distance measurement Zone in a 
case where a plurality of AF frames exist; 
[0023] FIG. 8 is a diagram illustrating an example of a 
relationship between focal length and number of divisions of 
distance measurement Zones according to a third embodiment 
of the present invention; 
[0024] FIGS. 9A and 9B are diagrams illustrating relation 
ships between F-number and number of divisions of distance 
measurement Zones, in which FIG. 9A illustrates an example 
of division into distance measurement Zones when the 
F-number is 5.6 and FIG. 9B an example of division into 
distance measurement Zones when the F-number is 4.0; and 
[0025] FIG. 10 is a diagram illustrating an example of a 
relationship between subject distance and AF evaluation 
value. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] An overview of a mode of the present invention will 
be described ?rst. According to this mode of practicing the 
invention, which relates to an image sensor such as that of a 
digital camera having an autofocus function, subject distance 
is divided into a plurality of distance measurement Zones and 
a distance measurement Zone to be scanned is selected from 
the plurality of distance measurement Zones. (Scanning refers 
to an operation for driving a focusing optical system in accor 
dance with a prescribed range of subject distance.) An AF 
evaluation value is acquired by scanning the selected distance 
measurement Zone, the distance measurement Zone to be 
scanned is updated appropriately based upon the update 
determination and the in-focus position is decidedbased upon 
the AF evaluation value. This shortens the AF time by raising 
the AF speed. 
[0027] Embodiments of the present invention will be 
described in detail below with reference to the drawings. 

First Embodiment 

[0028] A ?rst embodiment of the present invention will be 
described for a case where the autofocus apparatus of the 
invention is applied to a digital camera. 
[0029] FIG. 1 is a block diagram illustrating the structure of 
a digital camera equipped with an autofocus apparatus 
according to a ?rst embodiment of the present invention. The 
digital camera has an optical system 1, a focusing lens 2, an 
image sensing device 3, a preprocessing circuit 4, an A/D 
converter 5, a memory controller 6, a memory 7, a recording 
medium 8, a switch (SW1) 9, a switch (SW2) 10, a control 
unit 11, distance measurement Zone setting means 12, dis 
tance measurement Zone selection means 13, an AP evalua 
tion value calculation circuit 14, Zone-update determination 
means 15, in-focus position decision means 16 and a focus 
ing-lens drive circuit 17. 
[0030] The optical system 1 causes the image of a subject to 
impinge upon the image sensing device 3 via the focusing 
lens 2, which is driven over a selected range of distance 
measurement. The image sensing device 3 opto-electroni 
cally converts the image of the subject to an electric signal. 
The preprocessing circuit 4 has a CDS circuit for eliminating 
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output noise and a non-linear amplifying circuit for applying 
non-linear ampli?cation before an A/D conversion is per 
formed. The A/D converter 5 converts an analog signal, Which 
is output from the preprocessing circuit 4, to a digital signal. 
The memory controller 6 stores the digital signal, Which is 
output from the A/D converter 5, in the memory 7. The 
recording medium 8 records images. The sWitch (SW1) 9 is 
pressed When the focusing lens 2 is to be driven, and the 
sWitch (SW2) 10 is pressed When a picture is to be taken. 
[0031] The control unit 11 controls each component of the 
digital camera to thereby control various operations, Which 
include an AP operation. The control unit 11 executes pro 
cessing, Which is represented by ?oWcharts described later, 
based upon a program stored Within the digital camera or a 
program supplied externally. The distance measurement Zone 
setting means 12 divides the subject distance into a plurality 
of distance measurement Zones. The AP evaluation value 
calculation circuit 14 calculates an AP evaluation value by 
extracting mid- and high-frequency components of the signal 
acquired by the image sensing device 3. The Zone-update 
determination means 15 determines Whether or not to update 
a distance measurement Zone based upon the AF evaluation 
value. The in-focus position decision means 16 decides the 
in-focus position based upon repetitive updating of the dis 
tance measurement Zone and acquisition of the AF evaluation 
value. The focusing-lens drive circuit 17 drives the focusing 
lens 2 to the in-focus position. 
[0032] The digital camera according to the ?rst embodi 
ment is such that light (the image of the subject) Whose image 
has been formed on the image sensing device 3 by the optical 
system 1 and focusing lens 2 at the time of photography is 
opto-electronically converted by the image sensing device 3, 
and the resulting signal is converted to a digital signal through 
the preprocessing circuit 4, Which has the CDS circuit that 
eliminates output noise and the non-linear amplifying circuit 
that applies non-linear ampli?cation prior to the A/D conver 
sion, and the A/D converter 5. The digital signal is stored in 
the memory 7 via the memory controller 6, and the digital 
signal that has been stored in the memory 7 is converted to an 
image by a signal processing circuit (not shoWn), after Which 
the image is recorded on the recording medium 8. 
[0033] The operation of the digital camera in the ?rst 
embodiment constructed as set forth above Will be described 
in detail While referring to FIGS. 1 to 5. 

[0034] The AP operation Will noW be described. The AP 
operation is controlled by the control unit 11. First, if the 
sWitch (SW1) 9 is pressed by the photographer, the subject 
distance is divided into a plurality of distance measurement 
Zones by the distance measurement Zone setting means 12, 
the focusing lens 2 is driven by the focusing-lens drive circuit 
17 so as to scan a distance-measurement range (distance 
measurement Zone) that has been selected by the distance 
measurement Zone selection means 13, and a signal is 
acquired by the image sensing device 3. The signal that has 
been acquired by the image sensing device 3 is applied to the 
AF evaluation value calculation circuit 14, Which extracts 
mid-to -high frequency components using a BPF, Whereby the 
signal is converted to anAF evaluation value (the value of the 
AF evaluation signal) at each scanned point. 
[0035] Whether or not to perform distance measurement in 
another distance measurement Zone is determined by the 
Zone-update determination means 15 based upon the AF 
evaluation value at each scanned point. After the updating of 
the distance measurement Zone by the Zone-update determi 
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nation means 15 and the acquisition of the AF evaluation 
value by the AF evaluation value calculation circuit 14 have 
been repeated, the in-focus position is decided by the in-focus 
position decision means 16 based upon the AF evaluation 
value that prevails folloWing the end of the scan and the 
focusing lens 2 is driven to this in-focus position by the 
focusing-lens drive circuit 17. Picture-taking is executed in 
response to the sWitch (SW2) 10 being pressed by the pho 
tographer under these conditions. 
[0036] The AP operation Will noW be described in greater 
detail. 
[0037] The ?rst embodiment Will be described on the 
assumption that the lens is a ?xed focal length lens and that 
there is a single AF frame (distance-measurement position), 
Which is an area displayed on the display screen of the digital 
camera. Further, it is assumed that the range of distance 
measurement is from in?nity to, e.g., 50 cm. The distance 
measurement Zone is divided into, e.g., three portions, as 
shoWn in FIG. 2, by the distance measurement Zone setting 
means 12. FIG. 2 is a diagram illustrating the relationship 
betWeen subject distance and distance measurement Zones. 
This is an example in Which distance measurement Zones 1, 2 
and 3 are assumed to be 2 m to in?nity, l m to 2 m and 50 cm 
to l m, respectively. The method of dividing the object dis 
tance into distance measurement Zones may be decided at Will 
depending upon distance measuring speed, Which subject 
distance is to be given priority, or the photographic condi 
tions. Further, the number of distance measurement Zones 
into Which division is made can be changed in dependence 
upon focal length at the time of photography and the f-stop at 
the time of photography. In this case, the longer the focal 
length, the larger the number of distance measurement Zones 
may be made, and the greater the aperture is stopped doWn, 
the smaller the number of distance measurement Zones may 
be made. 
[0038] Next, the order of the distance measurement Zones 
scanned is decided by the distance measurement Zone selec 
tion means 13. In this example, the order is assumed to be, 
e.g., distance measurement Zone lQdistance measurement 
Zone 2Qdistance measurement Zone 3. In this case, this 
means that scanning is performed from Where the subject 
distance is far aWay, as illustrated in FIG. 2. Besides the 
above, scanning may be performed from Where the subject 
distance is nearby, as in the manner distance measurement 
Zone 3Qdistance measurement Zone 2Qdistance measure 

ment Zone 1, or scanning may be performed in the manner 
distance measurement Zone 2Qdistance measurement Zone 

lQdistance measurement Zone 3. The purpose of dividing 
object distance into the distance measurement Zones is to 
shorten AF time by ?nding the subject quickly and then 
halting scanning at this point. This means that it is desirable to 
perform scanning from a distance measurement Zone in 
Which there is a high probability that the subject Will be 
present. 
[0039] Accordingly, the order of the distance measurement 
Zones scanned can be changed depending upon the mode of 
photography as folloWs: It may be so arranged that scanning 
is performed from far to near in a case Where a picture is taken 
in a scene photography mode and from near to far in a case 
Where a picture is taken in a portrait photography mode. This 
Will make it possible to achieve focus more quickly on the 
subject intended by the photographer. 
[0040] Next, reference Will be had to the ?owchart of FIG. 
3 to describe the How of processing up to successive scanning 
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of the distance measurement Zones set as described above, 
acquisition of AF evaluation values and ?nal decision of the 
in-focus position. The processing illustrated in this ?owchart 
is executed by having the control unit 11 control each com 
ponent of the digital camera of FIG. 1 based upon a program. 
[0041] At step S1 in FIG. 3, the distance measurement Zone 
setting means 12 sets the distance measurement Zone to be 
scanned. In a case Where the updating order of the distance 
measurement Zones is distance measurement Zone lQdis 

tance measurement Zone 2Qdistance measurement Zone 3, 
?rst the distance measurement Zone 1 is set. Next, at step S2, 
the distance measurement Zone that has been set by the dis 
tance measurement Zone setting means 12 is scanned, 
Whereby an AP evaluation value is acquired by the AF evalu 
ation value calculation circuit 14. The AP evaluation value 
may be calculated by applying BPF-based ?ltering process 
ing to the signal obtained by photography, extracting mid 
and high-frequency components of this signal and then adopt 
ing the maximum value of amplitude Within the AF frame as 
the AF evaluation value. Alternatively, calculation may 
include extracting the maximum value along the X axis in 
?ltering by the BPF Within the AF frame, integrating maxi 
mum values along the direction (Y-axis) perpendicular to the 
direction of the X axis of the BPF, and adopting the integrated 
value as the AF evaluation value. 

[0042] Next, at step S3, the Zone-update determination 
means 15 executes Zone-update determination processing for 
determining Whether or not to update the distance measure 
ment Zone based upon the AF evaluation value acquired by 
the AF evaluation value calculation circuit 14. Speci?cally, in 
Zone-update determination processing, Whether to update the 
distance measurement Zone or not is determined based upon 
the difference betWeen maximum and minimum levels of the 
AF evaluation value and the manner in Which the AF evalu 
ation value rises at the end of the distance measurement Zone. 

[0043] The details of processing for determining updating 
of the distance measurement Zone at step S3 Will be described 
based upon the ?owchart of FIG. 4. The processing illustrated 
in this ?owchart is executed by having the control unit 11 
control each component of the digital camera of FIG. 1 based 
upon a program. 

[0044] At step S11 in FIG. 4, ?rst the Zone-update determi 
nation means 15 calculates Afdiff1:Afmax—Afmin, Which is 
the difference betWeen a maximum value Afmax and mini 
mum value Afmin of all AF evaluation values in distance 
measurement Zones scanned thus far. Next, at step S12, the 
Zone-update determination means 15 determines Whether the 
calculated difference Afdiffl is greater than a threshold value 
TH1. If Afdiff1>threshold value TH1 is found to hold, the 
Zone-update determination means 15 determines that the AF 
evaluation signal has peaked (i.e., that the peak of the AF 
evaluation signal has been found) and renders an “OK” deci 
sion (i.e., decides that the distance measurement Zone is not to 
be updated). If it is found that Afdiff1>threshold value TH1 
does not hold, the Zone-update determination means 15 ren 
ders an “NG” decision (i.e., determines that the distance 
measurement Zone is to be updated). 

[0045] The manner in Which the AF evaluation value rises 
at the end of a distance measurement Zone is for judging 
Whether the AF evaluation value is rising on the very near side 
in the distance measurement Zone 1, as shoWn for example in 
FIG. 5. That is, at step S13, the Zone-update determination 
means 15 calculates the difference Afdiff2:Afsikin—Af 
sikin-l, Which is the difference betWeen the AF evaluation 
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value Afsikin on the nearest side in the distance measurement 
Zone 1 and the immediately preceding AF evaluation value 
Afsikin-l, and compares the result of calculation With a 
threshold value TH2 at step S14. If it is found that the result is 
greater than the threshold value TH2, the Zone-update deter 
mination means 15 judges that the AF evaluation value at the 
end of the distance measurement Zone is rising and renders 
the NG decision (the decision to update the distance measure 
ment Zone) by reason of the fact that the peak of the AF 
evaluation signal in FIG. 5 is located in another distance 
measurement Zone. If it is found that the result is equal to less 
than the threshold value TH2, then the Zone-update determi 
nation means 15 renders the OK decision (the decision not to 
update the distance measurement Zone). 
[0046] It should be noted that the threshold value TH1 used 
in determining updating of the distance measurement Zone 
need not be a ?xed value; it may be changed depending upon 
the number of distance measurement Zones scanned thus far. 
That is, the greater the number of distance measurement 
Zones ob served (the greater the number of distance measure 
ment Zones into Which division is made), the more likely a 
signi?cant difference betWeen the peak of the AF evaluation 
signal and the minimum level should manifest itself. If there 
are a large number of Zones, therefore, it possible to adopt a 
large threshold value. Further, the feWer the distance mea 
surement Zones, the more difficult it Will be for a difference 
betWeen the maximum and minimum levels of the AF evalu 
ation value to appear, and hence in this case it is better to adopt 
a small threshold value. Thus, by changing the requirement 
for determining updating of the distance measurement Zone 
in dependence upon the Zone update history, it is possible to 
carry out more suitable determination of updating of the 
distance measurement Zone. 

[0047] Furthermore, the parameter (requirement for deter 
mining updating of the distance measurement Zone) may be 
changed in dependence upon the mode of photography. For 
example, in a case Where the S/N ratio of the AF evaluation 
value can be assumed to be poor because the subject is dark, 
as in a mode for photographing a night scene, it may be 
arranged so as to make updating of the distance measurement 
Zone as easy as possible and observe (calculate) a subject 
distance over a Wide range. 

[0048] In a case Where the tWo Zone update requirements of 
steps S12 and S14 both receive “OK” decisions, it is decided 
not to update the distance measurement Zone at step S15. 
OtherWise, it is decided to update the distance measurement 
Zone at step S16. 

[0049] With reference again to FIG. 3, it is determined at 
step S4 Whether to update the distance measurement Zone 
using the result of Zone update determination processing of 
FIG. 4. If the Zone-update determination means 15 has 
decided to update the distance measurement Zone, then, at 
step S5, it is determined Whether the above-described pro 
cessing has ended With regard to all of the distance measure 
ment Zones. If the Zone-update determination means 15 has 
determined that the distance measurement Zone is not to be 
updated, then control proceeds to step S6, Which is processing 
for determining the in-focus position. If the Zone-update 
determination means 15 has decided to update the distance 
measurement Zone and, moreover, the above-described pro 
ces sing has not ended With regard to all distance measurement 
Zones at step S5, then the next distance measurement Zone is 
set at step S1. If the above-described processing has ended 
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with regard to all distance measurement Zones, then control 
proceeds to step S6, namely processing for determining the 
in-focus position. 
[0050] In processing for determining the in-focus position 
at step S6, ?rst the in-focus position decision means 16 cal 
culates the in-focus position after it has discriminated the 
in-focus state. Discrimination of the in-focus state involves 
obtaining Afdiffl (:Afmax—Afmin), in a manner similar to 
that of processing for determining Zone update described 
above, based upon all AF evaluation values of distance mea 
surement Zone scanned thus far, and comparing Afdiffl with 
a threshold value TH3. The in-focus position decision means 
16 determines that focusing is possible if Afdiff1>TH3 holds 
and is impossible if Afdiff1>TH3 does not hold. If focusing is 
possible, the maximum value of AF evaluation values is 
adopted as the in-focus position. It should be noted that the 
requirement for discriminating the in-focus state can be 
changed in dependence upon the history of Zone update. 
Further, if it is discriminated that focusing is possible, updat 
ing the distance measurement Zones is terminated. 
[0051] By changing the setting of the threshold value TH1 
in the processing for determining Zone update and the setting 
of the threshold value TH3 in the processing for determining 
the in-focus position, it is possible to make the updating of the 
distance measurement Zones easier or more di?icult. For 

example, if the threshold value TH1 is greater than the thresh 
old value TH3, the OK decision (the decision not to update the 
distance measurement Zone) will not be rendered unless the 
difference between the high and low levels of the AF evalu 
ation signal becomes correspondingly large. As a conse 
quence, updating of the distance measurement Zone becomes 
easier. Further, the determination regarding updating of the 
distance measurement Zone may be made exactly the same as 
the determination regarding the in-focus state. 
[0052] Thus, in accordance with the ?rst embodiment, as 
described above, subject distance is divided into a plurality of 
distance measurement Zones and a distance measurement 

Zone to be scanned is selected. An AF evaluation value is 
acquired by scanning the selected distance measurement Zone 
and whether the distance measurement Zone to be scanned is 
to be updated or not is determined using the AF evaluation 
value. The distance measurement Zone scanned is updated 
appropriately and the in-focus position is decided based upon 
the acquisition of the AF evaluation value. In cases where the 
subject is found quickly, therefore, it is no longer necessary to 
scan other distance measurement Zones. As a result, focusing 
time can be shortened correspondingly. Even in this case 
there is no decline in focusing performance of AF control. 
[0053] Accordingly, it is possible to realiZe a focus control 
apparatus and a digital camera having this apparatus in which 
autofocus time is shortened by raising autofocus speed with 
out lowering autofocus precision even in a case where there 
are a large number of samples of AF evaluation signals 
required with respect to the range of distance measurement. 

Second Embodiment 

[0054] A second embodiment of the present invention will 
be described for a case where the autofocus apparatus of the 
present invention is applied to a digital camera and, moreover, 
there are a plurality of AF frames (distance-measurement 
positions) on the screen of the digital camera. The second 
embodiment differs from the ?rst embodiment in that the 
processing for determining updating of the distance measure 
ment Zone is changed owing to the presence of a plurality of 
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AP frames. The second embodiment will be described for a 
case where there are nine frames, as depicted in FIG. 6. It 
should be noted that the structure of the digital camera in the 
second embodiment is the same as that of the ?rst embodi 
ment (see FIG. 1) and need not be described again. 
[0055] The operation of the digital camera in the second 
embodiment thus constructed will be described in detail with 
reference to FIGS. 1, 6 and 7. 
[0056] The ?ow of processing of the AF operation in the 
second embodiment is similar to that of the ?owchart of FIG. 
3 according to the ?rst embodiment; only the processing of 
step S3 for determining updating of the distance measure 
ment Zone is different. The second embodiment will be 
described with regard to this processing for determining 
updating of the distance measurement Zone. Further, the order 
of Zone updating is changed so that updating is from far to 
near. 

[0057] In addition, the discrimination of the state of the 
curve of the AF evaluation signal in each AF frame in the 
second embodiment is similar to that of the ?owchart of FIG. 
4 according to the ?rst embodiment. In the second embodi 
ment, if a “NO” decision is rendered at step S14, the state of 
the crest of the AF evaluation signal is expressed by 0 (this 
means that the signal has a peak in the particular distance 
measurement Zone); if a “YES” decision is rendered at step 
S14, the state of the crest is expressed by A (this means that 
the signal has a peak in another distance measurement Zone); 
and if a “NO” decision is rendered at step S12, the state of the 
crest is expressed by x (this means that the signal has no peak 
in the particular distance measurement Zone). 
[0058] Next, the ?ow of the processing for determining 
Zone update will be described with reference to the ?owchart 
of FIG. 7. The processing illustrated in this ?owchart is 
executed by having the control unit 11 control each compo 
nent of the digital camera of FIG. 1 based upon a program. 
[0059] At step S21 in FIG. 7, the Zone-update determina 
tion means 15 investigates the states of the AF evaluation 
values in the three intermediate AF frames among the nine 
upper, intermediate and lower AF frames in FIG. 6. Control 
proceeds to step S26, at which the Zone-update determination 
means 15 determines that the distance measurement Zone is 
not to be updated, only if 0 is indicated for all three of the 
intermediate frames. All nine of the upper, intermediate and 
lower AF frames are not investigated because it is considered 
here that the intermediate AF frames have priority. This is so 
that even if a subject at short distance is within an upper or 
lower AF frame, focus will not be pulled in that direction 
(e.g., so that the main subject will not be brought into focus in 
an upper or lower AF frame in a case where the main subject 
is located in an intermediate AF frame). Further, the reason 
for investigating the three intermediate AF frames rather than 
a single center point is to prevent erroneous distance mea 
surement in autofocus in case of a scene where the center is 
empty, as when the main subject is not centrally located. 
[0060] Ifa “NO” decision is rendered at step S21 (i.e., ifnot 
all of the intermediate frames are O), then, at step S22, the 
Zone-update determination means 15 determines whether 
updating of the distance measurement Zone is from the sec 
ond onward. If updating of the distance measurement Zone is 
the from the second onward, then the Zone-update determi 
nation means 15 determines at step S27 that the distance 
measurement Zone is to be updated. The reason for determin 
ing whether updating of the distance measurement Zone is 
from the second onward is as follows: If the subject distance 
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is divided into the distance measurement Zones ?nely, there is 
a possibility that only the base of the crest of the AF evalua 
tion signal Will be scanned. Hence, the determination con 
cerning updating of the distance measurement Zones is car 
ried out after investigating a plurality of distance 
measurement Zones as much possible so as to avoid an “X” 

determination from being made oWing to observation solely 
of the base of a crest despite the fact that the signal actually 
has a peak. 
[0061] lfa “YES” decision is rendered at step S22 (i.e., if 
updating of the distance measurement Zone is from the sec 
ond onWard), then, at step S23, the Zone-update determina 
tion means 15 investigates the state of the AF evaluation value 
in the intermediate AF frames and checks to see Whether “A” 
holds for the intermediate frames. If “A” holds for the inter 
mediate frames, then the Zone-update determination means 
15 interprets this as meaning that the peak of the AF evalua 
tion signal is still in another distance measurement Zone and 
determines at step S27 that the distance measurement Zone is 
to be updated. If “A” does not hold for the intermediate 
frames, then, at step S24, the Zone-update determination 
means 15 investigates the state of the AF evaluation value in 
the intermediate AF frames and checks to see Whether “X” is 
indicated for all of the intermediate frames. 
[0062] If not all of the intermediate frames indicate “X” 
(“NO” at step S24), this means that “0” holds for any of these 
frames and the Zone-update determination means 15 deter 
mines at step S27 that the distance measurement Zone is to be 
updated. If “A” does not hold for the upper and loWer frames 
(“NO” at step S25), then the Zone-update determination 
means 15 determines at step S26 that the distance measure 
ment Zone is not to be updated. 

[0063] This embodiment illustrates an eXample of process 
ing for determining Zone updating in a case Where there are a 
plurality of AF frames. HoWever, the present invention is not 
limited to this eXample and the determination concerning 
updating of the Zones may be performed using all of the AF 
frames at all times. In addition, priority need not be given to 
the intermediate AF frames among the plurality of AF frames. 
[0064] Thus, in accordance With the second embodiment, 
as described above, even if there are a plurality of AF frames, 
subject distance is divided into a plurality of distance mea 
surement Zones and an AP evaluation value is acquired by 
scanning the selected distance measurement Zone. Scanning 
can be halted When it is determined, based upon the AF 
evaluation value, that the in-focus state has been obtained. As 
a result, it is possible to realiZe a focus control apparatus and 
a digital camera having this apparatus in Which AF control 
time is shortened by raising AF speed. 

Third Embodiment 

[0065] A third embodiment of the present invention Will be 
described for a case Where the autofocus apparatus of the 
present invention is applied to a digital camera equipped With 
a focusing lens in addition to a Zoom lens. The third embodi 
ment differs from the ?rst embodiment in that the optical 
system of the camera has a Zoom lens. Structural elements of 
the digital camera other than the Zoom lines in the third 
embodiment are similar to those of the ?rst embodiment (see 
FIG. 1) and need not be described again. 
[0066] The operation of the digital camera in the third 
embodiment thus constructed Will be described in detail With 
reference to FIGS. 1, 8 and 9A, 9B. 
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[0067] The number of scanning points associated With AF 
time is decided by the amount of movement of the focusing 
lens 2 necessary to scan the range if distance measurement 
and hoW ?nely the range of distance measurement is scanned. 
In general, the amount of movement of the focusing lens 2 
increases When focal length increases. On the other hand, hoW 
?nely the range of distance measurement is scanned is 
decided depending upon F6, Which corresponds to focal 
depth (Where F represents the F-number and 6 the alloWable 
diameter of circle of confusion). If the F-number does not 
change due to focal length, the amount of movement of the 
focusing lens 2 increases When the focal length increases and 
therefore AF time is prolonged by an amount corresponding 
to the increase. Accordingly, it is preferred that the number of 
distance measurement Zones into Which division is made be 
optimiZed depending upon each focal length, as shoWn in 
FIG. 8. 

[0068] Further, in a case Where the ?neness of scanning has 
been changed in accordance With a change in F-number, the 
manner of division into distance measurement Zones may be 
changed depending upon the F-number. For eXample, in case 
of a digital camera having tWo F-numbers of F4 and F56, an 
instance Where a picture is taken at PS6 will have a greater 
focal depth in comparison With an instance Where a picture is 
taken at P4. An AF evaluation value therefore may be 
acquired more coarsely. More speci?cally, if the amount of 
movement of the focusing lens 2 is set to be tWice as large at 
the time of P56 photography as the amount of movement of 
the focusing lens 2 Within the scanning points at the time of F4 
photography, then the number of scanning points in regard to 
the full area of the range of distance measurement is approXi 
mately half of that at the time of P56 photography. Accord 
ingly, if the number of scanning points every distance mea 
surement Zone is set to be constant at all times, the number of 
distance measurement Zones into Which division is made at 
the time of photography at P4 Will be tWice that at the time of 
photography at P56, as illustrated in FIGS. 9A, 9B. 
[0069] The embodiment has been described With regard to 
the number of distance measurement Zones into Which divi 
sion is made. HoWever, a change may be made in regard to the 
order of Zone update depending upon the conditions of pho 
tography. For eXample, in a case Where luminance level is 
high at the time of photography, it is judged that photography 
is being performed outdoors and, taking the approach that a 
subject in the distance should be given priority, scanning is 
performed from a far distance measurement Zone to a near 

distance measurement Zone. Further, in a case Where lumi 
nance level is loW at the time of photography, it is judged that 
photography is being performed indoors and, taking the 
approach that a subject in nearby should be given priority, 
scanning is performed from a near distance measurement 
Zone to a far distance measurement Zone. 

[0070] Further, the order of Zone update may be changed 
depending upon the mode of photo graphy. For eXample, if the 
camera has been set to a mode for shooting scenery, it Will 
suf?ce to perform scanning giving priority to a far distance 
measurement Zone. If the camera has been set to a mode for 
shooting a portrait, then scanning Would be performed giving 
priority to a short distance or to a distance measurement Zone 

in Which a person is often present. Further, if a ?ash photog 
raphy mode has been set, portrait photography Would be 
decided and it Would suf?ce to perform scanning giving pri 
ority to a short distance or to a distance measurement Zone in 

Which a person is often present. 
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[0071] Thus, in accordance With the third embodiment, as 
described above, by changing the number of distance mea 
surement Zones into Which division is made, the number of 
scanning points or the order in Which distance measurement 
Zones are updated in accordance With focal length or f-stop at 
the time of photography, it is possible to realiZe an autofocus 
apparatus and a digital camera having this apparatus that 
shorten AF time by raising AF speed. 

Other Embodiments 

[0072] It goes Without saying that the object of the inven 
tion is attained also by supplying a storage medium storing 
the program codes of the software for performing the func 
tions of the foregoing embodiments to a system or an appa 
ratus, reading the program codes With a computer (e.g., a CPU 
or MPU) of the system or apparatus from the storage medium, 
and then executing the program codes. In this case, the pro 
gram codes read from the storage medium implement the 
novel functions of the embodiments and the storage medium 
storing the program codes constitutes the invention. 
[0073] Examples of storage media that can be used for 
supplying the program code are a ?oppy disk (registered 
trademark), hard disk, optical disk, magneto-optical disk, 
CD-ROM, CD-R, CD-RW, DVD-ROM, DVD-RAM, DVD 
RW, DVD+RW, magnetic tape, non-volatile memory card 
and ROM, etc. 
[0074] Furthermore, besides the case Where the aforesaid 
functions according to the embodiments are implemented by 
executing the program code read out by computer, an operat 
ing system or the like running on the computer may perform 
all or a part of the actual processing based upon the com 
mands of the program code so that the functions of the fore 
going embodiments are implemented by this processing. 
[0075] Furthermore, after the program read from the stor 
age medium is Written to a function expansion board inserted 
into the computer or to a memory provided in a function 
expansion unit connected to the computer, a CPU or the like 
mounted on the function expansion board or function expan 
sion unit performs all or a part of the actual processing based 
upon the commands of the program code so that the functions 
of the foregoing embodiments can be implemented by this 
processing. 
[0076] The present invention is not limited to the above 
embodiments and various changes and modi?cations can be 
made Within the spirit and scope of the present invention. 
Therefore, to apprise the public of the scope of the present 
invention, the folloWing claims are made. 
What is claimed is: 
1. A focus control apparatus for detecting in-focus position 

of a focusing optical unit by performing scanning of moving 
the focusing optical unit in accordance With a predetermined 
range, comprising: 

a scanning area selection unit adapted to divide a movable 
range of the focusing optical unit into a plurality of 
scanning areas and select a scanning area to be scanned; 
and 

an in-focus state acquisition unit adapted to acquire the 
in-focus state of the focusing optical unit by scanning 
the selected scanning area; 

Nov. 19, 2009 

Wherein the scanning area selection unit changes number 
of scanning areas to be divided is changed in accordance 
With the focal length. 

2. The apparatus according to claim 1, Wherein number of 
scanning areas to be divided is changed in accordance With 
focal length at time photography. 

3. The apparatus according to claim 2, Wherein the greater 
the focal length at the time of photography, the larger the 
number of scanning areas to be divided is made. 

4. The apparatus according to claim 1, Wherein the number 
of scanning areas to be divided is changed also in accordance 
With f-stop value at time of photography. 

5. The apparatus according to claim 4, Wherein the more an 
aperture is stopped doWn, the smaller number of scanning 
areas to be divided is made. 

6. An image sensor having an in-focus control apparatus 
de?ned in claim 1. 

7. An image sensing apparatus that performs scanning in a 
scanning area by moving a focusing optical unit so as to 
determine in-focus to an object, comprising: 

a driving unit adapted to output driving signal to the focus 
ing optical unit; and 

a control unit adapted to divide a movable range of the 
focusing optical unit into plural scanning areas and 
changes a method of dividing the movable range of the 
focusing optical unit, 

Wherein the number of scanning areas to be divided is 
changed in accordance With focal length. 

8. The apparatus according to claim 7, Wherein the method 
of dividing the movable range of the focusing optical unit is 
changed in accordance With conditions of photography. 

9. The apparatus according to claim 7, Wherein number of 
the scanning areas is changed in accordance With focal length 
at time of photography. 

10. The apparatus according to claim 9, Wherein the greater 
the focal length at the time of photography, the larger the 
number of the scanning areas is made. 

11. The apparatus according to claim 7, Wherein the num 
ber of scanning areas is changed also in accordance With 
f-stop value at time of photography. 

12. The apparatus according to claim 11, Wherein the more 
an aperture is stopped doWn, the smaller number of divided 
areas is made. 

13. The apparatus according to claim 7, Wherein the num 
ber of scanning areas is changed in accordance With condi 
tions of photography. 

14. The apparatus according to claim 7, Wherein the num 
ber of scanning areas is changed in accordance With lumi 
nance level at time of photography. 

15. The apparatus according to claim 7, Wherein the num 
ber of scanning areas is set in accordance With mode of 
photography. 

16. The apparatus according to claim 7, Wherein the num 
ber of scanning areas is set giving priority to short distances in 
a ?ash photography mode. 

* * * * * 


