10

15

20

25 .

30

1 S04P1052WO DESCRIPTION AUTOFOCUS CONTROL METHOD,
AUTOFOCUS CONTROL APPARATUS AND IMAGE PROCESSING
APPARATUS 5 Technical Field The present invention relates to, for
example, an autofocus control methgd, an autofocus control apparaits wo
and an image processing apparatus all of which are 10 suitably used in
equipment for image capture, observation and inspection of a subject
sample through a video camera and are capable of realizing stable

autofocus operation by elimingtingtherfiyences of optical systems in
particular. 15 Background Art Image autofocus control has heretofore
been performed with focus evaluated values obtained by evaluating and

AopRidng the exient ofiasksing from 20 imacedatasf asihiestsample,

(work). Namely, image data of a sample are collected at varied distances
P&k e R feRs Bt a ATBfeet &%d focus evaluated values are calculated
as to the respective image data to search for a suitable focused position.
25 Fig. 21 shows the relationship between lens-to-work distances (the

TRiPohtR il focus evaluated values (the vertical axis) This
relationship isrebtained bydaading imageswhiie,varing the lgnsato-wark
distance at a constant interval, and calculating and 30 plotting the focus

WREREHS 2R S PthYespR v et TR AR foshaTatus
savaluatednvaliee rihe=g@phy apparatus all of which are

suitably used in equipment for image capture, observation
and inspection of a subject sample through a video camera
and are capable of realizing stable autofocus operation
by eliminating the influences of optical systems in

particular.

Background Art

Image autofocus control has heretofore bheen
performed with fcoccus evaluated values obtained by
evaluating and guantifying the extent of focusing from
image data of a subject sample (work). Namely, image
data of a sample are collected at varied distances
between a lens and a subject, and focus evaluated values
are calculated as to the respective image data to search
for a suitable focused position.

Fig. 21 shows the relationship between lens-to-work
distances (the horizontal axis) and focus evaluated
values (the vertical axis). This relationship is
obtained by loading images while varying the lens-to-work
distance at a constant interval, and calculating and
plotting the focus evaluated values of the respectivé_

images. The maximum focus evaluated value in the graph
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2 S04P1052WO0 is a focused position, i.e., an optimum focused position
(focal position) . The plots of the focus evaluated values against the
lens-to-work distance will be hereinafter referred to as "focus curve(s)". 5

In a conventional technique, it has begen designed to vary thegSQ%i‘Sg’%%;(
distance within a predetermined search range and determine a maximum
value of focus evaluated values in the graph as an optimum focused
position, or to calculate an optimum focused position 10 from focus

evaéuaged values before and after a maximum, value. The focus evaluated

Valles éjr%lf)%ayfa%{?%(li MR vatud® of BHYhIRSsE EH&RARE DM RHAEES,
tispersionoefi btightnessricisparsion efrderativeaf brighinessand the

like. A hill-climbing method or the like is known as 15 an_algorithm for
\f%%tllr?gsaﬁ%apjﬁrrhsut?n%gugeedl ﬁégfﬁé‘ﬁ??ﬁ%ﬂ A AN bHo&fs evaluated

halges;aficein additon,eal methos dffdividing-asearegh operation into a
numberI:(r)lf ast%psn h%s tt‘Jeen Eﬁutgg (%actlcal use for the purposes of a

reduction in search time (Japanese Patsht Application 20 Caid G pahitbs.
Heir277 186 ahel2002:3885K 1 dinslcdapaneset Patenrt PuklitatiopnNaesd

LUXE2-As bl Ealion oLargelworke procesds, here Js. greater
demand toward a far more Improvement In the resolution o mspectlon
BiuipmenttoahigtPsdeh fdttis2sthnigues aetapplied; Anused

daprevementin esolin.san e ealized iy AdopingLA pooicion
short-wavelength/single- wavelength illumination light source. prﬁcal
fresBlufiBrivEan PrlinefebetrBya SHorfwaeelendtin Eoastraction; iwhile

“hedafluense of shramatic ahgwation.of the like 30 Gan.be avpided by A,

single-wavelength construction. .
of brightness, a derivative of brightness, dispersion of

brightness, dispersion of derivative of brightness and
the like. A hill-climbing method or the like is known as
an algorithm for finding an optimum focused position from
a maximum of focus evaluated values, and in addition, a
method of dividing a search operation into a number of
steps has been put to practical use for the purposes of a
reduction in search time (Japanese Patent Application
Laid-Open Nos. Hel 6-217180 and 2002-333571 and Japanese
Patent Publication No. 2971892} .

As miniaturization of target works proceeds, there
is a greater demand toward a far more improvement in the
resolution of insgpection equipment to which such focus
techniques are applied. An improvement in resolution can
be realized by adopting a short-wavelength/single-
wavelength illumination light source. Optical resolution
can be increased by a short-wavelength constructicn,
while the influence of chromatic aberration or the like
can be avoided by a single-wavelength construction.

However, there is the problem that the kind of



However, there is the problem that the kind of 3 optical material such as a
lens to be used in an optical path is limited by the short-wavelength
construction of the illumination light source, and an influence such as a
speckle occurs due to the single-wavelength construction. The speckle
means a state in which the brightness of a screen is distributed in the
form of spots, and assumes a unique pattern of grayscale distribution
depending on the wavelength of a light source or the construction of an
optical system. Under these influences, there is a case where the focus

Surve is fopmed g0 that a-segtionsinflugnced by.an, gpticalsystemtakeg @
larger value than the focus evaluated value at the optimum focused

RRysiticrs as'SHOWR iRYid:22. Her$hape’ 8Ra H9e RuRtdiitar Pandesf at

faeus cuive axe Nek uniguely deterpuned by asurfage stale. SUGhRS s =
reflectivity, of an object. Accordingly, the conventional technique of

firfeiit 8 fOEGESE pBLRiohTrdie aThARHITHTHO S Bl akAtsT bHftleso™ -

‘nsles the abeve=mentigned conditions-cannot stably find an-eptimam:
focused position, Embodiments of the present invention have been made

FTORRD of th&laBovetHeRtondd prébIERE" EntbSHifteins Fthé prelim 2
inventiornssesleto previgeai agtefoaus contsakmetheamattojoeus the

trol t an i [ tus all _of whi
CERBGT B FoaTiors St aOIGRRS Sperbiom oy STRIRAING ifleHes

cireiteopticgk systems. Disclosure of the Invention

Under these influences, there is a case where the
focus curve is formed so that a section influenced by an
optical system takes a larger value than the focus
evaluated value at the optimum focused position, as shown
in Fig. 22. The shape and the numerical range of a focus
curve are not uniguely determined by a surface state,
such as reflectivity, of an obiject. Acccocrdingly, the
conventional technigue c¢f finding a focused position from
a maximum of focus evaluated values under the above-
mentioned conditions cannct stably find an optimum
focused position.

Embodiments of the present invention have been made
in view of the above-menticned problems.

Embodiments of the present invention seek to
provide an autofocus contrel method, an autcfocus
control apparatus and an image processing apparatus all
of which are capable of realizing stable autofocus
operation by eliminating influences due to optical

systems.

Discleosure of the Invention



4 In a first aspect, there is provided an autofocus control method
including: an image acquiring step of acquiring respective image data of a
subject at a plurality of focused positions differing from one another in a
distance between a lens and the subject; an evaluated value calculating
step of calculating a focus evaluate#! value for each of said plurality of
focused positions on the basis of said respective acquired image data; a
focal position calculating step of calculating a focused position where said
focus evaluated value reaches a maximum, as a focal position; and a
moving Btep SfrefitiveRAR6Ting Safd eAsta iy £arRbIatad focs posiion

wdth-respeglton saidsubjectsaid aytpfogus,conirolmethad characterzed
by including: an image smoothing step of smoothing said acquired image
Yatd dnd s aFéRge “hinfinaRéd Balcalating Steh H-&alEWAtIRG séreen

Bverage kninance-ef sald agguired image;datas: anddn #bat; sgitkfocus
evaluated value is a value obtained by dividing the focus evaluated value

VAR USEd Oh Thelbadi@BFSaldiiG6thed imEHE dabfby 85idS CakERied
Sereen:average lummascesNamelys grayscale-distributionof brightness is

caused by a speckle due to a single wavelength. For this reason, in the
65 AN nde. Sob g & AdBba o6t 16 Feduceine
frayscade distribttion spatternh By shisimage sgoothingsitds-passible to
E%géas ) rtg% f%atureeof a %arg_eta saim%le (subjsect and o%patginal_ calculate
S5 & TatuatR A AN WhilS redUcing #2° glayRalsistibition BattefP
of acspeckleating a focused position where said focus
evaluated value reaches a maximum, as a focal
position; and a moving step of relatively moving said
lens toc said calculated focal positicon with respect to
said subject, said autcfocus control method
characﬁerized by including: an image smoothing step of
smoothing said acguired image data; and an average
luminance calculating step of calculating screen
average luminance of said acguired imége data, and in
that: saild focus evaluated value is a value obtained
by dividing the focus evaluated value calculated on
the basis o0f sald smoothed image data by said
calculated screen average luminance.

Namely, grayscale distribution of brightness is
caused by a speckle due to a single wavelength. For this
reason, in the present invention, image smoothing is
added in corder to reduce the grayscale distribution
pattern. By this image smoothing, it is possible to grasp
the feature of a target sample (subject) and optimally
calculate focus evaluated values while reducing the

grayscale distribution pattern of a speckle.



4a During the image smoothing, process conditions such as the number
of pixels to be processed (a unit process range), a filtering coefficient, the
number of times of processing and the presence or absence of weighting
can be appropriately set according to the kind of optical system to which
the process is to be applied, the sufface properties of a subject sample,
and the like. In addition, during the calculation of the focus evaluated
values, it is suitable to detect a difference 5 in luminance data between

neighboring pixels in acquired image data, and it is possible to employ,
for exarple: "8dgé enhRASEMERE WHICH ExtrR&S EovariaiihlbAMTasceh

gdata: betweempixels-otthedfeature and sonfodt seetions. RUNNGthe e
calculation of a focus evaluated value, if there is nonuniformity in
hiifahcebetwbERTOATEP PoSitiorTA thé Ranfe fabgat areatiiees of
abseke valueol ardiferencednduminancesdatadetwega naighbering
Jte{ixels varies, so that the focus evaluated value cannot be_ optimally

SICHAE I EOP s Yedsdn, 36 Q0bitHHs (tobléin St Rtabte id- dRdde

thescaleulatedrevaluates yalue dydheaverage lumpinanse of the entire
screen and standardize the focus eyaluated value with the  screen

AVEFAGE IURRIRARES TR addition St SoSsIBRTS Std e fulfion oS -
synthesizing dtiamnifocal image oriesthreg-dimensionak image ofacus
subject from the focus evaluated values of respective sample images
%‘63@3 % avﬁleﬁlrlaﬁi?y of foctised” %og%%ﬁs}: (Qj)urcijnegC f:h%"aﬁlogel-ﬁ‘%ﬁ%rﬁcé%

autofocus control operation. This process divides each of the



images acquired at the respective focused positions into a plurality of
areas in the screen, and is performed on the basis of a focus evaluated
value and focused position information obtained for each of the divided
areas. In this case, the surfaces of a’subject having a three- dimensional
structure can be inspected and observed with superior resolution with the
“influences of optical systems eliminated. 6 In a second aspect, there is
provided an autofocus control apparatus including: evaluated value
ealckifting reans Whidetalealates aTbees évaluaiedvaluefor adpiurality

of focuised-positigns on the basi %I@se%ctééﬁggfegy,ir%i@%gfaﬂe&ae,
acquired at said plurality of focused positions differing from one ‘another
fradlistnee BERREN'E A3 &tk 3tbfect; & ¥8EalPosition- BAIELERFR

meanswhichkealgulatas asfocal positign orsthebasis of g paximum ol s
said calculated focus evaluated value, said autofocus control apparatus

charactdrizétP by el GdinGLinfage Smobtifing YrB&nS HidR §Rfdotifes Said

aequited dmagerdatanand -average uminance-calcylating smeans-which

calculates screen average luminance of said acquired image data, and

RRGracteriZed th Hat siidtfoctR EaluaEgaalfe s %‘?\?A?&él%%téfiﬁé&%yc’f

sividingdherfesus evaluaied valsedsaleutaied oarthediagis ot saig pixels

smoothed ima?e datag?r% aid calculated s%rq?oen verage luminance. The
t

Hitofdtus Sontrof appiratds SECordiiy t6* erbddiments BRIHE pfésent
dinventiohlmay becconstraidtedras-a csinglerimageprocessing appardtys by

being ombined uith, mags 2°94ring meane wbich aequres rgspective
evaluated value by the average luminance of the entire
screen and standardize the focus evaluated value with the
screen average luminance.

In addition, it is possible to add the functicn of
synthesizing an omnifocal image or a three-dimensional
image of a subject from the focus evaluated values of
. respective sample images acquired at a plurality of
focused positions, during the above—mentioned autofocus
contrel operation. This process divides each of the.
images acquired at the respective focused positions into
a plurality of areas in the screen, and is perfcrmed on
the basis cof a focus evaluated value and focused position
information obtained for each of the divided areas. In
this case, the surfaces of a subject having a three-
dimensional structure can be inspected and cbserved with

superior resclution with the influences of optical

systems eliminated.



of a subject at a plurality of focused positions and driving means which
adjusts the lens-to-subject distance, or can also be constructed as a
separate structure independent from the image acquiring means and the
driving means. According to embodimgents of the invention, since it is
possible to stably perform highly accurate autofocus control by
eliminating influences due to optical systems, it is possible to realize
sample 6a observation using a short-wavelength/single-wavelength
optical system, so that it is possible to realize high- resolution observation

of semicondutfor WitefsAit the TRE Fficrbfatticated i addrger sehreus
Briet Pescrption-afReawings frigh Ads aschiematieconstrustion view afamg
image proce sin%fggﬁratus 1 according to a first embodiment $f 7

Rroc !
LBAPTOEAWO tHe present mveftion Fig. 2 5 BockHidgrahitor ©F 2
eXplainirig the> €ofistructioh gfas cantrelker in Figh 8 isasflewettart for

explaining the operation 5 of the image processing apparatus 1; Fig. 4 is
b o SRATAS ARG Sier At Eramai Sahehdge
plovessiigyapparatusults ¢Bigo & showsexamglés of facuScumvesitor
SxplAiNing ope operatton.aling present Ivention £d 10 howing.an o.q
example obtaine when image smoo?hlng and Turinance Etandardization
Osirgifopos evdloatethvatués Werg performed; FO2 sholwing anssxample

ebiained whenonly imagg smoqthing \as, performed, FG3 showing a
conventional 4
calculated chus evaluated value, saild autofocus contrcl
apparatus characterized by including: image smoothing
means which smoothes said acguired image data; and
average luminance calculating means which calculates
screen averade luminance of sald acguired image data,
and characterized in that said focus evaluated value is
a value obtained by dividing the focus evaluated value
calculated on the basis of said smoothed image data by
said calculated screen average luminance.

The autcfocus control apparatus according to
embodiments of the present invention may be constructed as a
single image processing apparatus by being combined with
image acquiring means which acguires respective image data
of a subject at a plurality of focused positions and
driving means which adjusts the lens-to-subject distance,
or can alsc be constructed as a separate structure
independent from the image acquiring means and the driving
means.

According to embodiments of the invention, since
it is possible to stably perform highly accurate
autofocus contrel by eliminating influences due to

optical systems, it is possible to realize sample



example; 15 Fig. 6 is a view for explaining a method of calculating a focal
position by curve approximation in the neighborhood of a maximum of
focus evaluated values; Fig. 7 is a view showing the relationship between
voltage directed to a lens driving sectign 4 and actual 20 movement
voltage of a lens; Fig. 8 is a view for explaining a method of performing
parallel processing of loading of a sample image and calculation of a
focus evaluated value; Fig. 9 is a view showing a second embodiment of
the 25 present invention and explaining a method of dividing a _screen
W5 praraiity of aréss %nﬁ“o%%c‘ﬂ?f"’g"%%cﬁ%%*’s tOMRINTRY FESPERRE"

~ divided: areas; f<ig., 16.is ampracess floweharsaba hird erabodiment pfthe

Eé%sefégqvoenti n'égg I;i .%1 is a memory ¢ nsguction giagram %p ged to
e third émbodiment of t enpr%seﬁfi%/% Hon 8o _ ig. T2 is
aiflmvehart fof @xplairing @ncomaifdcat gemagesschuliring step; Fig. 13 is a
view showing a fourth embodiment of the present invention and
explaining a method of 5 acquiring a three-dimensional image by
Bonwiningthe ifocabpositions of sample images in the focus-axis
direction; Fig.,14 is a flowchart for explaining a method of sypthesizin

the thraa Simenbional TSR0 Fig H 8 4 metandr BBk bidgram 25°
showdrsp anfirstcpasttoction examplelohgn avtefocus sontrobappacatuso £
according to a fifth embodiment of the present
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invention; Fig. 16 is a functional block diagram showing a 15 second
construction example of the autofocus control apparatus according to the
fifth embodiment of the present invention; Fig. 17 is a functional block
diagram showing a third construction] example of the autofocus control

20 apparatus according to the fifth embodiment of the presen?ﬂﬁ/%?w%ﬁ?m
Fig. 18 is a functional block diagram showing a fourth construction
example of the autofocus control apparatus according to the fifth
embodiment of the 25 present invention; Fig. 19 is a view showing a fifth

EBRsREGRST X580k ¥e autofocus control apparatus according to the
fifth embadimentiof thepresentinuentian; figs <204 andi2QB are block
dial%rams respectively 30 showing modifications of the construction of a
PG SGSter of thetinTRGE prddegsiny apparatus 1; 9 SO4P1052WO0
Fig. 21 shgwsnesexamplereha fecusseurveshowing he relatipaship on
(g)gtvt\:/ggn lens-to-work distances (focused positions) and focus evaluated
values; and rg. 22 75 afeWSoP BXBIaMiMG a'groblem of a 5 conventional
techniqtie gBest Mede f6i Garhydng optthestgveatianngmbesiments of the
(present invention W'I!eb% fde%c&ribed below with reference to the

Accompanying 10 drawitigs. (First ERfoddimentriy? 138 At atie
construétign vieveoban imegeples of focus curves for
explaining one operation of the present invention, FC1
showing an example obtained when image smoothing and
luminance standardization using focus evaluated values
were performed, FC2 showing an example obtained when only
image smoothing was performed, FC3 showing a conventional
example;

Fig. 6 is a view for explaining a method of
calculating a focal position by curve approximation in
the neighborhood of a maximum of focus evaluated values:

Fig. 7 is a view showing the relationship between
voltage directed to a lens driving section 4 and actual
wmovement voltage of a lens;

Fig. 8 is a view for explaining a method of
performing parallel processing of loading of a sample
image and calculation of a focus evaluated value;

Fig. 9 is a view showing a second embodiment of the
present invention and explaining a method of dividing a
screen into a plurality of areas and detecting focal
positions in the respective divided areas:

Fig. 10 is a procegs flowchart of a third
embodiment of the present invention;

Fig. 11 1s a memory construction diagram applied to

the third embodiment of the present invention;
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processing apparatus to which an autofocus control method and an
autofocus control apparatus according to an 15 embodiment of the
present invention are applied. An image processing apparatus 1 is
employed for surface observation ofga subject sample (work), and is
specifically constructed as a microscope to be employed for Jetder- 0520
inspection of a device structure, such as a 20 semiconductor wafer, which
is constructed by micromachining being applied to its surface. The image
processing apparatus 1 is equipped with a measurement stage 2, an

objectiveigns 32 allEng dfibfi-Rethioh 2F a9k NS, arcepnEingge
Goupled Daviee)2b eamgra 6, a controller 7, a driver 8, a monitor 9 and

an iIIun%inatiog light source 10. The measurement stage 2 is constructed
to supports stibje® AnpIE o EaAe 2 a SR ESnGIer ivaFES Wiand
nheveirethenX-Yi direatidns:(iarfkdg ekgndhe right angd30.left djgections and
iré directions eligﬁndi(;“uc{ar to the shfet surface of the drawing). 10
aS(?&de‘fﬁN% e lens anving section A P&EForMs b BdjUdiment of
lend-tpowadrikidistance Barglatvelyameowingtherebjectiveslens i with
ﬁg%%cttitgéhe subject sample W on the measurement stage 2 in the
focus-axis 5 direction (in the vertical direction in Fig. 1) within a
predeterirdned focused ositiomeearching eangie: thimlens devingdseastion

4 FRESAONG, 0. iving Meaps n e present jnvention. In the present
embodiment, the lens driving section 1 Z'is constrdcted with a
piezoelBetic dévide butfitiscalsongdssitilett adioat othertevides; far
EXBPIR oAt ruction example of an autofocus control
apparatus according to a fifth embodiment of the present
invention;

Fig. 16 is a functional block diagram showing a
second construction example of the autofccus control
apparatus according to the fifth embodiment of the
present invention;

Fig. 17 is a functional block diagram showing a
third construction example of the autofocus control
apparatus according to the fifth embodiment of the
present ilnvention;

Fig. 18 is a functional block diagram showing a
fourth construction example of the autofocus control
apparatus according to the fifth embodiment of the
present invention;

Fig. 19 is a view showing a fifth construction
example of the autcfocus control apparatus according to
the fifth embodiment of the present invention;

Figs. 20A and 20B are block diagrams respectively
showing modifications of the construction of a driving

system of the image processing apparatus 1;
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precise feed mechanism such as a pulse motor. The objective lens 3 is
adapted to be moved in the focus-axis direction for adjustment of the
lens-to-work distance, 15 but alternatively the measurement stage 2 may

also be adapted to be moved in the focus-axis direction. The CCD
S0AE10521W0

camera 6 functions as a video camera which captures an image
particular area of a surface of the subject sample W on the measurement
stage 2 through 20 the objective lens 3 which moves within the focused
position searching range, and outputs acquired image data tothe
controllEr 7: TRé CEBTaMER §¥BHB Tt imabR REqarFgemeaAYiRe
the presentinvention tegeihemvilk:ibeabjedtive lens 3 the ensrdrivisga
secti%n 4 and the_25 lens barrel S. In addition to a CCD, it is also possible
RS Shply 2 S0l G & ate ARG HeTick d it Fds &EMOS imager. The
controll2i & is zpnstsuetedwith aconapyesi andcantlshieentre

ggg&%tri%rlggg e ir%a e quﬁgssing 30 apparatus 1 and is equipped with
an autofocus #:) controrsection 11 which detects an optimum focused

11 SO4P10S2WO position (focal position) on a particular area of a

Bsgé@c[@ %;th% subject samrpleW The autofocus (AF) control section 11
corresp%n%ls tglant?%ﬁa%cas %%Etrgﬁedﬁ%véarﬁ e present invention. 5

The dri¥ebgdéseings cofitrohsignalssfeorn thevauotofecusyiAR) eentrol
Section, 1 1.and generates dri Pegr Signals (gortqlr(iavin% (t:h% lens driving
i b 515 SBRETIRA with a

section 4. In the present embodiment, the driver 8 is
Hierdélgetric driver equipped with a hysteresis 10 compensation function.

The driyer; 8 may.als0Ngent )

Fig. 1 is a schematic construction view of an image
processing apparatus to which an autofocus control method
and an autofocus control apparatus according to an
embodiment of the present invention are applied. 2an
image processing apparatus 1 is employed for surface
obgervation of a subject sample (work), and is
specifically constructed as a microscope to be employed
for defect inspection of a device structure, such as a
semiconductor wafer, which is constructed by
micromachining being applied to its surface.

The image processing apparatus 1 is equipped with a
measurement stage 2, an objective lens 3, a lens driving
section 4, a lens barrel 5, a CCD (Charge Coupled Device)
camera 6, a controller 7, a driver B, a mcnitor 9 and an
iliumination light source 10.

The measurement stage 2 is constructed to support a
subject sample {(for example, a semiconductor wafer) W and
move in the X-Y directions (in Fig. 1, in the right and
left directions and in directions perpendicular to the

sheet surface of the drawing) .
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incorporated in the autofocus control section 11. The autofocus control
section 11 drives the lens driving section 4 through the driver 8, and
acquires image data of the subject sample W through the CCD camera
15 6 at a plurality of focused positiorﬁ)obtained by varying the distance
between the objective lens 3 and the subject sample W (the R eAT
distance) at a constant interval and performs various processes, which
will be described later, to detect an optimum focused position in 20 an
image capture area of the subject sample W, i.e., a focal position. The

monitor'8 Tispias e doMEnfErirbeRséingtiy Hhaeorttaié2sand also
atisplays.animagesandthe like-of the subjech sample W captured py the
CCD camera 6. 25 In the present embodiment, a continuous laser or a
UG 1SRF 11GRESSUTES f 1R lendth Fod RFEFST ex8miphs, i€ ¥ Si6ved
sashid|luminationdight seureandfr Theawavelength raRnge-efiheaxis
él%rgicntation Iiglht spuree is_not Iir$it d to the aboye-mentioned ultraviolet

range, and 3 SStirsEit 58 posRible %o empl8y Gy @

s a matter of cou
Isotniegs:havingbtiierdiffiede ntasdtravioletsbh S04PA052¥WHavavetesgtlens
ht saurces havin vigib e Iiggt fanges, according to uses and

106 li
C{ﬁg%iéé);%g%%ijs‘oanb%cﬁ%ﬁge% of the Construclioh o e imagd* e

preeessingrappardtos 1. An analog image signal 5 outputted from the
CCD cameas Beogugiied [ addigial mage.signal by, an AL conerer,

13. The output signal of the A/D converte IS suppliedltglanr% stored in
40 Yerory 1auThechudfocus qohtrobséetioir 1t ol¢le ceontialler Ttreads

éh%&Qﬂyggﬁgfgg@gi%@@ﬁﬁﬁg@ﬂer devices, for example, a
precise feed mechanism such as a pulse motor. The
objective lens 3 is adapted to be moved in the focus-axis
direction for adjustment of the lens-to-work distance,
but alternatively the measurement stage 2 may also be
adapted to be moved in the focus-axis direction.

The CCD camera 6 functions as a video camera which
captures an image of a particular area of a surface of
the subject sample W on the measurement stage 2 through
the objective lens 2 which moves within the focused
position searching range, and outputs acquired image data
toc the controller 7. The CCD camera 6 constitutes “image
acquiring means” in the present invention together with
the objective lens 3, the leas driving section 4 and the
lens barrel 5. 1In addition to a CCD, it is also possible
to apply a solid-state image pickup device such as a CMOS
imager.

The controller 7 is constructed with a computer,
and contrecls the entire operation of the image processing
apparatus 1 and is equipped with an autofocus (AF)

control section 11 which detects an optimum focused
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10 from the memory 14, and performs autofocus control which will be
described later. Then, the driver 8 generates a driving signal for the lens
driving section 4 on the basis of a control signal supplied from the
controller 7 via a D/A converter 17. 15 The autofocus control %eoction 11 isO
equipped with a smoothing circuit 11A, an average luminance Qe diAtioR
circuit 11B, an evaluated value calculation circuit 11C and a focal position
calculation circuit 11D. The smoothing circuit 11A is a circuit which 20
erforms smaothing of an autofocus target area (an entire screen or a
%‘éﬁ%&i la%langﬁc H5E Screehy bt 83¢h Ftifaga Sih AsYSanitia ifAges) of
ther sabject samipte YWawhich: a@rﬁ@&@eﬁii_vely@@qgﬁgg_@@,_@ur@[w of
f%c sed];ositi%ns, and corresponds to "image smoothing means" in the

Present 25 Thventibn 1thE RETotSEE E8ntrS) SettioR TP icitesiRB tabted
@kestribation. {speckle):ef drightiess=afraach sample image, acquired by the

smoothing circuit 11A._ An _example of smoothing is shown in [Formula 1].
[Formul@% 1 E62b 105206 {1 FAYTR fgzgf‘?rjr Sda%3A, Bifocess
ohditiorufer imaYe csmbotiing étheirnumber ehgixglsdera peocessed:{in

ilteri icient, the 5 number of times of
e e e L O RRE S50l Beleat The
nsightiig evbfiidiarmnand the ke can be drbitraniy setwithih avange
pich dpes. petalipw lass ot e griging) qstails gf the feature or
compensation function. The driver 8 may also be
incorporated in the autofocus control section 11.

The autofocus control section 11 drives the lens
driving section 4 through the driver 8, and acguires
image data of the subject sample W through the CCD camera
6 at a plurality of focused positions obtained by varying
the distance between the objective lens 3 and the subiect
sample W (the lens-to-work distance) at a constant
interval and performs variocus processes, which will be
described later, to detect an optimum focused position in
an image capture area of the subject sample W, i.e., a
focal pesition.

The monitor 9 displays the content of processing by
the controller 7, and also displays an image and the like
of the subject sample W captured by the CCD camera 6.

In the present embodiment, a continuous laser or a
pulsed laser light source of wavelength 196 nm, for
example, is employed as the illumination light source 10.
The wavelength range of the illumination light source is
not limited to the above-mentioned ultraviolet range, and
as a matter of course, it is alsoc possible to employ

light sources having other different ultraviolet
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contour section of the surface of the subject W captured 10 by the CCD
camera 6. These process conditions may be set via an input device 16
such as a keyboard, a mouse or a touch panel. The average luminance

calculation circuit 11B is a circuit erigh calculates the screen&v&r&%e WO
luminance of 15 the autofocus target area of each sample image, and

corresponds to "average luminance calculating means" in the present

invention. The screen average luminance obtained at each focused

xPa(_)SitE;)n by the average luminance calculation circuit 11B is used for

CAICNEGSH S0 sHafus evakHitd SERIEBT dtdRtR%otdsadpEsitioAti

aangealyateckvaldecalatdaticreeireiitil t&avhichawill be described later.

Iiulaﬂor%icircuit 11C is a circuit which calculates
0

The ev Iuate%value C?j
AIERE, S5mpREirfags tamF EdRBsPonds

the focus Bvaltiatéd Yalte PV
th¢evaluateb valuecaladating meanss in the presentlipyention;dn $hgnal
nt embodiment, th aluated value calculation circuit 11C has a
Cﬁ%%%%ﬁt‘éﬁrgn j?nr(ﬁ ud i%%eare\c gégec & rﬁwrfnc% mEnt IR 135 04b fosRbE it
e prescnrerhbbglimenthitie tevmvdotus evaluatetyatuepndicatesan
Jdpdex tepr eggg'kyg fa erical evaluation of the state in which the
feature ar}?d]§ contourrg%%ﬁgﬁén of gnslﬁ%%%laergé) cﬁgar&h:?l C\?is%g.r ﬁQSl&r?be
nerfyoida vaFkgioaun dininan cedatadetween tompixel of the: feature

Ssetipgand-a pixel of the gentoyr. section, a.clearimage exhibits a sharp

variation, while a blurred image exhibits a mifd variation. or?ﬁgnﬁeason,
fin%Re Pres@iftemboditnemnthecfoetisevalrtedtocus control which

will be described later. Then, the driver 8 generateg a
driving signal for the lens driving section 4 on the
basis of a contrel signal supplied from the controller 7
via a D/A converter 17.

The autofocus control section 11 is equipped with a
smoothing circuit 11A, an average luminance calculation
circuit 11B, an evaluated value calculation circuit 11¢
and a focal position calculatieon circuit 11D.

The smoothing circuit 11A is a circuit which
performs smoothing of an autofocus target area (an entire
screen or a partial area in the screen) of each of image
signals (sample images) of the subject sample W which are
respectively acquired at a plurality of focused positions,
and corresponds to “image smoothing means” in the present
invention. The autofocusg control section 11 reduces the
dotted distribution (speckle) of brightness of each
sample image; acqﬁired by the smcothing circuit 1iA. An
example of smoothing is shown in [Formula 1].

{Formula 1]
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10 value Pv is calculated by evaluating the difference in luminance data
between neighboring pixels by the use of edge enhancement.
Alternatively, the focus evaluated value may also be calculated on the
basis of a derivative of brightness, quersion of brightness, and the like.
15 In an actual process example, the operation shown in [Foﬁr?&lglé)f’%wo
performed on all pixels of an acquired image, thereby finding the
difference in luminance data between each pixel and the surrounding
pixels. In this formula, the antecedent detects a luminance variation in 20
the vertidal dirdction, and the consequent detects a luminance variation in
the horizontal ginecgion. Accordingly, it is possible to extract only a
luminange yariation between an evaluation point and the surrounding
ones, irrespective of the luminance of a pixel to be 25 processed.

[Formuln2b@it 1b0,1 8 BOb202 ¥oddPr-ilod Fd:2 intiisexample, a

ixel area to be processed is 3 x 3, but may also be setto 5x5,7 x7 or
W Thater S PTHERR0C Aaditioh L itHsudtF e E5EHGRRt isWeighted,
dbevmasnenel settingofithe coefficientisarbitasy rand dHecessipg may

also be performed without weighting. During the calculation of the focus
B e A as Py aREP HEEAL Tt o RS BB G- fRer G008

evaliated valué 5 PV, aftérfiie ¢4 ciatb
vertncementiformula, sedivistoreprecess td axeeuted fnith. 4¢he sceeen the
dueaoe yminance cleulated alibe goupsponding feused pasiygn by
the average luminance

not allow loss of the original details of the feature or
contour section of the surface of the subject W captured
by the CCD camera 6. These process conditions may be set
via an input device 16 such as a keyboard, a mouge or a
touch panel.

The average luminance calculation circuit 11B is a
circuit which calculates the screen average luminance of
the autofocus target area of each sample image, and
corresponds to “average luminance calculating means” in
the present invention. The screen average luminance
obtained at each focused position by the average
luminance calculaticon circuit 11R is used for calculation
of a focus evaluated value Pv at each focused position in
an evaluated value calculation circuit 11C which will be
described later.

The evaluated value calculation circuit 11C is a
circuit which calculates the focus evaluated value Pv of
each sample image, and corresponds to “evaluated wvalue
calculating means” in the present invention. In the
present embodiment, the evaluated value calculation
circuit 11C has a construction including an edge

enhancement circuit.
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calculation circuit 11B. Specifically, the focus 10 evaluated value Pv of
each sample image is a value found by dividing a focus evaluated value
Pvo obtained by the edge enhancement circuit by a screen average
luminance Pave obtained at the cor{%spor_ldl_ng foc_used posltlg&i:gi% WO
shown by [Formula 3]. 15 [Formula 3] Pv(i) = Pvo(i) Pave(i) In[Formufa
3], Pv(i) is a focus evaluated value based on standardized luminance at
the i-th focused position, Pvo(i) is a focus evaluated value at the i-th 20
focused gosition, and Pave() is a screen average luminance at the i-th
focused PoSitionPiTEGMtoR RS B tN [ESfMEEH], tHe oks
evaluaied daluel By may aiseshe saloulataddy méﬁ't@éé@gxttﬁeiaaé?ﬂfteé
value obtajned in [Formula 3] by a maximum 25 value Pavemax of the
%%?gernlg\%rae%%%}ﬁ&ﬁéleﬂ t%&e nfarher, adetedge HGuaftative
gedreass)dnfocus: eMalisated alue dugdo givdsiondased Gnave/pge As
(I:lérrqir})a@nce IS co}gnr%%n%ated,rso that agqua titative chan%e in focus

iy Viewed Nl 30 Hefefence b 8¥54EED 2

evaluateg %%ﬂje can be éra
rired. Inadditiorf,ahesceeer 46 3M4RMO52WEO xaverage titminancedused

J,%E;'EE%@P,”C tign is not Iirgitedeg&arﬁi aximumavalu%, %_nld rtniag/nadSt"_)ﬂtl)l(-:‘lf;\e
minimum vé%ue or the m<eg.e[Formu a %ISS f’vﬁ?:?vo(ﬁ X Pavémax

P vy radcorirasly sthieifedson avinyid dalerfoamidly.  For this
reascn, in the present emboediment, the focus evaluated
value Pv is calculated by evaluating the difference in
luminance data between neighboring pixels by the use of
edge enhancement. Alternatively, the focus evaluated
value may also be calculated on the basis of a derivative
of brightness, digspersion of brightness, and the like.

In an actual process example, the operation shown
in [Formula 2] is performed on all pixels of an acquired
image, thereby finding the difference in luminance data
between each pixel and the surrounding.pixels. In this
formula, the antecedent detects a luminance wvariation in
the vertical direction, and the consequent detects a
luminance variation in the horizontal direction.
Accordingly, it is possible to extract only a luminance
variation between an evaluation point and the surrounding
ones, irrespective of the luminance of a pixel to be
processed.

{Formula 2}

I 2 1] |-1 0 1

0 0 0(+]-2 0 2yx
-1 -2 -4 -1 0 1

D | e

In this example, a pixel area to be processed is 3

X 3, but may also be set to 5 x 53, 7 x 7 or the like. In
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dividing an evaluated value calculated during edge enhancement by
screen average luminance is employed as a focus evaluated value (Pv) is
that the focus evaluated 10 value is associated with how large the
luminance difference between an eyaluation point (pixel) andéggplo_r)zwo
surrounding pixels is, so that if there is nonuniformity in luminance
between acquired images and there occurs a variation in the screen
average luminance (a luminance 15 value found by dividing the sum of the
luminances of _individual pixels constituting a screen by the total number
BFHE pRRiIs BfHECSEFRehT St RIRddesehRfo LRoltfa FaRaton fithe
whsakite yalus-ettheresaltant cateutatediindex.i20 fis assumed thaka
luminance difference_from the surrounding pixels is, for example, 20%.

B ToRNARS S diraraiiee 5t F5% 1adbied’ 1661 n B rfe Riminance
of 50, and-20Jorha avelage diminanse afild0sAecordinghm fven Rdhae
g@seaoifégg same vagati%[n rate, thefabiolut 25 vglue reatly varies
depending on the Grigal scteeh Averd§e flthiFaRRE THRISIObRIA hardly
deizomesiserio > imopticabsystemhsisuchrasgeneral yisibie miceeboepes,
byt the problem, becomes remarkable in pptical systems, guch as
ultraviolet microscopes. G Eerihis Teadon, inthe pr%sent &mbodiment, to
opeckEPS0dP1952Waarith sash tstreemlgntinanee syasigion uedats fooels
sypliaad value.galcylated dyring,pdog epiancements standardized
with screen average luminance ( gvg) S0 that the influence of the screen
sy ardation & tivd Sefactis evmbibted valiesicarsbe pleventednd

Namels yalues, eagh.abtaiped hy-dividing adogys eyaluaied yalye by the
edge enhancement circuit by a screen average luminance
Pave obtained at the corresponding focused position, as
shown by {Formula 3], |

[Formula 2}

Py(i) = on(l?
Pave(i)
In [Formula 3], Pv(i) is a focus evaluated value

based on standardized luminance at the i-th focused
position, Pvo(i) is a focus evaluated value at the i-th
focused position, and Pave(i) is a screen average
luminance at the i-th focused position.

In addition, as shown in [Formula 4], the focus
evaluated value Pv may also be calculated by multiplying
the calculated value obtained in [Formula 31 by a maximum
value Pavemax of the screen average luminance. In this
manner, a decrease (a guantitative decrease) in focus
evaluated value due to division based on average
luminance is compensated, so that a quantitative change
in focus evaluated value can be easily viewed in later

reference to a focus curve. In addition, the screen
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corresponding screen average luminance are employed as focus
evaluated values, so that a focus evaluated value in the case of a screen
average luminance of SO and a 10 luminance difference of 20% becomes
0.2 (10/50) and a focus evaluated value in the case of a scregn fy%g)%%o
luminance of 100 and a luminance difference of 20% also becomes 0.
(20/100), i.e., both focus evaluated values coincide with each other.
Accordingly, the influence of 15 variations in luminance between focused
apxggétgones %%%he afgglés Sval ated vaIL.JJres,'can, be gliminated. The focal 3
posItion calcuration circuft W a"HirduPwhith edBulhfed] fodudetf-e
tpositicn oatiebasisa bfia, maxinumywalne of adoaumevalvated-value or
tﬁ%c%gﬁceed 20 in the evaluated value calculation circuit 11C, and
corresponds to "focal position calculating means" in the present invention.
In generakimage atitofocus control determines a focused position by

~acquiring sample images at a 25 plurality of focused positions differing

from orevanethe: (_ Jemstanwork distance and detecting a focused
position of a &Yfdlé image at which a maximum focus evaluated value is

Obtainegh Aseaidiagly, I (araet ins nyfmpe of u@p'ﬁémﬁg 2 (the
smaller the amount ffocus movement 30 between samples), the more
Hectraetharnrfotus icuhtrol loen balHeleved chuthisgtheddand, an

dRFBASE B, {he 48 %@4@éﬁ5%¥>é<}a@%m?&&9£§ﬁ@@'%'eé\$ %8?9‘@& ngrease
in the time required for processing;, so that the high-speed” pefformance
f5ttHe tifefbeasedntiel Becdiies difficthab &hsurbesroratisleased, in

vheresenteubediment, @Sth how large the luminance
difference between an evaluation point (pixel) and the
surrounding pixels isg, 8o that if there is nonuniformity
in luminance between acquired images and there occurs a
variation in the screen average luminance {(a luminance
value found by dividing the sum of the luminances of
individual pixels constituting a screen by the total
number of the pixels of the screen), it 1s necessary to
avoid a variation in the absolute value of the resultant
calculated index.

It 1s assumed that a luminance difference from the
surrounding pixels is, for example, 20%. The luminance
difference of 20% becomes 10 for an average luminance of
50, and 20 for an average luminance of 100. Accordingly,
even in the case of the same variétion rate, the absoclute
value greatly varies depending on the original screen
average luminance. This problem hardly becomes seriocus
in optical systems such as general visible microscopes,
but the problem becomes remarkable in optical systems
such as ultraviolet microscopes.

For this reason, in the present embodiment, to cope
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shown in Fig. 6, an optimum focused position (focal position) is detected
on the basis of a maximum value Pv(m) of calculated focus evaluated
values and a plurality of neighboring focus evaluated values (Pv(m-1), 10
Pv(m+l), Pv(m-2), Pv(m+2), Pv(m-3}ﬁnd Pv(m+3)). As shown in Fiﬁ' 6
the focal-position neighborhood approximates a quadratic cuR/E W Pc%bigo
upwardly convex. Accordingly, the focal-position neighborhood points are
used to calculate an approximate quadratic curve by the 15 method of
least squares, thereby finding an apex as a_focal position. In Fig. 6, a

GOl iRBIE SERSE appb RSy Calct e 8 rorf AeelsEiHEs (Pv(m),
S ) endvBv(a-+h Bedashediline is acusvg;appraximatsls mealgwated
fron%%ve oint qu m), Pv(m-l), Pv(m+l), 20 Pv(m-2) and Pv(m+2)), and a
IOTURRRRAAME 12 QU CE BBr XAtslS NI on Seveh pomishat
tRe(mh Aviendy), Br(rond, Pyime?), Rwiirt)Rv@a-3) apddRv (it
]l:.:rom the fact that the graphs are open to different_ extents but the
positions Of the Tespective Apsids g?e BEApprSsithateN e Saméait ¢an
seckeathmtibe ngthadvsdawg in Higchiis arappspdmationaethpt he
(\:/vq_j%réés Oe}:{f ctive in sgite of being a sjmgle process. The
above- en?le(l)ﬁgd Clirve approximation mathodis ASEIMTRIVE Shd*s
focalspasitdnatagdalse besdetested: 1830 by affmethode(eollineasd value
imat] thod) of finding a focal position by calculating the point
%?%t%ésne%%% 1%3 S%f%ﬁ%%%%&gfgf o egélrhnﬁfé?%gs?réfg#\t% Iil')nélol Béfss%ng

hroughteo Poieyas afd PYimkdamitle thedline and Astraight! line
fassing.threugh agother fwo; Roipts. PYlmEl) and Py(m:. 2), orather, .
approximation methods such as normal

luminance of 100 and a luminance difference of 20% also
becomes ¢.2 (20/100), i.e., both focus evaluated values
coincide with each other. Accordingly, the influence of
variations in luminance between focused positions on the
focus evaluated values can be eliminated.

The focal position calculation circuit 11D is a
circuit.which calculates a focused position on the basis
of a maximum value of a focus evaluated value calculated
in the evaluated value calculation circuit 11¢, and
corresponds to “focal position calculating means” in the
present invention.

In general, image autofocus control determines a
focused position by acquiring sample images at a
plurality of focused positions differing from one another
in lens-to-work distance and detecting a focused position
of a sample image at which a maximum focus evaluated
value is obtained. Accordingly, the larger the number of
sample images (the smaller the amount of focus movement
between samplgs), the more accurate the autofocus control

can pe. However, on the other hand, an increase in the
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5 distribution curve approximation. Referring back to Fig. 2, the memory
15 is employed for various operations in a CPU of the controller 7.
Specifically, the memory space of the memory 15 is allocated to a first
memory section 15A and a second 1Q memory section 15B to be used for
various operations in the autofocus control section 11. In the %?é?é%wwo
embodiment, to ensure the high-speed performance of the autofocus
control, sample images are respectively acquired at a plurality of focused
xRositions 15 while the lens-to-work distance is being continuously varied.

\WEBFEingly, TALbREibkE i hcreadd thd  Spaarofie Eifofoblis control

cempared todbegaseasiaieg When aiens isrstopped akgaeh focused
osition, an image .is acquired. 20 Fig. 7 shows the relationship between

i
E\E/)%ﬁaagmaﬁ’ggteﬂ 0'tHE 16M BATHYS SR A by RS ARvEr 814hd Geltalto
eneveraent voltage of the lens driving section 4. The lens driving section 4
made glpigégglectric device is _equipped with a movement-amount

detect%n Sensorfor 25 poLitioh coAtroP FHEAUEIRIVEHHE votige
shown in Fig.o7. issa neonitgstsignad of shisssensessie ditectest-yoltage is
varied.by a predetermined.amount at a period of one video signal frame
] e I B T P et A Tt
Rofrrol start 30 pokitivrl A comparisenof thel diretteskveltage:and the
yalmovement voltage shows that although a delay in 20 s04P1052W0
F%écgponse%fs obser%lllg ,ﬁt%werﬁ%%eéoecn%Sof?ﬁggrélr?st%ésr\r%%t Fandthe™ )
HidirationsFof Both lgrapivd mre approximatelyahe sante-in v gradually

inmeaqﬂg;gygnﬁwmntaggﬁe%§0Ehe focal-position neighborhood
approximates a quadratic curve which is upwardly convex.
Accordingly, the focal-position neighborhood points are
used to calculate an approximate quadratic curve by the
method of least squares, thereby finding an apex as a
focal position. In Fig. 6, a solid line is a curve
approximately calculated from three points (Pv(m), Pv{m-
1) and Pv{m+l)), a dashed line is a cuxrve approximately
calculated from five points (Pv{m), Pv(m-1), Pvi{m+1),
Pv{m-2) and Pv{m+2)), and a dot-dashed line is a curve
approximately calculated from seven points (Pv(m), Pv(m-
1}, Pv(m+1}, Pv(m-2), Pv{(m+2), Pv(m-3) and Pv(m+3)).
From the fact that the graphs are open to different
extents but the positions of the respective apexes are
approximately the same, it can be seen that the method
shown in Fig. 6 is an approximation method which is
effective in spite of being a simple process.

The above-mentioned curve approximation method is
not limitative, and a focal position may also be detected
by a method (collinear approximation method) of finding a

focal position by calculating the point of intersection
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the directed voltage flattened. From this fact, it can 5 be seen that the lens
operates at an equal speed with respect to the directed voltage
corresponding to the equal speed. Accordingly, if sample images are

acquired in synchronism with image @/nchronizing signals, it g ossiblewo
to calculate and acquire focus evaluated values 10 at a constant 1hterv.

on the focus-axis coordinates. Furthermore, in the present embodiment, a

sample image acquisition process and a focus evaluated value

c%lcul tion process are performed in parallel in order to increase the

g‘fpéeéi of a%%@f%@é? opRratioif 1B Fhede Brotais T an e hstit&ed by

thei doublev bufferng ofprecassing tnagedata peeviausly leaded i the
econd memo%/ %%ction 5B and calculating the focus evaluated value

VI WHIR T6AdR g iMage daidiiRio e S8R0RE HidiioRy {Btidn 288, Ryt
gase of the peesenti2oaxdampliyimageidsda leaded duringeagh even

ame. [ @Eg%%sscedri\r} the segg}rggimrggmory s_ection 15A, while image data
caded" uring each odd frafe & procels?s%d in the second memory
section B&B: Thiengpératian of the dmage proeessing apPartUs lemdbl oyead

ordin e present embadiment, constructed in the

g%%v%ﬁ%é%ﬂé’ﬁ ?nraa(re]tnle?l\l/\ﬁll be es(té%%e%&rbe%\?v v?/ffﬁtrlé?&rje%]éer{o Fig.
S FEiY. 13 ivad procagssflowolrary obthe@autdfoctis coatrotgeation &1. First,

iifalsetlinos re npulled e a9 8030 ulologys popess areg,of the
subject sample W, a focused position searcﬁlng range of thé same, the
ARSI FTF6EISR1ISBARTOSBV G gdodement bétweerrrage sSamplés to

bracauiteehia.focusr axisistergneih) an image smoothing condition,
and an
In the present embodiment, to ensure the high-gpeed

performance of the autofocus control, sample images are
respectively acquired at a plurality of focused positions
while the lens-to-work distance is being continuously
varied. Accordingly, it is possible to increase the
speed of the autofocus control compared to the case where
when a lens is stopped at each focused position, an image
is acguired.

Fig. 7 shows the relationship between voltage
directed to the lens driving section 4 by the driver 8
and actual movement voltage of the lens driving section 4.
The lens driving section 4 made of a piezocelectric device
is equipped with a movement-amount detection sensor for
position control. The actual movement voltage shown in
Fig. 7 is a monitor signal of this sensor. The directed
veltage is varied by a predetermined amount at a period
of one video signal frame of the CCD camera 6 after the
lens has been moved to an autofocus control start
position. A comparison of the directed voltage and the

actual movement voltage shows that although a delay in
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edge enhancement condition (step Si), and then, autofocus control is
executed. 5 The objective lens 3 starts moving from an autofocus control
start position along the focus-axis direction (in the present embodiment, a
direction toward the subject sample W) by being driven by the lens driving
section 4, and also acquires a sampfe’image of the 10 subjectBSRpRIRNO
in synchronism with an image synchronizing signal (steps S2 and S3).

 Then, the focus- axis coordinates of the acquired sample image (lens-to-

work distance coordinates) are acquired (step S4). After that, a focus
BvaREIEA procedswhichiis 1Bamade vhstreenfardragbduminancacoth
galgulation; image ,smoRthing, %%%eg!?g{aﬁ%mg%aggg'%@'q?&%eeig the
standardization for the acquired sample image is performed (steps S5 to
SPICTRE sereBrravierabe [LRfifaace salcuing stepistdpe 20t8Hisof

eamputed bydhe average luminapgg galculatign cirguit 8. A cajqulated

screen average luminance is used in a calculation of a focus evaluated
RaIER YhRY st HFeScristraistaga tudinaeedalsuREfgvsted may

alsehe performed afterdhesnothing stepdsien: 25,961 4 he image
smoothing step (step S%ers processed in the smoothing circuit ilA. In the
FHHGE sTRGSHHing RF T HAGE Bmobthifigie b rinr@ssw it Sfof egr e
the perating femulashon e[Fopmuia-dh11a this s1e8n309 the influgnce
of speckles due to_the_single-wavelength mode of the |I$:nilt source is
R oA AE e SOAPL U5 AW S B HiaGea values

at a constant interval on the focus-axis coordinates.

Furthermore, in the present embodiment, a sample
image acquisition procesgs and a focus evaluated value
calculation process are performed in parallel in order to
increase the speed of autofocus operation.

These processes can be constructed by the double
buffgring of processing image data previously loaded in
the second memory section 15B and calculating the focus
evaluated value Pv, while loading image data into the
second memory section 15A. In the case of the present
example, image data loaded during each even frame is
processed in the second memory section 15A, while image
data loaded during each odd frame is processed in the
second memory section 158.

The operation of the image processing apparatus 1
according to the present embodiment constructed in the
above-mentioned manner will be described below with
reference to Fig. 3. Fig. 3 is a process flowchart of
the autofocus control section 11.

First, initial settings are inputted such as an
autofocus process area of the subject sample W, a focused

position searching range of the same, the amount of focus
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The edge enhancement step (step S7) is executed by the evaluated
value calculation circuit 11C. In this step, a difference in luminance data
between pixels of 5 the feature and contour sections is calculated by the
edge enhancement formula shown in £Formula 2] mentioned above on
the basis of the sample image smoothed in the previous smoBfHifig S37°
(step SG), and the calculated difference is obtained as basic data for a
focus 10 evaluated value. Then, the luminance standardization step (step
S8) of standardizing the focus evaluated value calculated in step S7 with

Y efRieh ArrigeuiifafceSRipekfsimier. PEhis aqed iedxdeutbaifthe
sxaliatedyaluecaleylation 1 GEItLLCINithe R@mmRle:shown i Fig, 3,
the focus, evaluated value Pv(i) based on standardized luminance in

TG AE BT S EARTatE A MY i i of fHePfo cBid levaitiste BRoRIUePRRTRF S
obtained bydhepreviess edge enhancement step (step S7) by the screen
average luminance (F,’aveg)) 20 obtained in the screen average luminance

calculatfis2B fstbpS5) 98 abdveementiBRdd Stefd D Brss

Lonstiititt: an cautofequssinop-(AfoloDpp) ot AK l0aR, &4¥aeess.similar
éo the above-menti%ned one is executed on a 25 sample image acquired

At B 15EusEd pSSitoR T FEHRprERBREEMHRHImEn - HeSHBhEBn &g war d
beventhpe GCBaamerat captuses images eéthesubjest sampleV @t @y
gé%%eltgl[lmi ,ed %%m%ﬂ'g%]peéiogiwiéhst%e gbjﬂsc&ive lens 3 beir%%
continuously divenby the lens driving sEGIGH %, 30373 (e iffige
acquery step$teiS3nanghthé faclisevaiudied values:galculating step
é%&%@;ﬂ@l@l@ CS?%%%fg(SSQ%E]éO%W%d 33) . Then, the focus-
axis coordinates of the acguired sample image (lens-to-
work distance coordinates) are acquired (step S84).

After that, a focus evaluation process which is
made of screen average luminance calculation, image
smoothing, edge enhancement and luminance standardization
for the acquired sample image is performed (steps 85 to
88) .

The screen average luminance calculating step (step
55} is computed by the average luminance calculation
circuit 11B. A calculated screen average luminance is
used in a calculation of a focus evaluated value in a
later step. The screen average luminance calculating
step may also be performed after the smoothing step (step
56) .

The image smoothing step (step 86) is processed in
the smoothing circuit 11A. In the image smoothing step,
image smoothing is performed with, for example, the
operating formula shown in [Formula 1]. In this step,
the influence of speckles due to the single-wavelength

mode of the light source is eliminated from the acquired
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in parallel (Figs. 6 and 7) . Accordingly, while the focus evaluated value of
the previously acquired sample image is being calculated, the next
sample image can be acquired, so that a focus evaluated value can be 5
calculated at a period of one frame of video signals and an increase in
the speed of autofocus operation cafitbe realized. When the f{4F1052W0
movement length of the objective lens 3 reaches a full search range, the
AF loop is 10 brought to an end and the process of multiplying the focus
evaluated value of each of the acquired sample images by the maximum
SRR P AVEHI&X) of screen average luminance is executed (steps S9 and

S10). Inpgenseguencen dhedaeus exaluatedvalyeRy of eagh ot the 4 1,

sample images 15 becomes equivalent to the case found by the operating

FOfGIReSHRTT M [EotHfIS 2} Fietfored sbdveitisidted that, Hytin the
dlowychast shavwe ki 4ntheNE AaoR-askbe commleted gfierthe of

calculation of the focus evaluated value in the edge enhancement and, as

SFsHERT I St e16RH By, Festterdne chnmatish B EE A 1685, the

shgadardizatiosahine focus exaluntaghvalye [withthe Scieenaneragr q
luminance ma%be caollectively performed on all sample images by using

RE BperAting proc8eSshbwh'iit [EGIRAE 41" H TiERREEE WHN, 58% 25
comsequenemdbishiessibledo realize aqrpceshisinilar toithe.example

h£>¥vn in Fig. 3.1n Ei . 5, a solid line shows a focus curve (FC1) obtained
i} crence 15 obraln S5 PAG Sﬁ fﬁﬁhﬁ 68 us

y performing smoothing (Ss epS6 M Fig. 3§ afd ifna
estaddardezationl(step S8 in Fig. 3), and a dot- 30 dashed line shows a
focus cypye, (FGR) ohigined by performing gnly smoothing without .,
performing
of standardizing the focus evaluated value calculated in
step 57 with the screen average luminance is performed.
This step is executed by the evaluated value calculation
circuit 11C. In the example shown in Fig. 3, the focus
evaluated value Pv(i) based on standardized luminance in
[Formula 3] is calculated by dividing the focus evaluated
value (Pvo(i)) obtained by the previous edge enhancement
gtep (step 87) by the screen average luminance (Pave(i))
obtained in the screen average luminance calculating step
{step 8%).

The above-mentioned steps S2 to S8 constitute an
autofocus loop (AF loop). In the AF loop, a process
similar to the above-mentioned one is executed on a
sample image.acquired at each focused posgition.

In the present embodiment, as mentioned above, the
CCD camera 6 captures images of the subject sample W at a
predetermined sampling period with the objective lens 3
being continuously driven by the lens driving section 4,
and the image acquiring step (step S$3) and the focus

evaluated value calculating step (step S8) are processed
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24 S04P1052WO standardization using screen average luminance. For
comparative purposes, a conventional focus curve (FC3) shown in Fig. 22
is shown by a dotted line. As can be seen from Fig. 5, according to the 5
present embodiment, it is possible tgaqreatly ameliorate an area
influenced by an optical system and“make apparent a peak of 8%6¢{g2"0
evaluated value to be detected as an optimum focused position (focal
position) . Accordingly, it is possible to realize stable and accurate
autofocus 10 operation even in short-wavelength and single-wavelength

bptiearsysters Tt dddition28ic@the Arercirfiieaded bylid optieal
sysiem sanmbeamelioratad oy bysmeething.eha sampleimage,the.

luminance standardization step (step S3 15 in Fig. 3) may be omitted if

1RREE AR POV ET2 b Yérining R e IsfinaiRBcsEndBRIZatF P sle, it

deassie teachieve urtheramelinration ofithaatea infllgnced by the
optical system, so that it is possible to achieve far more accurate

TELISH 6FtHEoRuBEd Y0 st SReT Hereeoeal BosfiBnTAaRdfingnd
stepfetepaSkl)iis perorpeddlbis facalqmsition ealeulationPresgssis
exefuted by the focal position calculation circuit 11D. In calculation of a
]fce)éuéfez(?pOSition, as mentioned with 25 reference to Fig. 6, approximate
curves wassingthraugiy paoirtsdnelidingethermasimume abig of the focus

evaluated vallL}JeSanEg % ﬂLirah'%aOf %elghborlng focus evaluated, values are

otind to Hetedtan Spex. and fhe Spex i determiined As theHotdsed

Ipositidrt. 3tAecoreinglyrthetfoealrositier: can beuwafficiehfling the
focus evaluated value of each of the acquired sample
images by the maximum value (Pavemax) of screen average
luminance is executed (steps S9 and S10). In conseguence,
the focus evaluated value Pv of each of the sample images
becomes eguivalent to the case found by the operating
formula shown in [Formula 4] mentioned above.

It ig noted that, as in the flowchart shown in Fig.
4, the AF loop may be completed after the calculaticn of
the focus evaluated valiue in the edge enhancement and, as
shown in step S10A in Fig. 4, after the completion of the
AF loop, the standardization of the focus evaluated value
with the screen average luminance may be collectively
performed on all sample images by using the operating
process shown in [Formula 4]. In this case as well, as a
consequence, it is possible to realize a process similar
to the example shown in Fig. 3.

In Fig. 5, a solid line shows a focus curve (FC1)
obtained by performing smoothing (step S6 in Fig. 3) and
luminance standardization (step S8 in Fig. 3), and a dot-
dashed line shows a focus curve (FC2) obtained by

performing cnly smoothing without performing
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and highly accurately detected compared to hill-climbing 25 S04P1052WO
methods which have heretofore been widely used, so that it is possible to
greatly increase the speed of autofocus operation. On the other hand, in
the case where the lens-to- 5 work distance along the horizontal axis of
Fig. 6 is set to the full search range, if it can be determined tha? ‘the®>2"°
objective lens 3 has passed through a focused position during operation,
image acquisition becomes unnecessary at any point subsequent to
Pv(m+3), so that 10 operation time can be reduced by that amount. As a

dEHHIGEE HGATHBRIMIG WHETRSSE BBREEIVE InEhaaNFassed rough
adesal-pesitien ghege isea Mmethed:0f-aeqwiring the pugherafsamples
necessary for approximation by causing an objective lens to pass 15
THRUGh A hiilkcettinga Yardh R Qrlibsdd VHige (which is given
as a parametet asds ieasned feam the resyltHf pastifioayseparation) and

the like. Finally, the step of caysing the gbjective lens 3 to move to the
RCA PSP RISI ) 4 hertGrHBAS 20 gnd therRmTdouSBETHGIdT e
presentenhddimenidsl ¢completed tAs mensippedrabove, aecerdipg e the

resent embodiment, it is possible to stably perform highly accurate
%u?gf%}éu(s) %o%trgigﬁy s ‘llnagti%%u‘éﬁi@? dﬁ% f%etodﬁgéar TR En G
apdisinglefwaveledgticepticalsy$tems,1 spdbat; fenexanplecrdingly,

e e e e
operation even in short-wavelength and single-wavelength
optical systems.

in addition, since the area influenced by the
optical system can be ameliorated only by smoothing of a
sample image, the luminance standardization step (step S3
in Fig. 3) may be omitted if necessary. However, by
performing the luminance standardization step, it is
pbssible to achieve further amelioration of the area
influenced by the optical system, so that it is possible
to achieve far more accurate detection of the focused
position.

Then, a focal position calculating step (step S511)
is performed. This focal positidn calculation process is
executed by the focal posgition calculation circuit 11D.
In calculation of a focused position, as mentioned with
reference to Fig. 6, approximate curves passing through
points including the maximum value of the focus evaluated
value and a plurality of neighboring focus evaluated
values are found to detect an apex, and the apex is
determined as the focused posgition.

Accordingly, the focal position can be efficiently

and highly accurately detected compared to hill-climbing
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30 A second embodiment of the present invention will be described
below. 26 S04P1052Wo As the miniaturization of minimum pattern widths
(process rules) proceeds, recent semiconductor wafers are beginning to
assume more three-dimensional structures in their height directions. Light
sources having shorter 5 wavelengtffs need shallower depth of 44E3<LaREC
have a disadvantageous tendency to decrease the number of focusable
sections of an object having a great difference of height. If a difference of
height exits in a screen and different surfaces are focusable at different

heldits s10Mtisheteysadyapperforhtaherave ieelsing opeératioh twisith
fandetgrning, whers tghefogysed ot far example. yhich of the £ ooy

surfaces of a sample is to be used as a reference surface. However, a
WRvEAREGRal autofocus control method of finding an optimum focused

positiony35 fiam deus-evalyated; valugs hasdhe gisadvantagg of being
unable to bring a desired section into focus. To cope with this problem, a

¥rethod S Eppiying P Autd® chie £oRHBF methdd cedrdiig to fhelfreseht

tavertionzand bgagingniafogus arrarhitrapnsyiaceeb2Q sampleat
allowing, a difference of height to exist in a screen will be described

HaToW HE e AoV GEsctipidh SARESHstEhBBaMmant ersiefce has
Beendhadedaaimexapplesiniwhichiafoessa evaluated valugds salculated
Sgnglgevghgle (or a partial 25 area) of an acquired San;&rla% image. In the_
pres&ht eMBodimeRtYaPShdtin ﬁllb—?‘g?c@lﬁa%aVoﬁ?g ple: afi®atfired
sample imageiindivided lirtore plutalitylof ateas, anddacus evaluated
é@@ﬁﬁ%%ﬁ%c%%%k%%%g%mining whether an objective lens has
passed through a focal position, there is a method of
acquiring the number of samples necessary for
approximation by causing an objective lens to pass
through a hill exceeding a certain focus evaluated value
(which is given as a parameter or is learned from the
result of past focus operation} and the like.

Finally, the step of causing the objective lens 3
to move to the focal position {(step S12) ig performed,
and the autofocus control of the presgent embodiment is
completed.

As mentioned above, according to the present
embodiment, it is possible to stably perform highly
accurate autofocus control by eliminating influences due
to short-wavelength and single-wavelength optical systems,
so that, for example, microstructures formed on a surface
of a semiconductor wafer can be observed and insgpected
with high resclution.

(Second Embodiment)

A second embodiment of the present invention will

be described below.
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calculate focal positions for the respective divided 30 areas Wij(i, j = 1 to
3). In the calculation of the focus evaluated value of 27 S04P1052WO
each of the divided areas Wij, image smoothing and standardization

using screen average luminance which are similar to those of the
above-mentioned first embodiment afe executed. Accordinghy® & F6&AWO
positions can be 5 highly accurately detected without being influenced by
an optical system. Through the above-mentioned process, focus curves
corresponding to the respective divided areas Wij are obtained. At this
time, in“sBcésE whithe dfFerofahé 1ondivit ediarbasdifferstiafocaligbsiton

f%?%é@@@%u%@?%’%éé@@éfe@e@éﬁﬁ differense Qf height o fhe focal
pla

e exists between both areas, so that it becomes possible to perform
RN chisSinyreperatisr by HesRmathgith apatametaraphaeis ton
bedivenprignty 43.8 determining adaeused,pasition. Examples of the

parameter are as follows. 1. A target at the shortest lens-to-sample

YhatahesgiHeshighast peatdr vt sierple) of A argst anthdwwrgest
dansctarsample distance, 20 (the dewastipeatian of a sample) 3,A

articular position in a screen. 4. An optimum focused position decided by
SORRP Foni §hé HoLit SEs@BeRRiifision @ ibre BharRidristet EREaave
@5 neaddition, althaugh the examplein whichthes pupberof SCEL8N

division is 3 x 3, i.e., 9, has been mentioned with reference to Fig. 9, the
?Rﬁnﬁéﬁﬁ%ﬁﬁ&énsurfaces are focusable at different heights,
it is necessary to perform an active focusing operation
which can determine “where to be focused on”, for example,
which of the surfaces of a sample is to be used as a
reference surface. However, a conventional autofocus
control methed of finding an optimum focused position
from focus evaluated values has the disadvantage of being
unable to bring a desired section into focus.

To cope with this problem, a method of applying an
autcfocus contrél methoed according to the present
invention and bringing intec focus an arbitrary surface of
a sample allowing a difference of height to exist in a
screen will be described below. '

In the above description of the first embodiment,
reference has been made to an example in which a focus
evaluated value is calculated on the whole (or a partial

area) of an acquired sample image. In the present

embodiment, as shown in Fig. 9 by way of example, an

‘acquired sample image is divided into a plurality of

areas, and focus evaluated values are calculated to
calculate focal positions for the respective divided
areas Wij(i, 7 = 1 to 3).

In the calculation of the focus evaluated value of
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division is not limitative. As the number of screen division is increased,
more detailed information can be 30 obtained. In addition, divided screens
may overlap one another, and the number of screen division may be 28
S04P1052WO dynamically changed according to use conditions. As
mentioned above, according to the présent embodiment, it is PO$EbRE IO
satisfactorily cope with an active focusing operation which can determine
"where to 5 be focused-on", by designating what is to be given priority in
determining a focused position for a target sample. (Third Embodiment) A
#Afd embodimeft Bt tedpraseasientionnwif & estowdstripedriselow. In
the dascuintion otthe present, @f@%&dw&a@%ﬂ ] pe a}?gggoa%e
method of synthesizing an omnifocal image of a subject sample from
atHuied iragkhnag byfapplgingkay sulttociseestrdli nethsaiaedonding
io the present invention, 1h; lythe case.ofa ngrmal.aptical system, if a

- three- dimensional object excéeding the depth of Tocus of the optical

Ry gl isGewet thbreréea stgibbalip Wsclrenimané ipmot Beby an
yigwed,1sa:that dhe purpose of inspection or observation cannot be
satisfied. Attempts to solve 20 this problem are made by using a method
of obtaihtHgP49§lobafly TRV TR AFEES n2ERINP sinforsfediarves
opticakgysienrspdbasRcanfagalaptical systeArand f- Nethod of o
btaining a globa%ocused image from images of different angles on the

55 Figoromé&tly it FE netfferfofthgse HhethBdStante the
driexipbnsively sealizetk recalisespeciahkopiical systemsmeedtahe, it

ﬁggggggdépparent that a difference of height in the focal
plane exists betwsen both areas, so that it becomes
possible to perform an active focusing operation by
designating with a parameter what is to be given priority
in determining a focused position.

Examples of the parameter are as follows.

1. A target at the shortest lens-to-sample
distance {the highest location of a sample).

2. A target at the longest lens-to-sample distance
{the lowest location of a sample).

3. A particular position in a screen.

4. An optimum focused position decided by majority
from the result of screen division {(a more characteristic
section) .

In addition, although the example in which the
number of screen division is 3 x 3, i.e., 9, has been
mentioned with reference to Fig. 9, the number of screen
division is not limitative. As the number of screen
division is increased, more detailed information can be
obtained. In addition, divided screens may overlap one

another, and the number of screen division may be
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On the other hand, a method of performing synthesis on images of an
object after having hierarchically acquired the images has been proposed
(Japanese Patent 30 Application Laid-Open No. 2003-281501) . However,
there remain problems such as the capacity of image information 29
S04P1052WO to be used for synthésis, synthesis processinggﬁﬁ%?%ﬁ%lwg
result only obtainable after the acquisition of a plurality of images. To cope
with these problems, in the present 5 embodiment, an omnifocal image of
the subject sample W is obtained in the process of executing the

WREBEGE LdantFAIFRERDPTEROHEY abovBSA tKORESERSES of the first

embodimentehhe sonyoh flewds shovarimlg. 48. AR irpage synthesizing
tep S8M) is added after the 10 step (step 8) of standardizing the

step (s . : : |
?HH?s&égﬁlﬂﬁtelealbﬁ BPEAHRYRIreD iffigeSEaRHSE bbinty W treth an
£Otrespongingsseigespveiage iuninance-Jhetber-sieps arg:siilag to
the correspanding steps of the process flow (Fig. 3) mentioned above in
Sfe fﬁc‘dgg iftibr oPthefiret BRfoiheEdind e CorPEs SRy steps
wre senoted hy ddenrtienl fidteseace suiperlp apd theslessrption theyeef is
S?émttfd- In image synthesis, as mentioned above in the description of the
$eCond embodiment, an acquired sample 20 image is divided into a
plurality{ ohanshsefig.dQmeand)images corresponding to the respective
divided.areas Wij are synthesized. It.is noted that the number of scree
divisionzﬁsgrﬁ)ﬁj}p%rﬁéﬁu g%m?nl}%atf\)/e, SRS RHAERUmMEr B stPder” éi\?llsi i
ds inorease, fimerprocessing 25 das deiperformed. Fhe sizecsfeeach
émﬂgﬁgﬁg%%9a94¥%rence will bhe made to a method of

synthesizing an omnifocal image of a subject sample from

acquired image data by applying an autofocus control
method according to the present invention.

In the case of a normal optical system, if a three-
dimensional object exceeding the depth of focus of the
optical system is viewed therethrough, a globally focused
image cannot be viewed, so that the purpose of inspection
or observation cannot be satisfied. Attempts to solve
this problem are made by using a method of obtaining a
globally focused omnifocal image by using a special
optical system such as a confocal optical system and a
method of obtaining a globally focused image from images
of different angles on the basis of trigonometry, but
neither of these methods can be inexpensively realized,
because special optical systems need to be employed.

On the other hand, a method of performing synthesis
on images of an object after having hierarchically
acquired the images has been proposed (Japanese Patent
Application Laid-Open No. 2003-281501). However, there

remain problems such as the capacity of image information
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scaled to the unit of one pixel. In addition, the shape of each divided area
is not limited to a square, and can also be modified into a circle or the
like. As the memory 15 (Fig. 2), as shown in Fig. 11, a 30 third memory
section 15C for omnifocal processing is prepared in addition to the
second memory section 15A 30 S04P1052WO which proceséé)é ﬁﬁgééwo
data loaded during even frames and the second memory section 15B
which processes image loaded during odd frames. The third memory
section 15C is provided with a synthesized image data storage area 5
4BCE FSBadeareY 1EBSSbF stotiiyhEighe (BASTE fkkdistange) and
infeenatien emeachhehthedividedrareas: MAj constituting asynthesized
image, and a storage area 15C3 for storing focus evaluated value
FfSFRAGGH oAt ehBA% $he divided areas Wij. 10 In the synthesis of an

omnifocal image afiasubjeetsampiBl sample inages gre.asquired at a

%Lg%raa%/ of focused positions differing from one another in lens-to- work
[SRHEE A 1680 BV G a6V AiliaS Forthet Res ptiv e Chrvidetiat &ad Wip

aive chioutated omeagh of d5<he Sampledmages: aad aAftes apdmage has

been extracte hich is relatiyely independent and shows the highest
e o LT Sl AT e B W & ot CBsmh g

OCus evaIu%FedeafHe am HS
Synthtesizibgdinentire intage isperformed cWmaifeeahimage syghesizing
AEEILoRE Sueen S e e e
gfepepsBeto 88 isExetatethod dniagyuiled Sample émagedn aditsofue
sachdivided areas Wil by & teghnigus siqilar {o, hat ysed in the
above-mentioned _
corresponding screen average luminance.

The other steps are similar to the corresponding
gteps of the process flow (Fig. 3) mentioned above in the
description of the first embodiment, and the
corresponding steps are denoted by identical reference
numerals and the description thereof is omitted.

In image synthesis, as mentioned above in the
description of the second embodiment, an acquired sample
image is divided into a plurality of areas (Fig. 9), and
images corresponding to the respective divided areas Wij
are synthesized. It is noted that the number of screen
division is not particularly limitative, and as the
number of screen division is increase, finer processing
can be performed. The size of each divided area can be
scaled to the unit of one pixel. 1In addition, the shape
of each divided area is not limited to a square, and can
also be modified into a circle or the like.

As the memory 15 (Fig. 2), as shown in Fig. 11, a
third memory section 15C for omnifocal processing is

prepared in additicn to the second memory section 15A
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25 first embodiment, and then, the process goes to the image
synthesizing step of step S8M. Fig. 12 shows details of step SBM. After
the start of an autofocus operation, the first acquired image is used to
initialize the third memory section 1%%1(steps a 30 and b) Namelébin steﬁ
b, the first image is copied to the synthesized image data stor%% drea’ "o
15C1 and the 31 S04P1052WO height information storage area 15C2 is
filled with the first data, and focus evaluated values are copied to the
storage area 15C3 for storing focus evaluated value information for the

HRAGED BFSSEMAR by fifaizhng tHeirifdrhea sty ¥echisanse.ard

eachnidhe seqend apd-suhsesnent Progessngsrdhedeeus evalyated
value of an acquired image and the focus evaluated value of a

SyAtRizBY inishedrt Corpafed Tt dathrothBr st aacirsttherdiviied
BEeas Wij (sep 1w). I apasearherathedeogus evaluated value efthe
acguired image is Iarger, the image is copied, and height information and
t6cus edaltiatedf Vaud iR rmation " 8orssidilgts 188 topikthifidgy are
wpdated (stepch) Garfversely ;i itna ease aheretheecus evalwated-valye
ﬁf 15ctgg z%:cqgirgd image is strplalle,r, n% updating ia}gerformed. This
Opration is repeated By THE RUMDET of SCTEEH /ditiiorR(stey B AT tiE 3
hanndor processiforionedrame (83 Semsea) isscompletechdndhe on

Qggtrlaté%n g W (g.tgg éeUéOfgCUS Sco“r\;_qtkrol 20 sequence, for example, while

the Image data of an even Yrarne Is Béing loaded into the second memory
sectionIBA; hthesabdve mientivhegnprovess is-pérfanmee onfeachsabthect

diviged areag kot themags data.of thepreyious 9dd a1 ey of
focused positions differing from one another in lens-to-
work distance, and focus evaluated values for the
respective divided areas Wij are calculated on each of
the sample images, and after an image has been extracted
which is relatively independent and shows the highest
focus evaluated value among the divided areas Wij, the
processing of synthesizing an entire image is performed.

“Omnifocal image synthesizing means” in the present
invention is constructed in the above-mentioned manner.
Referring to the process flowchart shown in Fig. 10, the
process of steps 51 to S8 is executed on an acquired
sample image in units of each divided areas Wij by a
technique similar to that used in the above-mentioned
first embodiment, and then, the process goes to the image
synthesizing step of step S8M.

Fig. 12 shows details of step S8M. After the start
of an autofocus operation, the first acquired image is
used to initialize the third memory section 15C (steps a
and b). Namely, in step b, the first image is copied to

the synthesized image data storage area 15C1 and the
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frame which is already loaded in the second memory 25 section 15B, and
the necessary data and information are copied or updated in the
corresponding storage area of the third memory section 15C. In the
present embodiment, the above-mentioned process is perforrggdpto gtqﬂeor
with the autofocus control 30 of the subject sample W mentioned abov
in the description of the first embodiment, but the process can 32
s04P1052Wo also be independently performed. The above-mentioned
rqocess is performed on the number of images necessary for autofocus,
5 RAL o DUt QRcHGRZREBHE FAGMAch Off the bEefor ikt &%
fdeus: evaluatechvialuedheakeafeandae ebtainec & each @Bﬁ%\%éi\ﬁ&dféﬁilhe
reas Wij at the time_of completion of autofocus operation. Accordingly,
Sﬁto roan%/etjhaer%%u%(gg *pdSitiof CObraRate o thE Ebiect SAne N but
alswanaocmmifotakimage and ibe shapend the subjact sample W can 10
gpﬁi%%%%gezgl onliq:%anglilq I al n}gﬂ% Jgfor %ach of the divided_ areas Wij. In
particular, i the syhthesizad image copied to WMe kyhthesized image data
storagelaresatBCo s displayetbon theimeniteeS(Eig: @xmedﬁamr?g@ of
using.in each-15 of the divided areas can be observed during_the
{)%%C?gsg ‘ot n%g\?én%%%te gf '[Y1ae¥(1)l§]ecc%rvéfl Penascg%\llgfaa]elfﬁ‘?lgs%a?‘ fahge,
Tsecthat dve Stzas of heightdistfibationof tee idisplayed sabject sample YW d
canbesaRLopspertd g A leTacs apsralan: 2 FULGIMOTe, since
the omnifocal image of the subject sample is synthesized by u%lng Fhé)
Qutofdéust condiel ethiod Blecofing to ¢he presert imantiencft ishe

acquired image is larger, the image is copied, and height
information and focus evaluated value information

corresponding to the copied image are updated (step d).

Conversely, in a case where the focus evaluated value of

the acquired image is smaller, no updating is performed.
This operation is repeated by the number of screen
division (step e). In this manner, a process for one
frame (33.3 mgec) is completed.

In the operation flow of the autofocus control
sequence, for example, while the image data of an even
frame is being loaded into the second memory section 15A,
the above-mentioned process is performed on each of the
divided areas Wij of the image data of the previous odd
frame which is already loaded in the second memory
section 15B, and the necessary data and information are
copied or updated in the corresponding storage area of
the third memory section 15C.

In the present embodiment, the above-mentioned
process is performed together with the autofocus control
of the subject sample W menticned above in the

description of the first embodiment, but the process can
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possible to ensure highly accurate autofocus control by eliminating
influences due to short-wavelength and 25 single-wavelength optical
systems, so that an omnifocal image of surfaces of a hierarchically
developed structure such as a semiconductor wafer can be acquired with
high resolution. (Fourth Embodimentf 30 A method of synthesiZhgd 52WO
three-dimensional image of a subject sample from image data acquired
during 33 S04P1052WO autofocus operation will be described below as a
fourth embodiment of the present invention. As mentioned above, the

hage RtitdfodaBOpdeaidry awjirestsaiple images at a plurality of
focused BiROSHRR-ANA REHIOHDS e exaluAloRAEEONDI, I, e

present embodiment, it is possible to synthesize a three-dimensiona
THEGE by Ex iR oBaEEE SRENOAS Frém trfrired sapmplelimage starsd: -

eopbiniggdhedacused pectiops withinformation assagiated with the,
height 10 direction. As shown in Fig. 13 by way of example, after focused

POSHBNTEALLRSS Rakbth pERsRREd rredh Sbtamisd ifiages et RY,

Resaind Rebiaequired duting a: agieiogus opstation,faclsagsegtions are
extracted and 15 are combined with one another in the height direction (in

TR FICUSEXiSRATREORT S0 HRF threg ldimeRSioriithddeeo e staetlre
poean bersyrdbesizad @neaxampleseighe reethod afSWthRSIZIRGR an
three- dimEnsional image according to the present embodiment is 20

Showr nthe MSHhAHB! EfS 120W BRIP4 R BarESpo1itiRg fo these
o¢ theghovednentidned HEl in real time for each of the

divided areas Wij.

In particular, if the synthesized image copied to
the synthesized image data storage area 15C1 is displayed
on the monitor 9 (Fig. 1), the manner of focusing in each
of the divided areas can be obgserved during the process
of movement of the objectivé lens 3 over the full search
range, so that the state of height distribution of the
displayed subject sample W can be easily grasped during
autofocus operation.

Furthermore, since the omnifocal image of the
subject sample is synthesized by using the autofocus
control method according to the present invention, it is
possible to ensure highly accurate autofocusg control by
eliminating influences due to short-wavelength and
single-wavelength optical systems, so that an omnifocal
image of surfaces of a hierarchically developed structure
such as a semiconductor wafer can be acquired with high
regolution.

(Fourth Embodiment)

A method of synthesizing a three-dimensional image

of a subject sample from image data acquired during
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embodiment (Fig. 3) are denoted by identical reference numerals and the
description thereof is omitted. In the present embodiment, a
three-dimensional 25 image buffer clearing step (step S1A) is provided
after the initializing step (step S1). In step S1A, initialization is performed
on a memory area which stores the past acquired three-dimeﬁél)%%%@mwo
image. Then, as in the case of the above-mentioned first embodiment,
sample 30 images of a subject sample are acquired at a plurality of
focused positions, and smoothing, calculation of a focus 34 S04P1052WO

BVERERST FaRiRFRRGIGH etidé Erbandeffertbasd hsaadardizatiohrote

crlsuiptediecus evaliatad valie withdhecgrresponding screen average
luminance are performed on each of the sample images (steps S2 to S8).

5 After fhé BRBUSHBRDIARE TocuLEFalblfsiry ABESL A pasPaarLa

Hheyacauiced dafa ara aarwarad akeaeh RNt ip the seregadg decide
which of the past data and the acquired data is in focus, and if the _
BRGireG HRE Y iR TS Te provsscardpdtifthe AacrEidigraly, in
pedfopneddstefBAdiThisproeess is exanited oneachof the sample
%@gg@d'Three-,dimensi,onal image synthesizing means" in the present
nvention 1 constfidted MR dbovedmeatbhBd mannerdt Rerdtentfat,
firthe preseht embedipibnt,ithedkhssereendswivided dntora pltalityof

areas C\g\llliga% {Qﬁhel case of ttjr_lg nabove-mentioned second emquir_nc_ant SO
that the 'above-mentioned procesé 15 Perdrfiad B 8adiorf e Uided
diees; tgtthe number of screen division is not particularly limitative and
the progessMa%#g ;20 performedin a unit ot pheel, - pier
jocused position detection has been performed on each of
sample images Ra, Rb, Rc¢ and Rd acquired during an
autofocus operation, focused sections are extracted and
are combined with one another in the height direction (in
the focus-axis direction), so that a three-dimensional
image of a structure R can be synthesized.

One example of the method of synthesizing a three-
dimensional image according to the present embodiment is
shown in the flowchart of Fig. 14. In Fig. 14, steps
corresponding to those of the above-mentioned first
embodiment (Fig. 3) are dencoted by identical reference
numerals and the description thereof is omitted.

In the presgent embodiment, a three-dimensiocnal
image buffer clearing step (step S1A) is provided after
the initializing step (step S1). In step S1A3,
initialization is performed on a memory area which stores
the past acquired three-dimensional image. Then, as in
the case of the above-menticned first embodiment, sample
images of a subject sample are acquired at a plurality of

focused positions, and smoothing, calculation of a focus
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Therefore, according to the present embodiment, it is possible to easily
acquire not only optimum focused position information on the subject
sample W but also a three-dimensional image of surfaces of the subject
sample 25 by combining a plurality of focused sample images with one
another in the height direction after thé completion of autofocti8 tBherdR O
Furthermore, since a three-dimensional image of a subject sample is
synthesized by using the autofocus 30 control method according to the
present invention, it is possible to ensure highly accurate autofocus

THREBRRY 3530411 052wy e ipdinatiag emraiteriduanl
sherauavelength-and ssingle-wayelengin. Qpiical sysierms, sq hata hree-

dimensional image of surfaces of a hierarchically developed structure
ChER dShE SERTEGTRRRGY Wafei CefFBe SVacqARdLWith BgH festition.

fEifthdzmbediment A fifth emodiment of the presentdnyention will e,
described below. In the above descgg(tion of each of the embodiments,

10 reférehite HdEnéart Mbde-tPihe dxdrhiplebRMSicR thé Yadefocial ues.,

enstrohmethied acgarling to theprasent davention istaglized Pytheszcn
image processing apparatus 1_which uses a computer as the core. This

RBhEfudiot 1S nf6ecsMets ShfpitatdtP 4rt rhdy HBE mRAdH ndabs fards
isinaplecigeusing. daraelysif an algedthm avkich exesdtes-the adtofagys
contrgl @ethod accordingjto the present invention by simple hardware

BAn'BE rEXiiR 5P TaRsns kel WhHRHHO RSt AbEd PB5EfdcRising
processing, thet presean inventicrscamrdecised in afarcvides range £fn

of the sample images.

“Three-dimensional image synthesizing means” in the.
present invention is constructed in the above-mentioned
manner. It is noted that, in the present embodiment, the
screen is divided into a plurality of areas Wij as in the
case of the above-mentioned second embodiment so that the
above-mentioned process is performed on each of the
divided areas, but the number ¢f screen division is not
particularly limitative and the process may also be
performed in a unit of pixel.

Therefore, according to the present embediment, it
is possible to sasily acguire not only optimum focused
position information on the subject sample W but also a
three-dimensional image of surfaces of the subject sample
by combining a plurality of focused sample images with
one another in the height direction after the completion
of autofocus control.

Furthermore, since a three-dimensional image of a
subject sample is synthesized by using the autofocus
control method according to the present invention, it is

possible to ensure highly accurate autofocus control by
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20 applications and can be considered to greatly contribute to industrial
automation. Accordingly, in the description of the present embodiment,
reference is made to the construction of an autofocus control apparatus
capable of realizing the 25 above-mentioned autofocus control method
according to the present invention without using a computer. AL it e O
mentioned later, the autofocus control apparatus can be constructed with
a video signal decoder, an arithmetic element represented by an FPGA
(Field Programmable Gate 30 Array), a setting storing memory and the
fikéTdmd Gf-HEcEREANL RGRRe CoR pldy sShtdgrateaitangduchigs a 36
SHPIO52We1 &Y KCeptrab-Rrocessing Wity A PME (Rulse Motor
Controller) and an external memory. These elements are mounted on a
CORTHER Wit HEA9E anll areniskcrss alsiAglRLeredichosrd diit or a
packagpsamponent whick€ontains b thengiketboarshurik (EFrstan be
Constructjon Example) Fig. 15 shows a functional block diagram of a first
L oREtraSTor &kAmple B Hie® 8tbF&US control apparatus according to the

presentiryentiorEmkhel shewn)jautofocus 10 control apparatus 31 is

al decoder 41, an FPGA 42, a field memory

constructed.with a videq sign

33, 2 CBUAA T RORRRAINTS 2 PRIE 46 SR TRV B T yieRe
&ignat ibdeé uselfor autofocus operation is an analog image signal
encodegniLn_ I\LTSC format, and the_15 ana%o%grg%g% 1§iqcrﬁal is converted by

the video s@ngl 3g€g§erdff Fnzfé”%ttﬁaﬁaﬂmage signal w

fehReidELents

lr@fi%znﬁtat/evenml_]syﬁphmﬁ@inggigﬂms,eﬁc‘dﬁpll@vﬁm- whinteredy ODD
éﬁ@@%&%&%ﬁ%@ﬁ@?EH”ﬁ%@%ﬁ&”&éﬁ%&ding to the presgsent

invention is realized by the image processing apparatus 1

which uses a computer as the core. This constructicn is

more or less complicated and may not match needs for

simple focusing. WNamely, if an algorithm which executes

the autofocus control method according to the present

invention by simple hardware can be realized for various

cases which do not need post-focusing processing, the

present invention can be used in a far wider range of

applications and can be considered to greatly contribute

to industrial automation.

Accordingly, in the description of the present

embodiment,

reference is made to the construction of an

autofocus control apparatus capable of realizing the

above-mentioned autofocus control method according to the

present invention without using a computer. As will be

mentioned later, the autofocus control apparatus can be

constructed with a video signal decoder, an arithmetic

element represented by an FPGA (Field Programmable Gate

Array), & setting storing memory and the like, and, if

necessary,

further employs integrated circuits such as a
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luminance information. 20 The FPGA 42 is constructed with arithmetic
elements for performing predetermined computational processes in the
autofocus control flow (Fig. 3) according to the present invention which

have been mentioned above in the ggscription of the first embodiment,
and corresponds to 25 the "image smdothing means", the "edg&**10>2%o0

enhancement means" and the "evaluated value calculating means" in the
present invention. The FPGA 42 extracts information on an effective
section in a screen from the synchronizing signals and 30 the field

TRBrmaEeT BRditi Z&P By H5d Bt dighal dedbifer PuksRl ekes luminance
tfarpatior on tg!ﬁc@@ﬁoégé@@gg\iomgﬁ%giy e seglion inte the field .o

memory 43. At the same time, data are sequentially read from the field

HrRORF 48T af B b EdEHRE doripitatifalisiocessss aacik agingle
diteding fimage-ameething); avesrage duyainance i ealculationand facus, o
evaluated value calculation. In addition, the functions of the field memory
%3 15 EBY UPRATIEPNIC 46 can also be incorporated in the FPGA

42 accqudirgto thexdegiee-obintegratipn f the FPGA 42. The field
memor¥,43 is used for temporaéiélzygstorin 10 the field information in order

to handte-g video SIHREF VihitH?S bh dhIfterfbaaermn dintiidds
dramses-weschoal whichd3enade ohan-avesfield and-an edd fighhathe GPU
44 manages ége ggeration of the.entire_system, for example, varies the

TS ACriior bt By~ 15 LauSEThETPCM 46 End 8 DFRHCIOFP )
move alstagesupporingla sabjechsample andwattulatesiair OpHayia 1
dacuzad pgition (facglpogition) from the focus. 43, 4 cpu 44, a
ROM/RAM 45, a PMC 46, and an I/F circuit 47.

A video signal to be used for autofocus operation
is an analog image signal encoded in NTSC format, and the
analog image signal is converted by the video signal
decoder 41 into a digital image signal which includes
horizontal/vertical synchronizing signals, EVEN (even-
numbered) /ODD (odd-numbered) field information, and
luminance information.

The FPGA 42 is constructed with arithmetic elements
for performing predetermined computational processes in
the autofocus control flow (Fig. 3) according to the
present invention which have been mentioned above in the
description of the first embodiment, and corresponds to
the “image smoothing means”, the “edge enhancement means”
and the “evaluated value calculating means” in the
present invention.

The FPGA 42 extracts information on an effective
section in a screen from the synchronizing signals and
the field iﬁformation digitized by the video signal

decoder 41, and stores luminance information on the
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evaluated values of sample images respectively acquired at focused
positions and computed by the FPGA 42. In 20 this example, the CPU 44
corresponds to the "focal position calculating means" in the present]c )
invention. The ROM/RAM 45 is used for storing operation software for the
CPU 44 (programs) and the paramege{s necessary for calcul ot oo
positions. The 25 ROM/RAM 45 may also be contained in the CPU. The
PMC 46 is a control device for driving a pulse motor (not shown) which
moyes the sta%e, and controls the stage via the interface (I/F) circuit 47.

Ti agditionT the Cutplt o Sehdsr Whichh 8B Hhedpositibh of #e Same
stage, iscupplieddo she G460 through dhe /Encikquit 4738 memory 43,
SOéPlOSZW%. In ;Che autofocus contrql apparatus 31 constructed in the
Abovementionst mMAnNe?, & RRY-8GAS 6 a BERfiE Shtage s @isblied
froht axGEH damers:whickvistriatghoveve Thigevides ﬁgﬁ‘jﬁ&és inﬁ_utted to
FPGA 42 via the 5 video signal decqoder 41, in which_smoothing,
(g%/%(r:élg% &rcr)lrllnéan%% %Eﬁgtigh%%afb%gs‘é%ﬁﬁatga]v(éll’déatdo‘?ﬁput&fbn
add petformetiton thenimpiibimage. the FPGA M dsansiersfocyse cpu

alyate t the CPU 44 at the timing of a synchronizing signal
%ﬁji%gciﬁvg gfgtf?é%n of claélaefgf . %ﬁae %ﬁﬁoazc%ﬁ?r%sjtﬁe %r%iﬁﬁ%es“
Dt efodiisgstage Biehddigrng of thd endofahe dieldyanthesesdre 42 .

coordi Iqm;- -work. distance. r the above-mentioned |
procesns?%%?s%ﬁeée%%repeagt%r b)ﬁ/lgt)héTL ﬁu%‘cbeeérb\l of t?r%m Hetessdn for thed
‘Hifofbtas dperdiomat then piasentdaveritiorhahd GPE 44i gerfosmsnal

wRications gk putted in interlaced form and includes frames
each of which is made of an even field and an odd field.

The CPU 44 manages the operation of the entire
system, for example, varies the lens-to-work distance by
causing the PCM 46 and the I/F circuit 47 to move a stage
supporting a subject sample and calculates an optimum
focused position (focal position) from the focus
evaluated values of sample images regpectively acquired
at focused positions and computed by the FPGA 42. In
this example, the CPU 44 corresponds to the “focal
position calculating means” in the present invention.

The ROM/RAM 45 is used for storing operation
software for the CPU 44 {(programs) and the parameters
necessary for calculation of focal positions. The
ROM/RAM 45 may also be contained in the CPU.

The PMC 46 is a control device for driving a pulse
motor (neot shown) which moves the stage, and controls the
stage via the interface (I/F) circuit 47. In addition,
the output of a sensor which detects the position of the
stage is supplied to the PCM 46 through the I/F circuit

47.
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focused positions. Then, the CPU 44 causes the stage to move to an
optimum focused position, and completes the autofocus operation. In
addition, a screen division 20 function, omnifocal image synthesis for the
subject sample, and/or three-dimensional image synthesis are performed
if necessary. If the autofocus control*dpparatus of the present SR¢BAHER WO
constructed in the above-mentioned manner is 25 organically connected
to existing focus axis moving means such as CCD cameras, monitors and
pulse motors, it is possible to realize a function equivalent to the above-
mentioned iMEgE PFctE’sSyY sopamtls 2PE6 tHdtisis? bossibie: toicary
oul the-agtolaaiseentiolmatnpg iR accardg o the Biesens Invenion Ak
means of an easy and simple construction. Accordingly, the autofocus 39

EHAFA 052\WEPROR ! dppiratuS 6PtRAprRSentin/ehtidA inatseshown .
extiemelyiadvantageous dn terms of gostand insfallation, spage. (Second

Construction Example) 5 Fig. 16 is a functional block diagram of a second
CORERUETST B XaMDRE B theldutotst U dchrARgHErARS . arESRRES to the

preseniinertion-Sections eeresRendingya these.used in the first
construction example (Fig. 15) are denoted by identical reference 10

AOTRaT SR WA (B dtSTed GBS Eiftibr- teré8R onifRae -In Feepfdeht

£Rnstrackide example, ar-adiniacusicantral apparaius3? iscopstrugted
with. the video signal decoder 41, the FPGA 42, the CPU 44, the

ROMIBARK 48, te PMC 6= 4R tha IR inddifid 7245 Theof the end of

abbvelmentioned autofocus control apparatus 31

The CPU 44 acquires the coordinates of a focus
stage at the timing of the end of the field, and uses the
coordinates as the lens-to-work distance. After the
above-mentioned process has been repeated by the number
of times necessary for the autofocus operation of thé
present invention, the CPU 44 performs calculations of
focused positions. Then, the CPU 44 causes the stage to
move to an optimum focused position, and completes the
autofocus operation. In addition, a screen division
function, omnifocal image synthesis for the subject
sample, and/or three-dimensional image synthesis are
performed if necessary.

If the autofocus control apparatus of the present
invention constructed in the above-mentioned manner is
organically connected to existing focus axis moving means
such as CCD cameras, monitors and pulse motors, it is
possible to realize a function equivalent to the above-
mentioned image processing apparatus 1, so that it is
possible to carry out the autofocus control method
according to the present invention by means of an easy

and simple construction. Accordingly, the autofocus
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of the first construction example is adapted to use the field memory 43
and perform control with frame information in order to process an
interlaced image as an image similar to a TV (television) image. However,
if 20 only autofocus operation is tak%nginto account, frame information
need not be used, and there is also a' case where the requireﬁ%&@é@m
needs only to be performed in units of fields. In addition, this fact may
provide merit. 25 For this reason, the autofocus control apparatus 32
according to the present embodiment has a construction in which the field

HethoRL 43R FEMbYEd Front e Bt EBREtriBIGEXaMpIE Ad@ding to
&his constryictionsa tiline Hrecessing fordransferefinformation to,the 3,
field memory is not necessary, so that a physically and logically simple
@BRSfruction can be achieved compared to 40 S04P1052WO the

above-meationed fitstconstruction exanpie,In addition, since focus
evaluation processing can be performed in units of fields, various other
merits car?be “Broviied, FOFSHRBR! the ffténal 8EEaMphAgbf 166658
evahiated vatiresscampe seddcetheompased ¢ the:first 1 eaNSipetion: us
exam (ﬁ gvhiglg) pt%forms rocess,in?rin units of frames. (Third

onstruction Example) Fig o7 is & Rttio®ar blGEESEGREm of a third 10
constepted exgmple thireeautofot uscani#ol mippear atisn aceakeing o the

e T LYy
mursealss ardithetdetailed deserptizrstherpafiisromittedecf is omitted.
In the present construction example, an autofocus control
apparatus 32 is constructed with the video signal decoder
41, the FPGA 42, the CPU 44, the ROM/RAM 45, the PMC 46
and the I/F circuit 47.

' The above-mentioned autofocus control apparatus 31
of the first construction example is adapted to use the
field memory 43 and perform control with frame

information in order to process an interlaced image as an
image similar to a TV (television) image. However, if
only autofocus operation is taken into account, frame
information need not be used, and there is also a case
where the required process needs only to be performed in
unite of fields. In addition, this fact may provide
merit.

For this reason, the autofocus control apparatus 32
according to the present embodiment has a construction in
which the field memory 43 is removed from the first
construction example. According to this construction,
timing processing for transfer of information to the
field memory is not necessary, so that a physically and

logically simple construction can be achieved compared to
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15 In the present construction example, an autofocus control apparatus
33 is constructed with the video signal decoder 41, the FPGA 42, the
CPU 44, the ROM/RAM 45, the PMC 46 and the I/F circuit 47. The
autofocus control apparatus 33 of th4e present 20 construction example is
equipped with a construction in whicI9| the logical block of the ©
contained in the FPGA 42 and an independent logic circuit of the PMC 46
IS unnecessary compared to the above-mentioned construction example.
According to this construction, an independent 25 IC chip for the PMC 46
9 BNAREESSHTRES Rt tedlEFInS IR ThEUR bbard $i5daHE moditing cost

£anihe realizedh (EopHh oRSIHIGHON: Bxampla) £ 18 is-a.fupetional
block diagram of a fourth construction example of the autofocus control

Ripparatlisd 36 actotdifig 6 thed present EHBOMMEtPSEchEAd ts can be
wesrespendingto thesadsed inrbe firstaanstrustion 4p2904581852WR s
example (Fig. 15) are denoted by identical reference numerals, and the
TRAMRS GBS TR HEPELFIE GFRABAS T IRERRESh ConsIcE R =
examplecan autefecus coninl appasatiis:a3dissansiricied With theivideo
s'gl}al decoder 5 41, the FPGA 42, the CPU 44, the ROM/RAM 45, an AD
C(i«nafoagT FosDigitaI)/DA (Digital to Analog) circuit 48, and the I/F circuit 47.
The auttfbdusicontisltapparatus ¥k ehthiepresent construction example

is an example.in which a.driving 10 source for the focus stage is .,
constructed w%tLE an aanla?fo%{l%%%%rﬂacon%oﬁg p%‘zao%]fggfrig%stggé: ﬁlﬁgad
wizspulset imotok aatithe AD/DAeireuit dBdaswseddnptade aebptherfME

A8 he,aPpave-mentioned secongcORsUGHon examels;
cerresponding to those used in the first construction
example {Fig. 15) are denoted by identical reference
numerals, and the detailed description thereof is omitted.
In the present construction example, an autofocus control
apparatus 33 is constructed with the video signal decoder
41, the FPGA 42, the CPU 44, the ROM/RAM 45, the PMC 46
and the I/F circuit 47.

The autofocus control apparatus 33 of the present
construction example is equipped with a construction in
which the logical block of the PMC 46 is contained in the
FPGA 42 and an independent logic circuit of the BMC 46 is
unnecessary compared to the above-mentioned construction
example. According to this construction, an independent
IC chip for the PMC 46 is unnecessary, so that reductions
in circuit board size and mounting cost can be realized.

{(Fourth Construction Example)

Fig. 18 is a functional block diagram cf a fourth
construction example of the autofocus control apparatus
according to the present embodiment. Sections

corresponding to those used in the first construction
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In addition, the AD/DA circuit 48 can be incorporated in, 15 for example,
the CPU 44, and in this case the AD/DA circuit 48 need not be provided
as an external circuit. In the AD/DA circuit 48, a DA circuit section is a
circuit for converting a directed voltage from the CPU 44 into an analog
signal, while an AD circuit section is“a 20 circuit for converting 2%igRa1<"°
from a sensor (not shown) which detects the movement position of the
piezoelectric stage, into a digital signal and feeding back the digital

signal to the CPU 44. If such feedback control need not be performed, the
RIGEREGit SBéfon hidy BE driitted 28 (FifthiGenstigetiorrEXampie)eFig. 19

shows, gs a fifth construetion example.of- the presenterabodiment, g, g

specific construction example of the autofocus control apparatus 33

ThicheorstRres theuboveahéftofdd e corstractioneamfplectFig ol
=30 Sestions corespepding-lodhgseshonn ipifHg, 14 %%e@%tsgc@&

identical reference numerals, and the detailed 42 S04P10

Heschpfior Tiéredt is SRmtéE Unthe preSetUBMMchSn exBnidie, an
autafosys reomiie)anparatis Ipisgansiructed Mathdbe videq.signal g |
decoder 41, the FPGA 42, the CPU 44, a flash memory 45A, 5 an SRAM
¥Rt BandbrALEESd MEmory) 45B, an RS driver 47A, a power source

monitorreiecuiteh &R GAnbitializingROM 82, aad aeplurality, 8ksent:
connectors 53A, 53B, 53C and 53D, all of which are mounted on a
Coimon“Whity BEARPSE. 16 THR AR 45K GRath&SRARSE
wourespondiot e dbevermentipnedROMRAM A% angithe flashamemery
SASIOES R RNoR RIPLIENS fordhe SR ALANT AU 4 putse
motor, and the AD/DA circuit 48 is used in place cof the
PMC 46 in the above-mentioned second construction example.
In addition, the AD/DA circuit 48 can be incorporated in,
for example, the CPU 44, and in this case the AD/DA
circuit 48 need not be provided as an external circuit.

In the AD/DA circuit 48, a DA circuit section is a
circuit for converting a directed voltage from the CPU 44
into an analog signal, while an AD circuit section is a
c¢ircuit for converting a signal from a sensor (not shown)
which detects the movement position of the piezoelectric
stage, into a digital signal and feeding back the digital
signal to the CPU 44. If such feedback controcl need not
be performed, the AD circuit section may be omitted.

(Fifth Construction Example)

Fig. 19 shows, as a fifth construction example of
the present embodiment, a specific construction example
of the autofocus control apparatus 33 which constitutes
the above-mentioned third construction example (Fig. 17).

Secticns corresponding to those shown in Fig. 17 are

denoted by identical reference numerals, and the detailed
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operation initializing information (such as a focus movement speed and a
smoothing condition), while the SRAM 15 45B is used for temporarily
storing the various parameters necessary for computations of focused
positions in the CPU 44. The RS driver 47A is an interface circuit which is
necessary for communications with xternal equipment 20 cofRGEEYSAEC
the connectors 53A to 53D. In this example, a CCD camera is connected
to the connector 53A, and a higher-level controller or CPU is connected
to the connector 53B. A power source circuit is connected to the
FHEERTIBRT tasd adécas staktisssbnnected to the 25 connector 53D.

The foctis stage s eguippatil a.pHise olol As. driving,souEe.aad &
PMC serving as'a controller for the pulse motor IS incorporated in the
FPERA2 3RS RicttiohetCabicy e re autstoeds wonioldsparatis 30185al

ReEoEding 49 the presentconstructian @xample cande, gonstryctad gs 2
board-mounted structure having, for 43 S04P1052WOQO example, a square

2Exterdl shapd 1o Rrrdata Aecht WiNer viliods Bevisesicapiblerof

semeculing analgesiime tanrsalizs the prtefocus contygl msthod according
to ,theﬁir_esent invention are mounted on the single wiring board 5 50. This
Bristrrctioh tHaREY it PossToiE 16 rédiped teduttivhsiRappares doblts

sax] sinplifigation of, apparatys constAIGiaASH.addioBrsinCce theon
freedom, of installation of equipment can be increased, itis possible to
AN InBEREA-siE needs for autofocus 10 operation in industrial fields

where atof@ussponisalo eGuipIReRiNMOWEN Qi Ay elgenused spond to
the above-mentioned ROM/RAM 45, and the flash memory 45A
stores operation problems for the CPU 44 and autofocus-
operation initializing information (such as a focus
movement speed and a smoothing condition), while the SRAM
45B is used for temporarily storing the various
parameters necessgary for computations of focused
positions in the CPU 44.

The RS driver 47A is an interface circuit which is
necessary for communications with external equipment
connected via the connectors 534 to 53D. In this example,
a CCD camera is connected to the connector 53A, and a
higher-level controller or CPU is connected to the
connector 53B. A power source circuit is connected to
the connector 53C, and a focus stage is connected to the
connector 53D. The focus stage is equipped with a pulse
motor as a driving source, and a PMC serving as a
controller for the pulse motor is incorporated in the
FPGA 42.

As mentioned above, the autofocus control apparatus
35 according to the present construction example can be

constructed az a board-mounted structure having, for
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Although the embodiments of the present invention have been described
above, the present invention, of course, is not limited to any of the
embodiments and can 15 be modified in various ways on the basis of the
technical idea of the present inventhogm For example, in the abave
description of the first embodiment, reference has been madg 16 fHé >2"0
construction which moves the objective lens 3 in the focus-axis 20
direction in order to vary the lens-to-sample distance. Alternatively, the
stage 2 for supporting a sample may be adapted to be moved. In the
ShtvtMentioREd TS SiibedmientSBaRRind Systeritovaritty thie
Wensto-sample distanse ds2e Loastructed with the lens driving $ectiond
made of a piezoelectric device and the driver 8 thereof. This driving
&y st&fid ot ifRafive C4ms itss poREBRH TRt BiReRaritRgt Pe
Bystems capablecatbhighbe aseurately and smeothilyyasying they board
Igns-to-s.ample 30 distance. %Waé of example, Fig. 20A shows an
Sexampls-sing w4 SeEP 195 3 /E" dfﬂsé’?ﬁ’&bb%% afadiving Source. In
nhideasesss diversgpgeneratesdas devingsignalfor the-pulsermetor 20 on
the basis of a control signal supplied from a pulse motor controller 22. 5
AReaddition, éfﬁ\%ﬁ%ﬁ%ﬁgﬁgﬁf drivity %éggt%otnlﬁnan& HRE Puldsembt&i= 6 %re
cddapted 48 betdrivencify squtahechfeecdowaed cantrel: H48 possibiesto use
a construction in which a sensor for.detecting lens_positions or stage
o O HHo ot Ioatbatk 10 Sonarara B Sourcaes
cperation in industrial fields where autofocus control

equipment would not have been used.

Although the embodiments of the present invention

have been described above, the present invention, of

course, is not limited to any of the embodiments and can
be modified in various ways on the basis of the technical
idea of the present invention.

For example, in the above description of the first
embodiment, reference has been made toc the constructicn
which moves the objective lens 3 in the focus-axis
direction in order to vary the lens-to-sample distance.
Alternatively, the stage 2 for supporting a sample may be
adapted tc be moved.

In the above-mentioned first embodiment, a driving
system for varying the lens-to-sample distance is
constructed with the lens driving section 4 made of a
piezoelectric device and the driver 8 thereof. This
driving system is not limitative, and it is possible to
use various other driving systems capable of highly
accurately and smoothly varying the lens-to-sample
distance.

By way of example, Fig. 20A shows an example using
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Fig. 20B shows one construction example of a driving system which
controls a driving source by feedback control. A driver 24 generates a
driving signal for a driving system 23 on the basis of a control signal 15
supplied from an output directing circuit 25. In this case, a cylinder unit, a
motor or the like can be applied to fhe driving system 23. A pﬁgﬁi%?w%‘zwo
sensor 26 may be constructed with a strain gauge, a potentiometer or the
like, and supplies its output to a loading circuit 27. 20 The loading circuit
27 supplies a position compensation signal to the output directing circuit
DPHH $i5e BasiRtof2 ther§ufpui bt thePositiBhEensot 26 tviserfee position

SorERction0fhe Jrying:systam 234 @@@Mef%%s%mofp@f &achqishe
embodiments, 25 reference has been made to the example where the

A8 SifRalktbplied froni e ECDTHIMErh HenR NPSCHATal Byl se

widen- sighats-ean alsobe processed by the PAL (Phase Alternation by
Line) format. Video signal decoder sections can also be replaced to cope

with othét Bfiafs'§8 suh BRIBEE 1884 LFieCAmerd 1shic 5h tistabe,
dha kmetipiia videe signal fecodes siredit maynalsabe4s by so-
SQ4P1052W0 incorporated in the FPGA 42. Furthermore, the focus
BRaGebVEEYaRd the Yothded bbsitforREtsHAtSe fihades dbtained
duyhexeautingothe autdiaets aoskakaccordingdetbe prasenidnvention 5
can.also be displaé/ed on the, monitor 9 (Fig:. Qﬁigegﬁther with the sample

Riages TPt c358 950 BRRGG&PEFCUIP fBFES ng Shch FHdRRAgEkon to
dWREEAr the [kedandridigplayimgean NTSC image may be separately
provided; This,gacqder circuitmay,alsq Be formed as ong of the,
driving system which controls a driving source by
feedback control. A driver 24 generates a driving signal
for a driving system 23 on the basis of a control signal
supplied from an output directing cirecuit 25. In this
case, a cylinder unit, a motor or the like can be applied
to the driving system 23. A position sensor 26 may be
constructed with a strain gauge, a potentiometer or the
like, and supplies its output to a loading circuit 27.
The loading circuit 27 supplies a position compensation
signal to the output directing circuilt 25 on the basis of
the output of the position sensor 26 to perform position
correction of the driving system 23.

In the above description of each of the embodiments,
reference has been made to the example where the video
signals supplied from the CCD camera are in NTSC format,
but video signals can also be processed by the PAL (Phase
Alternation by Line) format. Video signal decoder
sectiong can also be replaced to cope with other formats

such asg IEEE 13924 and Camera Link. In thisgs case, the

function of a video signal decoder circuit may also be
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10 board-mounted components of, for example, the autofocus control
apparatus having the construction mentioned above in the description of
the fifth embodiment. 46 Claims 1. An autofocus control method
including: an image acquiring step of acquiring respective image data of a
subject at a plurality of focused posf%igns differing from one a dtter in '°
distance between a lens and the subject; an evaluated value calculating
step of calculating a focus evaluated value for each of said plurality of
focused positions on the basis of said respective acquired image data; a
IBEIMPESAGT Ealkldting StBEAf alculating a focused position where said
focus eyaluated-yalle, reaghes s-maxipuinA%a focalpositian; anda
moving step of relatively moving said lens to said calculated focal position
Lty PESh P B0 SarRsulsiécts JBREEUHISAR cSitftfat e obic Hara6ietizBE

dneingluchig -an image-smogihing-giepyok-smeathing saigracquiradimage
data; and an average luminance calculating step of calculating screen
SReradE fuhmhaAt e a5 atGuird® ir’i’%ﬁ@é?o%]faﬁan(cfﬁwg that! shRPRELET

Evaluated wlie isea valug-ehtained biy; dividing the foasevalvatedvalue
calculated on the basis of  said smoothed image data by said calculated

el %V/%Fé:g]é‘%rﬁ}h%c@?ﬁrﬁa&dtﬁbcﬁ% Fol WethBa actbrdifgdo
ddaip dy icharacienzed in fafeinssid ieyaluaiacd yakie calewkatingdstep,
ajd focus evaluated value is caIcEIateg on the ba&is of :
This encoder circult may alsc be formed as one of the
board-mounted components of, for example, the autofocus
control apparatus having the construction mentioned above

in the description of the fifth embodiment.



a luminance data difference between adjacent pixels in said 47 acquired
image data. 3. An autofocus control method according to claim 1,
characterized in that, in said focal pdéition calculating step, said focal
position is calculated on the basis of a maximum of said calculated focus
evaluated value and a plurality of neighboring focus evaluated values. 4.
An autofocus control method according to claim 1, characterized in that,
in said image acquiring step, said’ Yespective image data is acquired at
said plurality of focused positions while said distance between the lens
and the subject is continuously varied. 5. An autofocus control method

1+ according t8'claitn 4- Chafactéhized in that 881 irage Heyiffing step and
saidiievaliigted valug eakcutatingstep arefpedommed imparatiekpécAdve image

ca@dltofegus gonteelgnethed ageording {9 claim 1. characterizedjnthat o550
difj%t%arwolet I@rht is used as a I{%hé source for jlluminating said subject. 7. An

A ,
utofocds control method according to claim™1S "CHATACtélZed %5 dividing ™S 2nd
th%a?dl%@.ﬂ*ﬁe'd image data into a plurality of areas and calculating said

focal:positiort fes reach eksaid divided.areas.&; Ansauiefoeus centioly 1 ating a
fodigthad aecardng to clgim 7 charadisrized by acqping an ompifocal. -
Image of said subject by synthesizing images a IsaldEFocalf POSI lgns of
PO Shid féspettivé dvidétParéas aniong saiadiviaéd dfes auAnsilitéfoeds data;
condrol Metkdd agcordingdo claimizutharacterized &y acgdiringalculating a
fodlteedinggnsionghimage of said;subject hy SB@UE%%@%{“%QF%S ASAL hes a
focal HE)osmons f said respective divided areas among said plurality o
maximum, as a Tocal position; and
a moving step of relatively moving said lens to said
calculated focal position with respect to said subject,
said autofocus centrol method characterized by including:
an image smoothing step of smoothing said acquired image
data; and
an average luminance calculating step of calculating
screen average luminance of saild acquired image data, and in
that:
sald focus evaluated wvalue is a value obtained by
dividing the focus evaluated value calculated on the basis of
said smoothed image data by said calculated screen average

luminance,

2. An  autofocus contrel method according +to claim 1,
characterized in that, in said evaluated value calculating
step, sald focus evaluated value is calculated on the basis of

a luminance data difference between adjacent pixels in said



48 focused positions. 10. An autofocus control apparatus including:
evaluated value calculating means which calculates a focus evaluated
value for a plurality of focused positibhs on the basis of respective
acquired image data acquired at said plurality of focused positions
differing from one another in a distance between a lens and a subject;
and focal position calculating means which calculates a focal position on

acdhe basisiofagmaximum of said calculated focus evaluated value, said
autofocus control apparatus characterized by including: image smoothing
means which smoothes said acquired im Pge data; and average

3. Juniian@PEREqIEtRy ReATSSRRiCH R AltRfhted SErehiaErane luftrdrte 1/
chaofsaitkacqered imagé adata, and sharactesized inpthat sdidfocusl culating

stgyaluatadivalue is a yalue obtained bcyadi\egmgdaa f%S@{é‘Uég%dl\éa'%% a

calculated_on the basis of said smoothed image data by said calculated

MAXIHESh averagé iimirdhce 17 AR autGfotts C%Yf?r]oﬁlﬁbﬁgrat‘d@ Heeordifg @
pluszlainyl @ L charbeterizedny tHarsakl ewallatedsdlusdaleslating means

Is edge enhancement means which calculates a luminance data

difference hetween adjace t pixels in said .acquired i e data. 12. An

' aut%%cus cl?%n%oﬁappara?ugcgc:c:fnrdﬂ ng%%) 8a|r% 1907 Cﬁa?%cte?@ed%?ﬁ& L

chaggi@ foeal pesiticn cdlé@atinglmedis. ¢altlikgss suidtocal pesitorebn the id
resasis ofa maxioyen ofasaid calculated:focys evaluategivalugranda ity of
fodﬂggﬁmﬁgsitions while said distance between the lens and

the subject is continuously varied.

5. An autofocus control method according te c¢laim 1,
characterized in that said image acguiring step and said

evaluated value calculating step are performed in parallel.

G. An autofocus control methed according to claim 1,
characterized in that ultraviolet light is used as a light

source for illuminating said subject.

7. An autofocus control method according te claim 1,
characterized by dividing said acquired image data into a
plurality of areas and calculating said focal positicn for

each of said divided areas.

8. An autofocus control method according to claim 7,
characterized by acquiring an omnifocal image of said
subject by synthesizing images at said focal positicns of

sald respective divided areas among said divided areas.

9. An autofocus control method according to claim 7,
characterized by acgquiring a three-dimensional image of
saild subject by synthesizing images at said focal positions

of sald respective divided areas among said plurality of



neighboring focus evaluated values. 49 13. An autofocus control
apparatus according to claim 10, characterized by including omnifocal
image synthesizing means which syiithesizes an omnifocal image of said
subject by using said acquired image data. 14. An autofocus control
apparatus according to claim 10, characterized by including
three-dimensional image synthesizing means which synthesizes a
fothreedimensional dmage of said subject by using said acquired image
data. 15. An autofocus control apparatus according to claim 10,
characterized by being constructed with a board-mounted structure in

10 whiéhsaid evafiiated valierCalcdating fieans L saidfoEarposition
calcslating=mednsy saitkimage smeaihing means; and averageluminanse =

i ' | | fsaid. .
fo &Qg: UE’%‘QQJQ eans WQ!FL@&E C%'S? age_sﬁf{l ear!@\é?’ag% Lg%@%g%% E;?:ﬁ% )% & 1_1 ons

image ata are mounted on one circuit oard as a sin orap

on qellice8 6. ArPAutbfotis Tohtil A5isitaftRhctBrfify Pdidinrgsuired at
satharadterizéd inythat@a diiving sedtralimgidenvicesford cdrteatlingydrivingn  one

andieans which agjusts said distapce,betweendthe lens.and the.sybject is,
mounted on said circuit board. 17. An autofocus control apparatus
accordin to%?eﬁﬁtf@nch%?aa[&gﬂi?etdlﬁgthé’i‘%%fbsev‘ﬁma‘fgﬂ Vafugntates a
fogaleulstiht Ateans; stk nisgeismodthingmasansirandfsaid averageculated
fodwiBinange calcidating means are constructed with a single FPGA (Field
Programmable, Gale Array). 18, An image processing agparatus Incuding:
image acquiring means which acquires 3 péctive image d&taof'a Y

ingybiekedt a plurality of focused positions
image  smoocthing means which  smcothes said

acguired image data; and
average luminance calculating means which
calculates screen average luminance of said acquired image
data, and
characterized in that said focus evaluated value is a
value obtained by dividing the focus evaluated wvalue
calculated on the basis of said smoothed image data by said

calculated screen average luminance.

11. An autofocus control apparatus according to claim 10,
characterized in that said evaluated wvalue calculating
means 1s  edge enhancement means which calculates a
luminance data difference between adjacent pixels in said

acguired image data.

12. An autofocus control apparatus according to claim 10,
characterized in that said focal position calculating means
calculates said focal position on the basis of a maximum of
said calculated focus evaluated value and a plurality of

neighbering focus evaluated valuses.



differing from one another in a distance between a lens and 50 the
subject; evaluated value calculating means which calculates a focus
evaluated value for said plurality of fb€used positions on the basis of said
respective acquired image data; focal position calculating means which
calculates a focal position on the basis of a maximum of said calculated
focus evaluated values; and moving means which relatively moves said

13 lengte s@a{ﬁ@aﬂ@@l@bedcf@ﬁamqsitm\gmﬂ%pe&%&% said-subject, sald, 1¢,
ch érpgg% gr(f)%lcsﬁ%ln%g]pparatli(sy 8haracter|zed tbc}/ Iudl dgglma%%nt oggyr% 9 o

means wi smo thes sal acq%urea Image ala, an eral
me3Rindhés Balttiting Mests whichrealduars streerravefage utinahcect

by of saitacopireddmage rdata; andhaeacierized in that said focus
evaluated value is a value obtained by dividing the focus evaluated value
calculated on the basis of said smoothed image data by said calculated

14 scrddh ARTEGE fitfinande 1ot ARRRAER Bt6casshiy abparatud aekeiding O
Cha@@latmrla&e@haradwrlzedlmcthaltcsamyevalmatedefaduen@aleulatiag meang ge

syns gdge Eﬂhancﬁ@&% meanswhich calgulates.a I%n'n@[?fgéjagﬁmens ional
dlffere ce bet r&aéacel?\&)lxels in said , acquired image data. 20. An
a

Irage g8 prgge]S fFarfeadtordifg 16 thim a8 ' dRifadtafizssd ﬁ?ﬁ%t

sald focal position calculating means calculates said focal position on the
15 basisrof amaxiaus ofontrol apparatus according to claim 10,

characterized by being constructed with a board-mounted
structure in which said evaluated value calculating means,
said focal position calculating means, said image smoothing
means, and average luminance calculating means which
calculates screen average luminance of said image data are
mounted on one circult board as a single or a plurality of

devices.

16. An autofocus control apparatus according to claim 15,
characterized in that a driving controlling device for
controlling driving means which adijusts said distance
between the lens and the subject is mounted on said circuit
board.

17. An autofocus control apparatus according to claim 15,
characterized in that said evaluated value calculating
means, sald 1image smoothing means, and said average
luminance calculating means are constructed with a single
FPGA (Field Programmable Gate Array).

18. An image processing apparatus including:
image acquiring means which acquires respective image
data of a subject at a plurality of focused positions

differing from one ancther in a distance between a lens and



said calculated focus evaluated value and a plurality of neighboring focus
evaluated values. 51 21. An image processing apparatus according to
claim 18, characterized by including?@mnifocal image synthesizing
means which synthesizes an omnifocal image of said subject by using
said acquired image data. 22. An image processing apparatus according
to claim 18, characterized by including three-dimensional image
theyathesiziig: means which synthesizes a three-dimensional image of said

subg§59¥g§ggsauﬁaunme ?g%lﬂg means which calculates a

focus evaluated value for said plurality of focused
positions on the basis of said respective acquired image
data;
focal position calculating means which calculates a
focal position on the basis of a maximum of said calculated
focus evaluated values; and moving means which relatively
moves said lens to sald calculated focal positicen with
respect to said subiect,
said 1image processing apparatus characterized by
including:
image smoothing means which smoothes  said
acquired image data; and
average luminance calculating means which
calculates screen average luminance of said acquired image
data, and
characterized in that said focus evaluated value is a
value obtained by dividing the focus evaluated value
calculated on the basis of said smoothed image data by said

calculated screen average luminance.

19. An image processing apparatus according to claim 18,
characterized 1in that said evaluated value calculating
means is edge enhancement means which calculates a
iuminance data difference between adjacent pixels in said

acquired image data.

20. An 1image processing apparatus according to claim 18,
characterized in that sald focal position calculating means
calculates said focal position on the basis of a maximum of
said calculated focus evaluated wvalue and a plurality of

neighboring focus evaluated values.
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21. An image processing apparatus according te claim 18,
characterized by including omnifocal image synthesizing
means which synthesizes an omnifocal image of said subject
by using said acquired image data.

22. An image processing apparatus according to claim 18,
characterized by including three-dimensional image
synthesizing means which synthesizes a three-dimensional

image of said subject by using said acquired image data.



