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preparation in facilitieS other than the facilities such as a hospital at which this is

fabricated, the preparation is delivered by post in general and it takes a certain time.

[0003]  In view of such circumstances, a device of saving the biological sample as image
data is proposed (for example, refer to Patent Literature 1). In this device, focusing
technology to focus on the biological sample based on contrast of the imaged image is

adopted.
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Summary of Invention
Technical Problem

[0005]  The biological sample has a thickness. Therefore, in the above focusing technique, a
process to shift a focal point at predetermined intervals in a depth direction of the bi-
ological sample, thereby searching an optimal focal position based on the contrast of
the imaged image at the focal points is necessary.

[0006]  For example, when the thickness of the biological sample on the preparation is 10
[mm] and a depth of field of an optical lens to condense light at the biological sample
is 1 [mm], a process to search the optimal focal position from approximately 50
imaged images is necessary.

[0007]  This takes considerable time until focusing, and efficiency of obtaining the biological
sample as the image data significantly lowers.

[0008]  In light of the foregoing, it is desirable to propose the focusing device, the focusing
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[0012]  Further, according to the present invention, there is provided a microscope including

a half mirror to divide light entering from an object lens into transmitted light and
reflected light, a first imaging device for imaging a subject image formed on the object
lens and projected on one of a transmission side and a reflection side of the half mirror,
a field lens for relaying the subject image projected on the other of the transmission
side and the reflection side of the half mirror backward, openings provided behind the
field lens in a unit of pair and having sizes with which depth of field is larger than
depth of field of the object lens, separator lenses provided behind the openings, re-

spectively, for forming phase contrast images on a predetermined image forming
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Brief Description of Drawings
[0016] [fig.1]Fig. 1 is a schematic diagram illustrating a configuration of a microscope.
[fig.2]Fig. 2 is a picture illustrating a subject image and phase contrast images of a
tissue section.
[fig.3]Fig. 3 is a schematic diagram illustrating irregularity of the tissue section.
[fig.4]Fig. 4 is a schematic diagram illustrating disparity for each pixel between one
image and the other image of the phase contrast images.
[fig.5A]Fig. 5A is a schematic diagram used when illustrating determination of a focal
position in a planar portion and in an inclined portion.
[fig.5B]Fig. 5B is a schematic diagram used when illustrating determination of a focal
position in a planar portion and in an inclined portion.

[fig.6]Fig. 6 is a schematic diagram used when illustrating the determination of the



focal position according to a depth of field of an object lens. [fig.71Fig.
7 is aflowchart illustrating a focusing position determ nation procedure.
[fig. 81FiWyoO 2811/@8AIschemati ¢ di agram used when il | ustraPChgprzmo/eosamnpl e of
change of the depth of field. [fig.91Fig. 9 is a schematic diagram used

when illustrating an exanple of dividing an inmaging area in another
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[0018] <1. EnD6 (1-1. Configuration of biological sanple inage
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enbodi nent of; Eéc‘ﬁ RIS S8 Mothd S HofRent The m croscope 1 has a pl at e- shaped
stage 11 on V\%l a prepar ation PRT I's arranged. [0019] The preparation PRT

i s obtained Bescriptign ofdemhashiments; ssue such as connective tissue such as
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predet erm ned fixing nmethod a seal ing the same, and the tissue section is
st ai ned V\/neré"lH;?ﬁldSi?ﬂbﬁ‘{l@thStf%qulﬁéofq%l udes not only the staining referred
to as popul ar &t Ehmbagnmrepresent ed by hemat oxylin-eosin (HE) staining,

G ensa staini 39 Eaﬁﬁn col o st ai ni r)lg and the like, but also the staining
referred to asisped ur%'il%ﬂ ]gfr%sﬁ?}?? as fluorescence in-situ hybridization

(FI' SH) and i mtli?o€oatigutiion offobuminudevijeD020] A st age drive nechanism 12 is
provided in the sSEgaRinkIposidf dileddfhalbh YR ERELAN SM

(1-4. Effect and the like)

<2. Another embodiment>

[0018] <1. Embodiment>

(1-1. Configuration of biological sample image obtaining device)

Fig. 1 illustrates a microscope 1 according to one embodiment of the present
invention. The microscope 1 has a plate-shaped stage 11 on which a preparation PRT
is arranged.

[0019]  The preparation PRT is obtained by fixing a section of tissue such as connective
tissue such as blood, epithelial tissue or both of them on a glass slide SG using a prede-
termined fixing method and sealing the same, and the tissue section is stained where
appropriate. Staining includes not only the staining referred to as popular staining as
represented by hematoxylin-eosin (HE) staining, Giemsa staining, Papanicolaou
staining and the like, but also the staining referred to as special staining such as fluo-
rescence in-situ hybridization (FISH) and immunoenzymatic technique.

[0020] A stage drive mechanism 12 is provided in the stage 11. The stage drive mechanism
12 is configured to drive the stage 11 in a direction parallel to a stage surface (X-Y
axis direction) and in a direction orthogonal thereto (Z-axis direction). In general, an
arresting unit (not illustrated) to arrest the preparation PRT at a fixed position is
provided on the stage surface on a side on which the preparation PRT is arranged
(hereinafter, also referred to as a preparation arranging surface).

[0021] A light source 13 is arranged on a side opposite to the preparation arranging surface
of the stage 11. The light source 13 is configured to be able to apply light to illuminate
the tissue section to which the popular staining is applied (hereinafter, also referred to

as bright field illumination light) and light to illuminate the tissue section to which the



12 is configured to drive the stage 114n a direction parallel to a stage
surface (X-Y axis direction) and in a direction orthogonal thereto (Z-axis
di recti orwO2bri/ggneral , an arresting unit (not ill ustratedprooers’est the
preparation PRT at a fixed position is provided on the stage surface on a
side on which the preparation PRT is arranged (hereinafter, also referred
to as a prepapaidenidhg angblhgl Surdintey, aldodeRikdtd hodirk sioldrilemindtibs light) anged
on a side opposite to the preparation arr i,ng surface of t .st.age 11.
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preparation g, i%gmgqﬁgﬁ@gctq&gqyf the stage 11. The object lens 15 is
selected by a [ ens swtch chanismor manually froma plurality of object
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|1 aht . . . . ‘
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central processimgmon RQMRE)randpm sesdssoneporveifgYND) baapg wosk mgngoyrhdeess

menmory (RAM digi ng &Mt RIRLYd 8k 1iRe CPU, an arithmetic circuit and the
i ke. [0025] The stage drive controller 21 drive-caontrols the stage drive

mechanil€Pa12 tiderrige drive spntrqlise 2§ geyercanirqlithy skeg dave esaesny i s B8RP (X- Y
axi s directi ohnptiebtagbal id Hetagd SHta€e GREIHOANXOY akRelipt@pgkadh @at t(hEfisdus

oot 60 0, bk FRLGDR B PRLIOTe gl b bl SPRIGRESS o
dri ve- cont r ollight heosdeagal leyr the eomdenbardérsm4l2 t o nove the stage 11 in the
di rect i[Q(g%?r t gﬁi’ﬁﬁl@ﬁ.‘thet SQ%%EQEW%%WOIE? bi %ﬁ@e-(:ggn ! ﬁle‘%ita{g%%hivé’ Hle%&]{i’str? IR
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correspondi n%ecttic())n%llggggd {or{h(mlgl?trz:ogde%g{n%q)torﬁon is in focus of the object lens 15.
[0027]  The lighting controller 22 sets a parameter corresponding to a mode in which a bright
field image should be obtained (hereinafter, also referred to as a bright field mode) or a
mode in which a dark field image should be obtained (hereinafter, also referred to as a
dark field mode) in the light source 13 and applies the illumination light from the light
source 13. The parameter is, for example, strength of the illumination light, selection
of a light source type and the like.
[0028]  Meanwhile, the illumination light in the bright field mode is visual light, in general.
On the other hand, the illumination light in the dark field mode is the light including a
wavelength to excite a fluorescent marker used in the special staining. Further, a
background of the fluorescent marker is cut out in the dark field mode.
[0029]  When the illumination light is applied from the light source 13, the illumination light

is condensed at the standard position on the preparation arranging surface of the stage
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[0035]  In this manner, the microscope 1 is configured to store the tissue section of the
preparation PRT as an image of a microscopic examination state, thereby saving in-
formation regarding the tissue section for a long period without deterioration of a state
of fixing, staining and the like as compared to a case in which the preparation PRT
itself is saved.

[0036]  (1-2. Configuration of focusing device)

In addition to such configuration, the microscope 1 is provided with a focusing
device 40. The focusing device 40 includes a half mirror 41, a field lens 42, an aperture
mask 43, separator lenses 44A and 44B, an imaging device 45 and an imaging
condition determination processor 46 as illustrated in Fig. 1.

[0037]  The half mirror 41 is arranged between the object lens 15 and the imaging device 16
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[0042]  Meanwhile, when the separator lenses 44A and 44B cause vignetting of the field lens
42, a part of the divided light beams is lost. Therefore, the separator lenses 44A and
44B are arranged closer to a central side of the field lens 42 so as not to cause the vi-
gnetting.

[0043]  The imaging device 45 is not a line sensor but an area sensor of which imaging
surface is the predetermined image forming surface of the subject image relayed by the
field lens 42.

[0044]  Herein, Fig. 2 illustrates a picture of the bright field image imaged by the imaging
device 16 arranged on the main image forming surface of the object lens 15 and the
phase contrast images imaged by the imaging device 45 arranged on the predetermined
image forming surface of the object lens 15. As is understood from Fig. 2, the bright
field image formed on the imaging surface of the imaging device 16 (main image
forming surface) is formed on the imaging surface of the imaging device 45
(predetermined image forming surface) as the phase contrast images by the separator
lenses 44A and 44B.

[0045]  The imaging condition determination processor 46 is the computer including the
ROM, the RAM, the arithmetic circuit and the like for the CPU in which the ROM
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distance between each pixel of the standard image and the relative pixel of the
reference image corresponds to information indicating irregularity of an imaging area
(area appearing on the image forming surface of the object lens 15) AR of the tissue
section of the preparation PRT, as illustrated in Fig. 3.

[0052]  Herein, relationship between the position of each pixel of the standard image of the
phase contrast images of the tissue section illustrated in Fig. 2 and the distance
between the pixel and the relative pixel of the reference image is illustrated in Fig. 4 as
a graph. A light portion of the graph in Fig. 4 represents a front side and a dark portion
represents a back side. From Fig. 4, it is understood that the irregularity of the tissue
section part projected on the image forming surface of the object lens 15 is reflected
and an end of a portion of the tissue section part is turned up.

[0053] A focusing position determining unit 52 determines a position on which the object

lens 15 should be focused (hereinafter, also referred to as a focusing position) based on
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15; 1Sa reg%%ely%at portion (Fig. SA), the entire subject image of the imaging
area (partial image of the tissue section appearing on the image forming surface of the
object lens 15) becomes sharp at the focusing position determined by the focusing
position determining unit 52.

[0059]  However, when the imaging area is an inclined portion (Fig. 5B), a width in a depth
direction of the subject image in the imaging area (hereinafter, also referred to as an
imaging depth) is larger than the depth of field of the object lens 15. Therefore, even
when the focal point of the object lens 15 is moved to the focusing position determined
by the focusing position determining unit 52, a part of the subject image in the imaging
area is lost or defocused.

[0060]  Therefore, the focusing position determining unit 52 is configured to determine a
plurality of focal positions for the imaging area, as illustrated in Fig. 6, when the

difference between the maximum value and minimum value in the distance between
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proceeds to &ifhithethreshell. SP1 to obtain the phase contrast inmages of the
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the depth of field of the object lens 15 in the fifth step SP5 and proceeds to a sixth step
SP6.
[0066] On the other hand, when the difference obtained in the third step SP3 is smaller than
the threshold, the imaging condition determination processor 46 judges that the
imaging depth of the subject image in the imaging area is smaller than the depth of
field of the object lens 15 and proceeds to the sixth step SP6 without the fifth step SP5.
[0067]  The imaging condition determination processor 46 determines the portion with the
high density and the small irregularity as the focusing position in the imaging area or

each of the imaging layers obtained by dividing the imaging area in the sixth step SP6
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the la (| [o]] gf&ta%grtﬁ l1ing wwthin the depth of field of the object
| ens 1%6(?6:19thg?f| 5 E)S]Ig{’)é}and proceeds to a sixth step SP6. [0066] On

t he ot her handn ﬂw@w ﬁ@lfbﬁulfaft@ne%éo‘%}lﬁt%ﬂ‘?é@e i4A forses the phase sprtpass prages
Z gal | gr th ?R oh fﬂ?ehﬁﬁb[ o8N dee bf@e hrﬁﬁgihig: ge@@arms fr?ﬁﬁh@@ﬂé&ﬁr@s B 9 43BOCessor

j udges e. im e ec i mage in i ng area
is smaller t awng ﬁ@ewﬁb H‘%‘ﬁ‘ ‘FQF BFH{‘%‘P ee“'EParFtS f‘snsiﬁs“%{n]an%fq‘g%é@ds to
t he sixth stépgaRbanmhbhafuthe bbjectfledst 1D l@ttﬁp sE;ﬁ5at0r Q6 A AHhe 44Bggovided
condition de tiaon. pr SSQr .46 es th tion with the high
density and ﬁjﬁﬁmd% 1 PP egﬁ gﬁ?{t}%ﬁarse ﬁ%ﬁwgéézfez‘ifr%%%pgg% ‘tion in the imaging
area of0@#dh dfhenhbe formging glewasf 60 sbabdhmdidtabee ktitweai thg stahéard maggenghahea i n
the sixth st ?sporép & thé]-%ha\épcgrglja%{ Qﬁ%@é %E@ﬁ{e‘]@%gél&é %Qégel%hﬁéh if bl (ﬁltﬂerto@e

focusing position determ nation ocedur e. thi s manner,
i magi ng conditanyAn aeixst Hivih defes P oi&)ea;@dﬂq@m% ﬂ%f‘oli’ﬁsit@}}roé]dwliﬂéh H@tfe% ne one

or a plurali t§oad b agjusied gndoinuhdasthbof bixed bR digtaddead cal OHRY] (teferdto
Ef fect and t%eé%7éke) In the above configuration, the focusing device 40

forms the ph ‘ontrast inmages on the inmaging surface of the inmaging
devi ce [d®/ 1flr o4 desciii@erabngs tiSAs@and: bb&Bedmaaab]m gixsl afehe wiahdnrdvivnagde andehdept hs

obi ect lens TR RRIY B SRR T AN ARSIyl Bhahad Aol e B f0°
openi ngs 43Ar%vélarl¢}aef thee@pgl@guaml (9ree|aepe@rmg on rdileglmagy forpong 9jrfge of thehe

focusi ng deV'oBfecf‘l@n@Pi)%I@%F ?hﬁ dist %&%pﬁﬁfo‘f"%m dthRe SipaRER1EhsEIBOL anyhi Ch
is one of theBase contras }r? d.the referencelnage vvh ch is the

ot her of thedfBjake %ft&rkzeeargfﬁman(t %Péﬁhetq?mt&n%? by Abe eRanuENith e Tpgpsing

posi tion on \abiich40hBe Haeilsl islgubdryas tl!%jwbﬁcedlaﬁfbé réd@gnlﬁbwbﬁbretfbemsgigf bbas ed
ed above,

he d f
Che. dr st ance ot ReRogaeRrokareSt FisPubisttns i b ARV REGE P e
pi xel of the maaft@rrea@med@g@ncunagsponds to the information | ndi cat i ng t he

hrr egug@(w'fzt 1Y Oﬁheté?&e' fagl f&@?ggﬁ(%@@ tﬁ@%@ﬁ%ﬁ%g L”%& D&yl ;18 e”E‘u

surfac t he obj ect 1ens ept
t he separat oﬂpp@ﬁgwnz&mn@a@e MBn&ﬁ‘Efaé‘réttthQbJ%‘é qngr éé’PCth%ﬁrﬁhﬁlfPa%nddhe t he

obj ect lens laﬁmlwr &9@09@1@9 bB gﬁplbgnid@@ deQEMSeagn d@vs,ﬁd:eeaﬁ%ﬁa,ofttmem@ ptiakityast
irregularity o f e sudb ect e jecog dhb 0 efro the
phase. cont r 248 THESLEI BE FienSPHEPEIIORES MeraPihal eI el SIS X he
subj ect[O0mBy beay aafe@gnltﬁeaﬁ)cblyp(ﬂn@nlmmgmertgater[xﬁhﬁbﬂ&]t Thaérsptal nd withdun&st ocusi ng
device 40, t Q&Jrc%%g %(I) SBQ%C'[ 1|n S 1%ag1ng acfea Is c%mpa%ed & SrHetHl Qe imaging while
shifting the focal point at predetermined intervals in the depth direction of the tissue
section and searching the focal position based on contrast of the imaged image.
[0074]  Since a fluorescent period of the fluorescent marker is limited to a certain period in
the dark field mode, the fact that the focal position may be determined at high speed
and without loss according to the subject in the imaging area is especially useful in a
viewpoint of improving efficiency of obtaining the tissue section image.
[0075]  According to the above configuration, it becomes possible to determine the focusing
position at high speed and without loss according to the subject in the imaging area,
thereby realizing the focusing device 40 capable of improving the efficiency of

obtaining the tissue section image.



appearing on the inmage form ng surfaceq$he object |ens 15 becones sharp and
t he nunber thereof may be appropriately determ ned in consideration of the
i rregul arwOypoufo483e subj ect and the area correspondi ng POTURZ10/@TIB Of
field of the object lens 15. [0073]As a result, the focal position nay be
determ ned at high speed and without |oss according to the subject in the

| magi ngoerga a. (A(ﬁﬂmafadb(bcﬁmanuaset hod of i rragi ng V\/ni I e shifting the focal

poi nt at predelt erm nee% |51terva 5 th bo?o Cagg gi r hone ofb('g e t| ssue
section and seafchP g eERe! PEeat 5785 P& (])1?1 SRPYSRLEO SN i maged

i mage. [007410“&Vncdwﬂalbllogmab$aumlﬂ ispet limgedfo tﬂltseermliqduneﬁcérwll,mar ker is
limted to a Eﬁy‘iﬁ&%b&e%& }%qﬂéeﬂﬂéﬂﬁe Sallks ’EHeEEJéSi m?@%%am%ﬁof&%‘i& Bﬁat the focal

position may term ne speed an ss according to the

subj ectlOVH 1t heT herrwgisprpraipelgnses 4d |4élﬂ3| aye ysaskig[thg gpoxe omboghisient. Hyrwever,

i mprovi ng ef fihChnBRey onheC&@}Bzﬁhtﬂt Rﬂséshﬂ ik h§t51%ﬁ1t&ﬁ@tth1@ @rﬂb@&ﬁh@ent [&Eﬁl@hﬁy epr di ng
to the above confiqgurati OSSI ble to det rm ne t

cusi ng
position at KFRAEHERLS éﬁanw ‘%eh‘ﬁﬁ‘g by g %&Rﬂlrd‘i’frfﬁp%rﬁtof Ses*u‘%‘jAe%ﬁd ‘I‘ﬁ% the
i magi ng ar eaunitligioepy Meaalvhidé,ng t}hdﬂ&séQCmmeﬁ@ssﬁi@\thalehé@eﬁmgabbl@eslpf)ndh[’@E(DVI ng

the efficien inin e

5011) oussaonil Frsdt Rl %weﬁﬁﬁiéﬁs‘)%ﬁé‘r PR iRToh T4 . L ssue
sect i on00B]us eheasntehel Pivlogl thalargestrpice oioftthe arbowev ol tdi preatt withitwever |
the biol ogicy ffe?@rﬁ}%l(g l}i)sin ﬂ%tdlgthﬂgetf%l Hfé rElQh% @Mﬂﬁmhanﬁlectﬁwshola are

chr onosone and used | ogi cal e, tfor exanple.

[0077] The t wddBepHiagash qﬂ@ﬁéﬂe%etw%ﬁ th%@%w %@Bwh he ﬁ@éuSa%v@ e

enbodi ment . Ia’@j&@té@ fin t}fem@om&sdlﬁfsmt H@W%%}aﬂl@tn(ﬂd’thdcﬂﬁﬁﬁ&rﬂﬂmhg tHeQlositioR t ed
to this errbodl | ur

epar at be ed b
mki o a pa rorba s Ry be SUinSED B Sipiled s SapBSSE Noanwtr e, i n
this cde@&9]i t Hos exengsstisymdyhiat the pxebpean ngsage anlue b dredlistgndedetweense@ar at or

| enses 44 of o ?Bf 8 Qtéﬁdfrp?mgéeo%’ﬂddtﬁg re%&e*b%}ge%ﬁfhe%i%ré&é Kl V‘%;:é V\hl%?%ﬁérg he

center of gr area he pi xel s
with the di ffaexherﬁhfef O(fglapglxqélﬁ, thepemdy be ande theragniersned grenitn fveddpiioneto thised | er

than the thr %%ﬂ%cpoff%fe?erl%ﬂhﬁé:ﬁﬁ oglﬂoﬁﬁP@hEhtﬂ%reﬂtl?e defen fﬂlﬁg%d(t@s%etsgﬁldﬁos' tion
on which the focus shoul d é) usted I n the above éenbodient. However, the

met hod of det®AHH ﬁpprglrlpﬁ@n;%esmgsrﬁoraﬁng«mréa&epﬁ@e@wéleélﬁéabecqs%%éamst ed is
not |imted heuyttkigpphehodi nent. [0079] For exanple, this may be the pixel of

I f th bet h pi xel of .t t andar d
and "t ndOFEY ac 10 Betoobr EgPoFRERE SreaPeEE riage Muh B Choah o B A BRI o
the pixels, tlveybjedjensd Smeldevd toshe taetlepasitoh igedwilatgd by theadafietdoomolia 2lhi s, a
met hod of deroﬂl{@rﬂfcf&céﬂéﬁ metvlelolﬁleaftoﬁ %CTgbsﬁd‘b?‘ c%'fl%rin‘irﬁn%H{ﬁlé §8%n @’age

(tissue section im pearing on t ormng s ce o t he obj ect
| ens 15 becoﬁ@s%éngﬁﬁan@wpql aga position to calculate the defocus amount in place

of this embodiment.

[0081]  Although the depth of field of the object lens 15 is fixed in the above embodiment,
this may be variable. In the case of variable, the process in the above fifth step SP5
may be changed to another process.

[0082]  Specifically, it is judged whether the difference between the maximum value and the
minimum value in the distance (disparity) between each pixel of the standard image
and the relative pixel of the reference image is smaller than a value corresponding to
the maximum depth of field allowed for the object lens 15 but is not smaller than a
value corresponding to the depth of field actually set for the object lens 15.

[0083] If a positive result is herein obtained, the imaging condition determination processor
46 enlarges the opening of the aperture (not illustrated) for the object lens 15 by a pre-
determined amount to make the depth of field of the object lens 15 larger, as illustrated
in Fig. 8. At that time, the imaging condition determination processor 46 sets exposure

time for the imaging device 16 longer according to an enlarged amount and thereafter



[0080] I n the above enbodi nent, the novigsg anount of the focal point
(defocus anobunt) of the object lens 15 relative to the focal position is
cal cul at edOlzg117438749t age controll er 21 of the m croscopePCT/JPRMMEVET]3 t he
focusing position determning unit 52 in the focusing device 40 may be used
as a position to calculate the defocus amount in place of this enbodi nent.

[0081] Al't hOU%Poc%E& tGQ]ﬁE shxtﬁfstefp' SH6d ORfthd HBePRINACH alRPStivhIedudt if bﬁﬁﬁleﬂ nthe he
above enbodi nent abkﬁyi%n the casé of varia

process in tu?éocsﬁwé)rqqe??%wé]eeeexepssep Bheip splgesang (e SRGTHE Orp}h%e gt
[0082] Speci filealisy, it is judged whether the difference between the maxinum

val ue apekt herl\gla{?MHﬂ'g‘ y 8H§H{ @hfoﬁ%vl@h%ﬁeacﬁlfﬁeﬁge% §&ﬁ7léé %n@ﬁﬁ%ﬁ&%ﬁé&a‘ﬂdp' xel

of the standa | mage’ an e relative pixe erence i m
snmal | er thanthe mmlmemc‘eﬂuee@;sbm@ﬁﬁagcet(élwhetyhhs@ww%mwl of thejseandarg | owed

gor t Lhef 0 ]131 el(ﬁglaéeeetﬂﬁ t?}@ré?é:tkfte'p?xéﬂ @% th%'f@ﬂelre%f:e Iﬂlﬂ A2 1 @nYEnvEleE Bah @tfe?@ﬂli@ B&r% -0 the
epth of fie ctua set for a posjtive
result is hefBH! Eoéii%@&mﬂ% dﬂ?fﬁ@f ﬁ&fdéglﬁﬁf?g ?‘Hﬁ%ﬁ@%&ﬂ?lﬁaﬂ% 5§ Bpseesor 46
enl ar ges theﬂ&pﬂmwegﬂmkm@hﬁﬁapemkm&ﬂigp@kﬂﬂéIustrated) for the object |ens
15 by 30(}5%{5‘:]‘dEt i nfs nea net n(gr aﬁquﬁ?gr Ofk}{])gl%sﬂéﬁg({gltlc())]}lsg 1Ch ?he entl ?e &%éft | ens

15 larger, "as I e I magi ng  Co tion
det er mi nat i ommgga)(@ee@brma% 0§ @m@mu@muoe appeawng on thenmagerfgimng detaceef 16

| onger accor
2011/ 048749P@C15T§(g0£§2c8i%? A\ i%%g%rgolzgggggg?\%r\tg ﬁlré&?:{a%ﬂ{ 5 ag%ae%%gby\@ewrmltn P& "ot her

hand, if a néy#eardetalesult is obtained, the procedure proceeds to the sixth
step SPG0sM]t hauttheeWore gﬂneedlh{wt asﬂféﬁ e &fie@ncd hawedi @6 tmdxeistmbalue[HQ 8K

Meanwhi |l e, a node in whic di ff nce bet nma m val ue
e m ot g St P SNt Mg bRt st BRE RS SRR SR 01t e
st andar d i naged drdelatiee pakhifi there;ﬁemmde iofage senot efmellenican therdgeshiosl, et smal | er

than the valy aé’% LRIRORTIg i3 t%&%g%@‘@%lﬂgﬂ%ﬁe&{} fglfhgéghﬁlhﬂl ik 'd%ﬁ‘@%éff%fd the

obj ect |ens process in S exec

possi bl e. [O@SQ]elquqchlegs hdrhewevesredipiding ppdg iginot ;tmded foobissintydpagits i ons at

whi ch thes ANt IFR egMRPI8CEs i110RARIGRFS i9athel 1&&%@@ gfeatdﬂ?ertﬂﬁa%sdf%hegﬁééhé &detion
appearing on the image formng surface of %ect ens 15) becones sharp

relative to RHOHMERPHY Brtkedapsly dsertignmayhertyide H]F‘BJF}FH@Pg]&ét%}ieFS Intese] 1n

t he above enbhogne® e, pr@&bemtdlhegémﬂlﬁlelf@melgbﬁtmeeﬂmkémpoﬂﬂieﬁhsrmnmmatwe;oand t he
m ni nrum val ue i.n .t he dista disparit t eac i xel

Standard. | mdtt AECoRE PR o HREabinené FERBAERSE  Rintie P Mt na 1 o1
than the threéshgld, the |nag|ng area is divided into the Iayers (|nag|ng

| ayer s) 0(58;8'{1' | NGy gﬂ'tl‘F: };hqge %ﬁ%g ﬁl éés aﬁ%%&ﬁfedtbp%{%g E'l&ﬂ@s %A Wer @

dIVIdI de is n mte I nen or exanp

illustrated ihtheiagoveoembpetiments fiedgrmaing Meshasds nphasesspr Henlﬁqutealesmm on a
portion brokepdinent hel g kdbwRohé ARy MRYdHRed Vi ded into the inmaging

| ayers this ma r, the proces whil e focusi on the broken
porti orﬁoé@ lel |IHIW§P‘£QF tnggr Sf?ﬁ%tbyl Lﬁoslﬁ’egi‘g]r?élén 85’53& %Ftevat”(?u? WH&@F‘U?% 8% ng t he
efficiency omumhbﬁL@Mmgmhbmaﬁmbumdmnmﬁaq&In&@Gﬁﬁ&A@&hdmghmkhegphase
contrast | magﬁlsrel%(refts Eu?c[ (r)rt%gr t%gtog sStaP z%rtﬁe}p are lv& it Aég'(')bf)e%r} he appended

claims or the equivalents thereof.
Reference Signs List
[0090] 1 Microscope
11 Stage
12 Stage drive mechanism
13 Light source
14 Condenser lens
15 Object lens
16, 45 Imaging device



in the above enbodi nent, the formng nmgjhod is not necessarily l[imted to
thi s enbodi nent and anot her known one nay be adopted. [0089]It should be
under st oosiolzy1tidewe skilled in the art that various nodiPCIroR21emEs71x0m

bi nati ons, sub-conbi nations and alterations may occur dependi ng on design
requi renents and other factors insofar as they are within the scope of the
appended cl aRmste drive ceawblieal ents thereof. Reference Signs List [0090] 1
M cr oscope 1% %?%ﬂe 12 §H@ge drive nechani sm 13 Light source 14 Condenser
lens 15 Cbj eéf TERPELETIT | voging device 14 WO

2011/ 048749PCH/13R20DE@OOOHRLI3 21 Stage drive controller 22 Lighting
controller Zgoﬁ&gg5ﬁglgﬂggﬁgller 30 Integrated controller 40 Focusing

devi ce ' '
40 Focusing device

41 Half mirror

42 Field lens

43 Aperture mask

43A, 43B Opening

44A, 44B Separator lens

46 Imaging condition determination processor
51 Disparity obtaining unit

52 Imaging condition determining unit

PRT Preparation



41 Half mnor 42 Field lens 43 Aperturegmask 43A, 43B Qpening 44A, 44B
Separator |lens 46 |Imaging condition determ nation processor 51 Disparity
obt ai ni ngwOornt1/@g74bmagi ng condi tion determ ning unit PRPCPUIepas/ees’on 15 WO
2011/ 048749PCT/ JP2010/ 005713 dC ainms A focusing device, conprising: an

i magi ng device provided wth a predeterm ned inmage form ng surface
predeterm ned separate froma nmain } quorn‘i ng surface of an object |ens
on whi ch phase contrast inages of ahi‘Mage formed on the main i mage form ng
surfacecang fflormed as_ an rhdiR@k @y R4 oafRisin@dt ai ni ng means for obtaining a
di stance between one image and t he other image of the phase contrast inmages
in a pixel unit fromt r?éllmg{jligr?@VHsmVé@eda%@ HBECHPTRINAG RS Rige

determ ning a position sarfavdpredeterntinedispacuirem enddjinsgefdrang sulfacenember

of positions based on theobdei;cgie%nce fi e %heg(i) >§el . TheeS gfoacursnian qrerlvi ce
according to claima1, viher \Mslgﬂwl?hf G R S Fﬂvgiiug and a
m ni mum val ue of the ditbt anoeinpize formingehtype e foimedat ansimelgingrsutthesy a val ue
set based on a depth ofoyfiifihd fdan! R oBRIRAL o iRARce bAGAFLAY Mk Nda fRANS
divides an inmaging area into a pflurallty of layers falling within the depth
of field of the object egidmagRioifbe ehtfcsestrast poages o el WHE Eamithe f ocus
shoul d be adjusted in eafbingaikeice; afae focusing device according to claim 2,
wher ei n

determining means for determining a position on which a focus should
be adjusted and the number of positions based on the distance of each
pixel.

[Claim 2] The focusing device according to claim 1, wherein
when difference between a maximum value and a minimum value of
the distance of the each pixel is not smaller than a value set based on a
depth of field of the object lens, the determining means divides an
imaging area into a plurality of layers falling within the depth of field
of the object lens and determines a position on which the focus should
be adjusted in each layer.

[Claim 3] The focusing device according to claim 2, wherein
the determining means divides the imaging area other than a portion in
which a subject is broken in a depth direction into a plurality of layers
falling within the depth of field of the object lens.

[Claim 4] The focusing device according to claim 1, wherein
the phase contrast images are phase contrast images of a biological
sample part.

[Claim 5] The focusing device according to claim 1, wherein
the determining means sets a center of gravity of a largest area out of
areas in which pixels of which difference in distance is smaller than a
threshold are adjacent to each other as the position on which the focus
should be adjusted.

[Claim 6] The focusing device according to claim 2, wherein
when the difference between the maximum value and the minimum
value of the distance of the each pixel is not smaller than the value set
based on the depth of field of the object lens, the determining means
enlarges the depth of field of the object lens and sets exposure time for

another imaging device provided with the main image forming surface



the determ ning neans divides the imagkgg area other than a portion in
which a subject is broken in a depth direction into a plurality of |ayers
falling wohnon/wbmaodepth of field of the object |ens. TReTHBZUSDIFGIevi ce
according to claiml1, wherein the phase contrast inmges are phase contrast
i mges of a biological sanple part. The focusing device according to claim
1, wherein the determ nisng iNRging s6Eice aacaeiigas apbnlgr@iiaimounf a | argest area
out of [ﬁﬁ?a% in which g&zel s. of A icfh di f.f.ergjgec? i n.distance is snaller
than a HH8ol d are ad} ASERPEIE RN ROBPHYEPE ¥ 508 %Gosi ti on on which t he
focus shoul d be adj ust ewraifing afdigusk bgtvaeniooe imggeaomditngother iolage of ghasaher ei n
when the difference bet . '”q},!];;r] . g b Qk . t he
di stance of the each plé@ﬁgﬁtgﬁﬁ%{m@m eﬁr{?gtnﬁgcrila?%eﬁ rggldg%%tg:é r%é%é%ﬁ%lﬁgdt he
depth of field of the dbjageformapgssurtage prrdetsraingd parsaiemenmaingesee he dept h

of field of the object fhanmoARFaSAIranDIRLEMNSOR WKRNIRE pRROLOSFast RGOS
device provided with the main_ima surface 1% WO

e form ng
2011/ 048749PCT/ JP2010/ G5 REe f%{glegﬁ’nit%@@%n%? F‘%{E%n%%%‘?ﬁ prsgdofgedgs an
enl arged anount. A focusiapmgretfhadn aqoxgdrunij aigl t he steps of: obtaining a
di stance between one inpge and, the iﬁ&ﬁ‘&ﬁ whiTB9E 2L s‘?lhﬁx%%eca%ﬂ#&e%satnd'ﬂ@ges
from an i magi ng devi ce provi degtwrt i precfeterm ned |mageJ ormng surface
pr edet er mi ned separ at e fungher af pesitons pagpd dnoherilistpnsuef ek pofel aptainbg ecthel ens
on which the phase contgt@aqﬁin'gggg_es of an inmage forned on the main inmage
form ng surface are forned as an inmaging surface in a pixel unit; and
det er milkiaHg 8 posi tion %ﬁoq»ﬁinérpr%grwaga%caélﬁlaa|a&05@u§afm@@éﬂteand t he nunmber
of positions based on tdhuifiinglanimmcebetaeh oné xfhgeahiiahdieei itab6f plRfsai ni ng
step. A focusing programfor .causing a conputer .to ex Cclllte' obtcfli ning a
di stance between one i RGBS HPAERLI DY AR PO evite RYEET ¥iherhis etf?rﬂjé%’ s
froman i magi ng devi ce ipragy faedngsurfaca prdedahimedbapachte fragen feinniage sur f ace
predet er mi ned separate LN ] r f j ens
n-whi oh the phase. cont'aaReeuTRsbsTRRRe] RRELR LA PERsP Lo AR of
form ng surface are forandthage faame wadghagamunfage borpmngsypiage predfpimed asrid

determ ning a position iﬁﬁg}ll\{%isﬁﬁ‘a& hoGie1 Ui be adjusted and the number
of positions based on the obtained distance of each pjxel. A mcroscope

conmprising: a half nirrefermgipg gpadtips ghivhisghaorigsheridmeadibisdedt ens int o
transmtted |light and rfieebegoditi@Rhtbased on the obtained distance of each pixel.

[Claim 9] A microscope comprising:

a half mirror to divide light entering from an object lens into
transmitted light and reflected light;

a first imaging device for imaging a subject image formed on the object
lens and projected on one of a transmission side and a reflection side of
the half mirror;

a field lens for relaying the subject image projected on the other of the
transmission side and the reflection side of the half mirror backward;
openings provided behind the field lens in a unit of pair and having
sizes with which depth of field is larger than depth of field of the object
lens;

separator lenses provided behind the openings, respectively, for
forming phase contrast images on a predetermined image forming
surface to which the field lens relays;

a second imaging device provided with the predetermined image
forming surface as an imaging surface; and

determining means for obtaining a distance between one image and the

other image of the phase contrast images from the second imaging



a first imaging device for inmaging a supject image formed on the object

| ens and projected on one of a transm ssion side and a reflection side of
t he hal f wDrror1/04874Pi el d | ens for relaying the subject | RaRFIPINOPECTIEd on
the other of the transm ssion side and the reflection side of the half

m rror backward; openings provided behind the field lens in a unit of pair
aﬂd hgyi ng Isi zes with Wteivfébliﬁlephh 00bixtl ﬁidaﬂétﬁr#ﬁlﬁfégeﬁoﬁih&moﬁlmldh offocthis el d of
t he object |ens; separatar, l.enses. provi.ded behi t he openin .

ospect el yefor for mongu S aan iR v TG EeT B s TR AR distner e
form ng surface to whichch hef.ield | ens relays; a second imagi ng device
provided with the predeterm ned i mage form ng surface as an i nagi ng
surface; and determ ning neans for obtaining a distance between one inage
and the other image of the phase contrast inmges fromthe second inmagi ng
17 WD 2011/ 048749PCT/ JP2010/ 005713 device in a unit of pixel and

determ ning a position on which a focus shoul d be adjusted and the nunber
of positions based on the distance of each pixel.



