FR2017—4956

REFFREAT P RR A/ RERET 1 &
FERA HAH SRR

(HH)
REAFEL HrERBEARSERSTEHR

RAESFERMER—THE 3 &ith
FARAN FREARRERKE

(HH)
REAFELT HFERHFEARBEREFFSHR

#FEE2012—-268502 A A—DUFTRHE ] EREETTFAREBHEHE
(EFR26F 6H2cHBHHBEARM. $¥2014—-115151] [ZDUL\T,
RDEEYERT B,

+=A
o aff

AEBHOFERIE, BYILT=AR0N,

HH

1 FDiFE

AR, FH24F1287BOHETH->T. EFH28F6 /81 7 BFIT
TERERAEN SN, FHR28E8 A9 AMITTHFHREWENTINA, F
B29%F 1848 FTHEMEEEN G SN, ChIZHL. FH29F4A87H
[CIEMETERRBHNAFRSIN, ARFICFHRAEALTIN, BBICHEWNT, F
K30%F1H81 18I+ THEMEANBHMEIN., FHI0FE2826 BFFIFT
FHRGEENTIN-TDTH S,

2 AKXFERERH
AFEDERIBE1HWLL10ICZRIHBAIL, FR30FE2H2 6 BfFITOFH
HEZICE > THESNFHFEROEEDERE 1AL 1 0IZEHESIN=E
BIZE>THESNDEBYDEDTHDEZ A, FRE1ICHESIHEHE (UT.
[REEZHBEA1] EW0V3, ) [E. RDEBYDEDTH S,

M [FAKk1E 1]
HAEABICHZFZRBGL, ThIIH L TEAHEIHFoNEAZHREBELT 2R
FTEBIET DHA A —D U THBIZE T,

AERREEBKEICEHET 5-HDHBE L.

b)ATE R E LOERGEHICEBE SN IMiEEH T 2BBAI;L.

1/14



O HBARIC L HEESICTH L TRIRSEARFEMM oM SN RHAEIZTL DK
EMET HREE L.

dFTEERBAMIC L DL ZARERAMICEC L LD ITHEREAMICELD
BAZRTEIRBEAICE AL, BIEEL ERTEEE & ZHICERRATH YA
(FRHBORFAFRESCBRARLFERE.

ZirA . AICHRBAARIIATEE RETILFEA D RIECIRIGEDA & AA S HIA DS
R ITTEESNE-FHEZEH. REHBHSHH ShREIX. FIieE
REH D S RTEC R AT AEFERA & MM S R D L & BEE# TR REFMMN 5
AIRCERAMICBRAEINSG L ERBETIRAA—DUITRE. |

3 HBEMNEMLIEREROHE
FRIO0FE1A11BMNITTHENEMLEMRER (UT THFEEER]
EWS, ) [T RDEBYTHD,

[COHFBED TEEDFHEKREICHE D FHAF, TOHERICBAERAX(ISNEIZES
WT., BEMESNETEOTITYICEHE SN AR EERRBERHEEZEL TL
RICFIRATEEE B o =RBAICENT, TOHRERIZZDORBADEYT S EMD S
FITBT2REDHMBZEIVENBTBICKRAZIHLENTERLIDOTHS
Mo, FFEE290FKF 2HOBREICLYEHFERITH S ENTERLY,

i GBIEAXBEFICOVLWTIKSIAXNHE—ESR)
FEORIE1~3
- 5| FA3CER 1

" ERE4A~9
- SIRAXEN 1. 5IAXHE2

"FRKIE10
" BIAXHERT. BIAXER2. 5IAXHS

50 A X mk & — E

SIFAXHEN1 : KEHFET787 3407 5HME
SIFAXHEL2 : ¥R 2006—5254 9 482N
SIFANHAS #2012 —1546 2852

4 SIFFEHA. SIRAXAF
(1) SIAXE1IZD1T
SIAXER1IZIE, REE EHIC, ROFEMNTEHIATNS (THRIX, HF
THELE, 6. TRII. R—UHhRICEHINEHFITED. )
7  [TECHNICAL FIELD
This invention relates to optical imaging and in particular, to optical imaging in

biological specimens.| (S 1HEI 7~4 01T) (HEFER : HiinEH
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COFEHAFX, AFHEBRILE, TLTEIZ, £DFORKICE T L AFHER
IBICRIELTLET, )

14 ['The specimen may be an animal (for example, a small animal, such as a mouse).
The animal may be living. The object in the specimen may be tumor in the animal. ]
(EB8MES~717) (HFR: BEIEY BIZE, IDRADES7E, hE
WEY) THAINMLLhFEREA, BPIESTLEINIL LNFEREA. BRIKIC
BT 5REBYTEETHLIML LNFEEA, )

7 [Structured Illumination Mode

Measurement system 100 can also provide an illumination light intensity profile that is
either uniform or structured (e.g., a spatially varying illumination intensity profile
and/or an illumination profile that is controlled in time sequence) at the specimen
position. This provides different means to obtain structural and optical information from
the specimen, the information serving as input to 3D reconstruction algorithms. The
light source used for structured fluorescence excitation can include one or more light
source elements such as conventional lamps, LEDs, or lasers, for example. The
illumination light can be delivered to the specimen directly or via fiber optics, dichroic
beams plitters, light pipes, diffusers, or any other optical device to transport and/or

condition the light.] (3 21526 ~3 917) (HER : #HiElk I h/-iEEH
E—F
BIEATLI100dF-, BRARFMEBIZCEWT, —#THSH. HHWIIHE
BEEShTWAEHELBRE IO c—)L BIZIE., EEMICELT 2BARE
TA74—)L, RU/XIE, BRED—7 D RIZEVWTHIEISINSEBEITO D ¢
—L) ZRMBTEENTEEFT, Chld, REILSEEMR UM TER.
DFY., SDEERT7TIT)ALADAAE L TRESNSIER, ZBHET S
FODEG--FEREZHHBLET., BELEIA-BABED-OHIZHEHLND
KB, BIZIE. EDZ2T, LED . HAHNIL—HF—D&LS5%41DUE
DHBERZECENTEFES, BEALE. BEE. HOHIWIXT 74N
—FTT4vIR, FAUVBZYY - E—L-RTYvE, 14T, i
MER. HAIWEIRZEE. RU/ XIEAEHT 5-HDMDIET /N4 XEEL T,
BRERICEBTONET, )

T [For example, in some structured illumination modes of operation, different sides
of a specimen can be illuminated in a chosen sequence. Moreover, each side of the
specimen can be illuminated with a patterned light intensity profile, or with a sequence
of light intensity patterns. Even a single light intensity pattern, used to illuminate one or
more sides, can be used to realize the benefits of structured illumination. In general,
structured illumination mode provides for either simultaneous illumination of a
specimen with a structured light source, or direction-sequential illumination with a
structured light source.] (3 2M@%E40~501T) (HEBER: HIzIX. H5HE
EESN-BHAT— FOBREICEVNT. BARDELG - =lZ. BIRESNEIREIC
BogeENTEFET, Sl BEDTRTLOAIZ, N2 —ibEht-
HBETOT4—ILT, HBAINMI—EDOHBENI—VTRBLITENTEE
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T, HE-ORBERI—UEZ. 1OULORERBET H0HICAL LA,
BB SN BRONBEERT 305 S ENTEET,

—RIZ, WBIEENEBRE— FlE, #BESNEREIC £ 2 REORBE
B, X, WEESNERBEEAN:, —EOFRORAERMLET, )

ZA  Tln afirst aspect, structured_illumination of a specimen can be provided by
multiple light source elements arranged in a desired configuration around the specimen.
For example, FIG. 12 shows an embodiment of a measurement system 100 that includes
a source 102 configured to direct light 104 to a lens 431 , which directs the light to
reflect from a dichroic beamsplitter 430 and to pass through an imaging lens 433 . The
light is divided into two counter-propagating portions by mirror 440 . One of the
portions is directed to reflect from mirror 442 , pass through lens 434 , reflect from a
first surface 200 a of pyramid 200 , and impinge upon specimen 2 from above in the
plane of the figure. The second portion of the illumination light is directed to reflect
from mirror 442 , pass through lens 439 , reflect from a second surface 200 b of
pyramid 200 , and impinge on the specimen from below in the plane of the figure. The
structured illumination provided by the two beams induces fluorescence in the specimen.
Portions of the emitted fluorescence retrace the optical paths of the excitation beams to
beamsplitter 430 . Due the red-shift of the emitted fluorescence, the fluorescence
radiation is transmitted through dichroic beamsplitter 430 and is imaged by lens 432 as
two different views 116 of specimen 2 . The two views are captured by detector system
118 , which includes a CCD array. The embodiment shown in FIG. 12 is an epi-
fluorescence measurement system, and the incident light and the emitted fluorescence
encounter several optical elements common to the optical path of each.] (5 3 2 {§%E
5117~% 331017 (HAEFR: ZYOBKET. REDEELLSN-EH
Z. BARDAYVICEZLWVERTEZONESHORRERICLE>TRYEET S
CENTEFEY, HIAIE, H12[F, H£104%. 49U B2vY - E—-LX
TYyBR4A30MoREEE, BERLUX43 3B BIELLSICAITEHL
VAABIANERAITEHEIICRESNFLR1022E8L, MEVATLT1O
ONERFIZRLET, Kix. B440I2k>T2O20RMARICIEET S
BRI TonFET., BID1DIF, 44 2TRHFL. L2X434%8
BwBL, ESSYRF200DE1NEXREM200aTREL, ZLTHOFENDE
ADOEAE2ICRELLDELSICATONFET.,. BAXD2FBDOHLE.
H442TREL. LVX439%BBL. ESIYF200NFE20KE2
OObTRHL., LT, HOFAEDTAMNLEA2(CRELH-LHLSICHIT
bNET, 2KADE—LIZE>TR#ESh =, BELSIN-BEAER, BEKICH
REFHRLFT, BMESAHEORA I, MELDAFERE, E—LR
TYvBA30~EEIERLET, MEShE-HAEDOKAREICEI-T, &
IBHIEFAo DI vy - E—LRXRTYv2430%@BLTUEHY. &IK2
D2DO2NEHG-f-E2—116&LT,. LYXA432[T&-oTERLEENRETS,

2DONEaA—IE CCD Z LA 8L HRHEVATL1 18Ik TELZLBNE
3, BE12IRINEERHIT ZFHFEAREXAESRTLTHY., TLTA
e, M Sn-8HAEE, TNETNOAERRICEBEON DOHDNIEE
RICEELET, )
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VA [FIG. 12 shows a two-dimensional projection of a three-dimensional
measurement system. Therefore, optical elements that are not positioned in the plane of
the figure are not depicted. For example, other surfaces of pyramid 200 are not shown in
figure-these are used to capture other views of the specimen. In general, other light
source elements, mirrors, beamsplitters, and other optical elements can also be present.
For example, a second set of light conditioning and collecting optics can be used to
capture two additional views of the specimen propagating into and out of the plane of
FIG. 12 . In some embodiments, the measurement system can be only two-dimensional,
however, as depicted. Further, in some embodiments, surfaces 200 a and 200 b can be
two surfaces of a mirror, or they can be the surfaces of two separate mirrors. In general,
many combinations of optical elements can be provided in order to capture a two- or
three-dimensional set of views of specimen 2 . The foregoing discussion applies as well
to the embodiments of FIGS. 13-16 , any of which may be configured to operate in a
two-dimensional or three-dimensional imaging modality.] (3 3% 11~30
7)) (BER: H121F, SREDHEVRATLD2 RAFEZEZTRLET,
ThZ. IOFEARNICEM TEVEZEREEMTVELA, HIZE,
t7~JFZOO®M®E@.|Téhfbiﬁh#~uﬁb@@%@@@b
A—ZELABEOICAVLONET, —MRIC, thDOXRER, 35—, E—
LRAT) B, RUMIOAZFERIRCKFELEEFT. HAE. F20%
FHRUVEXALFEDOEY FE. 1 2O0FEDHA, ZTLTHANEEDS. &
K2DEAMABEL—% LB ADEOICAVWSZENTEET, HHERFIT
(F. BIEVATLIE, LHOLAASL, ML TWLEELIIC, 2R TTHY
/FEIT. oIz, HAHAERHITIX, RE200a &RMEM200b EF, 1D
DED2ONREA., FELIF2ODFBENEFEORETHYETFET . —HRIC,
AFERDZLDEAEOLEEZ. 2RAEFLFISRTOBEAR2ODEL %L
AREOHIT, MIGT A ENTEFY . AIRDERER 1 3-1 6 DEHEHIZS
FE#kICSEREIN, ZOVWThD. 2RI, H5LNE 3 RITDEZRKDHRE
THEBISLSICEESNSELL LAFEA, )

200a
200

200b
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F T Another embodiment of a measurement system that provides a structured
illumination source is shown in FIG. 13 . In this embodiment, light provided by optical
fiber bundles 510 arranged around specimen 2 is used to illuminate the specimen and
induce fluorescence. The emitted fluorescence is collected by a series of optical
elements that are similar to those of FIG. 12 . Since the illumination and fluorescence
radiation do not share a common optical path, the embodiment of FIG. 13 is an example
of a non-epi-fluorescence measurement system. In this embodiment, for example, the
fiber bundle source elements 510 can be positioned to illuminate different sides of
specimen 2 via the reflective surfaces of pyramid 200 . Further, each of the source
elements 510 can be selectively enabled to provide direction-sequential illumination
when desired, or the sources may all be simultaneously enabled.] (58 3 3 3 1
~4617) (BER: BELIN-BARZRERHIIAEATLOEI—D
DEEHIHAR 1 ISTRENTVET, COEBRHITIE. RA2DF Y ICERES
NE=HT7AN—KE 10Tk >THIEEIN I EERZTREIAL., T L THENL
HAEFRELET, RHSA-BARELTE120LDICFELULTLELE—ED
HERBRICESTEDONFET, WAL HAFKAMIGIE, HBOXBEEZHRST
LAELDT, 1 3DEMHIIEZFHABEALBERATLOFETYE, D
EEBITIE, FIAE. Z7AN—REEHR5101F, ESIYF200NDKRS
FEZEBALT, BR2OELG-HAEZERST LS5, BELZENTEFET,
ol EFEndlan., —EOARORBIAZHEIET -6, RERS 10I(C.
BIRMICEEBISESZEMNTARETHY .. HAHWIR (V—R) T2 TEFIZHE
EBRgE THIM L LNFEEA, )

200 _i:ag o
k_,-,; /
/>/4M 433 430
116
/// mo‘\U 118
——

2 D kjfbmo
moijﬁ

200b ~——

4 TLight 104 can be provided in the form of a light beam, such as a laser beam, or
can have a more diffuse spatial intensity profile, such as for a lamp. In some
embodiments, light source 102 can include two or more light-producing elements
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providing light at the same or different wavelengths. For example, embodiments may
feature a light source 102 that includes a first source element that produces reference
illumination light, the reference illumination light including a broad distribution of
wavelengths (i.e., white light), and a second source element that produces measurement
illumination light having a relatively narrow distribution of wavelengths.] (%8 3 7 1§
F24~3617) (HBR: K104, L—F—RABDOKLS7%4. KREOMN -
LTRHEEINDIIENTESD, HHAVEFTUTDES%. LWoTSEEBLZE
FEEERM IO T4 —ILEFE DI ENTEET,

ETOERBHITE. XFE102HARALH,. HEAWVIELGFKRRICENTHE
ZRUELTLEIDNENULDRERBRZEC ENTEFT, HIZE X
BHITIE, Vo7 LORRBHANX, 2FVY. LRHEEDREIMZETY I7LY
ABEAR (bbb, BLVE) ZEYHIE 1OV —RERE, LLEBROVK
ROMEETHAERAXLZEYVHT 2BBDO YV —RERZELHIFE102%
BEETIMILLNEREA. )

/7 T'Spatial light modulators and other optical devices and elements for modifying the
spatial intensity profile of illumination light 108 can also be used to provide more
spatially uniform illumination of a specimen where desired in some embodiments. |

(53 81H%ES50~5417) (HER: EEALRABLMORET NA XL
Bt 10 8DEMBETO T4 —LEEET H-ODERIE. ETOE
BITEFENSEEIE. BEDL Y ZERMIC—HRGBAZRMT H-HITFES S
ENTEFET, )

a ['Nn general, a specimen of interest is mounted on illumination stage 110 , and
illumination light is directed to be incident thereon. Illumination stage 110 can include a
specimen holder, for example, secured to a supporting platform. The supporting
platform can be affixed to a translation stage that provides illumination stage 110 with
multiple degrees of translational freedom. The position of illumination stage 110 can be
changed in response to an automated signal from electronic control system 122 , for
example, or in response to a manual signal from an operator. In some embodiments,
adjustment of the position of the specimen relative to the imaging system can also be
accomplished by adjusting the positions of the light conditioning optics and the light
collecting optics while illumination stage 112 remains in the same position.] (53 8
WE62~HEI9WMEI1T) (HER: — I, EELREALEHRT—U 1
10ICEM, ZELTEBARNEZNICATFISSLSAITONETS ., HBAXT
—2110k, BIZIE, XF/FTF Y bR—LIZL>AYEE LI=RIERILE—
EELIENTEFT, XETSY bR—LZE, ZHOEEVOEMEHE
ZHRARBART 11 02RMI DEMAT—VICHHITHENTEF
¥, MBAXT—U 11 00ER., HIZAIE. EFFIEIATLI 22000
BEEINTERICHAT. XEARL—F—DoDFEDFEFICHZAT. £A
BENTEFEY, HAEREHFITE, ERBRY AT LIZHENHEREDLE
DFEZE. BAXT—U112Z2RCHEICBOHDD, HARLZE ERELL
FOMEZRAHIT S ELITES>TEH, EFHTHIENTEET, )
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