IMAGING SYSTEM AND TECHNIQUES RELATED APPLICATIONS This application claims priority to:
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U.S. Provisional App. No. 61/299,231, filed January 28, 2010, entitled "Slide Caching in a Slide
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three-dimensional ima%ing. 25There have been advances in confocal microscopy that have unraveled

many of Shide Scanning System for Digital Pathology;" and to U.S. Provisional App. No. 61/252,995,
10 filed October 19, 2009, entitled "On-the-Fly Focusing Systems and Techniques for Scanning

Microscopes,” all of which are incorporated herein by reference.

TECHNICAL FIELD
This application relates to the field of imaging and, more particularly, to systems and

15  techniques for obtaining and capturing images.

BACKGROUND OF THE INVENTION
Molecular imaging identification of changes in the cellular structures indicative of
disease remains a key to the better understanding in medicinal science. Microscopy
20 applications are applicable to microbiology (e.g., gram staining, etc.), plant tissue culture,
animal cell culture (e.g. phase contrast microscopy, etc.), molecular biology, immunology
(e.g., ELISA, etc), cell biology (e.g., immunofluorescence, chromosome analysis, etc.),

confocal microscopy, time-lapse and live cell imaging, series and three-dimensional imaging.

25 There have been advances in confocal microscopy that have unraveled many of the
secrets occurring within the cell and the transcriptional and translational level changes can be
detected using fluorescence markers. The advantage of the confocal approach results from the
capability to image individual optical sections at high resolution in sequence through the
specimen. However, there remains a need for systems and methods for digital processing of

30 mmages of pathological tissue that provide accurate analysis of pathological tissues, at a

relatively low cost.

It is a desirable goal in digital pathology to obtain high resolution digital images for

viewing in a short period of time. Current manual methods whereby the pathologist views a



secrets occurring within the cell and the transcriptional and translational level changes can be detected
using fluorescence markers. The advantage of the confocal approach results from the capability to
image individual optical sections at high resolution in sequence through the specimen. However, there
remains a need for systems and methods for digital processing of 30images of pathological tissue that
provide sbéardrusialifsiscstlratholpgital tustssone etotativeldikmvestsupon inipedesictbielhoal in

digital pashiplRay e abi B i eahdion Alalialmasss oL eNR DA SRR ALdipg, Curent

manual methods whereby the pathologist views a slide through the ocular lens of a microscope allows
a diagnosketpordiggpbttieacofce hdirstadtaisied on bighteobbitimen ceitsrysndnamimedivets.
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monitors and may be shared and archived forlater use. It is advantageous that the zation process
be drcoffpivitidly séfibishthranghmgadraiipah sendwitbnigh hedolptbityantigigh quality images.

In conventional virtual microscopy systems, imaging techniques can produce individual images that
may be significantly out of focus over much of the image. Conventional imaging systems are restricted
to a single focaliseca ienalactitselvisueioscornapstonsakenadging clavmigrtsusarachodfithese
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have a uniform surface. At the high magnification leévels employed in virtual microscopy, speécimens
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1) determining, in a first pass, the best focus at an array of points, separated by n'image frames,
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20focus is Interpolated. While this two step process may reduce or even eliminate out-of-focus images,
the proceségBshitefg-a significant loss in the speed of acquiring the tiled images.

15 Conventional systems use a pre-focusing technique to address the high proportion of
out-of-focus images that is based on a two step process that includes: 1) determining, in a
first pass, the best focus at an array of points, separated by n image frames, arranged on a
two-dimensional grid laid on the top of a tissue section; and 2) in another pass, moving to
each focus point and acquire an image frame. For points between these best focus points, the
20 focus is interpolated. While this two step process may reduce or even eliminate out-of-focus

images, the process results in a significant loss in the speed of acquiring the tiled images.

Accordingly, it would be desirable to provide a system that overcomes the significant
problems inherent in conventional imaging systems and efficiently provides focused, high

25  quality images at a high throughput.

SUMMARY OF THE INVENTION
According to the system described herein, a device for obtaining a focused image of a
specimen includes an objective lens disposed for examination of the specimen. A slow
30 focusing stage is coupled to the objective lens, and the slow focusing stage controls
movement of the objective lens. A dither focus stage including a dither lens, and the dither
focus stage moves the dither lens. A focus sensor provides focus information in accordance
with light transmitted via the dither lens. At least one electrical component uses the focus

information to determine a metric and a first focus position of the objective lens in



Accordingly, it would be desirable to provide a system that overcomes the significant problems
inherent in conventional imaging systems and efficiently provides focused, high 25quality images at a
high throughput. SUMMARY OF THE INVENTION According to the system described herein, a
device for obtaining a focused image of a specimen includes an objective lens disposed for
examinafsaigpase ypdicthvemenisioihasefobasitrg e cpammmsidcs e dh @ otijentinddenstiamdothe slow
focusingysiag, e asUielRdeNREAl the MBIBEIE NS AT ARl IAgRJARNENA A dller lens
and the dither focus stage moves the dither leris. A focus sensor provides focus infolination<in
accordafesoviganigristranshakteel Vhe tredinseraéersthariesstivaécatdstricalcdonpdmefitudesithe focus
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metric, wherein the electrical component Sends position information to the s ocusing stage for

moving fHe'éhfetiage [anb intahid fikst sastiscpbsitiopormtivenieo bemsoetmpture $rankith aye oigthe
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included, the specimen being disposed on the XY~ 5 moving stage, and in which the electrical
componéfteolstidlshe vl riostsHsaxy masvirRusta g ot apidvetnatad daneodvassmily taige may
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actuated flexured assembly that moves the dither lens in a translational motion. The dither lens may

be moveicatencyssimansfréiglrastypthdlds andeadestmiasieaierbinampaleetricsiscdmpdrent uses
theléocuﬁlfsagﬂa{fermtmﬁ%eﬂqm@géﬁméqé&%ﬂaﬁ%@lg@i%mf §6L900d DeIBPYsR PRNSOr and

the dither focus stage may be set to operate bidirectionally, in which the focus sensor produces the
focus inffhvatierrerBeeEEHY (15 a8tte smerpe riishreftipaihiys s wack fbmiwstecnsotiorodiiche dither
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and/or chroma information. The focus information may include 15 information for a plurality of zones

of a focu¥ Wisdehambents 4isbg aemenanh fosusrean bitHagpeameinTihdectontridl isbmpatient may
control rapyBMantefIhenMaNiNG: StRfSn ANduRerein therinformation fram.at leaskA pertian of the

plurality of zones is used in determining a speed of the XY moving stage. A field of view of the focus

seR8or HEpBrEERR dohaelardi 1o hamies of vidoret thadaradeasénaend doring afewrdisarfoftthe to the
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method includes controlling movement of an objective lens disposed for examination of the specimen.

Motion oFicHhtRetRrigierashiondpmndfoead isfamitannas Srevidetriiivacdorensedsvitherighi
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a first focus C{).osition, of the abjective lens in accordance with the metric. Position information is sent
that is udgdridlpEmEHieivd 1Ry 8 eiEAES T8 position. The first focus position may be
detgymined as a best focus position, and the method may further include capturing an image of the

specimen after the objective lens is moved into the best focus position. The dither lens may be moved
According further to the system described herein, a method for obtaining a focused

image of a specimen is provided. The method includes controlling movement of an objective
lens disposed for examination of the specimen. Motion of a dither lens is controlled and focus
information is provided in accordance with light transmitted via the dither lens. The focus
25  mformation is used to determine a metric and determine a first focus position of the objective
lens in accordance with the metric. Position information is sent that is used to move the
objective lens into the first focus position. The first focus position may be determined as a
best focus position, and the method may further include capturing an image of the specimen
after the objective lens is moved into the best focus position. The dither lens may be moved
30 at a resonant frequency that is at least 60 Hz, and at least 60 focus calculations may be
performed per second. The metric may include sharpness information, contrast information
and/or chroma information. The focus information may include information for a plurality of
zones of a focus window that is used during a focus scan of the specimen. Movement of an

XY moving stage on which the specimen is disposed may be controlled, and the information



30 at a resonant frequency that is at least 60 Hz, and at least 60 focus calculations may be performed
per second. The metric may include sharpness information, contrast information and/or chroma
information. The focus information may include information for a plurality of zones of a focus window
that is used during a focus scan of the specimen. Movement of an XY moving stage on which the

specimefiagidis|sesicanemipbe Cbstpbinedity af apeeionaivredioreenaisng peptioh oittesXlurality of
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stage may be controlled to provide forward and backward translational scanning of the specimen.
5Accordiig Ragkwpig treastiiisan shaseiiveel Nepsircitiethod for obtaining an image of a specimen
includes establishing a nominal focus plane. The specimen is positioned at a starting position having
associated x and y coordinates. First processing is performed in a single traversal over said specimen.
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position. ~ According further to the system described herein, a computer readable medium
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performing any one of more of the processes described below.  According further to the system
describetlHaksih 0h Beiice fofarmiedtopeisiageinitbeielrasmawhgosrisabidek sarh obasislblock

thajouigas- e ey StagR: oSk 106 Pase hiapkinclydes irsi-plock being substantially flat and a

second block having a triangular 20 shape, wherein the first biock and the second block guide the
moving stage block in a translational direction. The first block and the second block may be supported

on raised bosseg. Qi ahase-Blateto! ik fitstiachapdihe fecond blosk ey hednade afgiass: A

plurality of button elements may be disposed on the moving stage block that contact the first block and

the secHfiRIBERESAE L IGIBAT MRS B B erfprusTeiB et tHe srsvimsariserdisiperin only the
translatigpahgissstionofaeshuton-alaments.nay.kg sehstraly-ahanedAnd mads ehiesmaplastic. At

least two of the plurality of button elements may be arranged to face each other on each side of the
triarbguldhereapdmerdoseien anceR, eliaaihetdis araesssepAespibrshbsiare plurality of button
elements contacts the first block on a flat face thereof. Positions of the plurality of button elements on
the moving stage block may form a triangle. 30 Each of the plurality of button elements may bear

equal weight dé¥§gragHHBERAC The migrmglsess®Hl s sinyapteEitapi fo METESSORENTERZeT gravity
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assembly may be provided and a flexural element may be provided hav;ér;gﬁagfirst end rigidly coupled to
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20 shape, wherein the first block and the second block guide the moving stage block in a
translational direction. The first block and the second block may be supported on raised
bosses on a base plate. The first block and the second block may be made of glass. A
plurality of button elements may be disposed on the moving stage block that contact the first
block and the second block, and the button elements may permit motion of the moving stage

25  block in only the translational direction. The button elements may be spherically shaped and
made of thermoplastic. At least two of the plurality of button elements may be arranged to
face each other on each side of the triangular shape of the second block, and wherein at least
one button of the plurality of button elements contacts the first block on a flat face thereof.
Positions of the plurality of button elements on the moving stage block may form a triangle.

30  Each of the plurality of button elements may bear equal weight during stage motion. The
moving stage block may be shaped to have a center of gravity at a centroid of the triangle
formed by the positions of the plurality of button elements. A cantilever arm assembly may
be provided and a flexural element may be provided having a first end rigidly coupled to the

cantilever assembly and a second end coupled to a center of mass location on the moving



stage block. The cantilever arm assembly may include a cantilever arm coupled to a bearing block
which runs via a recirculating bearing design on a rail. Driving of the bearing block on the rail may
cause the flexural element to apply a force to the moving stage block. Bending stiffness of the flexural
element may isolate the moving stage block from up and down 5 motions of the cantilever aim
assembl§taghelpeise Discartidsy forenmasttreblyovigsthde incanditectiorrparpandictolartieatineg
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of 150 nanometers. The repeatability in motion may be orthogonal to the moving stage and base block
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an XY stage. The XY stage moves a secorid slide in connec with a scan of the'secon
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the first slide and the second slide between the rack, the butfer an tage and may move with

at least firewder ey T postinh ortke)oydstaye Masaitehsters diverpisiatgbisadthativovey slides
from theyauifar o, & Yh31A0e 1 A ITRURN HISKiIGR DL IMAds I ikslide and the second slide, and

may include a focusing system and a'camera. The focusing system may include a dynamic focusing
system. The function of the 20 slide handler performed in parallel with the function of the XY stage

majgprovd 2 WBe gal hahleas oY dicidehandenaydnds e AR el

include a mechanical pickup device and/or a vacuum pickup device. The buffer may inclu

of bufferpisidnEian sbdepead i or side sirgsledasbeiveeuther pokitoh b theflsafmdmay be a
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and a by-pass tray, and a disposed in the by-pass tray is processed before any slide disposed in

the mairfhdt leasinepd g piirticibtostite hpndler deserimadingrairtha firstivbideds slitferozshing
includesarayidingd Kaek.angq2 ullaloA firsholide is/pOvsALeaaN. thedrck-anditogdufipr. A 30

second slide is moved into or out of the buffer in connéction with a sCan of the second slide. Moving

thelfirst glide batdleemavenark sdint Bidkens derepatsiidedsvisaratica vaitk, the bedfsrofithe second
slide. Thessep oflhe sreand slidemayinalude edpeysingQResaten ad. arripage capite gperation.

The movirlg of first slide in parallel with the scan of the second slide may provide a time€ gain”of at least

10%. THEQE4A dFtils sedohsaddnapianabdss dymatiie Podlsity bpetatisieeThe\buffegingy include
a pluraliweofceqﬁsﬁ pesiians hat inabidsahleasiansief aaamerphulia: e%mg&g@cgs@eﬁ?w@ buffer

r
position. The method may further include capturing a thumbnail image of the first slide and/or the
second &IRfERHfenTtifcifresikiey sisay snandnsdedme drmmis ifpenaiva mystenbuffie Hergtion.of the

Acggrding duntheaite Hersyatenudessribeditemcinuadeyics dx shdecaching nslyges aditstiack. a

second rack, a first XY stage and a second XY stage. The first XY stage moves a first slide into or out

of the firef Ahéeans EBrmethonlinpandiciigrtichids sidide Phdapdsad Nyt sislidnioveshaniedlond slide
into or opfRieSecORCIaCK I EANNSSIREVIRRSCAALHIIRT may include a plurality of buffer

positions that accept a plurality of slides. At least one buffer position of the buffer may be a
position used to capture a thumbnail image of a slide. The rack may include at least one main
25  tray and a by-pass tray, and a slide disposed in the by-pass tray is processed before any slide

disposed in the main tray.

According further to the system described herein, a method for slide caching includes

providing a rack and a buffer. A first slide is moved between the rack and the buffer. A

30  second shde is moved into or out of the buffer in connection with a scan of the second slide.
Moving the first slide between the rack and the buffer may be performed in parallel with the

scan of the second slide. The scan of the second slide may include a focusing operation and

an image capture operation. The moving of first slide in parallel with the scan of the second

slide may provide a time gain of at least 10%. The scan of the second slide may include a



10 second slide. At least one function of the first XY stage corresponding to the first slide is performed
in parallel with at least one function of the second XY stage corresponding to the second slide. The
first rack and the second rack may form parts of a single rack. An imaging device may image the first

slide and the second slide. Each of the first XY stage and the second XY stage may include a slide
pickup hédemis focyusies eimtigrher he thetkystany degkdsed prelity s vt farosiidenschahing

includes; g gtatable.fray andratleasiAne aLe S AiRRPSRT INIG-FOlRDIS ko] NerRCRRjRSized to

receive a slide, and the recess stabilizes the slide in a scanning position as a result of rotation of the

rotatablénpayfurhen dededmrapirengde Brynrbaity BrasoelshmimaisesiigetHbstigeond stidd may
include &AL BFESSES SIsROSES AN G R sEenliabing ALeEeilable tray. An imaging

system may be included, and at least one component of the imaging system moves in a radial
direetion of the rotatable tray. The component of the imaging system may move incrementally in the

radial direction geEgsRONRIRGA0ORR COMMFIRQIBIAN QLTS raLeiabIe k. THENRESRSMAY Pe sized

to receive a slide having a length that is greater than a 25 width of the slide, and the length of the slide

may be Sferasi-ia seeaarbradieedin of Yhitagtantbiesaeandiig mieessThayitse Xi¥aiees reeme a slide
having adepgtiithatds9GRIeT thapd widinirtihe slide, ang hewidibat theslide-mey be.glignted in a

radial direction of the rotatable tray. 30According further to the system described herein, a method for
scanning<d SiaeifeItieies Wepukidensiaiem of tbasewnd rack it shassiampihmscandidwting the

rotggable davd IfiRILECRe S PRI AR LASRIVE Asligie: and thetesrssiabiizen the Siide ina ssanning
position as a result of rotation of the rotatable tray. The recess may include a plurality of protrusions
éiy) %‘«mﬁﬁiémﬁ@iéh'@ing of the
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component of the imaging system in a radial directio the rotatable tray. The compone the

imaging &&EnRare kel dids amdiarrerendhalisdedirEagb ot drreBptniingreenetdinplete

rotation gf thesrstatable Adiauclie JetRRS PRy faized to receive a slide having a length that is
greater than a width of the slide, and wherein the length of the slide is oriented in a radial direction of

thelfotatable tray. The recess may be sized to receive a slide having a length that is greater than a

width of the slidg.andindarenthe widihpiint slidels pgntedin, R Laoiaifitectianiel healatable
tray. 10 BRIEF DESCRIPTION OF THE DRAWINGS Embodiments of the system described herein

will be expgRif@RIsHRo Y atdrast AR Bsaseubrrasedigures wrablarENingEhwiressaie Hredio
described @siOHaW8e, and the recess stabilizes the slide in a scanning position as a result of rotation

of the rotatable tray. The recess may include a plurality of protrusions that stabilize the slide
20  and may include a plurality of recesses disposed on a circumferential ring of the rotatable
tray. An imaging system may be included, and at least one component of the imaging system
moves in a radial direction of the rotatable tray. The component of the imaging system may
move incrementally in the radial direction corresponding to one complete rotation of the
rotatable tray. The recess may be sized to receive a slide having a length that is greater than a
25  width of the slide, and the length of the slide may be oriented in a radial direction of the
rotatable tray. The recess may be sized to receive a slide having a length that is greater than a
width of the slide, and the width of the slide may be oriented in a radial direction of the

rotatable tray.

30 According further to the system described herein, a method for scanning a slide
includes disposing the slide in at least one recess of a rotatable tray and rotating the rotatable
tray. The recess is sized to receive a slide, and the recess stabilizes the slide in a scanning
position as a result of rotation of the rotatable tray. The recess may include a plurality of

protrusions that stabilize the slide and may include a plurality of recesses disposed on a



FIG. 1 is a schematic illustration of an imaging system of a scanning microscope 15 and/or other
scanning device that may include various component devices used in connection with digital pathology
sample scanning and imaging according to various embodiments of the system described herein.

FIG. 2 is a schematic illustration showing an imaging device including a focus system according to an
embodinsentofithengybmeing ddsthibadaareinrR0FG8. BAtrdl @Byaferdsiteimatiddlipstvadiopsaof an
embodir ft tr t hqwing.that.t ntrol system may include, appropriate.
eIectronr}]é%sgéglg%%ﬁ%%s%@ﬁ%ﬁn%%c%ﬁi%&%@ﬁ 51%5%%%%64%%3 it%lgr %g%nétggset?ﬁgrﬁ%rg aae%'ﬁ
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illustratidray sHowireg fercusingosrschiinatons antidaiusimeatsith Spetipeat@isbue p aoddrding to an
embodirg%ng@égpgnﬁy%&ge&%r@g&pgﬁ% slide is oriented in a radial direction of the rotatable

tray.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the system described herein will be explained in more detail herein
based on the figures of the drawings, which are briefly described as follows.

FIG. 1 is a schematic illustration of an imaging system of a scanning microscope

15  and/or other scanning device that may include various component devices used in connection
with digital pathology sample scanning and imaging according to various embodiments of the
system described herein.

FIG. 2 is a schematic illustration showing an imaging device including a focus system
according to an embodiment of the system described herein.

20 FIGS. 3A and 3B are schematic illustrations of an embodiment of the control system
showing that the control system may include appropriate electronics.

FIG. 4 is a schematic illustration showing the dither focus stage in more detail
according to an embodiment of the system described herein.

FIGS. 5A-5E are schematic illustrations showing an iteration of the focusing

25  operations according to the system described herein.

FIG. 6A is a schematic illustration of a plot showing the command waveform of the
dither focus optics and sharpness determinations according to an embodiment of the system
described herein.

F1G. 6B is a schematic illustration showing a plot of calculated sharpness (Z;) values

30  for a portion of the sine wave motion of the dither lens.

FIGS. 7A and 7B are schematic illustrations showing focusing determinations and

adjustments of a specimen (tissue) according to an embodiment of the system described

herein.



FIG. 8 is a schematic illustration showing an example of a sharpness profile including a sharpness
curve and contrast ratio for each sharpness response at multiple points that are sampled by the dither
focusing optics according to an embodiment of the system described herein. 5FIG. 9 shows a
functional control loop block diagram illustrating use of the contrast function to produce a control signal
to control the sl f8cus: sthgenatic il ationshosehe rraticdthydtrafiosisipivdssgptiod foousudingow being

broken yp e ectl ith.f reC cording tg.an odiment of the system
describ(;hg mﬁ%gﬁlé%ﬂl&sﬁgﬁgg é%é%ﬁ?fa%%s%%%%%%?g é)r%gr?t asthrgﬁg{r}l%%sp\% %Seégtﬁazfr?nay be
obtainecsanplsithfsyithindetherafo ernivgdintant incactiogltner withadicheituéshergitent @sdribisia flow
diagram;showing on-the-fly focus processing during scanning of a specimen under examination
according to an embodiment of the system described herein. FIG. 13 is flow diagram showing

prodessing at tiés|Gwslovsastogdiasaoedinptdap Mhethsbaimentlbfsthisysterod dscribedakerein.

FIG. 14 i iaqar S ingi cessing according to an embodiment of the
1RMREESS ng .

system g?élgccirli%}gzglﬁe%em.e 2{18(\%[%8;11 IS %%%%%ﬁaﬁc%l?u@trgﬁg%ggﬁa&e|ng an alternative arrangement for

focus processingactBrdirgsthematin bidetitreonothheisysteenfoescrbatb ebeing 205k6: 16 ista

schematjg, {llusiratign, shawing #n %tawa[}%ge@gﬁgga%@&@h{g rx‘.foocauns’ embodiment of the system

described herein.
10 FIG. 11 shows a graphical illustration of different sharpness values that may be
obtained at points in time in an embodiment in accordance with techniques herein.
FIG. 12 is a flow diagram showing on-the-fly focus processing during scanning of a
specimen under examination according to an embodiment of the system described herein.
FIG. 13 is flow diagram showing processing at the slow focus stage according to an
15  embodiment of the system described herein.
FIG. 14 1s a flow diagram showing image capture processing according to an
embodiment of the system described herein.
FIG. 15 is a schematic illustration showing an alternative arrangement for focus
processing according to an embodiment of the system described herein.
20 FIG. 16 is a schematic illustration showing an alternative arrangement for focus
processing according to another embodiment of the system described herein.
FIG. 17 is a flow diagram showing processing to acquire a mosaic image of tissue on
a slide according to an embodiment of the system described herein.
FIG. 18 is a schematic illustration showing an implementation of an precision stage
25 (e.g., a Y stage portion) of an XY stage according to an embodiment of the system described
herein.
FIGS. 19A and 19B are more detailed views of the moving stage block of the
precision stage according to an embodiment of the system described herein
FIG. 20 shows an implementation of an entire XY compound stage according to the
30  precision stage features discussed herein and including a Y stage, an X stage and a base plate
according to an embodiment of the system described herein.
FIG. 21 is a schematic illustration showing a slide caching device according to an

embodiment of the system described herein.



processing according to another embodiment of the system described herein. FIG. 17 is a flow
diagram showing processing to acquire a mosaic image of tissue on a slide according to an
embodiment of the system described herein. FIG. 18 is a schematic illustration showing an
implementation of an precision stage 25(e.g., a Y stage portion) of an XY stage according to an
embodiment offtHe. 8Yterndbseribact derbiowing FieSaddAgmc &88rarecnodingetaded views of the

moving siagie o o Hle Riesisiaistags Aceording io.an smbolinent gfdne system described herein

FIG. 20 shows an implementation or an entire compound stage according to the 30 precision stage
features discussid Rahein afidvindiagting shyvstagsjderXsiag erancsipsepldittzdccarding to an

embodi ) r in, . . is a schematic illustyation showing a slide
caching e%%ggrg%%oﬁ%gtﬁ g%ﬁe%%%&%%f%}fl thrgég%?tee%% §e‘§%m€es§ ngie%r?({e' FIG. 22A is a flow
diagram showiki(hidé3daehihg i ctessingiagodidirgtotamerslbddiment g f¢blensyste ardesimiped

herein in ¢ i it irs . E Is a flow.diagram showing. slide caching processing
accordir:{s %}%E%%%%ir%fgégoﬁ#eg%yg?g%j%gs%%%éﬁ %C%Yrﬁ%%%gﬁ e%:lfllgns\e}vi 5 gg%%rr(ligl lide. 5FIGS.
23A andvagsushonbtidiimentiiad dansyssimgisticibed disirmgntechniques according to embodiments of the

system describgghhergin. and BUSHEAING MG $4Y IS AGECIIIHLC MREQYS SpRediments of fhe system
described herein.
another embodiment of the system described herein.

10 FIG. 25A 1s a flow diagram showing slide caching processing in connection with a
first slide according to an embodiment of the system described for a slide caching device
having two XY compound stages for slide processing,

FIG. 25B is a flow diagram showing slide caching processing in connection with a
second slide according to an embodiment of the system described for the slide caching device

15  having two XY compound stages for slide processing.

FiG. 26 is a schematic illustration showing a slide caching device according to
another embodiment of the system described herein.

FIG. 27 is a schematic illustration showing another view of the slide caching device
according to FIG. 26.

20 FIGS. 28A-28] are schematic illustrations showing slide caching operations of the
slide caching device of FIGS 26 and 27 according to an embodiment of the system described
herein.

FI1G. 29 is a schematic illustration showing an illumination system for illuminating a
shde using a light-emitting diode (LED} illumination assembly according to an embodiment

25  of the system described herein.

FIG. 30 is a schematic illustration showing a more detailed view of an embodiment
for a LED illumination assembly according to the system described herein.

FIG. 31 1s a schematic showing an exploded view of a specific implementation of an
LED illumination assembly according to an embodiment of the system described herein.

30 FIG. 32 1s a schematic illustration showing a high speed slide scanning device
according to an embodiment of the system described herein that may be used in connection
with digital pathology tmaging.

FIG. 33 is a schematic illustration showing a recess on a tray of the high speed slide

scanning device in more detail according to an embodiment of the system described herein.



FIG. 24 is a schematic illustration showing a slide caching device according to another embodiment of
the system described herein. 10FIG. 25A is a flow diagram showing slide caching processing in
connection with a first slide according to an embodiment of the system described for a slide caching
device having two XY compound stages for slide processing. FIG. 25B is a flow diagram showing
slide caching pfd€asHing 4 denmistidlswithi e sbopnuesiitaragiogding twaatingmbodisieadial the system
describe . | ' eyi Shaving two XY compound stages for slide processing.

FIG. 26 i 0?2%%2@%%%%%%%%@%&%%& %ﬁaang ef’r%’é‘%‘?f\‘/’fég’ gé’tf:lor .%ég 0 another embodiment of
the system desEHbedhdreinl 35B RiGsdiznsaticsithstrtinilkistratigns hiteingiaa athecviewodthe slide

caching i i I OF 8A-23J are scélQem tic.d %Jestra ions, showing slide
caching %g%%r%%lggs?%%ﬁg é%é:%%gé fn%%é%%g %)f alylé%rz%nabﬁ) Igtc%glf mSJ St%rgndfésr%%\%e iment of the
system deseiitbed herein. FIG. 29 is a schematic illustration showing an illumination system for

illuminating a sk | light-emitti iode (LED) illumination assembly according to an
embodiment 25@&@2}%&?3#& eé{c{%iggg tfg%%grl}ns.(hom %(f%%l?gg%éﬁgé%%ﬁ(%ﬂﬂ%ﬁ%%%r% showing a more
detailed g &frentarhBedipsemt seribedhiticaimi tizionchskamblybgenoreitigpostdasysiermeescribed

herein. Fs&%cf?r}el?‘o% sGhgmatic showing an exploded view of a specific implementation of an

FIG. 37 is a flow diagram showing high speed slide scanning using a rotatable tray
10 according to an embodiment of the system described herein.
FIG. 38 1s a schematic illustration showing an optical doubling image system
according to an embodiment of the system described herein.
FIGS. 39A and 39B are schematic illustrations of the optical doubling image system
showing the shuttling of the first tube lens and the second tube lens in front of the image

15  sensor according to an embodiment of the system described herein.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS
FIG. 1 is a schematic illustration of an imaging system 5 of a scanning microscope
and/or other scanning device that may include various component devices used in connection
20  with digital pathology sample scanning and imaging according to various embodiments of the
system described herein. The imaging system 5 may include an imaging device with
focusing system 10, a slide stage system 20, a slide caching system 30 and an illumination
system 40, among other component systems 50, as further discussed in detail elsewhere
herein. It is also noted that the system described herein may be used in connection with
25  microscope slide scanning instrument architectures and techniques for image capture,
stitching and magnification as described in U.S. Patent App. Pub. No. 2008/0240613 Al to
Dietz et al, entitled "Digital Microscope Slide Scanning System and Methods," which is
incorporated herein by reference, including features in connection with reconstituting an
image with a magnification without substantial loss of accuracy and displaying or storing the

30 reconstituted image.

FIG. 2 is a schematic illustration showing an imaging device 100 of an optical
scanning microscope and/or other appropriate imaging system that includes components of a

focusing system for taking focused images of a tissue sample 101 and/or other object

10



LED illumination assembly according to an embodiment of the system described herein. 30FIG. 32 is a
schematic illustration showing a high speed slide scanning device according to an embodiment of the
system described herein that may be used in connection with digital pathology imaging. FIG. 33 is

a schematic illustration showing a recess on a tray of the high speed slide scanning device in more
detail acéisuizg! tomn edbodirmendiag tie systerhodasenbed hegeimstem dBiGTB4 ibaduheMiatic

illustrati i i ' ' i I iti respect t slide for
imagingqagr?%g g(le\gc il%l%a%ﬂ(l) %ﬁ%%g éﬁ Iﬁ#ﬁ@?&%@éff@%&%ﬁéﬂ%%%s%% g fgétgg aﬁrg g%%% f%l g E:hﬁ#ugstr%tions
showingsaarahernatvetaredngdasbrmey stivegfoned totasirigrstive fivlGwusioestdifbctdancthend
embodi 2L erel IS & tiC. I rati ing.an
imagingr%fggle &%ﬁg?)%%}i%égt%gger?ﬂetﬁ o%?rr{gw@ g ?E£J§2?§%§3%§§r| ggﬂéelr%%@ﬁgt%]cféhoﬁ %n objective
dispbsedigtekiniged spetimnagrdiclide slide. TheGygonsdestolvadidigremm ishawitay Highs speed slide
scannin i t ' | e SV esgribed herein.
1, 38 e oAb ol VR e reater
em bodirﬁ@rﬁ@f%@@yﬁtéﬁ%@m@aﬁé{m@ herein FIGEcSon i 39k bohsdticiikesrations of
the optica) dRIBGIPEARRRID SRAHENS BRoERUHE G Hhe iRk WRBAR0R ARG SREqBeube lens
time for ce?pturing all the snapshots is less than the time required by a method using a step of

10 predetermining focus points for each snapshot prior to capturing the snapshots.

The imaging device 100 may include an imaging sensor 110, such as a charge-
coupled device (CCD) and/or complimentary metal-oxide semiconductor (CMOS) image
sensor, that may be part of a camera 111 that captures digital pathology images. The

15  imaging sensor 110 may receive transmitted light from a microscope objective 120
transmitted via a tube lens 112, a beam splitter 114 and including other components of a
transmitted light microscope such as a condenser 116 and a light source 118 and/or other
appropriate optical components 119.  The microscope objective 120 may be infinity-
corrected. In one embodiment, the beam splitter 114 may provide for apportioning

20 approximately 70% of the light beam source directed to the image sensor 110 and the
remaining portion of approximately 30% directed along a path to the dither focusing stage
150 and focus sensor 160. The tissue sample 101 being imaged may be disposed on an XY
moving stage 130 that may be moved in X and Y directions and which may be controlled as
further discussed elsewhere herein. A slow focusing stage 140 may control movement of the

25  microscope objective 120 in the Z direction to focus an image of the tissue 101 that is
captured by the image sensor 110. The slow focusing stage 140 may include a motor and/or
other suitable device for moving the microscope objective 120. A dither focusing stage 150
and a focus sensor 160 are used to provide fine focusing control for the on-fly-focusing

according to the system described herein. In various embodiments, the focus sensor 160 may

30 bea CCD and/or CMOS sensor.

The dither focusing stage 150 and the focus sensor 160 provide on-the-fly focusing
according to sharpness values and/or other metrics that are rapidly calculated during the

Imaging process to obtain a best focus for each image snapshot as it is captured. As further

11



15sensor according to an embodiment of the system described herein. DETAILED DESCRIPTION OF
VARIOUS EMBODIMENTS FIG. 1 is a schematic illustration of an imaging system 5 of a scanning
microscope and/or other scanning device that may include various component devices used in
connection 20 with digital pathology sample scanning and imaging according to various embodiments
of the sydirsusidserivbateHeptsieniitre insagmgtbystitres foensinglstiean faymg device withtfacusing
system ' tage,sys, i aghing.s: sdt‘%{g illuminatiqp system 40, among
other co?n%&(?r%ﬁgsgé%é%ns%é?{gggf%ﬁﬁé&g%%&ssﬁ%%%n%et Il g%@v?ﬁe%ﬂ%%%ﬁ%?ﬁ%ég‘ﬁ%g 1'Jthat the
system dkeseeberl heaesinabiayfbe tisesloweommedttorpfvithe 25 eriscopcop siite st2thninduiltistiument

arehitechiies ARAJRENNIANESS M MAdSARAIE, ~16hipd.R00 maanliealion asdrsgrinedfud S

Patent App. Pub. No. 2008/0240613 Al to Dietz et al., entitled "Digital Microscope canning
System avrl Metripds, olvhidiois df corpbratedouseia Bygefdrendaicidetudinlgdaanicesid comnaction with

reconstiylg:aryiage il A magniication wiheyhauuslanial sl asciacy Ae disalayina of

storing thie 30reconstituted image. . 2 I1s a schematic illustration showing an imaging device 100
of an optieé §éﬁﬁ$1ﬁigc}ﬁ¢&q§@@fp@léﬁdf@‘r emep e dprideiniegingtaystei (Hadinaiicdes Belhponents
of a focusINaY SIEM 130l MG SR IIRARSAY.A tapiSinaEPier HOA 406 9h Qs ARiEct, disposed
on a slide according to an embodiment’of the system described herein. The focusing system described
herein pteshiasesrigetarmibhegibest rbecisoiceact snaiseheydena shdpsotis segturedeniiivh may be

refesred 40,8s,.00-1he; ing.. i n chni j ind{ ignificant
o e e A ) O PR, e LR g

system desEnbEt) hetbinshrayretesduspsiiithe wobrsipdapproatieatt convahtionilasyiswseidand
essentigllyelimizates thetme ﬁ‘?&%‘?&f%ﬁé%%ﬁy%@9&%&%&%@&%3&%‘%}%&“%@‘ilnB oyiges

creating a digital image of a specimen on a microscope slide using on-the-fly processing for capturing
snapshdtsciriwhiefetmatiotalttrdeteoneaptherepaititie fondbeHr ifplassithagetiod timetissgeirad by a
method using & gteR-ofilQPsdates @'ﬁqdow%%talé%%@c%g@pé&}%&mrl%C?oDwf&@%}?
snapshots. The imaging device 100 may include an imaging sensor 110, such as a charge-coupled

device (CTiparddlone dimplhtentapsheaval oxidebsapicolidUetsr fEMOsimdyene tsomigingnay be
part of a,camera-ill At AaRULRS GG PAOAYINAGSS, IG L URR0IMESEREA L HL RYy receive

transmitted light from a micrgscope objective 120 transmitted via a tube lens 112, a beam splitter 114
and inclgitpetieeedfbdpe semBplethssmeedPligh Yereeosedteestictral’tl totteNséiradi®mnd a light

source T8, andioatlfht, sharpness values may be computed by differencing contrast values of
neighboring pixels, squaring them and summing those values together to form one score.

20 Various algorithms for determining sharpness values are further discussed elsewhere herein.

In various embodiments according to the system described herein, and in accordance
with components discussed elsewhere herein, a device for creating a digital image of a
specimen on a microscope slide includes: a microscope objective that is infinity corrected; a
25  beam splitter; a camera focusing lens; a high-resolution camera; a sensor focus lens group; a
dither focusing stage; a focusing sensor; a focusing coarse (slow) stage; and focus electronics.
The device may allow for focusing the objective and capturing each snapshot through the
camera without the need for predetermining a focus point for all snapshots prior to capturing
the snapshots, and wherein the total time for capturing all the snapshots is less than the time
30  required by a system requiring a step of predetermining focus points for each snapshot prior
to capturing the snapshots. The system may include computer controls for: i) determining a

first focus point on the tissue to establish a nominal focus plane by moving the coarse focus |
stage through the entire z range and monitoring sharpness values; ii) positioning the tissue in

x and y to start at a corner of an area of interest; iii) setting the dither fine focus stage to

12



appropriate optical components 119.The microscope objective 120 may be infinity- corrected.In one
embodiment, the beam splitter 114 may provide for apportioning 20 approximately 70% of the light
beam source directed to the image sensor 110 and the remaining portion of approximately 30%
directed along a path to the dither focusing stage 150 and focus sensor 160. The tissue sample 101
being infagee, wayrea dispdisher dpcan SRgersvirecbragizalBdthanmsy dedhoveiglirelaneh¥alirections
and whisl Ve e saiielsasd ther AReHERR ESAEIs H6TE Rof HOWJI6URNGRIAAGLT0 may

control movement of the microscope objective 120 in the Z direction to focus an image of the

tissue 10ndfeatismaguaiad byriaecimiagel sensarird 0. frvesiovhforusteg ataeeatd Origgsr inbigide a motor
and/or ogggfc%qgabk?]%tg%v&%gogmgmng the microscope objective 120. A dither focusing stage 150 and
a focus sensor 160 are used to provide fine focusing control for the on-fly-focusing according to the
system described herein. In various embodiments, the focus sensor 160 may 30 be a CCD and/or

CMOS sensor. e BRI SIRe ER4: oG ARENRI G AeaRerBAP R RPN (Y focusing

according to sharpness values and/or other metrics that are rapidly calculate ring"the imaging
process tereRysFrTanpEsD ot mitleark Foinvaepsina spdHiteh dritagecabruspekimsiurthermdisessssed in detall

elsewherg fierein, the, dithar fRcyisingRiededai MRy be Ravedal RJFRAHERGY » &0 B piRusoidal

motion, that is independent of and exceeds the movement frequency practicable for the slower motion
of the migfesuEspacotljdetihat1pgludentis|&cpbaspreiners Bre tarempy thd feceanedmipobsf focus

infogmatig; i Vigws LHINEHBP UG RYET thentangs,of spotien, afdhe dither R?&H@iquﬁia%%c%gg- The

focus electronics and control System 170 may include electronics for controlling the focus sensor and

dithering Paeeisvstape a semarmastahigh o cuives dricebioetoohamllimicthecesnatocerpstage darh (Z
directiony, shnoNiBg.Rage La%Anchather C&m%a@@%?f&ehe@?ﬂﬁ%&%&fﬂ%ﬁ@ﬁfé%@é@ ggcordance

with techniques herein. The focus electronics and control system 170 may be used to perform 10
sharpneBEegiennatiBes aEpsystheinférmetliohapohettherifithier sepising tagearsbosnd fdbaswehsor 160.

The sharpness.\alhes aIReCalsHalRd Ry e a1 Ieast & RREIAN LA RiaHIRIdal cHrye g}g& by dither

movement. The focus electronics and control system 170 may then use thé informati determine
thel posificiefop tEcHelst roie o rsittel s saeh sRarchat R R RIIR S08E SRR 140 to move the
microscope objective 120 to a desired 15 position (along the Z-axis, as shown) for obtaining the best
focus image during the imaging process. The control system 170 may also use the information to
control the spe&bfike Xy ﬁﬁgﬂﬁgt@téﬁé‘i&féﬁfmo%%arﬁﬁlbe)@ﬁé%ﬁé-‘écdﬂéﬁf osverrisatrebitreasthge 130

in the Y dirgrtion,Jramenhodiment rsharRnassuaives may hescereriuied &y differaneing oytrast

values of neighboring ixels, squaring them and summing those values together to form one score.

20Vario G aitAnIS Yor dAErniBing shaehsBativalllesration eherdigabestaasalnde fistsin, - In
vargus enahadireents accarding tadhe.saxstenvagsaibedersiniaBRiRAseordance Wit cpwponents

discussed elsewhere herein, a device for creating a digital image of a specimen on a microscope slide
includes*RPFARTBYCBls& BB istitis i fsSfhty dotrebtesanverter 171 and a field-programmable

gate array (FPGA) 172 with a microprocessor 173 that may be used to make sharpness
calculations. The A/D converter 171 may receive information from the focus sensor 160
which is coupled to the FPGA 172 and microprocessor 173 and used to output sharpness
25  information. The master clock included in 170 may supply the master clock signal to the
focus electronics 161, stage control electronics 165, and other components of the system.
The stage control electronics 165 may generate control signals used to control the slow focus
stage 140, X-Y moving stage 130, dither focusing stage 150, and/or other control signals and
information, as further discussed elsewhere herein. The FPGA 172 may supply a clock signal
30 to the focus sensor 160, among other information. Measurements tn the lab show a sharpness
calculation on a 640 x 32 pixel frame can be made in 18 microseconds, easily fast enough for
suitable operation of the system described herein.  In an embodiment, the focus sensor 160
may include a monochrome CCD camera windowed to 640 x 32 strip, as further discussed

elsewhere herein.
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25 beam splitter; a camera focusing lens; a high-resolution camera; a sensor focus lens group; a dither
focusing stage; a focusing sensor; a focusing coarse (slow) stage; and focus electronics. The device
may allow for focusing the objective and capturing each snapshot through the camera without the

need for predetermining a focus point for all snapshots prior to capturing the snapshots, and wherein
the total time for capturing all the snapshots is less than the time 30 required by a system requiring a
step of predeteqng@isrggl{% S %' ts%% [Leac [0r to-.captyring the spapshots. The system
may include computer coln%orﬁ't,1 fl'([)&r: i %eetenﬂi%‘%%%zé}lgr}é?%cguggoﬁltggs: S'B{isospd%%%g ed é% fis?ﬁgz nominal
focus plaetsiniolengahercoardefootestagaformathithia 6@ prange anbemonltorismshagpness
values; i, RRstiaRig.heakeeln 1and vig Sal Acamerdan.ateaelinierent i agling the diher
fine focus stage to move, wherein the dither focus stage is sync fohized {0 & master clock w]hlch also
controls enanvelio city ofglassxslidags; wipcanmthamdinlyltny stagetoambygshons famdddladiaesat frame,
and/or v ol (ai 3 @9% %gﬂ@i gg-%c%g ‘ e 'r&ztgﬁ sensorand trigger, a light source
to create%a_pu‘se' r?)’%Iig%t. 5" Eurther, §CCO§ ?ﬁgj%gl gﬁ%t %hr émbodi?nﬁgﬁt,{g}%‘éegyté}geqrﬁ é’sfgﬁged herein
may proviiectompotecimgriasemted. ffethndd or cramingd difitahinthgd afralspaoiutemonf dhe

microscopa slide, g me y include defermining g scan omprising.a regiqn of the
microsc%g)e slidgytshat irrl%lu eglgélléag?g} %%rctil%%w é? t é%p?é%ir%%sﬁﬂ% Oé s%fgrnngr}teﬁntagg l?gyf&lg}lvided
into a plifreditgrstyapeb ois e e abPshoticmay dwuhptafenivsing Bomicfostope ehjectivécandia
camgra, i uhiel Josusi objective iC ope:and. capturng each snapshot through the
camera may be co%%u%?e%%@’each %éggs@ﬁo é&i?ﬁ%ﬁt#ﬁégﬁe%%%‘o&? g?e%léltgfﬁi#}ﬁgm a olct:f?fsatf)(%llnt for all
snapshopride ebiegstiorthg thesnapshiors. iTAe B tniéxol beystormged lhmenaphdts Hay be less

than the e (R iRy BeDaiBeRieaingan,eige ofpirdeinuPinalons RaNt (Pheach

snapshot prior to capturing the snapshots. FIG. 3A Is'a schematic illustration of an embodiment of
the focudosleEtroeatsisang eeites] dsfitedrg 70 intludidoriotis atecifonisssksl desoristbheteicki1 63 and

stage copitpbeleqitenics 485 KR JRis dashematicilugiration.of an.embadiment of tag fogus 20

electronics 161 In the illustrated embodiment, the focus electronics 161 may include appropriate
elettroniéseecirashbainitRefasy Milticonvarfesus? inapthetifiel dprogrammgabieydisanrey (FPGA) 172

with & migrapreeesIoL L7 3ihakibay La sRed E%Hé%'f%%‘%ﬂ{&nﬂ%&{e@}w L@Hg&ﬁ&h@ %g%‘yg%ftef 17l

may receive infoimation from the focus sensor 160 which is coupled to the FPGA 172 an
microprodésor ImBEropgs St dinpmssiadplesdiBinfoimation. The master clock included in 170
may supply the master clock signal to the focus electronics 161, stage control electronics 165, and
other components of the system. The stage control electronics 165 may generate control signals used
to control the sib#foQUsstHder1amTert sasmnRySsRigRs1 B drHtp fowngsirayi Stan<Co5e ayri¢or)other

congol signgls.andinfarmation. As iutherdiseusses elsewvhsrs heteiry The ﬁé’z@%%%ﬁupp'y a

clock signal 30 to the focus sensor 160, among other information. Measurements in the show a

sharpneBYBHfsfaKiartor (a0 Bommel Famacasibe Phade immeniitrose fsidiss semityefalby enough
for suitablg.aperadian.atihe sygismdepstibed haraindaan embadimentiihe.facys seRserA80 may

include a monochrome CCD camera windowed to 640 x 32 strip, as further discussed elsewhere
herein. time. The time to scan using a technique according to the system described herein may be

about 5 seconds to find the nominal focus plane, 1.17 seconds per pass (25 passes), for a total
25 of 5+25x(1.17 + 1) = 59.25 seconds (about 1 minute). This is a considerable time savings
over conventional approaches. Other embodiments of the systems described herein may allow
even faster focus times, but a limitation may occur on the amount of light needed for short
illumination times to avoid motion blur on continuous scan. Pulsing or strobing the light
source 118, which may be an LED light source as further discussed clsewhere herein, to
30  allow high peak illumination can mitigate this issue. In an embodiment, the pulsing of the
light source 118 may be controlled by the focus electronics and control system 170. In
addition, running the system bi-directionally would eliminate the retrace time saving about 25

seconds for a 20x scan resulting in a scan time of 35 seconds.
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The scanning microscope may acquire either a ID or 2D array of pixels including contrast information,
and/or intensity information in RGB or some other color space as further discussed elsewhere herein.
The system finds best focus points over a large field, for 5 example on a glass slide 25 mm x 50 mm.
Many commercial systems sample the scene produced by a 20x, 0.75 NA microscope objective with a
CCD array. GiviénlthreldNpeofoted disjettivecantbeors ewséintoniisading wathelen filvefSeranicthe lateral
resolutioy) of the opfi R [ ut 0.5 mi To.sample,this resolution element at the Nyquist
frequency, tﬁe prixelgsgslqiléﬁﬁ the o %E%Ois}n gﬁ%&t %gg@%?gr(r)%ﬁé g(rfi gj £ f\/iep?fgril%a&rﬁ(élpé) ?él.egn%sa{l ?L%f\‘Dalsa
Falcon 4mM3erBon ruverietyatf30 fesswiimetpixe IisiceoéTidnmvictio artthe dhagmifioftiontéxdmidhesobject to
the imaging.camatals,’-4/0.25 = 30x. Therefore, one frame at 2352 x 1728 may cover an area of
0.588mm x 0.432mm at the object, which equates to about 910 frames for a typical tissue section
defihed as 15 mm x 15 mm in area. The system described herein is desirably used where tissue
spatial varatiors i e (e SBIMRTICIAREMUCUBWRL A0 MG RS Al 3b e SRIEdfefgriations
in focus, in practice, occur over greater distances and'most of the 16cus Justment'is made to correct
for tilts. Themdititdmra geberatheit disharngecof deScribatiororimel hradit difvensisagat th mbject. Time
to resultfon cure AkRSARNING SYsieMs (8, & Rigimagene iscan Coreo system) 20 i out 3.5
minutes 1for pre-scan and scan?o%% 20x 15 mm%i( 5 mm ig% %I}\ed%ﬁlg%liel Er%g}?ﬂ(}d e?sérg‘oa?% FB'scan on
15 mm >4 5/ener fold. obeatBsmang ¥ehivimifield bs seamntd bpturmingi@Shrasives 13326 dasses. The
scaps mayhedons um-dif&ﬁtiqgg#yﬁlgitgcﬁl%rﬁ GJe éﬁ‘geh. . Thedime to sca ing,a technique
according to tﬁe _sys’terr? described herein may%)e a{)out 5té lsﬂe%c‘%ntiydsﬁitq)nﬁr}]nét Oecér}o%n%ln Pfo%ﬁsisf)lane,
1.17 secomampeiapassyy (2BiPasses fofoexuantd 2Boisd+SEert{fic] NT1)-3259. 285l seciddy(athout 1
minute) i B ASHISILRIANE HNP BRURGEYES SR RGNS BRRIGECHISHNFEIINREIRRN of the
systems described herein may allow even faster focus times, but a limitation rhay occur on the amount
of light neegst dbtherensiliuratheid i aiiten ely dveidiarslioA Hlaxor sontinuobsisvay. Hewlsingear strobing
the ot SOHIE e foliHEM SRS AAER 9 S0 s AENRER ] elsRNNSIS greln, to 30
allow high p‘eakg?rl(%Jrgina_t%]n can mitigate this isfs%?e.%\ an %o%ﬁ%ﬁ%ﬁeﬁg‘ﬁ sﬁlﬁé\‘gﬂﬁaetﬁ?é]ﬁlrsource
118mayissienritfolhed Biheneffsusiae taohids ndesentpdd.systaiindivontasadtiislortraffingihe system

bi-directi wauld.eliminat I I j e an resylting in a
sy SR R AT A L i T

focus eletardaiesstasll senvinl o stemt 1201 ajhatsoimbre bembinglifibetiefened foras eléotribat
componeis usediio REHAUT: YRRehe odiliRientuneUonsn seanectionaviih smbadiments,of the
techniques dé;elicribed herein. S 5(?Fl‘cez-.ezl é;?gscﬁematic llustr tlorgsﬁow%ng%er (?ﬁﬁé’rrf}cs)séugpstage
150 in nfsperditéiligee dvain glestan i belimeio aifetate systemade sotesd herein. The dither focus stage
159gmay include a dither focusing lens 151 that may be moved by one or more actuators 152a,b, such
as voice coil actuators, and which may be mounted into a rigid housing 153. In an 10 embodiment, the

lens may be achremianéne meraciigadbbmiadetas angthd hend Semirietéthiyasdstgredgdor
example,EAmundagiendic Y T3 mes: Algrnativelicihe diherdocusing Igns %EL@YIQ%CBQStr“CtEd

from plastic, aspheric and shaped such that the weight of the lens is reduced (extremely fow-mass). A
flexure Shertigred 5athnaysuiahitbigh tendwiddid neusing k6B hnasitieichetses aigidughoand point and

may alloé’é{ﬁ%@lﬁ\;@&'ﬂ?gp&aéddy current sensor, to provide feedback to the contro] system 170 (see
25  FIG. 2). For example, KLA Tencor’s ADE division manufactures a capacitive sensor 5 mm
2805 probe with a 1 kHz bandwidth, 1 mm measurement range, and 77 nanometer resolution
suitable for this application. The dither focus and control system, such as represented by
functionality included in element 170, may keep the amplitude of the dither focusing lens 151
to a prescribed focus range. The dither focus and control system may rely on well known
30  gain-controlled oscillator circuits. When operated in resonance the dither focusing lens 151
may be driven at low current, dissipating low power in the voice coil windings. For example,
using a BEI Kimco LAOS-10 (Winding A) actuator the average currents may be less than

180 mA and power dissipated may be less than 0.1 W.
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15 motion of the dither focusing lens 151, for example, small distances of about 600-1000 microns. In
an embodiment, the flexure structure 154 may be constructed of an appropriate stainless steel sheets,
of about 0.010" thick in the bending direction and foini a four-bar linkage. The flexure 154 may be
designed from a suitable spring steel at a working stress far from its fatigue limit (factor of 5 below) to
operate over mirny sytiésh20otherTiypanofingmoasst ghehditdiichde:fo endinghienisislodndtiiame 154
may be desi rovide about ore first mechanical resonance, The. moying. mass may
be monitore%ggwﬁ%%glﬁ?gg%h%%%%ﬁ%&w%ﬁ%%@g efllijl(—)rl%e%%nsq ig%; SEN<or %%?Sgagﬁ%}éegg%%pacitive
sensor oraddypleepiczedlsoritrphaite fendbackctoatb cactiraosy ttia 1. 70ugker 26 Fi6Gtia). For
exampie, i AEIFLR ARE BN MANACHIGS ACARAHIR. SeneOla N 2805 fighe uin a 1 kHz
bandwidth, 1 mm measurement range, an nanometer resolution suiabie Tor this aBpIﬁcaI%lon. The
dithér foetithamaponteditey stésrpssaph algeepredhted by functionality included in element 170, may
keep the amplitude of the dither focusing lens 151 to a prescribed focus range. The dither focus and
control system may rely on well known 30 gain-controlled oscillator circuits. When operated in
resonance the ditherfscusiy keh 25 thmagpbeitvivesrnat owtednbotedissipating ilugedvir in the voice
coil windings,RaLS<aMRIe, Ysing d BELKime £2-10 (Winding. ctuatar the, average currents
may be less than 180 mA arngJl power dis%p%t(gucisﬁa?y b less t Ié\ong ]O@L %f&a& Iettsist%&é taeother
types of #fibtivfrofting titises lrsitamddlber wigescofattodtorsits2aemayyble vesdsprodimsotion with
varjgus gmbpdiments. ofithe, Syt .mAdse@?ﬂ”%%qu&r i For.exam le, piezoelectric actuators may be
used as the actuators 152a,b. thrther, the motionl%sf%t gscrleit%)%?r eqr%gfrrl]%yabgee%%?%% at o%agrkfﬁan
resonantfedgrerieiediibairmpaimsmdelpenddntsiaf the footioscoschenodoms chpdotbjsotipect0.

The sengor,15%.sUeh Asthe Garaciive Sensohne included in an embodiment in
accordance vi/ithotechniques:’ her%in,‘ may provi%lle feéi%glggﬁgals%ﬁg w e?’(? t egégﬁ?ﬁ%? (%glslrﬁap Iee%s is
positionéel fecginvithaespestiiontise sidecoted d oty stawsoriéspohitingaeition tsemimasmdntsief the
lens). As il ba slesgrbed elsewhere hersin. g dsterminay : to which image frame
obtained using the focgs sensor produces the best sﬁgarpnggsmg? gg%%%@%agﬁe%ﬁreo%gl lon of the
ditABr foadisisigniansomiy bleddravning diogen! s pBet esamplsine wavenpuositivengslindicataddny the
sensor %y IhaRasiinn Andpdieared e sepaglideBade gx!égge%&@g Grifielslegionics of 170
to determine an appropriaté 15 adjustment for the slow focusing stage 140.1i:or example, In one
embodirfiége, thtymovamamsiione inliveisdope dbiectivecr 205hagptie bonusibdbdydatstminstepper
motor of e SRNHREUSRIAAE I tholag, Rastian | @%%q(ﬁxgh@oﬁﬁeﬁgf#%wa% 06,458 (g determine
a corresponding amount of movement (and corresponding control signaf(s)) t pos?tlon the microscope
objectivé@osappetayetsitgs! g8sitianbisstHeadirestion. iTHbecdndivtatignal (B e 20mtray Henalmsmitted to

the lePhes Helan Abie 0 Rcus AR 44D dp GRS ARRESERRIMSSRasONNg RLUR Mcroscope

objective 120 at the best focus position.  FIGS. 5A-5E are scheématic illustrations showing an
iterationT6PeSEI FHES i st ativiveRiceiritigetbihat shefeast eswritsitiverein. The figures show the
image sensor 110,

FIGS. 5A-3E are schematic illustrations showing an iteration of the focusing

operations according to the system described herein. The figures show the image sensor 110,

25 the focus sensor 160, the dither focusing stage 150 with a dither lens and the microscope
objective 120. The tissue 101 is illustrated moving in the y-axis, i.e. on the XY moving stage

130, while the focus operations are performed. In an example, the dither focusing stage 150

may move the dither lens at a desired frequency, such as 60 Hz or more (e.g., 80Hz, 100Hz),
although it is noted that, in other embodiments, the system described herein may also operate

30 with the dither lens moving at a lower frequency (e.g., 50Hz) according to applicable
circumstances. The XY moving stage 130 may be commanded to move, e.g., in the Y
direction, from frame to adjacent frame. For example, the stage 130 may be commanded to
move at a constant of 13 mm/sec which for a 20x objective corresponds to an acquisition rate

of about 30 frames/sec. Since the dither focus stage 150 and XY moving stage 130 may be
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25 the focus sensor 160, the dither focusing stage 150 with a dither lens and the microscope objective
120. The tissue 101 is illustrated moving in the y-axis, i.e. on the XY moving stage 130, while the focus
operations are performed. In an example, the dither focusing stage 150 may move the dither lens at a
desired frequency, such as 60 Hz or more (e.g., 80Hz, 100Hz), although it is noted that, in other
embodirnbafs |eekosy sherdithes dapetistraeihd haydaiseson &pate B0mwlkls fibfdithe cdbmvdatiansimgrat a lower

freque”%‘éé&lg;’05%@ﬁ%ﬁ%&?’é@ﬂgi}@cﬁBﬁgﬁ%ﬁaﬁfﬁg R AL A S %&%%ﬁ@ey be

commanded to move, e.g., in the Y direction, fromTrame to"adjacent frame. For example, the stage

130 may1 %% EowmraHtE Q0 TRove ar 4 é@mmmﬁ mmmcﬁmmrﬁmma@gfm%&m& pomiesponds to
an acqU{ﬁ'i@éh{@%ss%a?%&{é%pﬁmséé%ﬁ' ceibe didienfocys %@;&%@%@% %Ks%\égag stage 130

may be phase locked, the dither focus Stage 150 and sensor 160 may make 60 focus ca cu]c'étions per

secbnd, Bnfgribichingbiddigstrenbll( (reeeliirgotheHews nriaddwnl dztiowpbirtdeisimeagasieyt 20 focus
poINts PEESEEARAL ALY HSROILE: Bl Hae1 ko f%ﬁ@éﬂ?ﬂ%@ﬂﬂﬁ%&Y@%Q%%'Eehmﬁ%%at?s toa

focus point every 432 pixels or for the 20x objective every 108 microns. 5Since the XY moving stage
130 is moving, the focus point should be captured in a very short period of time, for example 330 psec

(or less), to keqp the:yatalion N, e RCeReARIAIN Ascussd LRHRHR.SMRPIIMERES A%, fyrihep discussed

elsewhere herein, this data may be stored and used to extrapolate the next frame's focus’position or,

a|ternatiet§|§@de§@shp@ﬂé_ﬁ@ rmtpamiapertbt: Beudetmnme raansioonsoponicivaibadyiortnepfdeisposition
of e agtiye frame. WithaAilerteanenonnfa0 fefrd airame aieRi0Fames.ReL sagand the

focus point’is taken at a position no more than 1/4 of a frame from the center of the snapped frame.

Generalithsg sbthai greangechotddthHgereh e denin mig of 3famesdaakectdstisdasysaiptrinigccurate
15 Adirshfacus pRInbMaY beduaion e fssyg:fo.esiaRlish the,pomipal fogys, plang gr seference

plane 101'. For example, the reference plane 101' may be determined by initially moving the
microscépragB|bstiesupbeigsit oithacdl eharseuenstgien 404 thfou fitete ntipk e thin fecsapainl-1 mm
and monjioring.sharpness values. Once the reference plane 101'is 20 found, the tissue 101 may be
positioned in X and Y to start at a corner, and/or other particular location, of the area of interest, and
thelglither focusing stage 150 is set to move, and/or otherwise movement of the dither focusing stage

150 continues tg BeMoRitoFeth RRANNINGIRLLE 1RAriZud i ditglsfogHs HAGe LR BRY.HE or

synchronized to a master clock in the control system 170 (see FIG. 2) which may also be used in

connecti§feierEcCBlsBIiAY then eteemiof e xivTareVinGRtabtl 130y examprediftndnditiér focus
stage 13QWAIE iRMAVR BEUB R A:GMMMELETPav (RBRK A-ValeSinesqifal malien.ak GOAtertz,
assuming an 32% duty cycle to use the sinusoid's more linear range, 8 points could be collected
through HREfOEHS +1/-1 mm and monitoring sharpness values. Once the reference plane 101" is
20  found, the tissue 101 may be positioned in X and Y to start at a corner, and/or other particular
location, of the area of interest, and the dither focusing stage 150 is set to move, and/or
otherwise movement of the dither focusing stage 150 continues to be monitored, beginning in

FIG. 5A.

25 The dither focus stage 150 may be synchronized to a master clock in the control
system 170 (see FIG. 2) which may also be used in connection with controlling the velocity
of the XY moving stage 130. For example, if the dither focus stage 150 were to move through
a 0.6 millimeter p-v (peak to valley) sinusoidal motion at 60 Hertz, assuming an 32% duty
cycle to use the sinusoid’s more linear range, 8 points could be collected through the focus

30 range over an 2.7 msec period. In FIGS. 5B-5D the dither focusing stage 150 moves the
dither lens in a sinusoidal motion and focus samples are taken along through at least a portion
of the sinusoidal curve. Focus samples would be taken therefore every 330 usec or at a rate of
3 kHz. With a magnification of 5.5x between the object and the focus sensor 160, a motion at

the dither lens of 0.6 mm p-v equates to a 20 micron p-v motion at the objective lens. This
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30 range over an 2.7 msec period. In FIGS. 5B-5D the dither focusing stage 150 moves the dither
lens in a sinusoidal motion and focus samples are taken along through at least a portion of the
sinusoidal curve. Focus samples would be taken therefore every 330 psec or at a rate of 3 kHz. With a
magnification of 5.5x between the object and the focus sensor 160, a motion at the dither lens of 0.6
mm p-v BfoERAsies as2edidporPpuednibeidestite b bibidvaighest Fhsphefsrin aworpigetsdebtdheonvey

the positiag abwieh MObeH SNAPRE SRR F8MAL G w RroReRes s UR JoHie SIpWE SiepRgr motor of

the slow focus stage 140. As shown in FIG. 5E, the slow focus stage 140 is commanded to move the
microscérolsjestivean bl theopsattded dpositie nhg mitrassansyohiotidverahg éo1tbe pasttfarastor the

image sensel,h1Q1iR.GaRMT, R R PSEhIRCHDMAdE RO RS AIGR ALINEreR) of R iiRsYR101. In

an embodiment,lglwe image sensor 110 may be triggered, e.g. by thé control system 170, to snapshot

an ifagbesttércaspaagicinOhifehorrscrisriag ditiks tspaeni BliodnAreexbadivwny StageaE80 moves
to the negéhgrmq@ﬂﬁ@?gy&@%%g&%@neﬁg. the githesdgns 'é%'%ﬁlditﬂ?,rtf&’gﬂép§h%g%§9;£§éngﬁ&e§’ and

focusing operations of FIGS. 5E are repeated. Sharpness values may be calculated at a 10rate
that doespsstikottarseiofite ¢ s cddbe dlighes Irpymotion) GlBANY ansohesnwtiesi I36maeses 66 shplot 200

showing{hg gammand wavsformaidng dithaifecus onpfias and ShyRRaISLatssainaioRs grgording to

an embodiment of the system described herein. In an embodiment based on the times discussed in
connecti®susing PRetateemplel P (@S B Arspepracrs Ghammess/»gbrsdsbthe anlseledssmusoid if

theyfens faseRAtRs ALRP tdaidnEck 3R%Heds, RSitivgrfange of focus values */ N = 8,/* number of focus
points obtained in the period E */ At = 330 gsec, /* focus point samples obtained every 330 gsec */ 20E

= 2.67 msec, /* the period over which the N focus points are obtained */ Af = 1.06 gm at center of

focus travel. /* step 86 Of RAUm sEvaGLIRRISTOrS BIsh Abis FEWinY Ao ond 48 AR %406 gm
= 8.48 gm) is sampled through focus processing.
the dither focus optics and sharpness determinations according to an embodiment of the

system described herein. In an embodiment based on the times discussed in connection with
15  the example of FIGS. 5A-5E:

T = 16.67 msec, /*period of the dither lens sinusoid if the lens resonates at 60 Hz */

F =300 pm, /* positive range of focus values */

N=8§, /* number of focus points obtained in the period E */

At = 330 psec, /* focus point samples obtained every 330 usec */
20 E =2.67 msec, /* the period over which the N focus points are obtained */

Af=1.06 um at center of focus travel. /* step size of focus curve */

Therefore with this duty cycle of 32%, 8.48 um (8 x 1.06 pm = 8.48 um) is sampled through

focus processing.

25 FIG. 6B is a schematic illustration showing a plot 210 of calculated sharpness (Z;)
values for a portion of the sine wave motion of the dither lens shown in the plot 210. The
position (z) for each focus plane sampled as a function of each point i is given by
EQUATION 1:

(i - 253
z =F€@§[2H[m:mw

1
sl 72‘:] EQUATION 1
30
Windowing down a CCD camera may provide a high frame rate suitable for the system
described herein. For example, the company Dalsa of Waterloo, Ontario, Canada produces

the Genie M640-1/3 640 x480 Monochrome camera. The Genie M640-1/3 will operate at
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25FIG. 6B is a schematic illustration showing a plot 210 of calculated sharpness (Zs) values for a
portion of the sine wave motion of the dither lens shown in the plot 210. The position (z) for each focus
plane sampled as a function of each point i is given by EQUATION 1: Windowing down a CCD
camera may provide a high frame rate suitable for the system described herein. For example, the

company Bfistanavaccn solromaiits dddia prodbeeixdie@enietiMed00 B1840sxA80mNomochrome

camera. I Genie MedH /3.0l FReLats bt APQ.IaneSErAl 3 IAME,Sigs 9f640. X 3p. T he pixel
ilé 0 nd fo

size on the CCD array Is 7.4 microns. At the 5.5x magnification between t ject cus plane,
one focuBpistel.- s mefaivmrtheockizstt Thongbrerms teopiegto Moy omiecivsrating dh aoout 16
object pi (4 f ' ] fiel ' ' c eis
oo e R R L s e
detérmiris@ddesrdingitsraag geakdv snecofpdinkaip Hes besil dotatiopesition 218y [headditionakd

embodinenigités potak haketahiecys salcutions andieainighes ey e used i el qine the

best focus position according to other metrics, including the use of a contrast metric, as further
discusseindrR&msats Hersipoted that other focus calculations and techniques may be used to

determine the best focus position according to other metrics, including the use of a contrast
metric, as further discussed elsewhere herein.

10

FIGS. 7A and 7B are schematic illustrations showing focusing determinations and

adjustments of a specimen (tissue) according to an embodiment of the system described
herein. In FIG. 7A, illustration 250 is a view of the specimen shown in approximate image
frames in connection with movement of the specimen along the Y-axis according to

15 movement of the XY moving stage 130 discussed herein. One traversal or pass over the
specimen in connection with movement of the specimen along the Y-axis (e.g., according to
movement of the XY stage) is illustrated in 250. Tlustration 250" is an enlarged version of
one portion of the illustration 250.  One frame of the illustration 250" is designated dtp,
referring to a definite tissue point of the specimen. In the example of illustration 250, a

20 specimen boundary is shown and, during the scan thereover, multiple focus calculations are
performed in accordance with the system described herein. In the frame 251, and by way
example, there is illustrated that a best focus determination is made after 4 focus calculations
(shown as focus positions 1, 2, 3 and 0%) are performed in connection with imaging the
specimen, although more focus calculations may be performed in connection with the system

25  described herein. FIG. 7B shows a schematic illustration 260 showing a plot of the Z-axis
position of the microscope objective in relation to Y-axis position of the specimen being
examined. The illustrated position 261 shows the determined position along the Z-axis for
adjusting the microscope objective 120 to achieve best focus according to an embodiment of
the system described herein.

30

It should be noted that the system described herein provides significant advantages

over conventional systems, such as those described in U.S. Patent No. 7,576,307 and
7,518,642, which are incorporated herein by reference, in which the entire microscope

objective is moved through focus in a sinusoid or triangular pattern. The system provided
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FIGS. 7A and 7B are schematic illustrations showing focusing determinations and adjustments of a
specimen (tissue) according to an embodiment of the system described herein. In FIG. 7A, illustration
250 is a view of the specimen shown in approximate image frames in connection with movement of the
specimen along the Y-axis according to 15 movement of the XY moving stage 130 discussed herein.
One traversal of pabsioipaeene spelbizhdh in cuiitldetibnr with mohe miane st dpectivernadony the
Y-axis (afoApsarcinmnenenal nepLaRget by aad it 20, sl s an

enlarged version of one portion of the illustration Z50. One frame of the illustration 250’ IS’ designated

dtp, refesfitRptdos Befisletidew sipbimtioiaradsedeenbdd trnabmpibof dhtistralibe &80 20
specimegLhoundansis; ri hereover, ip I j #
performgg in'acco%fr%em%vi hﬁtﬁges%gtéﬁ%}fgiﬁz%g r%r%é’l ns%n{?ﬁg%rgﬁgg&;sﬁl%gr% %}gf V\r/glgly‘}rijl e%gmple,
ther® is ilegiagedrmands badhfolags dursionitigtiors i mdtiat ameosetbey sheatsatatons @hewivas focus

positionsyfe 2, 3,80 a¢eRedietnachinconaeclion with, tmaging, the ﬁﬁﬁ%ﬁ;}%’kg%ﬁ@%% re focus

calculations may be performed in connection with the system 25 described herein. FIG. 7B shows a
schemati B seaHI 2B BEORAMSY Bl BirHE ZLastsoshidrtiontHeamizrseopesotiedtibertinrelation

to Y-axispesition o ihe sResimenleingcxamined: Lthadlysiiatedpasiton a6t shews hg glptelinined

position along the Z-axis for adjusting the microscope objective 120 to achieve best focus according to
an embdBfmeFRusf theayskaen WdEribud BEFeIFcdE obifciNsuld e srotehtivantheysiememsdelscribed

hergin peVigdessigiifigant.advantages. QUsSkeoRvMentienal systems, such as those described in U.S.
Patent No. 7,576,307 and 7,518,642, which are incorporated herein by reference, in which the entire

microscope objective is moved through focus in a sinusoid or triangular pattern. The system provided

herein is advanyagequ in thaitihis:syiiable don Ussovdib miroseaRe Ahiesive and,An.acqompanying

stage that are heavy (especially if other objectives are added via a turret) and cannot be moved at the

higher frégderede S aaserensL iy dhe farme PepiensT iecithes [ersbateserbeer romid arayterve an
adjusted Masp{&4th R MRS Ighiehdess JRsslapdithe rmimaciag SR BRIRCM G fRcHs Sensor are

less than that imposed by the microscope objective. The focus data may be taken at high rates, as

ded€ribetPHerartoid g ipmacsbedinsay sfidirwrdere dgspubiad kesiprdes 3 BY shwmitither dewne
variation, fhe systemsieacribessharalp redycesd W&gi%&mﬁﬁ@p&%ﬁ MEih ARG System

moves in and out of focus while the tissue is moving under the microscope objective. In conventional

systemstisulithenlRe srtitntRayRrIcsBIsEdF tHersesnatlg paledidh.C. DRIG. 1 kowertieiatic
illustration 3R SAIMRI RR-XxamBir ata-shainness Rrafile-niosluced fram Mowpg raugh dacus

positions, including a sharpness curve and contrast ratio for each sharpness response at multiple

points tHlPEIRSSR AN by SHIEABRTS EREIPRS 1 Bropuead atent iy foran mssdl S riosfaalystem
desgribed hersinnBlaliddOshows.ditherdars amaikde RNusrRMRIRSindhesaXis:and shalpness

units along the y-axis. As illustrated, the dither lens motion may be centered at representative points A,

B, C, D BABME ‘hdivdve? 184t Rt tRerestinplitativtie akdednfaheRapehdyisenagprsdresteach of
the pointgiQ #heBBRIBNESS QHiYRest HEBPALBNGESIFRSRAUSRAIAHRE D HOBY the fagus;sensqg 160, for

a half 20 cycle of the dither lens sinusaid, when motion of the dither lens is centered at each of the
points ACEDRYES ARePEIIRSIEINHRSH BEIRHY, TritHE piBt Binase: BiediforEsstiancyilale ratio for

each of heEhArRRRESACKRONSERDAYINA SPIRRSRARAING BNE.of theRRIMINLE IREOMPBILRC according
to: Contrast function = (max - min)/(max + min). In connection with the contrast function determined for

onéZof tl?@rﬁfﬁ?ﬁ% %ctﬂe@ ao,nasmﬂéﬁlamqg%ﬁ@ SisHRERS response curves 310a-e, max represents

the largest sharpness value obtained from the sharpness response curve and min represents
the smallest sharpness value obtained from the sharpness response curve. The resulting
contrast function plot 320 is shown below the sharpness curve plot 310 and plots contrast
ratio values corresponding to movement of the dither lens according to the dither lens
30 amplitude. The minimum of the contrast function in the plot 320 is the best focus position.
Based on the contrast function and best focus position determination, a control signal may be
generated that is used to control the slow focus stage 140 to move the microscope objective

120 into the best focus position before the image sensor 110 captures the image 110",
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25 centered) and the corresponding one of the sharpness response curves 310a-e, max represents
the largest sharpness value obtained from the sharpness response curve and min represents the
smallest sharpness value obtained from the sharpness response curve. The resulting contrast function
plot 320 is shown below the sharpness curve plot 310 and plots contrast ratio values corresponding to
movement of tHéditHeshers dcéurdirgab thatdithmorerdod0 diagtitn d&s 0T Hiéustimimgimsef ¢figleontrast

function in thep ﬂ&_@@&im%ﬁ%@ f&’%tﬁlﬁtﬂ)‘?sél%%ﬂi %aéﬁﬂrgﬂtﬂkes?&?t[@é&sf%&%

fio,and pest faqus
position determination, a control signal may bé generated that is used to cofitrol the Sfow foctis stage

140 to nreveitseeiet osshperbpieetite heoiiets ttenbebtlfopusipbsityntpfsmtibdmbde S8Ensor 110
Capturescﬂéﬁémgqg‘sglljeolsurface LS h?s??&yv&%ﬁgwtl%ﬂ’l&%}gplﬁ%%ﬁ log ?I%@k%ra% ngr%%%llu(s)yaﬁng

use of the contrast function to produce a control' signal to control the slow focus stage . Ud may be
conSiderddaacdistnibantdaoheciyctheconapl leozandatedy hopréserfotive stidedilt d6Ehamdjing

tissue sudgeiRialie «JoheBmR'e EHNSIONALNIGHK A b geneialon A Dahamngss, yector

information that may be generated by the focus sensor 160 and communicated to the focus electronics
and congehgpsehri Aocamietional o tkBoYabowsthe sendtioh bhatcontrasha pribethe djthealue of

the contigat fungfigihit fg.Loirh (e K IBARSABINGIEE S o TP SIAStAUTRE s gempared
to a set point or reference value (Ref) produced at an initial step where Best ocus was previously
establisHBET REoduese sipprainitinbstrucherdrosst doieis oraparisdnuaiyesipphicheihtEepptiedsgaial K1 (at

funggional black SRELCAIIeCisiRe Ry fogu Og?%a%' RS 55%}0%9%119& gtﬁé%&o p the

scene in focus. It should be noted that an embodiment may adjust the position of the microscope

objectiveaperih the cralasasmnter minichuasisoletrastioriboting o nokeendhe. sthus isfiotnan
embodimei eIt alina-AISIMENR sHeler BARIBABIBENGIdnd hicrobdthe 1 ie d schematic

illustration showing the focus window 402 beingbroken up into zones in connection with focus
processihf atcarsrigapcanvehbadinientust the dyssbaidesmibddoiersineiethe ilistratadientbodiment,

the focusipgRLE SHOAVIAESHIR,8 2985 AR2 MOWRYSI RUEgJRore than 8 zones may be used

in connection with the System 20 described herein. A first subset of the zones may be within a
sndpshot n and a second subset of zones is within snapshot n + 1. For example, Zones 2, 3, 4, 5 are

within the imager&ame 404 SARRRRE AlME:lin 420832 RY £ EIS%RECAMRISIEY, iﬁlj&&*;aeugext Image

frame to be snapped as the XY moving stage 130 traverses from bottom to top in the figure and/or
Zones 0'BIRdZPiFRjbeoBBRsERIeN Hifhi s erextipgarsdraing to be smhppietkens dfidhstayedso 25

traversegfamdomdp-ROtR M Of e iott @nfraous RRSIHES Bs LviddBRA SR PeHSER © siLgpolate

the best focus IEjlosition for the next snapped frame at position 0*. Coverage of the tissue may be

establish&e? Tohaxsnsicienire s unir) Baefhantire pandsn wedeisingpnrstiompidicthe oy dtmterest.
307he reetanguipkadndow 404 afube iPage SRRSRIPBY @ﬁ}ﬁﬂ%ﬁ%ﬁi&ébﬁ direstioppltigugliof the

stage 130, such as a column of frames acquired durin |ma%ing is aligned with the rectangular focus

window 2D20MRdssTzEhi thershiice it thefirnaganilmeans, ishd, & aic avithir seNBagsdracD
camera, 46038884432 MES IR 3 DA REHENShd hE: AITRY 8136 MAY e (2352 X
7.4 micron/30) x (1720 x. 7.4 micron/30). The image
snapped as the XY moving stage 130 traverses from bottom tfo top in the figure and/or Zones
0 and 1 may be completely within the next image frame to be snapped as the stage 130
25 ftraverses from top to bottom of the figure. Focus positions 0, 1, 2, and 3 may be used to
extrapolate the best focus position for the next snapped frame at position 0*. Coverage of the

tissue may be established, for example, by exccuting a serpentine pattern traversing the

complete area of interest.

30 The rectangular window 404 of the image sensor may be oriented in the direction of
travel of the stage 130, such as a column of frames acquired during imaging is aligned with
the rectangular focus window 402. The size of the object in the image frame 406, using, e.g.,
a Dalsa 4M30/60 CCD camera, is 0.588 mm x. 0.432 mm using a 30x magnification tube
lens. The array size may be (2352 x 7.4 micron/30) x (1720 x. 7.4 micron/30). The image
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frame's 406 wider dimension (0.588 mm) may be oriented perpendicular to the focus window 402 and
allows the minimum number of columns traversed over a section of tissue. The focus sensor is 0.05
mm X. 0.94 mm using a 5x magnification in the focus leg 406. The rectangular window 402 may be (32
X. 7.4 micron/5.0) x (640 x 7.4 micron/5.0). Therefore, the frame 5 402 of the focus sensor may be
about 2. Zsanadled ifawitse draeisitdd O ifonimagepdrsoiceaed prayebdiadvantde tusly waethw
connectigiwith aioeksabead: I ?h[}l ' in ltiple zones, asfurther.discussed
elsewhere herein. According tlgg gﬁls é{}#gtg |megh&t§%1f&[‘:ﬁsg%§yégtre£§ng gg%ﬁggﬁﬁgr%frﬁsi]i% ees)t#?géﬁs
deteiminsithsas iffa) bamade. permse oo avith mashafioness cafbelkon lvmdécevry 388mgder resulting
in 8 sharpnesses galculate 2467 1 R oximggeﬂ){ %.duty cycle for an 8.3
msec half dither period gf tﬂé% \gﬁef[%er 'Iens(?gﬁ%?g'rﬁ)q%%Agg%gﬁb%é{%gr%etric f(flr%%aeég OEgéﬁ%en%rgy?ge
computetPard droleduyvhocompbtingasharptdiss thatribddransidgie 6 tusipoigd ssing,nudiple
zones. thg,SnaraReaR el navha sARIIDINGAICL £2801.4008 200, 50MPlad, [ exaimple. such as
by adding dll sharpness metrics for all zones considered at Stich a single point. example 5f the
sharpnessudicphpueatonepdriberedselswhadhEQUATIBN2 (Bagardaseth om wstholimeamet thwindowed
to a 640 X 32 StHR) S - dinension B.4Rdud2-andcalumn |, dimension m up t0,640/z, where z is
the numg%r of zongs, sha}rpnés’s for a zong mséy %% repres?élnté?ia gygﬁwiﬁ'l%ﬁl sf:gon\ﬁxim‘e%ﬁkﬁs an
integer bbaiREOrdeiaticn Mmadd &vathdshesprisssl instricSadmiyorthmdmiasedlsvdre ¥ded in

congectipnavily (e Y SIeR ASSAHRRT, Nesein 45 I0eiX Y mayiag SiRge 30 5 mgving glong e y-axs

the system acquires sharpness infoimation for all of the Zones CUS Wi
desirabldigetenstagéIBO is moving to know how 25 the tissue section heights are varying. By
computing a sharpness curve (maximum sharpness being best focus), by varying focus height, Zones
6 and 7, for example, may provide information prior to moving the next frame on where the next best
focus plane is fostisneessihiaige fotwsdharenarcarmicipated bydhintodk¥headptpusiage 130 may

pe sloweg JsRIQVide ok d sl RRGEARIISIG BRIRLALAR e RegDL HARSIAN; 39, (BUMING the
scanning process, it may be advantageous to determine whether the system Is transmonﬂg from a
white spégf@_rmm%&reqa@éwaeﬂ spavEngssoe pxByRlsTGting bhardsiess]lisiZgmessranky, for
exampleg,t i ROFEINGIAdRdIGh KNS LA ONE ARR YK R pie of the sharpness computation per

zone is shown in EQUATION 2 {e.g., based on use of a camera windowed to a 640 x 32

strip). For row i, dimension n up to 32, and column j, dimension m up to 640/z, where z is the

number of zones, sharpness for a zone may be represented by EQUATION 2:

g1 E K-

-0 Swarpness = DSt [(f 0 ~Tigen) | EQUATION 2
where k is an integer between or equal to 1 and 5. Other sharpness metrics and algorithms
may also be used in connection with the system described herein. As the XY moving stage
130 is moving along the y-axis, the system acquires sharpness information for all of the
Zones 0-7 in the focus window 402. It is desirable as the stage 130 is moving to know how

25  the tissue section heights are varying. By computing a sharpness curve (maximum sharpness
being best focus), by varying focus height, Zones 6 and 7, for example, may provide
information prior to moving the next frame on where the next best focus plane is positioned.
If large focus changes are anticipated by this look-ahead, the stage 130 may be slowed to
provide more closely spaced points to better track the height transition.

30

During the scanning process, it may be advantageous to determine whether the system

is transitioning from a white space (no tissue) to a darker space (tissue). By computing

sharpness, in Zones 6 and 7, for example, it is possible to predict if this transition is about to
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occur. While scanning the column, if Zones 6 and 7 show increased sharpness, the XY moving stage
130 may be commanded to slow down to create more closely spaced focus points on the tissue
boundary. If on the other hand a movement from high sharpness to low sharpness is detected, then it
may be determined that the scanner view is entering a white 5 space, and it may be desirable to slow
down thestage Y30ltoscraateartbee aibeely shdoadsfdcasddintwen inedissd elivopncarythin ¥keas

where N&g6:HENAIENSAHN0! B NAIR0R 1QMAYRe CommANAE A TIRKe dhlighgy.gonstant

speeds to incréasethe total throughput of slide scanning. This method may a vgnflasgeously
fast scameingstivstie hsoorbingderthdisystém eabschbed hareisnsma fshotbiginyhbetake movidile
focusing [ I 0. Furthermor | d in_a first scan and stored
and snaB%h tsésrggé%%%gtﬁéhtgfﬁ&%gu%p%ﬁts u%ﬁéﬁl% su gga%%ﬁ%%%}ﬁng%%&n@é%may use
confrastseais.cmtbiiction beadlgeisahlea tmslomedsimithe toatvat 3 tdeseribenbhe rhinclyitpatwrfness values
to detect,changesdn f relj ' Iti intq, or out, of areas.contajpning tissue
or Whiteﬁépace. 15tH% Q%r%e%ganr%% g', ?}(ﬁ%}%‘%ﬁé}l&(ﬂlﬁéﬁ ?n%%lgl)% élcl:%na,baltl(t%eo ?r%ué’géﬁ rgtr?]%e;fég of 0.588
x 0.432 m#y, Hereramandeddlummes oktihighenchnetiuimindsds 85 iirarnes. hedntihdgingiate of 30 fps
each colymp isfravgprsedin 1 4.saconds L@ agal nds,. Since the focus sensor
160 computes %2%.}{.(% more) foc%s pc%#ﬂ%% égﬁr secor?gi,1 %%(%%s%%%gg%%:ﬁr%% fé%%ére%“ﬁ%@%otain 4
focuses petieashisiqmodetscibsib dengividserbshet fpsly At dnkienayiniderdteustgD dpk, scanltiviedis 15

seq@ndsynanipiusas Rerame (g beysesizen dided b BRdRe)-d3 ANPSK sMRagiment. a color

camera may be used as the focus seénsor 160 and a 25 chroma metric may telmlnea/al?ernatively
and/or atditibpElgstdaries SREHrissiehsrbstateniccRoraxanpidmaDaisayouio cersidnatibthe 640 x

480 Genjg cameranaynesuiiablyitsed %%ﬂ@?é@&é’s%ﬁﬁ&?ﬂ&%ﬁ?v%ﬁ%ﬁ%gggg’sL@Aﬁ%&:})@%ﬁ%@%?”t- The

chroma metric may be described as colorfulness relative to the brightnes a simila uminated
white. IncEaueason forss @O eRTIONSy3icigntiaB ralsibona (GYmayWed Hrsarcootmibingtioausf R, G, 30
B color 'B‘F@vﬁﬁ’t‘@%a@@ =-37.797 xR - 74.203 xG + 112 x BEQUATION 3A CR =112 x R- 93.786 x G-
18.214 x BEQUATION 3B Note for R=G=B, CB = CR =0. A value for C, representing total chroma,
malPbe determined based on CB and CR. (e.g., such as by adding CB and CO.

For example, for a 15 mm x 15 mm 20x scan, at the image frame size of 0.588 x

0.432 mm, there are 26 columns of data, each column has 35 frames. At an imaging rate of 30

fps each column is traversed in 1.2 seconds or a scan time of about 30 seconds. Since the
focus sensor 160 computes 120 (or more) focus points per second, the system described

20 herein may obtain 4 focuses per frame (120 focus/sec divided by 30 fps). At an imaging rate

of 60 fps, scan time is 15 seconds and 2 focuses per frame (120 focuses/sec divided by 60

fps).

In another embodiment, a color camera may be used as the focus sensor 160 and a

25  chroma metric may be determined alternatively and/or additionally to the sharpness contrast

metric. For example, a Dalsa color version of the 640 x 480 Genie camera may be suitably

used as the focus sensor 140 according to this embodiment. The chroma metric may be

described as colorfulness relative to the brightness of a similarly illuminated white. In

equation form (EQUATIONS 3A and 3B), chroma (C) may be a linear combination of R, G,
30 B color measures:

Cp=-37.797 xR - 74.203xG + 112 x B EQUATION 3A

Cr=112xR-93786 x G~ 18214 xB EQUATION 3B

Note for R=G=B, Cp = Cg =0. A value for C, representing total chroma, may be determined

based on Cp and Cg. (e.g., such as by adding Cp and Cg).
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As the XY moving stage 130 is moving along the y axis, the focus sensor 160 may acquire color (R, G,
B) information, as in a bright field microscope. It is desirable as the stage is moving to know how the
tissue section heights are varying. The use of RGB color 5 information may be used, as with the
contrast technigue, to determine whether the system is transitioning from a white space (no tissue) to
a colorful space (tissue). By computing chroma in Zones 6 and 7, for example, it is possible to predict

if this tr_ansition <3 QHQ%SP%?S&M Efrag)er %@rilgpiked\ygéyallittle roma is Qf?éef%t&% , §Qesr3> rcfe% %Elaq it may be
recognized that no tissue boundariesS are approachl g.?—‘igweveyr, While scanning the focus cglumn, if
Zones 63qdirc 1@ kndR.iftrédsetbomaing, then therithy8d80mayshepeonimantisotdolslawidown to
create moye closely. s ints.on the tj ndary. If on the other ha oyement
from highk? c%?o%a%ﬁ%&a\t/%?ﬁﬁgqnfg?ﬁ é{é{‘é%t%%é tf%é&?‘?tryrﬁé% L{g deteimined tehlgietﬁges(épa%réeér}%o\fé)ﬁtering a
white spadermadon may be wedirableith Slowatwst thehsigge, 130d¢eTnéatevmahercibsalsspated focus
points on fhe.ti ; these t itions do.not gceyr, the 15 stage 130 may be
comman de§ 1#)8%%%73%%%%1} %ﬁ%%gg?\%%%ege% f t{%()) ignccg k?eé]é%é‘z %H%c?o % St%%dl%ﬁf)%?gﬁtslﬂﬁeg%gglnaning.

In connddtidpngsth aaeé af@u@m@,\ﬁmm@@ma@mamm,mzdonhsmvmm détermine
when the field.af view ey uproming.ame(ELis LiRling-or.exiing a side. 20 area with issue,
processing variations may be made. For example, when entering an area with tissue from white space
(e.g., bebnvednriss carppR)dhioge nitow iy ehewhidérectiving dycbdecrehsed, afidenasifbed 6f focus
Poings obipiRefmaxA A IReans: HDSANNNRIIIE paGe AN ARREIMRIR IRt saiTples,
movement in the Y direction may be increased and fewer focus points determined Gntil movement over
an area elonekiniggdsiesus deielsted (batiseBsbonrakuy Ifcredbe dtbhardmadandiorshanpriess values).

FIG. 11 shavenaaepnica! dinstiatosaldiiernt saimnessyaline. A BLMAY be ohtained af points in
time in an embodiment in accordance with techniques herein. The top portion 482°InCIlides Feurve
452 corredpoitriigee ankalt sre waviesiyeite(éogsidvaldoia tBO sirgylel pedk weeaknoyeleloreheriod) of

the ditheaéplfaa_a ReNemERL ThenX axis-couasnands 5%@&1 JENg ARl %}{é‘éf&%%gi%%ﬂi%cy"'e

and the Y axis corresponds to sharpness valués. Each of the points, such as point a, fepresents a

poitit at FWageh B fany ibosemeandsihdahaduoeust segber wonstentaggiedrantie imalstaindbleatcsatiither lens
amplituqﬁl@g nfed;Ry the X axis value of the point and has a sharpness values represented by the
Y axis value of the point. Element 465 in the bottom portion 464 represents a curve fitted for the set of
sharpness values obtained as represented in portion 462 for the illustrated data points. FIG. 12 is a

flow diagram 50 ét}%iélﬂ){?'\#ﬂﬁ'ﬂé’ef%%%ﬁséﬂv&%f ing SERNING, values, and/or chroma

values to determine when the field of view or upcoming frame(s) is entering or exiting a slide
20 area with tissue, processing variations may be made. For example, when entering an arca
with tissue from white space (e.g., between tissue areas), movement in the Y direction may
be decreased and a number of focus points obtained may also increase. When viewing white
space or an arca between tissue samples, movement in the Y direction may be increased and
fewer focus points determined until movement over an area containing tissue is detected (e.g.,

25  such as by increased chroma and/or sharpness values).

FIG. 11 shows a graphical illustration of different sharpness values that may be
obtained at points in time in an embodiment in accordance with techniques herein. The top
portion 462 includes a curve 452 corresponding to a half sine wave cycle (e.g., half of a

30  single peak to peak cycle or period) of the dither lens movement. The X axis corresponds to
dither lens amplitude values during this cycle and the Y axis corresponds to sharpness values.
Each of the points, such as point 462a, represents a point at which a frame is obtained using
the focus sensor where each frame is obtained at a dither lens amplitude represented by the X

axis value of the point and has a sharpness values represented by the Y axis value of the
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5 of a specimen under examination according to an embodiment of the system described herein. At a
step 502, a nominal focus plane or reference plane may be determined for the specimen being
examined. After the step 502, processing proceeds to a step 504 where a dither lens, according to the
system described herein, is set to move at a particular resonant frequency. After the step 504,
processpprocBlstietd d#6lenshe whdeotroiivméidniestes s al Owommdediddrichmoxe af a
p?““cu'asfhﬁﬁeﬁﬁ% s LR.00bed. iR mﬁﬁ?‘é?én%ﬂﬁgn%é% %g %9%@%{2&’&&%&‘8&%8{?&%?the processing
discussed herein, may be appropriately modified in accordance with the system’described herein.
After the step 506, processing proceeds to a step 508 where sharpness calculations for focus points

with respect to SPeG ' [ -performech| ction with the ion {e.g.,
sinusoidal) of tﬂ%‘itﬁ%?%?%@%%%%ﬁﬁ%@f‘ﬁé@ mm§ gégf%g%ﬂ%ég Fr? > %e%ﬁg%%ée%%%glculaﬂons
mayp incleitie Wseitfescntégs cxarometiandisoutiver tapprophatimesastites ostiumtdesadibed sedrelsewhere
herein. S SSi r fac ition is
detomnca for ST T TR
capture bailgggenziocordingies the syiizld, duseeisent ersiredafiepthlersté)d 5dBrprodibsingnsroceeds
to a ste i . Ing: ition. | n slow focus stage
Contol e T D e T Bt I I e B 0
trigger si@_ﬁalf tﬁimétﬁarﬁ% E@%ﬁsﬁiﬁﬁgw@é@%@r)tm@a&i@ﬂré% iriee tethd Spacinien gogkors under
theygbiegtiin HR 41098051009 MANRRAKBINOLSOBBlERHENA 2R AARELR Al S18 NAAR e image
sensor such as, for example, after a specific number of cycles (e.g. as related to the dither'lens
movemenih Aﬁb@ﬁtﬁé@ﬁﬁep%m processshiy Pirsuewds heraitestglep6 pnvheristitlis dedifivihdd whether
the speed of e X YRO VNG Slags Juldipcithe-specingkn mg@%, sﬁl}sgégs%?%agm% ONP
determination may be made ‘according to look ahead processing techniques usihg sharpness and/or
other infeflRatidh whmalﬁ%ﬂ&zmgalg@m@m&rsfﬁém obvitswHb figevst (ﬂ@s&lﬁs%@bim@t@@i@sewhere
herein. Ib:ahihedestsienaddyis derbigadiRtihespasd olineXYsiaar riabaadipied. hen
processing proceeds to a step 516 where the speed of the XY moving stage is adjusted. After the step
5163 pro®eessHig e ceedy Baek @@sm@»@igbesns-. 1T themeresstopl@lationis wetelinalndd wsatafo
adjustmepfs:1q;the, SRCELAIHhE LY MPINGLRLAAE QTR L DR, ARG IDERAT ORLSIRG RERGRES to a test
step 518 where it is deteimined whether focus processing is to continue. If processing is to continue,
then processing back to the step 508. Otherwise, if processing is not continue (e.g., the scanning of
the current spegimenig 5 RBE ) INERLACUS-PLAGESENAJS Sndediand Piseseing i samplste. S

FIG. 13 is flow diagram 530 showing processing at the slow focus stage according to an embodiment
of the syttmmdediiasisrsin Ata g B30 e iiow fot it starpstiviatitntroinagssshion (@.g.,
alogg the,Grad SO RBUCIORFARE: ADIBRIVG: LR RINESi BRONTRISIORALIVR Ifgragop faragdiysting a

position of the microscope objective that iS5 examining a 10 specimen. After the step’532, processing

proceedBIRS s 53 REFeTHErS D wOoRSERISigaak s dhs duitioly B ime sitieroiscesné Biective
accordingqlg Kﬂa@@sﬁ@@&%ﬁﬂ?ﬁgtﬁsﬁg%@ﬁ?ﬂﬁﬁ %@é@%%gﬁ%%ﬁ@ﬁ%@%éﬁ 3wailpg step

536 where the slow focus stage waits to receive another control signal. Atter the step 536, processing
proceed@%éﬂ@%é@@ﬁ%@?ﬁi gger signal to the camera (e.g., image sensor) to capture an image of

the specimen portion under the objective. The trigger signal may be a control signal causing

25 capture of the image by the image sensor such as, for example, after a specific number of
cycles {e.g. as related to the dither lens movement). After the step 512, processing proceeds
to a test step 514 where it is determined whether the speed of the XY moving stage, holding
the specimen under scan, should be adjusted. The determination may be made according to
look ahead processing techniques using sharpness and/or other information of multiple zones

30 in a focus field of view, as further discussed in detail elsewhere herein. If, at the test step 514,
it is determined that the speed of the XY stage is to be adjusted, then processing proceeds to a
step 516 where the speed of the XY moving stage is adjusted. After the step 516, processing
proceeds back to the step 508. If] at the test step 514, it is determined that no adjustments to

the speed of the XY moving stage are to be made, then processing proceeds to a test step 518
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FIG. 14 is a flow diagram 550 showing image capture processing according to an embodiment of the
system described herein. At a step 552, an image sensor of a camera receives a trigger signal and/or
other instruction that triggers processing to capture an image of a specimen under microscopic
examination. In various embodiments, the trigger signal 20 may be received from a control system that
controls wlggering déttminagesehsofoimagecepiueiprocassingeaftérrecspadific inumbertoheycles of
motion of a dither lens used in focus progessi ccording.to the system described herein.
Alternative%r)},&% %Cr(tirs(lggla ?gszlléj?ﬁe{i)rﬁ%y %%pp$§§id3§‘§%"s"‘él eC)rl% ) 6%%?3%}%%33%?8? Sht ‘%“ﬁien%v’i]ﬁ% stage.
In an envsedintertf the positionseinsar imaynbel cdRehishfwdsipearckncy desridat ehdNprot:000: 10A.
After thei&%gn%%e 25 processing proceeds to a step 554, where the image sensor captures an image.
As discusse etail herein, the captured image by the image sensor may be in focus in connection
with>operation of a focusing system according to the system described herein. Captured images may
be stitched tog riR acgqrdance with,ather technigues referenced herein. After the step 554,
processing pro%z?dégo%aﬁsgtgp%%mvgh%% %Wﬁﬁlgdjétg’scgﬁsslg' veglget%q?‘gcg\c/‘ésasn%t%%? ?r]l%%gor signal.
After theastepbs&npaicesdhny syrtmeatis driek thetlomstelt 562tep 5IGhd Slisva kehensatie, ifhstration
600 showing.an alternative arrangement for facus processing according to an embodiment of the
system &scr(%sed%e}e%ﬁ %%/fr?ag(gn gﬁc%c?c%m e#;s%%n rlncé?/s ave & r%%%’& St of View %62 that
may be tifidd wiethetinisdqosiiiotied 1opdidgomalfytscaniarswatie uijstantialiyeguat imthmgvidth of the
imqging ﬁgrﬁyam eF V ?t% .313\5 described herein, the windo ay,be t'&%ed in the direction of
travel. Fc%%gxarenple, tﬁwé%&emeéFOV’ 602 of thé fitlec ?gcszl% g’esn%grg irﬁa‘f\/; eéer({) 3%8?(?%%“5393 fes which
would havéusis Effeptivioideli ticOndidrrs0o7070bi0066 sarcatdhe objdiot (yssime)ddhe feainer®oV 604 of
5 the im%qiglgﬁ%nsstg pay have an ffecti idth of 0.588 mm, therefore, as the XY, moving stage
holding the tissue moves u derethgl tl)%)ét\(lé\%g\é’t e%i%%é%%uggegeﬁggr\’%%gﬁet oV80 Ogg%gp 8 edges of
the swathasiyserveetbyy thethsagersansognih thefidetherteltididtiramessghthertittesifdeuk sensor are
shown syperimyposed on the image sensor frame FOV 604 at intermediate positions at times 0, 1, 2
and 3. Focus points may be taken at three points 10 between the centers of adjacent frames in the
foclks column. Focus positions 0, 1, 2, and 3 are used to extrapolate the best focus position for the
next snapped figme gf position, 03 Gap té r this method would be similar to,the methods
described elsew ere herelgn. év%i éa%]ﬁame F%%%%ﬁllg?meecﬁﬁg ‘tdcus sen o?cﬁggdé\ngh{:)grtaélr look
ahead, innehiedomsatoof 0exs(Gtom GlaAad-hort@ mrvtor theptifttd] focus asnsersencrbactimsed?2% into
the next frame 49 be 1a.asgiiied.dhe fiame EQV.602.0f the tilled focus sensor, being, oblique with
respect to the image enség’lﬁlt| frame FOV 60311,35(383031%3 t%ssu gonsdtﬁlgo%e alélé of t%aé) %éggr?“%\l/\rlré Awhich
may be aflvategiawustindse rzisrenses toxprovidecsd g fuetsunfonhadiomfiGht g gescherdatic
llustration, 650 snowing anAlterpatiyas auandementiorfocys A% piocssaing ascording to another
embodimer?t of the system described hegrrein. As In the ihustra%zgon %%S,tﬁlee ?ggﬁ% FOV 652 &t the titled
focus setstHEITakesframeEONsBEA LT e haagé seheorissiiowm! BhditframenF O3sd 52 fottke tilted
P dsiipeRaana HieHesyR I AMANAM AN AN RATD ARLIPRINE sl e
backward pass tfie imaging sensor snaps frames while the focus stage adjusts using the prior forward
pass fodti§tded breeons nestod: rsrakeoto this Yt ayiegariénmalesframboskipginglinteisiediate
Positions flsde TnckdNe RUBIAISINAG MR YoM AGRIALR CafINPNR “xdfe Shiged ) e forward
pass given the high rate of focus point acquisition. For example, for a 15 mm X 15 mm t 20X, a
coRimn BFariREIBFeamis 0 Sintw thetfothere tha inage shedreaRor goimtépereseborntisthaddrward

pass cagb-exeruis, he- 3560095430 SirmesA AR fOsNs RIS, 08k 365D e Amkeef

operation of a focusing system according to the system described herein. Captured images

may be stitched together in accordance with other techniques referenced herein. After the
step 554, processing proceeds to a step 556 where the image sensor waits to receive another

30 trigger signal. After the step 556, processing proceeds back to the step 552.

FIG. 15 is a schematic illustration 600 showing an alternative arrangement for focus
processing according to an embodiment of the system described herein. A windowed focus

sensor may have a frame field of view (FOV) 602 that may be tilted or otherwise positioned
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30 columns in this example is 26, therefore the focus portion can be done in 26 x 0.3 or 7.6 seconds.
The image acquisition at 30 fps is about 32 seconds. Thus the focus portion of the total scan time is
only 20%, which is efficient. Further, if focus were allowed to skip every other frame, the focus portion
of the scan time would further drop substantially. It is noted that, in other embodiments, the focus

strip of tHedigeusadbnsenrmayy bk pekitioriel veomhbiddeatodsvatiihe ineafislg sheiovitaand P Bther
orientatigs, 1R Sarpipariacent sRIUMRS.Y ARl ArRYide @9%@&%&%&@%%8@&&% fion that

may be used in connection with'the system described herein. 5 The XY moving stage conveying

the slidetirdiprep EQXMHEBedithsdiided divassrodotatphatietided sy d rdcalogit histpeotid thvse
producegl,aihe Ragkwardriiayel bofor 20x & N4y ARISHIE WNGTR tha e RS fRRYSi5,Q,P micron,

it would be desirable to repeat to about 0.1 micron. Stages may be constructed that meet 0.1 micron
forward/BEckuvsiog e pessiabiity ey cadeAectdreingih i Prédliramdheisleeehsi dhtyi¥asiblénas further

discussed SLSRUIRIE HETERue molt a0 fIPAdIBGRLALSHE Aeamsas AGaRs R IR RS

examined according to the system described heréin may cover the entire slide or approximately a 25

mm x 50¢hiredgesn Rbsoinkgnshaes g pondienmagakensombride sgertoreliNg fomke disfective, the
coupling;medigspfo £@ﬁs§9d$«é%%0£&9&wﬁ&%ﬁs%aﬁ%”i‘ﬁé%@vgéﬁg'&thfx%ﬁr@'ﬁﬁpr&?@@@'e’ at

60x, for a 0.9 NA microscope objective, plan apochromat (Plan APO), in air at green light (532 nm),
the laterbttpEgsflitisnnostienmit dseehd.id aBomd 2 uhewithraigtspthasf feciakesf ot Shuea. ionts  |n

conpectipn.with aperatiens af {ip systeadesarinedheteindiital images,mayRe obtainge by moving

a limited field of view via a line Scan sensor or CCD array over the area of interest and assembling the

limited fi&lel WediEnzsBrnaaie sherha Sesprenasitiondemtzemesassapprd desnrasieptsitiondinddwic appear
seamlesg WithNOoyiSIRIeRERDd IOGHR M 2RHTRIIRNGS ARABAIGIRFLRE MRWELRAYIgAIeSREIRSS the

entire image. FIG. 17 is a flow diagram 700 showing processing to acquire a mosaic image of

tissue ofP§ Siaee RN @it ¢ Bie sithesbérevericarenday sisheresansethprdein. this xate9-702 xa
thumbng{ inage;of the glife MAYvPeGRUITe0ENeBehaL INATS MAY D82 1M 1eSaliPg.

15  acquired, the frame FOV 602 of the tilted focus sensor, being oblique with respect to the
image sensor frame FOV 604, sees the tissue on the edges of the scan swath which may be

advantageous in certain cases to provide edge focus information.

FIG. 16 is a schematic illustration 650 showing an alternative arrangement for focus

20 processing according to another embodiment of the system described herein. As in the
illustration 650, the frame FOV 652 of the titled focus sensor and the frame FOV 654 of the
image sensor is shown. The frame FOV 652 of the tilted sensor may be used to acquire focus
information on the forward pass across the tissue. In the backward pass the imaging sensor
snaps frames while the focus stage adjusts using the prior forward pass focus data. If one

25  wanted to take focus data at every image frame skipping intermediate positions 0, 1, 2, 3 in
the prior method, the XY moving stage could move 4x the speed in the forward pass given

the high rate of focus point acquisition. For example, for a 15 mm x 15 mm at 20x, a column

of data is 35 frames. Since the focus data is acquired at 120 points per second, the forward

pass can be executed in 0.3 seconds (35 frames/120 focus points per second). The number of

30 columns in this example is 26, therefore the focus portion can be done in 26 x 0.3 or 7.6
seconds. The image acquisition at 30 fps is about 32 seconds. Thus the focus portion of the

total scan time is only 20%, which is efficient. Further, if focus were allowed to skip every

other frame, the focus portion of the scan time would further drop substantially.
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30 on the order of a Ix or 2x magnification. If a barcode is present on the slide label the barcode may
be decoded and attached to the slide image at this step. After the step 702, processing proceeds to a
step 704 where the tissue may be found on the slide using standard image processing tools. The
tissue may be bounded to narrow the scan region to a given area of interest. After the step 704,
processing profesdsdisd iep 06t heneraamidémtsotiinfteus petpnoithy fecattached tazy Hane of the

tissue. AfIRE N8P 708, RIDSESRINGMAY RICRERrIP Aalen 08 hRte gne.ormore Jocus points may
be genetated at regular X and Y spacing for the tissue and best focus mayebe determing sing a
focus tecHiticané, coliwhimscdriar tmore ofi¢hel didlyafdookinbetet hrfiguesidis s sedyelsewdedrim herein.

After thecgh%czﬁg,‘pﬁgggg%?gﬂg %Xrﬂf@c?ﬁ%%i&o a step 710 where the coordinates of desired focus
u . s .

points, and/or other appropriate information, may be saved and may be referred to as anchor points. It
is nbted that where frames lie between the anchor points, a focus point may be interpolated. After the

step 710, proc 'r},g‘_n]ﬁ C t { here the microscope objective is positioned at
the best focus 651ps(i)%ition mﬁ%%%r%%%c%%ﬁﬁ% %c\glﬁ%l?ggydfggﬁas%%g erSé]fvgﬁnel?ep herai ?‘%ﬁg?(ﬁ}e step
712 procestindoprosddiy e withagsptdt whéresamivdageliscolie dedwatib ithelstep 214)xpbdtessing
proceedg o d iest hereit | mi , n entire area of interest has bee
scanned and i)rtnag‘g%‘?;{;ll}zrg%%%gﬁ%ége%%%@p??ggggls% %ﬁg %%1%87%68 %R%%@%h% egg%eagﬁ%ves the
tissue inthanicarmd/Btayedireetidescabiaedoddibg toaticdtéchitipueddisrdésel eiséwirertahdibin. After

theystep kS RIBRERSING BIRCRES:ORClAMERIRR 08D Rl SRR d6, (IR dglenmined that an

entire area of interest has been scanned and imaged; then processing proceeds to a step 30 where
the colldetednimage frames are stitched or otherwise combined together to create the mosaic image
according to the system described herein and using techniques discussed elsewhere 20 herein
(referring, for example, to U.S. Patent App. Pub. No. 2008/0240613). After the step 720, processing is
complete. It is Aotedembedithenappioniate secuance glmsaylddedbie giseenincd mueatibng/tithithe system

described NEIPIIOACAUIEANG ) /G MOSAILUAgeS: hahAdyaNiagapys pRRLANRLAl Ing,system
described herein, z positional repéatability 25 may be repeatable to a’fraction of the depth of focus of
thelpbjeBwvelutiam it darardeafumingadiieczigid sitorisy (ABAbadstmotbidetiaasitheseenpiing tiled
system ) i J I j istemFor the resolutions
mention%oli;}ia%lfjﬁ\?e0 %%%4;9? %%e%&%%f%%%ﬁ c%? t%gagt?li%%?é}%n na%gyr%\%tﬁér g(r)]léaég%sp zés%tjable, and
such repéssalsiiay WolNdh adetraiagly chEdiiaiefornotispobledtivesA Bithiasixat20xanbitbt 3040x

oblectivesss nf)CHRIHAIIRLIR NG MSIEARSEIRCHRIT Warlot PORIPANS, of g slide

stage system including an XY stage are provided for pathology microscopy applications that may be
used in B8hnection with the features and techniques for digital pathology imaging that

20
In connection with operations of the system described herein, digital images may be
obtained by moving a limited field of view via a line scan sensor or CCDD array over the area
of interest and assembling the limited field of views or frames or tiles together to form a
mosaic. It is desirable that the mosaic appear seamless with no visible stitch, focus or

25  irradiance anomalies as the viewer navigates across the entire image.

FI1G. 17 is a flow diagram 700 showing processing to acquire a mosaic image of tissue

on a slide according to an embodiment of the system described herein. At a step 702, a
thumbnail image of the slide may be acquired. The thumbnail image may be a low resolution

30  on the order of a 1x or 2x magnification. If a barcode is present on the slide label the barcode
may be decoded and attached to the slide image at this step. After the step 702, processing
proceeds to a step 704 where the tissue may be found on the slide using standard image
processing tools. The tissue may be bounded to narrow the scan region to a given area of

interest. After the step 704, processing proceeds to a step 706 where an XY coordinate
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are discussed herein, including, for example, functioning as the XY moving stage 130 discussed
elsewhere herein in connection with on-the-fly focusing techniques. According to an embodiment, and
as further discussed in detail elsewhere herein, an XY stage may include a stiff base block. The base
block may include a flat block of glass supported on raised 5 bosses and a second block of glass
having astrismguiayy drosgasbetian suporatiiontisised hissés Thp 106, plockssmgyrag predas smooth
and straight rail ways to guide a moving stage block, FIG. 18 is.a schematic illustration.showing an
impIemelt??ta‘%t|’%)€E‘%§‘ol?(§;18 ﬁgg{gigﬁes%g%oﬁ é@g S(g%gl?%. ’Qa%’té’éegﬁ%?ﬁ%% &t BiY XY ¢ aaigné15 %8?8%%5 to an
embodinienthefiibrisysttpest éscnibed heeaintcFoinedarmiple thewr egibiogustage!880omayraabieve z
peak rep litYsQr r f 150 nanometers or less over.a 2 x 50 mm area. As further
Ciacusen ] S e O S RS B s SO L REAROHES anc
technigquesdisoussddtelsevitierdliie riveréintia dingrdmaesanipliesiuudc ioningpisiaen aediio nofiewith the
XY movi st 30.discussed with respect to.the on-the:fly focusing techniques. The precision
stage 80%%%1@%%(%311 6 a gﬁ?ﬁigggyb oc %Eé)i%e\l}\} erea Faf%ﬁ%ciggff %%621% lsrﬂtf)'pg?tlescfl 8%6$aised
bosses. tHatwhereifigroéthiedebossetharmcuotpthesthefsarg, jouet totheaietghtoddtthie precision stage
800, of the glass blocks on the simple supports are minimized. A second block of glass 814 with a
triangular cross-section is supported on raised bosses. The 20 glass blocks 812, 814 may be
adhesively bondéntclthesisasélblopko8dGwitie ggrmiadgit tepexstaphidl? debsrachstraitrtiheogass
ploggs. The:glasslacksdita Ll may ReSaiahiang Rolished o ong otuaares gligntat 500
nm. A material of low thermal expansion, such as 2810 ur, may be emp oyeg s A matenal for the
glass bletierdtre BairOtHetapbropiinte iy persctgiaspaygdiso beiepetl ih ebarestidnayitithe
system degcribad hejel - 2§ ] ow.light fram.a mic ope condenser to illuminate
the tissue on the'sli(?([as Qh@%%% ?\?\I/% §§§ﬁ§g£} ?53%154%;{%{ ggﬂ sr@? éNsB glfﬁég%ﬁ g%‘a“%ﬂ%?gm rails or
ways to gihicibes provirigsge bfotitede. sebrrovingrsielyeritlookag@2d mkynivic]tae haodagskstic
spherical shaped.buttons e.g..3,Qutq t I lo illustrated.at 30 positions
821a-e.a%e'cau_se these glast?c buttgr?s%Sr}\g{zs&%%cqg%ﬁg%gnﬁgg?%sﬁfﬁéea%g&%tgrégn fﬁ%cél ?§ 2 very
smil areacerdg himibdeteshmitgpdsh fitvesyddelsssvbeadalsticity. of AlfiephstisteBo7 Bk apnptessREFE or
other theymoplastic plend.pl %%r lufri at%qgscmitv ff 1, G earing Jechnal Company, UK
may be %ﬁsed and cgst‘lg:]to tﬁ%és)hap'e o?t%e contact @ﬂoﬁ?o%%ﬁ%%%%‘?ﬁf %ar%ﬁ"? (%ér%ree?e(rgﬁn an
embodinTéatesh&asobsfinisntwicilictich ibetgedethitie plastcingttoncands polishddbgss shawldhse as low
as possipliBikitmakbe.ArSTaRI 0 AeidHIng A Laudibricant lo v s on Inelrment .
maintenancg. In an e_rﬁbodiment, a co%a Icient o@ rictions between Oé.l agnrd%8.fge%§%%er?gsa%ﬁy
achievedmagniferending to tRGstanAlesuiteBhereimond detagadobimwsesfdveuriodintsstdgecblock 820
acegrding.te; An:erabadiment of e SYSIeMR deserbad Nesain RROWHE eispherically.shapgd buttons
822a-e that co?ﬁact_th%glass blockes’ 810, 812 at the positions 821?.%&%?%[] bn%%%@hé)ese(g?ranged in
positions WaPetkswstee sxeanehitetifthisseoisdihdiredsoapmtireiath angien depvingy dsdibeotiod ). For
example, Juip BlBRUEHAHIRNS MY Jassipash ARt daspmachsides ol e Liangulat shape glass block
814 (i.e. 4 buttons 822b-e) and one plastic button 822a is positioned to contact tfie flat glass block
812. The moving stage block 820 may include one or more holes 824 to be light-weighted and shaped

fo put the center ofaravityaLiae, FERLRIH SR L TherangieRrnadiny Mo sesiiengtriasticsupport

buttons 822a-e. In this manner,
25 may be repeatable to a fraction of the depth of focus of the objective. A small error in

returning to the z position by the focus motor is easily seen in a tiled system (2D CCD or
CMOS) and in the adjacent columns of a line scan system. For the resolutions mentioned
above at 60x, a z peak repeatability on the order of 150 nanometer or less is desirable, and
such repeatability would, accordingly, be suitable for other objectives, such as 4x, 20x and/or

30  40x objectives.

According further to the system described herein, various embodiments for a slide
stage system including an XY stage are provided for pathology microscopy applications that

may be used in connection with the features and techniques for digital pathology imaging that
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15 each of the plastic buttons 822a-e at the corners of the triangle 828 may have equal weight at all
times during motion of the stage 800. Referring back to FIG. 18, a slide 801 is clamped via a
spring loaded arm 830 in the slide nest 832. The slide 801 may be manually placed in the nest 832
and/or robotically 20 placed in the nest 832 with an auxiliary mechanism. A stiff cantilever arm 840
supportsiendigidbedlhampis thedndigf, sfoalkslianpte filestimaingn d 842t HEY mayhegmaate: of 3@ high
fatigue sf teel. In one example, this diameter m 7. mm. The ather end of the rod flexure
43 ey e e e ol A I R ke e Rl SV a0
may be attachizaiimenbeadrg biobkrabtewdsichimagtailiolvisy haediccuiating 2T beatnggdeésignion a
hardene I % I rew assembly.854 ma tached to the bearing block.850 and the
end sore B B R 08 MR T TR R T
elerhentborstsdaat ovesarend b akaidldtath roagh several gdarpanias;cstion aappdketh dapaised he lead
screw asgem I iyes the hearing block 850 gn the rail. 852 which pulls or pushes the.moving
stage block 8%\?‘.%1’9&5 \rég%cﬁsé%a q%%rgtq%gg% Sml%oe%baé%%fﬁrél }gﬁ'tfﬁ%lsssogf it Sré%()i %‘géﬁ e ﬁﬁﬁuﬁ%ay be a
factor grefatsrithek.6000x less than the stifthess of the moving stage block 820 on its plastic pads (this
is a stiffness opposing a force orthogonal to plane of the moving stage in the z direction). This
effectively isolates the moving stage block 820 from up down motions of the bearing block
850/cantilever &840 sraduben 4ic b8atimatinoisboFie carefuplmasstbatanocing prdisitiertiare to
ge%netrgd'@ gg !g t recision, stage described. herein minimizes moments on the moving
stage block 2(? W i(é% gv%/%%%(? %%d@cé%s%ﬁla%%%%ﬁ (5' r%cgfl}(g%lél.gAad?ﬁoﬁré{I?ﬁ é%%%g)tﬁgalneo%ﬁée%%age
block 82¢ergribashhsotishelbglesentiie thovingisiagetbick(820 d1aschipositiqraikepeatabiitytobless than
150 nangeter.p ffici canpi Ox smagnification. Since the, 60 ndition is the most
stringent, other Ioezvvﬁ(i(r1 %aé%%%%%ﬁs%%ﬁ%@f%xga%gd %%{x )Iglgﬁ KA o%ﬁ%aétivéss gféol E:srhccs)l\;’vc_uL%)SgSitable
performatfsevbigrdl dietoithelpe riorermamt sl ibdiY wageb® OsabnditiomsectionF1Gt2 Geshoves aad
implemeptation of ap.entire XY, compouynd sta ccording.tothespregision stage features
discussed_her@i)n anéf?nc_ ﬁdingS ay s?ag% %O,%g% 3%9%8{9 %géﬁr%% 6%%%&8?&% éggc 3%%%%%%19 to an
emBodintéit BfetieYsysremedvegtihed disrissethwiik sapestatd Shbasethiafi foctsenY tstage; 80
becomeg-{he X § & % I8 %‘Biﬂ gg@g@ﬂ teb 13(01in tlon. A b logk for t stage 940 is
the base pIaeFe 960 t at%ay be ff?i{}éteneogi to groung.S Tﬁe xﬁgﬁg%%%i%ﬁg%%%ﬁ%?&@%%&f
repeatalsiipponteeor ditewstibnssesthd bedweoihEool tiksmbtesana sepehttiitities sryillotdehof 1-2
microns {RhdapokthiNg Xiad %A AR LIRS YRR IBBE- AU M iLiRE 20es
include feedback position

A second block of glass 814 with a triangular cross-section is supported on raised bosses. The

20 glass blocks 812, 814 may be adhesively bonded to the base block 810 with a semi-rigid

epoxy which does not strain the glass blocks. The glass blocks 812, 814 may be straight and
polished to one or two waves of light at 500 nm. A material of low thermal expansion, such
as Zerodur, may be employed as a material for the glass blocks 812, 814. Other appropriate
types of glass may also be used in connection with the system described herein. A cut-out

25 816 may allow light from a microscope condenser to illuminate the tissue on the slide.

The two glass blocks 812, 814 may be used as smooth and straight rails or ways to
guide a moving stage block 820. The moving stage block 820 may include hard plastic
spherical shaped buttons {e.g., 5 buttons) that contact the glass blocks, as illustrated at

30 positions 821a-e. Because these plastic buttons are spherical, the contact surface may be
confined to a very small area <<0.5 mm) determined by the modulus of elasticity of the
plastic. For example, PTFE or other thermoplastic blend plus other lubricant additives from
GGB Bearing Technology Company, UK may be used and cast into the shape of the contact

buttons of approximately 3 mm diameter. In an embodiment, the coefficient of friction
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20via a tape-scale, such as those produced by Renishaw of Gloucestershire, England, sub- micron
accuracies are achievable according to the system described herein. The stage design according
to the system described herein may be superior to spherical bearing supported moving stages in that
an XY stage according to the system 25 described herein does not suffer from repeatability errors due
to non-sphiayical wlﬁeatmgstmmrmrdqulm&daghmsﬁrmﬂémmm al mdditibn ot récineylating
bearin w ball com Ie t different size balls may cause non eatable motion. An
addltlo%aglggé%geﬁgt of t%i‘éme(?n 0 p ésalcrgbe e(er((}a|nal\éeth("()encglsst s’trélge{e'f\P ncelas(?s Mefments
utilize stamdtacﬂlmplﬁg:@@fﬁ@ghstnfrfgmohminmesmﬁlhmmﬂtidvmﬂy be(peanhlyeac]ih@rdmbarmmmgo block
and lead,screw assembly do not need to be particularly high quality in that the rod flexure decouples
the movinﬁg'stage from the bearing block. According further to the system described herein, it is
advantageous to reduce and/or otherwise minimize scan times during the scanning of digital pathology

slides. In clinic tt a able work.flo Iac rack of slldes to ago fli)otlc slide
scanning mlcro%s!é(ggeﬁr%se(ﬁfg%gg? and- cdoer%lm%ndl%he sy % wto %lganal% ? es&r S d8SiPble that
no user mtm@mhﬂdmenEeﬂékﬂew}mt@ﬂ slides !tz chmnedo%hg htchpsizecaiby shapedebnitdtiple slides

(e.g., 16 he i slides a theb tch 91E. The.slide 5throughput is the
numberQ es pe ﬁé%cr{gr}gc%?'gslzge%%?ke %?,@mg%e IS ﬁwgotf}ne %ween eac i)vaafaﬁlegs“ s image
that is rmﬁﬁﬁ\lmmﬁglons thehelldyeldctimecal ey b ffifless noed! yrtasdoll ovhiagiste phdaacggiring an

image: ( I re athumb il view or overV|eW im of the slide 10
t|sg§e ar@g@%ﬁ%ﬁ%’? %gc&?a&@teg Igwnﬂaﬁr%)ias(%(l) A e?élsstlgo{m%?ﬁge%ﬁe sli h e ?sgﬁgta (56;%%% S(?a%ethe
boundedrizsndaarebate figidsa tdgcktal %réymf@@ﬁtmﬁdb@mmémﬂwplsme HetscaiPheitissue

e Rt ol Alede ARSI (VLRI ANLTIRGE SHIRLMAdSIcat

viewing; and (g) deposit the |de next slide. It Is note step not be N necessary if
dynammﬁomwgm}@(ﬂm"&%thebﬁallgbbm@t@imdmp@ﬂaoqmﬁﬁhgclaﬁterthégystemﬁhsmb&dl&erem

and in Wﬁ%hoﬁﬁgméﬁ@%%wmg %&Hﬂ%ﬁ"@fy plastic support buttons §22a-e. In this manner,

15  each of the plastic buttons 822a-e at the corners of the triangle 828 may have equal weight at

all times during motion of the stage 8§00.

Referring back to FIG. 18, a slide 801 is clamped via a spring loaded arm 830 in the
slide nest 832. The slide 801 may be manually placed in the nest 832 and/or robotically
20 placed in the nest 832 with an auxiliary mechanism. A stiff cantilever arm 840 supports and
rigidly clamps the end of small diameter flexural rod 842 that may be made of a high fatigue
strength steel. In one example, this diameter may be 0.7 mm. The other end of the rod
flexure 842 may be attached to the centroid location 826 on the moving stage 820. The
cantilever arm 840 may be attached to a bearing block 850 which may run via a recirculating
25  bearing design on a hardened steel rail 852. A lead screw assembly 854 may be attached to
the bearing block 850 and the lead screw assembly 854 may be rotated by a stepper motor
856. Suitable components for the elements noted above may be available through several
companies, such as THK in Japan. The lead screw assembly 854 drives the bearing block 850
on the rail 852 which pulls or pushes the moving stage block 820 via the rod flexure 842.
30
The bending stiffness of the rod fiexure 842 may be a factor greater than 6000x less
than the stiffness of the moving stage block 820 on its plastic pads (this is a stiffness

opposing a force orthogonal to plane of the moving stage in the z direction). This effectively
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accordingly, be reduced as a result of use of the on-the-fly focusing techniques. The system
described herein may further involve eliminating or significantly shortening the time to execute steps
(@), (b), (c¢) and (g). According to various embodiments 20 of the system described herein, these
gains may be accomplished, for example, by using a caching concept where above-noted steps (a),

(b), (c) andigtgsfahenmsiite astageebimoled tifrmenwity stope(d)iq@ymnd{f)ther deatingr slidek as
further dj | il in. i iIments, the overlapping of steps (a), (b) and (c) for
u Méﬁ%ﬂé@&%ﬁ’ﬁ(le@ r%%&l&é’%gﬁéa‘%m %Si'é%.

one slide with steps ( for ahother Slide may provides a gain of 10%, 25% or even 50%
compared to a system 25wherein steps (a), (b) and (c) for one slide are not overlapped with steps (d),

(e) and (f) for a | X ic illystrati ing:a sl ching device 1000
according to an o Eoean o e B A S B I T
posfion88Baitecpilekdu pesiestidain00keT aopicktyp tredbie] 00X m@ystage dlndcBaficakiabvigeuwdhd/or a
vacuum ice tQ pi i 01, The slide 1 e llectiop,qf slides in the
batch, for e}}:{z&;@nﬁp%el?égf< bllg?éﬂh %fsllylg(? ) %e]}sx.d#]%%c% e’c§§r% %?%%fgggn{%%%g%g%égo%e& ﬁ a'slide rack
1003. Thelpibraehsadtheordsiagatied tyekb8Wingcar prafock repOtahitich tfalesis tiara Eiel rail

1005. T'ﬁ%&‘?@éi@%@&?‘é&f%ﬁeﬁ @89%‘8&9%2 59@65?%5%%9&%%@%’1&{@1996 986« condition is the

most stringent, other lower magnifications such as 20x and 40x high NA objectives also show

10  suitable performance similar to the performance obtained under 60x conditions.

FIG. 20 shows an implementation of an entire XY compound stage 900 according to

the precision stage features discussed herein and including a Y stage 920, an X stage 940 and

a base plate 960 according to an embodiment of the system described herein. In this case, a

15  base block for the Y stage 920 becomes the X stage 940 that is a moving stage in the X
direction. A base block for the X stage 940 is the base plate 960 that may be fastened to
ground. The XY compound stage 900 provides for repeatability in the Z direction on the
order of 150 nanometer and repeatabilities on the order of 1-2 microns (or less) in the X and

Y directions according to the system described herein. If the stages include feedback position

20 via a tape-scale, such as those produced by Renishaw of Gloucestershire, England, sub-

micron accuracies are achievable according to the system described herein.

The stage design according to the system described herein may be superior to

spherical bearing supported moving stages in that an XY stage according to the system

25  described herein does not suffer from repeatability errors due to non-spherical ball bearings
or non-cylindrical cross roller bearings. In addition, in recirculating bearing designs, a new

ball complement at different size balls may cause non-repeatable motion. An additional
benefit of the embodiments described herein is the cost of the stage. The glass elements
utilize standard lapping and polishing techniques and are not overly expensive. The bearing

30 block and lead screw assembly do not need to be particularly high quality in that the rod

flexure decouples the moving stage from the bearing block.

According further to the system described herein, it is advantageous to reduce and/or

otherwise minimize scan times during the scanning of digital pathology slides. In clinical
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counts may be detected with a rotary encoder 1007 and converted into linear travel to control slide
position in the Y-direction. The elements 1002-1007 may comprise a moving assembly referred to as a
slide loader/unloader 1008. The slide loader/unloader 1008 may also move on a motorized bearing car
or block 1009 in the x direction on rail 1010 which allows the slide 5loader/unloader 1008 to move in
both thesgtiames,Yaditesttibrie. workirflopetationplacsiideraghite’ stilllhelthon ahepickugdideadd002; may be

positioned under a Iow- lyti mera 929 t in the thumbnail viey or gverview, image of the
slide tissue areapaﬁ(?1\?:/;'15[%(3s egg.g,ﬂﬁ%%a?bgove-néggg é%gég%f : %%ﬁ%?ﬁ%%sérg%n ?gn(‘:%rllﬁep\%a?me 9 10 step
(c) may becexdentediandeneslicibustladetidaso position. ofte Slideh bidtem i 1ciTheslitligpluffer

1012 may: ingl t . e r S, Or_positions. 1018a | and.is shown including a slide
017 im B B B AR e IRe Fidie o
platé 10trahghis mdvesimire ¥idiidetigurandmvpicheisanolifiectola piaceid OkStimat noves in the x

direc“0nea%ﬁg%ﬁaﬁﬁ%%ﬁdleoi?aﬂ%a%ﬂqy?eﬁ%ﬁf%ﬁi%ﬂl unctionality similar to that discussed elsewhere
in, includi

herein, including, for example,features of the compouiid XY stage 900 discussed herein. The stage
plate 1014 may further include an additional slide pickup head 1016. The pickup head 1016 may be

similar to the pi L r [ head 1016 20 may use a mechanical
Gevice andior & Hacore ety o e ALet Gy T8 B e S TR T
stage 1@?6%@@1%@11@%@}1%%?1‘#@;d@éiﬂm@m@waﬂ@yic:d@pf the wdefi@mii‘na’gmecsﬂ(ide x047 mg)zf)
now,conti [Fcale's ve- teps; {d). prescan,(e).scan an
Cre oD I e e e B SBher 1008
may picikhapanedpétiside ey losfidd 206a)lasteahy tietny rﬁlmaﬁd/@mrtlsf cvhl_eﬁsiidesﬁeﬂ(lg)fsd:ag the
camera [ Ot [ [ [ r shown
schemagé%%; g&? C(%lc‘?‘t!tgé:-lct(jﬁ #Ig ; (fgg%%\%%%é r? g:gqﬁg%% g%ﬁ@%%%ﬁtbg‘é %51 %éagerzac%%}?r#ggsg ﬁgé ?gl%l%%pml?),
E)heff slidefgngmrﬁﬁbaﬁamwmghenﬂ\(gd&mmhes@ge, gmf?/rﬁaynpm@id?e Hiten00a7th@0srvtp the |
uffer pogit VBJ;Q;]t ;ltP,%H e 10 -yt that is ready
for scan?%ir%dcomr?&%%%(% S gge 1013?&:%%{%2%%&%% r%éuf%?rg%%g g#é%%%é%} r%g(t!t%%ﬁ%nder a
highresiution sptical siesathedidrostoparshtios whitbamerairgisageacyyirsighighiresohiion image

of biologjcal sy iBAGHRANE WL RAES AR IachiuseR disspned glapyhere herein. Itis

further noted that movements and slide selections of the' compound XY stage 1013 and/or the slide
loader/unloader 1008 may be controlled by one or more processors in a control system. The slide

loader/unloader} Q08 may mEH0hapifier Resitiendd18aand pgfﬁl"fﬂating or significantly

shortening the time to execute steps (a), (b}, ( ¢) and (g). According to various embodiments
20 of the system described herein, these gains may be accomplished, for example, by using a
caching concept where above-noted steps (a), (b), (c) and (g) for one slide are overlapped in
time with steps (d), (e) and (f) for another slide, as further discussed in detail herein. In
various embodiments, the overlapping of steps (a), (b) and (¢) for one slide with steps (d), ()
and (f) for another slide may provides a gain of 10%, 25% or even 50% compared to a system
25  wherein steps (a), (b) and (c) for one slide are not overlapped with steps (d), (e) and (f) for

another slide.

FIG. 21 is a schematic illustration showing a slide caching device 1000 according to

an embodiment of the system described herein. A slide pickup head 1002 may be positioned

30  to pick up a slide 1001. The pickup head 1002 may use a mechanical device and/or a vacuum
device to pick up the slide 1001. The slide 1001 may be one of a collection of slides in the
batch, for example, a batch of 160 slides. The collection of slides may be disposed in a slide

rack 1003. The pickup head 1002 is attached to a bearing car or block 1004 which travels on

a steel rail 1005. The bearing block 1004 is moved by a rotating lead screw 1006. Motor
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5 the slide 1017 and deposit the slide 1017 into the slide rack 1003. This slide 1017 has completed alll
of the steps enumerated above. The slide loader/unloader 1008 may then continue to pick up and load
another slide into the slide buffer 1012, and eventually pick up and return the slide 1001 to the slide
rack 1003. Processing like that described above may continue until all slides that are in the slide rack
1003 haveuntenachadetckd withTheotligecoanhing (8¢ hnivesvadedriiigl bocthérsysitencaesclibed
herein prew ntageoys time.savings. For e ] system at a 20x 15 mm x 15.mm field,
the pickl%%\éti%ifg%lgyﬁ)éﬁtg‘?g&;gi%ﬁéégthzﬁ%ﬁS}ﬁglr?gﬁsl r;ﬂc(:i?é%isii |§Zl }éagbcgﬁ]%piﬁes35?)%‘&?%%%%?3&0% time
is about @fesmddnds anbidhésderiutioeds: J0&H COnudi dehe aalapun kel ge HdAtiony isl dome vi 5n
concurrently witl S i e . add,about 5 seco he depasit of the slide is
ot 20 B P LS BRI TR
confpouhehéeagelstfiend €68 timeotce pickatip thaX degddéitivesoanned slide which may account for about
10 seconds. Accordingly, the reduction in scan time is therefore about 1-(180-55+ 10)/180 = 25%. For
systems using dynamic focus techniques, 20 such as on-the-fly focusing as further discussed
elsewhere heréin dpegtrescarslivae wialebtiklimidatedbarmakith higid d&R2rateydmerastiecimes not
associa ith ni enasi educe t -30 seconds.. The reduction in scan time in usin
ith Riekin e d %&e{nﬁyﬂ‘%&& 240 g
slide caching in this ca%e n?ay e about 1- (75-55+ 15)33@%%&“%&%0 2R S 3%%9%%% 1100
showingsbiigetissishivep prot bisih s accdw ibg to-aetehsbadimentfah thaystemtttestribeapheedin in
conpectigp.vyit Iﬁg;%sé' e faserdifg Q {'r tslide is picked up from.a slide r After the step
1102, progngYsF;lga rocee%s%o a step 1104 Svkgf?eé%?ﬁ%%?béngﬁ Slfnlgléé)%sao%i?g?né%ﬂgﬁjﬁ)t%tggﬁ
thumbnailigedudsing, thatanaychide de o ételinfnm daffardasfantereisioos tisBise, or it8e, shiae j4s
performeg] for, thefikst s1idg;a SPAHeL m@; g’lﬁigé,leri%essing proceeds to a step 1106 where the
first slide is deposited nto a slide buffer. After the step 1106, processing proceeds to a step 1108
where the first slide is picked up from the slide buffer. After the step 1108 processing proceeds to a
step 1110 whesg the Jistglide s s¢ dinaged ageording | i like that,further
discussed elsewhere herein. It IS ncﬁgﬁﬁﬁ%n va?ig%s em%%&%%ﬁ%ﬁlgg%g%%%ég%nqﬁﬁa%ﬁwg
tecHniquaseaipitiel o dipretissaandinghicbusmgwtisds andiatadiig dytamivdotuting totmigues, such
as an onpihexfly fogysing seghvique. Allsr e SteR IR0 aAG REOGEPARI AR Al where the
first slide is (_:Iep‘ositée% in the slide bﬁffer. Aftezr1 t%ee step Iﬁii processélsng p?r%%égsf%ﬁfoe%%\%g‘fll4
where filsireiidanslpitkediop tromple shefarbaftérthaferminewtd pXiv Mager S98sdingpratdedsio a step

1116 where i Sish s Aeposiadinle aide ek APLINE IoRA S AoXsSYRO IR pplete

with respect to the first slide. FIG. 22B is a flow diagram 11 wing slide cachi prcPcessing

accordinped AR lémoohaehnbittie despriudekeribéol Betesarihasormastiohwitickosebont Klite. As

disgyissefld0,fuhpensria erus RS obihe o JRAEARA 1A Tebe performed in paralel with
steps of thé flow diagram 1100. At a step 1122, the second slide is picked up from a slide rack. After

the step 1102, processing proceeds to a step 1124 where a thumbnail image is obtained and/or other

thumbnail procegsingthatymay inglydsr detesminipg.amarea ol nterestoffisshe.an the %gigeris

performed for the second slide. After the step 1124, processing 15 proceéds to a step 1126 where the
second i dpSaitad itk ariibe Bideer Ritdimsliste pUliomaprovesuingmoteets o matep 1128

where the gecangl3lifsda Rickedinfini e slide Brllen.After tba.siar %é%%eg{@%%%gﬁ@fﬁgtég&eeds toa

step 1130 where the second slide is scanned and imaged according to techniques like urther

disBussétreiseWhafethisrainc sssngotebenatdrepaitdushemiidalinnsiersureasicar i rany Piskging
techniqueR MaYsINFIYES PE8ide 1001), obtain the thumbnail view of the slide 1001 using the camera

1011, and place the slide 1001 in an empty position 1018b in the slide buffer 1012, shown
schematically by dotted line 1001'. When scanning is completed on the preceding slide (slide
1017), the shde pickup head 1016 of the XY compound stage 1013 may place the slide 1017
30  into the buffer position 1018a and pick up the next slide (slide 1001) from the buffer position
1018b that is ready for scan. The compound XY stage 1013 may move in a regular back and
forth scan pattern under a high-resolution optical system microscope optics and camera 1019
to acquire a high resolution image of biological tissue in accordance with features and

techniques discussed elsewhere herein. It is further noted that movements and slide
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20 scanning focusing steps and/or using dynamic focusing techniques, such as an on-the-fly focusing
technique. After the step 1130 processing proceeds to a step 1132 where the second slide is
deposited in the slide buffer. After the step 1132, processing proceeds to a step 1134 where second
slide is picked up from the slide buffer. After the step 1134, processing proceeds to a step 1136 where
the secordiestidesistidpositenindeXSidetrack OARemitiorstep 25kl Bédprocdssiey 19edmplete:with

respect %ﬁ%ﬁg&gg}%@i%m ore é?oﬁi%%qu i%%%{r%]oﬁﬁs renng)odiment of the system described herein

addressing slide caching, steps 0f t with respect to the first slide may be
perfoimed by a slide caching device in parallel with the steps of the flow diagram 1120 with respect to

the 30 second slide. in;order c time. For exampl e steps 11 124, 1126 of the flow
diagram 1120 for the se(%%%%ﬁgg) L%g% : ,@1@ s%geA S;%? ‘é%ﬁ%ﬁ%%ﬁ%%ﬁ%%ﬁ?ﬁlg%ﬁé f%Fie& %%ggﬁ%(duﬁide from
the 8lidethackidaurfibhaihdnigesptdbessidg aft7deposhinglile sedondlslidelinto dhdeslitETbitter) may
overlap with the stens 8. 1140 1 flowsdiagram 1100, with res to the first slide
(e.g., the stéf)s ?n conﬁec%on \%ﬂ%e[ﬁcﬂgﬁg%é %é%%rét s\ﬁl & %l(?r?:r]t e gﬁ{ ellt %%ef:ér?ﬁs)%t%nmn?ﬁ’g&éen% imaging
the first sifdérmedadeisbsinenth fidsushitiertdick imtihéhslidid dbiffid: FUithendhrestepdi pR4 and 1136
(e.g., steps in.LONRECUAN WK Pig iﬂl% dbe %ECRR% sl'p from the,slide pyffer.and depositing the slide
into the slide rack) may ano overig;p wllg'tﬁ t%eascannin‘g slf(é%es%?:)lp gﬂ?f:rs?%l %ﬁggs i%rrffg ‘g%é‘i%g ot p to 50%
may be obnéimeusibetotilaythathee pathisliskdegh 0803 Simeetectmigamsedccording to the system
desgribed herein compared with processing one slide at a time, with additional gains possible using
other aspects of the system and techniques described herein. FIGS. 23A and 23B show timing
diagrams using!$itdélskciehies Hauesias cording Dt etinb ogiventd ot tiledystermdpsorided herein
and illustrating ioe Ssavings AR6ording 1 yatiou iment stem described hegein.
FIG. 23A .showsg the timing diaggralm 1150 fogthéﬁgi%r?g#éﬂn%v%i%fﬁgg?pféls{%a}% gsg:e%l}}é %glgd.tﬁjﬁe timing
diagrampspiowrstime tialry farStiieeensiid due(Slidemail 2¢uisBlcovisrahespal okcbbdappropimatety 300
secondsify cqnngetion with,perfarmning Slide resesaing.sters ysind slide caching ingluding pickup of a
slide from a slide rack, thumbnail image proclessﬁng, gepogﬁhﬁﬁgggﬁ?tﬁg %ﬁ%r%%ﬁ%ﬁa%%r%m the
buffer, prenstaisnthy vadatimniy siidies anecosrputinepiledd ddposifingdtelsheThefféepand déguositing into
the slideffkiA ii3tRleCe 102N £RRRCIMEN 6 S 1R AL Rl AqR P QREssE g Ay be
approximately 150 seconds. 20

time. The XY compound stage still needs time to pick up and deposit the scanned slide

which may account for about 10 seconds. Accordingly, the reduction in scan time is

therefore about 1-(180-55+ 10)/180 = 25%. For systems using dynamic focus techniques,

20 such as on-the-fly focusing as further discussed elsewhere herein, the prescan time may be
eliminated, and with high data rate cameras the times not associated with pickup and deposit
may reduce to 20-30 seconds. The reduction in scan time in using slide caching in this case

may be about 1- (75-55+ 10)/75 = 50%.

25 FIG. 22A is a flow diagram 1100 showing slide caching processing according to an
embodiment of the system described herein in connection with a first slide. At a step 1102,
the first slide is picked up from a slide rack. After the step 1102, processing proceeds to a
step 1104 where a thumbnail image is obtained and/or other thumbnail processing, that may
include determining an area of interest of tissue on the slide, is performed for the first slide.
30  After the step 1104, processing proceeds to a step 1106 where the first slide is deposited into
a slide buffer. After the step 1106, processing proceeds to a step 1108 where the first slide is
picked up from the slide buffer. After the step 1108 processing proceeds to a step 1110
where the first slide is scanned and imaged according to techniques like that further discussed

elsewhere herein. It is noted that in various embodiments the scanning and imaging
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FIG. 23B shows the timing diagram 1160 for a scenario in which an on-the-fly focusing technique is
used (no pre-scan). The timing diagram shows the timing for three slides (Slides 1, 2 and 3) over a
span of approximately 150 seconds in connection with perfouning slide moving and scanning steps
using slide caching including pickup of a slide 25 from a slide rack, thumbnail image processing,
depositiriechtidpsin theybirfdrdpickugpstramitize buffeinscaepingsiides asidgputpuitirig filesysdigpositing
into the 1 dep@siting into the slide.rack. As illustrated, in.an embodiment, the cycle time for
the iIIust%étﬁeg%]ﬁ%%egqs%g érg:a%fl b%né%&%i%reﬁ%?eﬁ%tgg&({:lgﬁagi 30%?& . ?Qeiss%pscjwﬁr%a?% iifistiation
showingrasiitd ctichisigrélice w296 tocbraingido andthesi e bodimshd obtiiEsysidrr desetiped

herein. It |§ st jment, nQ r is reguired,.and pickup, thumbnail a epasit times
may be glllrﬁr?h %ccigﬁ%?r% ﬁw%@(%%iﬁé}%rﬁg%gﬁ\%q%g %ﬁrcfeggg?cﬁfr%ge %fel\);i%:ifa %ﬁn qlﬁegéﬁi(%%gggbclﬁ?ﬁrg‘ device
1208 mayfiscltigestoro X Vicompessig stagesds2t0s 1290 Wiickimpe thteflindepidadeddposiadchiof the XY
compomagle Siages 4210, ay, e features similar to those discussed,herein with respect to the
XY compound stagce 10]{%{% § %Fg%pslllggf\):’a%ﬁ?ﬁeﬁlf %T'Ilisi){f e p%giﬁvéﬁleﬁsgﬁcetrﬁ%qgfz t léSts\{a\l%% 1210 and a
second slide rack 1221 may be positioned at an end of the stage 1220. It is noted that in connection

with another embadi of the system bgd herein, the first slide rack 1211 5 and the second
Side rack 121 T e R e ST 100
may servebadimshitid thy sohpodemishad dertdl 0) t@RGcEactwihthaslioe ks 11disé22ddmay

serye sli [ ' 0 el121 0 with a cowespanding pickup.head. One
e A D B PR A R e
one of thigeryyadohpBanddsrarpes 110Qe.g\f staige 1220) e ssannihgidslisleidhalathdrde. g. sktrge 1220)
is performjng its {i : [ osit f IQns, with er.slide. These functions.may be
overlapp%%vitﬁ%g@gasr% ngfi(l;r?e!p%g%%%%)ﬁwg@ t gggfcfiev%%?:l %ag/%gea%t%r@nﬁﬁleg aéiyl{ﬁ%ggclgn time of
a slide, &b@m@ﬁwﬁfhummaﬁhmmlpmwmm& dhetthegelorddlininetedingnartheceyelénimetaccording
monme S ste SRIAC ARG, R M SNHETHASRR RRAIEIR | oane ThE- G0 ITA, BagaT 250
showing slide caching processing in connection with a first slide’according to an erhBodiment of the
system desesisederdeplide cadirgtheviconhsiing tnvdeposicahpbundiskabeddor dlfte fhrosessing. At a
step 1252, i ide 1s. bl ide.r 1 1252, processing, proceeds to a
ctoh 170 3D e B Bre B e e R s
processiviifisrocédtis thaseppl 128 isersinbertiestalidvis stemiédlandémadiedsasont dindp to

techniques ikeathial futlen discsapreirenheiz Rl faplpdlialiniatay

ﬁ em}?odjmepts the
. ; 1 ¢re herem, it .
scanning and imaging techniques niay include pre-scanning focusing steps and/or using %Iynamlc

focusingiteeiptyihas isyeraus ambedinetly theusing ez anibimagife tabesteps 1256 inghgr pressing
d : ' i ide 4 | intQ: li AT tep 1258,
progeeds o & step Jagshste tha/frstall ed?ﬁ%%?%%%%‘%&ﬁ&ﬂﬁ%ﬁ% :/%l%ﬁa% o fegggegﬁ ep

processing is complete with respect to the firs _ . 2bBIs'a lagram gwing
slide cadhigipeocessiagen a8endeigarniis & rrecesiingliclecrsderdingtep drl Bhwedintensofote system

describeg;fria &QS&&@&NWQ@QY&%%H@L After the step 1132, processing proceeds to a step 1134

where second slide is picked up from the slide buffer. After the step 1134, processing
proceeds to a step 1136 where the second slide is deposited in the slide rack. After the step

25 1136, processing is complete with respect to the second slide.

In accordance with an embodiment of the system described herein addressing slide

caching, steps of the flow diagram 1100 with respect to the first slide may be performed by a

slide caching device in parallel with the steps of the flow diagram 1120 with respect to the

30  second slide in order to reduce cycle time. For example, the steps 1122, 1124, 1126 of the
flow diagram 1120 for the second slide (e.g., the steps in connection with picking up the
second slide from the slide rack, thumbnail image processing and depositing the second slide

into the slide buffer) may overlap with the steps 1108, 1110, and 1112 of the flow diagram

1100 with respect to the first slide (e.g., the steps in connection with picking up the first slide
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30 having two XY compound stages for slide processing. At a step 1272, the second slide is picked up
from a slide rack. After the step 1272, processing proceeds to a step 1274 where the thumbnail
processing is pertained on the second slide. After the step 1274, processing proceeds to a step 1276
where the second slide is scanned and imaged according to techniques like that further discussed
elsewhefehethérslidéstudter sbatiimy aridus agmpdtinfentslide scdmeingitng thrafjingstekhigkies may
include o]l CUSI tep [ namic focusing techniques, such,as.an on-the-fly
focusingq{lee%iéi?lggg%ﬁégy 'thggsl‘?el%’l%%g?é r%gzglgﬁqéﬁp?ﬁggggfos{%%%% 1 ‘\:N]ﬁlelr\g% Second slide is
depositeepshekdntadrdidtidomatic AiterthiEestapl 1RP8sipractssitidsntornthgelelid aviskiiespgctito the

second 5slj .o ac i iment.of the system described herein involving slide
caching?ﬁ%gp%) o?%ﬁe%%&%%%%%r%%%%g %c%rlﬁ%?rﬁ%gfhe wst%ﬁc}i% ?né%’ g%%éef%?ﬁ& Pég eb?/{%%}% ide
caching devitbrig foattzl phwithl tislsmpsesfitnetfidwidisayrammoi @@ toticernitgtiesdthbsdberdnslide in
order to ycletime. p ste 2721 and 1278 for the second slide (e.g.,
pickup, tﬁ%%ﬁﬁl gﬁ)iégs%ﬁ%%g“% gcFe%p (L)%{iit%-I r%taél g\%‘% azf)%%h e%?é%of 5]5 §%$%h%oﬁ %%gl ildsem(% .8 .%Iler
scanningAneatsieg e tistirstskideyhanpisAckesmeiead berstinthat the times for pickup, thumbnail
processing and deposit are eliminated from the cycle time. The cycle time is accordingly determined
by only the scan time of a slide according to an embodiment 150f the system described herein.

FIG. 26 is a schdfmatigitusadion showitipmglidearacisinsuevicd: 1300img tording s anotiing

e di t e SQri iR, ide ' ice. 1300 may include a slide rack
oo e D e o P T S R e
carouseNi8e0snbiedingetonttbe msiempdsitobed 181801312, 1312" in which slides, such as slide
1301, may placed before and/or after being imaged by an imaging device 1350 that may have features
and functionality like that discussed elsewhere herein. The positions 1312, 1312, 1312" are shown as
an array of wedgjés 8.4 siowe deretinangl deagfamhielSdideudsesceivein e retlidheimrthesoartissl 1310

postions i e ey LIAp ey h ae A
actas piakup inedd nAlhagairdiudemeepiamcal @ntderatuustidiepioesstingisicnp aistiogdidehe arm
corousel 1D B S B LA e B S o il
buffer pégiﬂi@ﬂ@ ;@bgff_@s@i@m %ﬁéﬁ@bgﬁf_@m 33zl he desiggaiedeasal retymitugfBleposition
L% et e B e o ol et e
position €mbodiment, the cycle time for the illustrated processing may be approximately 150 seconds.
20
FIG. 23B shows the timing diagram 1160 for a scenario in which an on-the-fly
focusing technique is used (no pre-scan). The timing diagram shows the timing for three
slides (Slides 1, 2 and 3) over a span of approximately 150 seconds in connection with
performing slide moving and scanning steps using slide caching including pickup of a slide
25 from a slide rack, thumbnail image processing, depositing slides in the buffer, pickup from
the buffer, scanning slides and outputting files, depositing into the buffer and depositing into
the slide rack. As illustrated, in an embodiment, the cycle time for the illustrated processing

may be approximately 50 seconds.

30 FIG. 24 is a schematic illustration showing a slide caching device 1200 according to
another embodiment of the system described herein. In the illustrated embodiment, no buffer
is required, and pickup, thumbnail and deposit times may be eliminated from the cycle time
using the slide caching device 1200. The slide caching device 1200 may include two XY
compound stages 1210, 1220 which operate independently. Each of the XY compound
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1334 may be designated as a camera buffer position 1334 in which a slide that is to be sent to the
imaging device 1350 may first have a thumbnail image captured of the slide according to the
techniques discussed elsewhere herein. After a thumbnail image of the slide is captured at the camera
buffer position 1334, the slide may be moved to a position 1342 on the XY 5 stage 1340 that
transporséates $Ade. tl2Henmandiavg devices 5350 fotcstannidyanciniaging with oedjrgttto the FEE¥hniques

discussegl elseyyhers hekei i tic Hlustration showing,another view, of the slide
caching devl}(?:e 13(%}? h@g%'méoﬁésftssﬁgf tiaé%lgl?(?g ﬁ:?gl:’?lﬁfngeopeo\/si]léleo ﬁnrr?ay ﬁ%o\ééefatr?gﬁolngéhéty to
operate d®iwitsemdoussiemeviiBhtsnapd evtsinolicd et degned s fohéreledeo 1220 mivvenént tkoriexample,

i ‘ table in.a diresti havinclud
e S S R AT e e

fole shde, posions

al position to accorhnmodate muﬁtlp e slides (shown
as Slidestd 2h@ sgvgnd). shdwnrepbddirmhensythrefamultipleadlitie positions { 3tRastida eadh offthe wedge
position ' YAy, klu itions. 15 fer,40-slides, for example itjon

equidistzlnt y Wl%%fn%fzﬁne%%éﬁtq? th%%a%glﬁ%%}i}glgoa%ﬁa?ﬁgg rﬁgéﬁ?’ ,?Hno%%t é%%%%lﬁnaér%?ﬁg inches.
Further, Haehcafolselli310kay 230 idludern ugee trhges 304t avimganenoK Merxeglidmpesitiens
1314a,b g which @ User ' lj i in. ition to other slides, jn the carousel
1310. Interaction glf aﬁgli%rgg;%{‘#o@?ﬁgbl%%ﬂ%%%l%%%@?fac)@rgeglx%}r%) gcﬁ%gn g Cc%\;rearl% et? lser %Fg/31314
and/or insshisy thenioenhie 20 dh0of 236.pbsitiormidd.dalblobtiveofishs KAy dBiphundytagtsto trigger
a byspass mode i i t ser.tr 314 is instead of.the.next slide from the
wedge ;(§5| fo%%éc?f\%\gg@c?a{r%o%%ge%é%. gIl'%lél!"l’aﬁr{r% (1%4515 gef [ e&s%%;e handIlesrpl'eig?fzg(.])1 1S showh Iﬁ%\lﬁhg at least
three detivanbrsi! 28ddansth fimetiotionyitormthensledahd bem f8RAmMamrythtednedaipedtionhl321a in

order to -0f the, ; : n 340, Additionally, the
arm 132%%1%%3 %%?ﬁ%%blé%%gg@%éﬁg 1%)%% ltii:%%e&s%%?lbg [ r% %@gﬁéﬁﬁ?ﬁﬁgﬁ? 0t nﬁ“gs(f idhs
1312a-dsbtlthenhposep.1duobaaiditnh akbpottietanes 182 havafprxtbmintdiréstivritksedddnizennection

with Ioaq%%qg]%qm%g@emg%%gﬁe%gM,égk%%g&elt%l%g) 1330 and the XY stage 1340.

In an embodiment, it is advantageous to minimize the arc distance at the arm 1322 rotates and/or
mirtimize other distances traversed by the arm 1322 and/or slide handler 1320 in order to minimize

dead times of t li j 1 00); r IS¢ 0] nts of the carousel
1310, slide han%(f-l?r' 1§3§2&0q%%3%%%53&%%{9%%33%%‘%%iuﬁ%%jrﬁ%ﬁﬁ%}]@a#&gg%ﬁ&%r%%x}lr}[es:c%)fl a control
system [éhtafighishdeliaetesda disewisareodarent fifishalso viored abraibid dnremdioWinmeminthe buffer

1330 andde otk aiRoR I A maBs. Al e AT DRh-ddGn 28 AP gra sehemafis llypieatons

showing slide caching operations of the 5 slide caching'device ot FIGS 2 2’7 according to an
embodirfeficbedne e mstidscritie d herthe Aroldiig peospssimbpuingeds fohe sttivlé Hiderdtions
dissyssepdaraitb i dsae Aneeohite ssialaiptindhedieadutiog side Hirkuand transfer
operations that do not overlap with slide scanning and imaging operations. Dead times may hclude,

for exanpReeadsdekaiftrwhatether X e fark siitleo nsevrectbanp drsinisd rredisinghio stidmhpmsler 1320

to like that further discussed elsewhere herein. It is noted that in various embodiments the
scanning and imaging techniques may include pre-scanning focusing steps and/or using
dynamic focusing techniques, such as an on-the-fly focusing technique. After the step 1256,

25  processing proceeds to a step 1258 where the first slide is deposited back into the slide rack.

After the step 1258, processing is complete with respect to the first slide.

FIG. 25B is a flow diagram 1270 showing slide caching processing in connection with

a second slide according to an embodiment of the system described for a slide caching device

30 having two XY compound stages for slide processing. At a step 1272, the second slide is
picked up from a slide rack. After the step 1272, processing proceeds to a step 1274 where

the thumbnail processing is performed on the second slide. After the step 1274, processing
proceeds to a step 1276 where the second slide is scanned and imaged according to

techniques like that further discussed elsewhere herein. It is noted that in various

38



10 pick up the slide. Other contributions to dead time include moving the slide to the return position of

the buffer 1330 and reloading the XY stage 1340 with a slide. FIG. 28A begins the illustrated

sequence in which a slide 2 is currently being scanned and imaged at the imaging device 1350. Slides

1, 3 and 4 are waiting to be scanned and 15 imaged in the carousel 1310, and the slide handler 1320

is in the gobitibméotshivingpdeliered theglidadhoithesivastagd B4 eRIGNP8B Blowsghsatthe slide

handler S nextslide (sli Im while
TR0 Late d%%@%%ﬁﬁ%é%%ﬁatb&r sihslide &9%%25‘1& ?@cﬁ%%%rl‘é%ﬁ{h%z g%_?%

slide 2 continues to bé scanned and’imaged. FIG. 28C shows e slide handler ansports
slide 3 téhthetemireia buskasgogitorciBiokibemlFéd 13804 iterderoiut slidrindanilsiteddatl be
obtained 20 gfthe Alide.3. FiG. 28R shaws shat the slids handler 132045 Resitigngd the slide
2 from the XY %tage 1340 that?s returmBng frofn%) theeimage dev% 1350 after gc%{r]\%i%%oléfgsiﬁgg 2 has
conpletélddt is noted that the time as the XY stage 1340 moves into position to be unloaded is an
example of slack time. The time after the XY stage 1340 is in position to be unloaded with the slide 2
waiting thereon to be unloaded, and slide 3 waiting to be loaded 250nto the XY stage 1340 is an
example of parkatisgeordangy Gvigs Enshmbedinzanthefstite Ystetradepuibed byrthe slivdhagdledtel 320
from the X% 5(a08ch342 156 Ietiin-aasition 133eaihe Ryt 1930 Theslide hapdier, 1380 then
proceeds to tr:%i pgéition @oep[ck up the slide 3 from théﬂgmera bﬁ%er po ition91§34. FIG.}3O 28F
shows ttstifitheashaee 3dievstekiad ipefiehitie daamdeasaffehpdbitiodizglmahd’Intoadedivatththe XY
age 1340,k Gridb shaws hahibe e fis. Ut UAGIGAEANNRA wla sife s Paingpickup
from the return buffer position 1332 by the slide handler 1 10. FIG. 28H shows that the slide 2 is
returnedhs Recposisiarrifciie Prlousdhnebodbl resesitie raddiepasionharrstipdtnstendvés
translatigpally fNeRRS! RAsiions HiG. k8L parsthakias slifle:bandler 1330MmpYes frapslationally
to the proper position to plc_k up slide 1 from'the carousel 1 10. FIG. 28J shows that the slide handler
1310 trafespoeksanthumiosdb pheceiidesiaad tpesihteracbotfertpd divon hiherelthénisuribaailtsage of
slide 1 '%iﬁz@@%@of’&ﬁi@fﬁ@%ﬁﬂﬁlé&'t%?%{i-’r\{‘{% Relng RranRed: RUTRELIGYSNS Siplardepat
discussed above in 5 connection with the illustrated sequencing, may be performed with respect to
anyremefrifiipsiigesdeseibsiideerion the carousel 1310 and/or for any user slides inserted by the user
into the user tray 1314 to initiate the by-pass mode operation discussed herein. According further to
the system described herein, an illumination system may used in 10 connection with microscopy

embodiments thEf a?é &pplichspaécvlinsiuaieeabriias antdesaniso ey Sitdrrdesdietbherein. It
is knovv%eawg;ﬁ%m%mmg@@yqeaahaég%%m%r@ﬂﬂ.mi@ﬁé%ﬂ&@f&@ﬁﬁgi%d&méCﬁ%%%O%yPrimafy

features of Kohler illumination are that the numerical aperture and area of ilflumination are both

controllaBrdvdia htlidstEsie sasbgwisdneiatamusthafoh maldsdeaiibred X ntdeiie Biidwdanye of
miggpscope ghigcivas Withe Lary@ving magnifiaiemr. Jirld ohigvaadaTericalaperidig: Kphler

illumination offers desirable results but may fequire multiple components which occupy a significant

volume dfhdgackdoteebrlingRlidmitilis BiubBlirae PeiURPRISYSHier eingiveared Ry fiuRKEsTovide
features e tecixiomas for,AdyantageeHs IHUMNRRHBRAR-PIAOSEIPY; aRRIcaIRNS AL avpid certain

disadvantages of known Kohler illumination systems while maintaining the
The positions 1312, 1312', 1312" are shown as an array of wedges (e.g., 8 wedges) and, as

further discussed elsewhere herein, the carousel 1310 may have a height such that multiple
25  slide positions extend below each of the top level wedge positions 1312, 1312, 1312" that are
shown. The slide handler 1320 may include an arm 1322 that acts as pickup head and may
include mechanical and/or vacuum devices to pick up a slide. The arm 1322 on the slide
handler 1320 may move between positions 1322a-d to move slides among the carousel 1310,
the buffer 1330 and the XY stage 1340.
30
The buffer 1330 may include multiple buffer positions 1332, 1334. One buffer
position 1332 may be designated as a return buffer position 1332 in which slides being
returned from the imaging device 1350 via the XY stage 1340 may be positioned before
being moved, by the slide handler 1320, back to the carousel 1310. Another buffer position
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20advantages of Kohler illumination. FIG. 29 is a schematic illustration showing an illumination
system 1400 for illuminating a slide 1401 using a light-emitting diode (LED) illumination assembly 1402
according to an embodiment of the system described herein. The LED illumination 25 assembly 1402
may have various features according to multiple embodiments as further discussed herein. Light from
the LED iBdminatibn &ssembly 44024 sranemfiiedsitbon Miroml4bilandlaleather epsepaate,optical

components to a condenser, 1406. The condenser 1406 may be a condenser having a suitable working
Cistance 18 BRI 55 iy BB G e T R A OF B9 Bl 1408,
as furthehelischsipaetiewherd dereiner3tdrean enflepdithentbiiag congenserdnayde capteaser
SG03.0701, manufactured by Motic ing a 28.mm working distance. The condenser 1406 may
nciude A L5 Rk T ASHIAEh rah R R AT SR R Lohd SbE) Bigh tha
illunsinatstaghd 3p@cinenmsptesstite 14d02oThe shdgildAbvivy Bsisposeangheisigge 1408

under a %ggﬁgoggtﬁg'ecﬂve %élsl i.SCThSe E iIIl}llmingtion assembly 1402 may be used in connection
with scanning A |mag|?1cg Hhe specm‘*nlesheoﬁ the Yide 140, including, for example, operations in

relation to movement of an XY stage, slide caching and/or dynamic focusing, according to the features

and technique the system described herein. 5The LED jllumination.assembly 1402 may include an
LED 1420, suc aéslrg%blr%/gw %thl eaﬁﬁ ,uesﬂg[rl\%nls fﬁ%taﬁ’l‘gy%evhes‘%éfr% 13%%8?8P’é\%l%%‘}r/¥??and an
adjustablé fis fidiel chaplmagns b4 24cthhtdenayidaptdelthe B36a ofdlumivatinotiamnitie sideptdd . The

emjfting surface. of the LED 1420 ma ﬁei aged, by the lens 1422 opto an entrance pupil 1406a of the
condencultt gaStnEeremens muib M aGal I e L e o AR Sty 26 cntfragn
1406b ofithe:condan$di 1406y Hherteamild 22 madileetichosan toaadllectailaigddrantiapief hésoutput
light of the LED 1420 a Iso ta focus.an image of the LED 1420 onto the NA adjusting djaphragm
1406b oP?rSilglgg% egr{l)%%'r 1??0 ‘\}éﬁﬁ’?&%ﬁ trigf)eS rﬁ%{lgsm |c%%nrgga%ﬁ§ta hr"e"f’ lgé‘et%fat%cé“ﬁéﬁdf 2 fills the
aperturennfltideNsliddjusting diapBtides 140663 ofitiedgondienseridodinbnt, thEhegoipientas 1406
may be used to f the.light of the LED 1420 onto the,slid 1 with,the NA adjusting diaphragm
rfag. g R A sy Dl e R e b e
mduntedan 4felided) fiueinatde) pesicimbly da0disthd fietdhdicghlerag pht afdiercapacisid Detwiesn the

condenseg1 1§1n066s%rr1g Ehe }‘ligld 0 gia Iﬁ'ia?g”il %gf rﬁna %? %gé'ucsatred tjifgqge tgle Ii?ht frgrgthe LED
1420 onto the p Aneof the sfide 1401 $o that the fieid iaphragm 4% may CORLOTtHE Ares df the
slide 14@%chatyslifidinated o8inceranrastide sexisansattjiegs ftanéshwhiteanagtagerconialaing a
slide is mooglengnaged in addition to other slides in the carousel 1310. Interaction of a slide into the
user tray 1314, for example lifting a cover of the user tray 1314 and/or inserting the slide into
20 one of the positions 1314a,b of the user tray 1314, may act to trigger a by-pass mode in which
a slide from the user tray 1314 is processed instead of the next slide from the wedge positions

of the carousel 1310.

The arm 1322 of the slide handler 1320 is shown having at least three degrees of

25 freedom in motion. For example, the arm 1322 may rotate in a direction 1321a in order to
engage each of the carousel 1310, the buffer 1330 and the XY stage 1340. Additionally, the

arm 1322 may be adjustable in a direction 1321b corresponding to different heights of
posttions 1312a-d of the carousel 1310. Additionally, the arm 1322 may extend in direction
1321c in connection with loading and unloading slides from the carousel 1310, the buffer

30 1330 and the XY stage 1340. In an embodiment, it is advantageous to minimize the arc
distance that the arm 1322 rotates and/or minimize other distances traversed by the arm 1322
and/or slide handler 1320 in order to minimize dead times of the slide caching device 1300,

as further discussed below. Movements of the carousel 1310, slide handler 1320, and XY

stage 1340 may be controlled, in various embodiments, by a control system like that which
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25 the LED 1420 may be pulsed on and off (e.qg., strobed) to allow very high brightness over a short
time. For example, for a Y stage moving at about 13 mm/sec, to maintain no more than 0.5 pixel
(0.250 micron/pixel) blur, the LED 1420 may be pulsed to be on for 10 microseconds. The LED light
pulse may be triggered by a master clock locked to the dither lens resonant frequency in accordance
with the fosussystisewhact thateniquéssfaltherotidabssed 39elsbndierenhaieibuffer FB30 3dstz

schematig jllysiration,showin ore detailed side view of an embodiment for a LED illumination
assemb%/qf%%eaic%%q n V\%ggtahe gyss lgr%%(%%%cgibed herein and corresponding to the features described
herein with respect to the LED illumination assembly 1402. An implementation and configuration of an
LED 1430, ale 1 field diaphra 434 are shown W'EQ respect to and in conngction with
other structural%ﬁ%i%‘gr? J: jSs?r%%rﬁ{t%%bcﬁgggr}é%%grﬁsfg‘gf—l&fi i§%5 80 e?‘ﬁglﬁagﬂﬂjss?ra i0n showing
an éxplodelt viehind dopaciffchilndl@mendalio ncodatingED dlumibadioncassé thblyyiadecabrging to an
embodi t of th tem,. described herein having features and functions like that discussed with
espect Lo LB R A R Dol S A moun
1454 mantss osebteyseourdiyt isotint andssituate ahdeEXrivb5nd thadfBDjkraninatitat 46 assembly
1402" sq as fo he securel itioned.with.respect to a lens 1462. Appropriate screw and washer
componen T A e DA e G S e e R S R oy
1402". Ipadkricns embedinehis, sthge BB 4BFenay beesitiomitus! @il gt ighddVMaitdl sEDB 0Me360
Serjes t i%' bcﬂ I:B whit ' ical ut of 0 lumen an%l ng life of 70,000 hours
angir al})s'ufffa IeL9 Igwr%aggﬁl_g@\égﬁ%@ﬁgq% S%J%flﬁ‘gzmr??é‘gp & gr‘irlf%/?éﬂbeP }h?er:ngiol A (outer
diametepogtisnAfithsebidite ddathambraldxitg dualiiesthged dtskitubelidns component and retaining
ring 1467 may be used to position and mount the lens 1462 with respect to the adjustable field
diaphragm component 1465. The adjustable field diaphragm component 1465 may be a
Ring-Activated Iic.Bidy egns, thart Insmabest SviedE2D wlithersidbg. iFrerstatly hebeglersidetb6 may
be a P31,(:20 stagk tube | 'Iggg{ .~ lens 14 V. be r P5LG tube lens by
Thor Labs. O%ﬁeé;% washer %ﬂg&ﬁ sc?gﬁoomp%’g%%%s% 6é7£§y%% ‘ﬁ%?en?fgv%erg %"SBPSE)E%}‘Q to
furlifer swnagedandha ottt iidisiod the $1ED hilodndian asternbhediton fodbevigdefvdteer to the
ystem Geociled RIRID CP\ass aaddechiiauen AR RIOMdPE, 220! hidhSPeeshelidaacanning for
digital pathology applications according to various embodiments of the system descri ed herein. In an
embodirdesssaislioéond derfortzideslvgsntieossopashapdiotaded. (bl a)ide theofsimasfta disk and
(1) & plugality. ol (GCaRPaRONNCHI. beaoiD UICh 6360 BERIRIS 30aRIGH IR echive A slige and the
recesses areadisposed ci.rc_:gurriferen’tia ly in thestray. T%e tray may 1|lnc$ude a céntra%sig?nagfg g%%e and 30
two lockagslersWhEesipotiadndi rbleisteelbptén 16 Pick aplonfardrivwmbiapicantgedtabe abhighdspeed

argyynd %@ez@'%mrmaﬁ@t%ﬁ%@&%ﬁ%@%ﬁaﬁ%@&@f@%@gﬂi%ﬁ&g iay_m%hqﬂ%i@fepfsiﬂons in

the tray. The recesses may have semi-circular protrusions to tou slide but not overly constrain
the slideftperéis el cier) tht0dide o persiutstarmially snetn deoeceThs feaftgswoming alsdilade a cutout

that allOWé::sacgﬂl%%tg@ldltoiylﬁ%@ﬁgaﬁﬁ@ﬁmgeas the XY stage 1340 moves into position to be

unloaded is an example of slack time. The time after the XY stage 1340 is in position to be
unloaded with the slide 2 waiting thereon to be unloaded, and slide 3 waiting to be loaded

25 onto the XY stage 1340 is an example of park time.

FIG. 28E shows that the slide 2 is transported by the slide handler 1320 from the XY
stage 1340 to the return position 1332 of the buffer 1330. The slide handler 1320 then
proceeds to the position to pick up the slide 3 from the camera buffer position 1334. FIG.

30  28F shows that the slide 3 is picked up from the camera buffer position 1334 and unloaded
onto the XY stage 1340. FIG. 28G shows that the slide 3 is currently being scanned while
slide 2 is being pickup from the return buffer position 1332 by the slide handler 1310. FIG.
28H shows that the slide 2 is returned to its position in the carousel 1310 by the slide handler

1310 that rotates and moves translationally to the proper position. FIG. 281 shows that the
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slide from the recess by an operator. In various embodiments, the slide holder, and operation thereof,
may be used in connection with the features and techniques discussed elsewhere herein for an
imaging system. 5FIG. 32 is a schematic illustration showing a high speed slide scanning device 1500
according to an embodiment of the system described herein that may be used in connection with
digital pathisidgydieading) Acsticetholder&Hilly mathinplogdergptraiidb 2 pidth upcdikes foideb..n

disposed_in angul ositi f a circumferential or annular.ring 1515 on the tray 1512, and the
recessegaig&%ﬁngénd;yﬁggiﬁ%%sg?z‘%%%*%I%I Saff% |§1§nf[j;>%1. 62 %ﬁpfgiflils Taq)éﬂlss{ré‘tégggslta circular
disk andatrty bamaanufffeturedtiorhoitbe desitednimaiben sfides skde éXamiplantd heldld 6lklides, the
tray 1512 may measuse roximately 13.inches in diameter. It.js noted that.other configurations of
slides arllz%:i (S)f?}t (ac%rllieé%{ n g%&pé%??ﬁé’tra@“r%%? b%eﬁa:s%oﬁsass%éarlbpﬂa%?tln&%%ﬁﬁséegtié%%vvﬁhl?he
system desuriiteth heitbithanbidiretetiestation mmdneyrifgpeafiomat thelreegrse solbidsemn andgnay be
approprigtely modified. lide,may be ced.in each recess 1514a-n of the tray 1512, such as the
placing (ﬂ@ﬁ%g& 1?50?%16%)2%0%055 gﬁgj{ﬁa%@tﬁ% %}?%%?L?n%%ef ks;lléd:_‘)zfa%:nes |ﬁ€)ﬁ%§%iaﬁe§bnetgd slide
scanninghdewios500.1F he traiatt5he wayainchudie apeeatital disindkedbleenl6¢ and two lock holes
1516a and 1516b which may engage with a drive which rotates the slide holder 1510 at high speed
around axis 1518 in rotational direction 1519. The tray 1512 may be placed into a low profile drawer,
20shown repregentationgaflyther160Re thatemajcsetioat thecirgyad Bhdrintatiie getdoerdH00sed inFIG. 33 is

a ematic. lllustration showing.a.recess 1520.on.a fray of the high speed.slide, scanning deyice in
mi%l de%:lﬁla%gg)l%i%&%o%ﬁc?r% odiment o?ﬂﬁzgtgyg{ae%m%esagﬁggﬁeeﬁgin\f Oélsretgce&géloi Oarr%lgay be any
of the retatses 06 4asystEhe devetsd H20maylinsliideven Zpluiatitycopeemigirculanqrigtusions,

such as i - uch the slide 3501 but.not qver, strain the slide 1501,
thereby gﬁ@v&ﬁé t e%%genjlfgg%%tgqggesf‘gbn&gﬁt?gﬂgyétriairnlf?raérg. %a%%u tll@%%ﬁlg}vl\fsn a |tﬁ%%faﬁ:old to
place artiasthaottherishtieptB0tefaothatve rdclsm G20 hyrabaperaionlBeltripetd]wtddemations,

shown s ' r Dr .the slide holder 1510/tray 1512 as it revolves
around tﬁ%%@@?g 8%%ﬁé]%%{%}égﬁ&a%ﬁg#%ﬁéméﬁr%o?g%%%{ eggl%}e%%’ﬁxop I%eOeﬁet(i?léf Qidé™501 in
plake whiteyimagingubearenT Heldolding dorcadnaynheridgsigretite b&ahleast Oninitdnitidliy by
rotating the: t : 0. register the slide 1501 against the semi-circular
protrusigﬁglﬁggg%%g%ggkgg%%g gﬁ@?%S %ﬂlté]p ?eg)g‘glg{%]?ég%%ﬁe%‘r%% ion Tate ?nsé%e raenr}i Jggwgo(rggistent
with imagpaceratdsaofdirehysrenviikecthbediscntsed tisewitens hexaibedtiowr frates, pyenda slight

holding REeg-AaHld Batilise e Iae Aol RIaNSh NS RICHUSIRNS 337 A REIBIRLR 4o FIC:
32, a microscope imaging system 1530, Itke that discussed in
certain disadvantages of known Kohler illumination systems while maintaining the

20 advantages of Kdhler illumination.

FIG. 29 i1s a schematic illustration showing an illumination system 1400 for

illuminating a slide 1401 using a light-emitting diode (LED) illumination assembly 1402
according to an embodiment of the system described herein.  The LED illumination

25  assembly 1402 may have various features according to multiple embodiments as further
discussed herein. Light from the LED illumination assembly 1402 is transmitted via a mirror

1404 and/or other appropriate optical components to a condenser 1406. The condenser 1406

may be a condenser having a suitable working distance (e.g., at least 28 mm) to accommodate

any required working distance of an XY stage 1408, as further discussed elsewhere herein.

30 In an embodiment, the condenser may be condenser SG03.0701 manufactured by Motic
having a 28 mm working distance. The condenser 1406 may include an adjustable iris
diaphragm that controls the numerical aperture (cone angle) of light that illuminates the
specimen on the slide 1402. The slide 1401 may be disposed on the XY stage 1408 under a

microscope objective 1410. The LED illumination assembly 1402 may be used in connection
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5 detail elsewhere herein, may be disposed above the rotating tray 1512 to image areas of the
circumferential ring 1515 where the slides are placed. The imaging system 1530 may include a high
NA microscope objective 1532, for example 0.75 NA with a large working distance, an intermediate
lens 1534 and a CCD or CMOS 2D array image sensor 1536 placed at the appropriate distance to
magnify witfecisaonithe stideits0ib o the Fpagmsensor thb3€idind 400, imajedsensdol z36mphRy have a
high frame rate. such reater than 100 fram ec. For,example, the image sensor,1536 may be
part of a:g ggﬁ%%%%l&ﬁ%%ﬂ%&%ﬁ%% tg%e?gt?n%sgf %50 rléi(r%g% séf%:goa}nt(gérgf Iva gnF?Wénﬁhaging
system B56@ dnay thehidicipraopantdcctomy@esadishmetstirededeiveed/highimay be constructed from
components such as DC motors or stepper motors, ball or lead screws and/or linear guides. One axis,
the radial axis 1531a may 15 move the imaging system 1530, or at least one component thereof,
radially throughl$mdlERoles; fotiexampiem il ynivGlepswititade solUtiBD d#20, mictonde ibradge one or
more ring/%xgg SRIRANIN 12 below. The other,axjs, the focus axis 1531b, moves jin.small
moves & B S e B S R B e
moves alihjghiagpedd2fbtiekampleexad ulingeswillmovraiva tewtmilisgkcomtl. Nibvemétih200f the
microscQpe-ohjestive 1534 may be eontralled by a control,system and may be us ? in.connection with
dynamic ?oc%sing tecﬁgéuesﬁ@aiggééé%%%gsg tgl‘?sé,)ev{/1 gﬁeﬁ eremn- em}iarrl}/ﬂﬁ})r%?ﬁg igﬁ%‘fgnttegr% 1540
may be ptackdsseldilthe rébolvdngairay pBP2 dd@baciude hdightkoated #6542 apudhasddsidiy
briggtneﬁ%\glm'g ELyQneopm ica com ts such as a mirror 1544, and a
condenser 54gl:llrsimi(?ar to ilﬁ%?égﬁ%g%%ﬁpﬁeﬁ%e(ﬁ%%%zggg I@I%S’V gr%é) eélré?n?‘%l]?%% %rgaé%%iment,
the condemsumapichmenfipief baths bfhihephicté2Cape alaytbdounpadteattogithel. Bidldvenss a rigid
body, sugh & diregtion. Y t ¢f.ihe illuminati stem 1540 is in the s .direction as
the radial direct%’i 1953%6(1ﬂ (%P %%Ef?ln%?fg gg&%rﬁ Afg%j&g% ?ﬁg%f\g“@ﬁ% %}?Pégﬁ%ﬁtig?lggf 1%% 1|{r3'ﬁ}“asg§)|ng path
may be t8at decoupied frdm th® doliddhide thsatpsrsuchotitht INé edmsinp dieptoagpohedib of the imaging
system 1530.may jnglide independent movement in the focus direction 1531b to execute high speed
focus moves. FIG. 34 is a schematic illustration showing an imaging path starting at a first radial
podfion with respect to the slide 1501 for imaging an specimen 1501' on the slide 1501 in the recess
1520. The recegq 1 o50;uyith, sfigtes 1n0d Baies Wt s al'egg@%'%%fﬂ%g%%ﬂg 130 9aong! giggcton
1524. Images may be cath(ed for frames (e.qg., frames 1 according 5 to the'image capf:ure
technique dlisctis sbel ¥iscadhotenpatieirhragsHe0Mh inflgeaace chpluretiditvn covilef ftaiméd(k.g.,
rames Iogpbloraafllisldn andneAide e 1950 3 Dedias et Snderihedmaging
system 15%%. After one complete revolution of the tray 3515, fLe rgd%?%gis%%}ln%?ﬁeaﬁ%%ngl g system
1530 is irti¥émehbeditelé e igmgesdor asmatiog rbwvédnathe sciordensty sl Badhtiarhelds
acayired;pbhilraIa terRR A A e RZIG LGRERDR ReIAd R 6rIabl JRld dlminatanay be
sufficiently radiant to allow such slno_rt exposures. These exposures may be in a tinte frame of a few
10's to asheli htbirsdthicrbediddddiantiregmotedt maomirtfteldtumtireheoEthiresbideal 86 Inthaest for each
slide in the, sligg bplder 1510 is imaged. In connection with this embodiment, processing of the
collected images into a mosaic image of an area of interest requires suitable organization 15
mechanisms and/or image tagging to correctly correlate the multiple rows of frames between the

multiple slides Giataif ARt andad@ndoianuiahle INPIgGRIGRARTINDJERNILGS My e used

to tag images so as to corréelate captured images to the proper s e arced motion-of the

collectiothelirfadd Hiew aidie ralaedi s sed) off knewatstheding sbowareahitledn pemransfomaed to
views thai anatholegistwanit urdersiapd while iooking Mndey ARSI S FPIRIORCARE: than

0.5 pixel (0.250 micron/pixel) blur, the LED 1420 may be pulsed to be on for 10
microseconds. The LED light pulse may be triggered by a master clock locked to the dither
lens resonant frequency in accordance with the focus system and techniques further discussed

30  elsewhere herein.

FIG. 30 is a schematic illustration showing a more detailed side view of an
embodiment for a LED illumination assembly 1402' according to the system described herein

and corresponding to the features described herein with respect to the LED illumination
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As an example, with a tray in the form of disk of 13 2 inches in diameter revolving at 6 rpm, a 20x
microscope objective of NA=0.75 produces a field of view of about 1 mm square. This arced field of
view is traversed in about 10 msec. For a tissue section within a 25 15 mm square active area and
assuming 25% overlap between fields, 20 fields would need to be incremented along the radial axis. If
frame trasssfablyabiSBortienouplementeifimitndceprisigoratione 20ncoRipl&48 tewdhatiod3Roarid be

sufficient: t@qi li on the disk. This cyr at.6 rpm in 200 seconds or. a throughput of 1
slide evehr%/?dl;a%%s%% nds.%%Fgl%S%ggg zg‘r;\ 3%3%?&%%#5@5&%%%%&3&?? o(\)/gllr% g%uzé}tuérgrl?ative
arrangemenbof alitied artmeendtetingosicds Aéffer according to another embodiment of the system
described herein. FIG. 35A shows a tray 1512' with recesses 1514' configured such that the longer
dimension of the slide 1501 is oriented along the radius of the disk-shaped tray 1512' that rotates in

diregtion 1519'Filsithislconfigusationahsord slideste. ghoS0rglides) axplpditdrvibe whyal 5paciRtG. 35B is
a schematig vi ) mgﬁ\ [ i 0 li Llin.a recess 1520 that is configured as
noted gtl)%{\ﬁe? In%%gﬁﬂstrate%%ﬁgg%r% 23 %%h%%ﬁa%g%%éﬁs ?1?%%1%2%585 ﬁ}ntﬁgkﬁg@er%%sniégé% %ccording
to centripystigbfotesssibhdrarinntheviine ttidnres 20d dnuicthapoteubignd stE22d it hespling ¢didineof
rotation : - Whi ' pr ing. i or is,shagwn for c tion ,of images for
frames E%gglflgeﬁ%ég@;&%r%%ﬂ%%?@hg (r:Ig % éiitfi)f%flb t&g{ﬁnglg%l%’gcs?/%per?\ﬂ%g%% Prllglrlggwented to
in lengththidennaardmeants gbtivecslidesnowsptark sinagesiol-Eltddssivie bwd 6l alivesfetieach slide.

" 3 CXaMpif (01 8050 MM b XM AAGIKE SRR A3k TUOR A 22 RuSioR PetupeR feige. Twenty

fields would neéd to be incremented along the radial axis. Again, 20 revolutions at pm would
provide eoniplend irsbimgimpotcatchhitls btftlwithynhorbuakficiamdstaseing givkmthatatiedt&lion of the

Sides andpereiore dateRpy oL nesRe caanp il SYey AT BB BRRA.

schematic illustration showing an imaging system 1550 according to an 15 embodiment

describéﬂlh@téﬂh&ﬁ@himkﬂaﬁﬁ-mw@ 1@2@%@%@@@%@39@@@@@5@@@@& slide
Lool. IneshEMBREND €l faek'SROSIIATIBIH S RIS WA dNIRHAR BTk PIREH rogfign of the

disk before image acquisition. Budgeting as much as 20 seconds per s or autofocus would make

totab scarmméintey 36 sechid S Penslidelram Stbetootendimitelds fasserthabedenenowpnacot the art
systems; 43 aHig)ibPG969N e AMIGD 105 %Mﬁp]o%%ﬁti%ﬂ&spagﬁ% 9 %Hwiﬁg%i%‘e_lés% e

objective 1552 may make Undergo minute movéments in the direction 1562 to be’positioned at best

focus a§§é@mmﬂ?ﬁd®th@§y@ﬁéwmﬁE}é(ﬁ?ﬁ@@#ﬁt@i@tiﬁ@ﬁa@ﬁ@mmmld not
need 10 pgsset Ieheagh et ol Maw dhnfblbeenhindintinakiprger 200es kand ANNRAI4,1 551 for

example 3 x 3 fields of view or subframes due to the larger spatial frequencies of slide warp 25 or

tissue thitRRBEEITHEE it SHAlRS b d ber ihtbsp oldre dtagkpiyhed desk46e meaw hite SiideGmoves
undgr the camea i its A18BathhLs. TALSIRRUYAL: S9YRAMIE fosssing iBsRRIqHE. SUYRLgsrapsthe-fly

focusing technigues described elsewhere herein, may be advantageously employed in Tonnection with
the highlabs. Other washer 1468 and screw components 1469 may be used, where appropriate, to

further secure and mount elements of the LED illumination assembly 1402".

According further to the system described herein, devices and techniques are provided

25 for high speed slide scanning for digital pathology applications according to various
embodiments of the system described herein. In an embodiment, a slide holder for a
pathology microscope may include: (i) a tray in the form of a disk and (ii) a plurality of
recesses formed in the tray in which each recess is adapted to receive a slide and the recesses

are disposed circumferentially in the tray. The tray may include a central spindle hole and

30 two lock holes wherein the lock holes adapted to pick up on a drive adapted to rotate at high
speed around an axis normal to the tray. The recesses may be recesses milled at distinct
angular positions in the tray. The recesses may have semi-circular protrusions to touch the

slide but not overly constrain the slide thereby allowing the slide to be substantially strain-

free. The recesses may also have a cutout that allows a finger hold to place and extract the
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30 speed scanning systems provided herein. It is noted that the times for acquiring focus points (e.qg.
120 focus points per second) enable use of the on-the-fly focusing along with the high speed rotational
scanning techniques discussed above. It is further noted that it is well within the field of control
systems to control a rotating disk to speeds within 1 part in 10,000, allowing open loop sampling of
each imabdeviitoubeehdesy by aﬂtaﬁmaalrfehdbmmmmmﬂSMﬁ}mheedlgdeehhMmem&mmmbnail

image is 1cl)rodlflced of the slide. This ma ?P Ilshed t%/ se tlnqqrl (I?Iow reso utlo camera
0 ifte esolu

over an angu(fafr gltlon OF 1Ild0é) nSe(g as no eFéreV&It?:lnt teﬁlglfh Félrslsr%lcrg'g(%pe Just

describea:feor foctremehghighywsotume applications the disk format lends itself to robotic handling.
Semi-conductor wafer robots handling 300 mm (-12") disks may be used to move disks from a buffer
stock to the high speed scanning device. Further, most technologies position the slide under the
micoscope 10Fdbjetdive drndugketingdnsiages ihaxstepaainghrepead mitkorathagedmations@ominate

the image a UISI ion tim -he sys descrlb d herein.usin ptar otlon is eff|C|en .and highly
repeatagal O‘f’% uto ocuesggi(r-%rI ﬁlllggéet z%q IS |on(€1 meé acli:gzmz;{ﬁlor%(}zl1 ]cq)’ra&]agnl%u%éns?ﬁ)ﬁ &F tian the

current statie dfettwe patlpﬂoguotsagﬁlglosﬁt slidtehoddatsbirEn iy dimbnging thagcher?ismit: orspkag

hold-dowgs doihald e sids, nplase during the stop and do matians gl he stage, The system
describ erein not requ 0 own mechanism’ in aftgﬁle rotatio aI mo on creates
centripetdl i8¢ celé rhoreaghich pristies theystistd ihtosapdetd dtdimindid dotciiion Tha tegessSiGuisinto the

disko Thin(IAKES SRNSUNHRR LINGSIAE hpLdRL SIMRIGHANG AP alals: A0 g0diliag. 20 side hold
downs may warp of Strain the slide comphicating autotocus processes and are advantageously avoided
accordingcemtiie sydteid tesbrbedhiedrein] 512 Byrrentsysteppsohavetgdeald speisinidatieninutes for a

15 mm r sh h stems ethods provided he el allo ame ac ive area to

scanne(??qg/c?gt %gtg% §tell!2:%o?n(}; fe%gu\{ eogi"(gm;s) ?eosu nedP gEove el\/’Tlan ?ﬁﬁovﬁé% lale 106K 1o scan

from 100sties ﬁpm@memp@ndawwmiﬂhéses}yrgbmaie&nbmhhgmmqm‘slﬁemam&ﬁmmrdcouId

o thraeh.A-dall VBRI AN P iRadten sisesil g andyploading
|salows ast rt|m a

disks, barcode reading, pre- cus nce economcheforthe
lablB0 plackdGn B%Ismdtt@wldlhﬁgmmfltﬁewfsh@ﬁﬁﬂg%h@hasﬁbeglshdg sc¢ahdintpOsingtherotatable tray

accordinpjth %mggqﬁ[égﬁg}gpﬁtp%s% e}gﬂneg 2%52 i éghrem ts? ds da§602 I|des é:ggdo%lted into

recesses of the rotatab step 1 ding procee Step 1604 Where the
rotatabldranyl 8 inovydiivlode sliderdcd mpimgpdeition Witk resbeet dedaholerg1516a and 1516b

which may engage with a drive which rotates the slide holder 1510 at high speed around axis
1518 in rotational direction 1519. The tray 1512 may be placed into a low profile drawer,
20  shown representationally as 1502, that may retract the tray 1512 into the device 1500.

FIG. 33 is a schematic illustration showing a recess 1520 on a tray of the high speed
shde scanning device in more detail according to an embodiment of the system described
herein. The recess 1520 may be any of the recesses 1514a-n. The recess 1520 may include a

25  plurality of semi-circular protrusions, such as three protrusions 1522a-c, to touch the slide
1501 but not overly constrain the slide 1501, thereby allowing the slide 1501 to be
substantially strain-free. A cutout 1523 allows a finger hold to place and extract the slide
1501 from the recess 1520 by an operator. Centripetal accelerations, shown schematically by
arrows 1521, produced by the slide holder 1510/tray 1512 as it revolves around the axis 1518

30 may apply a small holding force to the slide 1501 to keep the slide 1501 in place while
imaging occurs. The holding force may be designed to be at least 0.1 ¢'s initially by rotating
the tray 1512 at rates greater than 100 rpm to register the stide 1501 against the semi-circular
protrusions 1522a-c, Once the slide 1501 is registered, the rotation rate may be reduced

consistent with imaging rates of the system like that discussed elsewhere herein. At lower
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and imaging system. After the step 1604, processing proceeds to a step 1606 where rotation of the
rotatable tray is initiated. As discussed above, the rotation of the rotatable tray causes centripetal
forces acting on the slides to maintain the slides in a desired imaging position. After the step 1606,
processing proceeds to a step 1608 where the imaging system captures 5 images, according to
systemsrand, iechniglightdesdiibetbhereiuhhsdbitivelihg didmnsici faguisingHe phuiguiess fosa4ow of
frames f%r each slide on a circumferential ring of the rotatable tray. After the step 1608, processing
proceeds’to a test step 1610 where it is determined whether a desired area of interest on each slide on
the rotatable tray has been scanned and imaged. If not, then processing proceeds to a step 1612

where the imaging 10 system angd/or.certain components thereof, ar ved one increment in a radial
direction of thegqu; atabfe Ay Kf@r@hgitﬁgli%iﬁgﬁ%%@fﬁ% Sﬁ%@@e@?@a@%&ﬁé&%ﬁf%’é. If, at
the test stepill @6y ias deteimineg thatieadatelintaesitomgaclyslisie hashean seanoechand
imaged, processing.pyocee step, 1614 where one or.more mosaic images, are create

R R e T TR B b AR FRTE SHAIF a8 e

corresponding to tne are of interes iImage
15complefagh NAcoardingfurtbeecivine Bystém aasesibed7serainwath aftinal dewblipgitemice, and

technique may be provided used i necti ith.the imaging system res described herein.
In an em%loﬁl?r%%%?ﬁ#g s%}]s e?r$§j eas%(ﬁge:d %er%ﬁneﬁggsi%ﬁﬁag t"g?gﬁt%/s}ﬂS%O{ g%un?z% eﬁer(% ed by a
20x 0.75apbroptémeAistabjeativeiaghifyrebpleti omeldeméiateid abbub Atz Aickan sehaowayeiengiieof 500
nm, To aobtain further pling of this resglution element, the tube lens, in fropt af the imaging sensor
ma%/obe éﬁ&‘ﬁ%esa?% gg%)grc}%a a%gvga%&g?}oﬁ%rg C%Fﬁpﬁ‘t]i%% W eSreLst I@W&ﬂf@? %ﬁﬁ%@%n@%iven the
objectivesanm(é tuikeilers: ferabletiih phiube jens i ffantoFikage svi$00)dsmeta pipcragngaitpixel

size on or CMOS i e sensor pix..pbject=.pixel size bject or tissue f tube lens =
pix_objec(f: pif;i%]gﬁ/ssg? d g%ﬁngrﬁq.u%ao g\inifag %%%ﬁ%ﬁz%sgﬁt 6 ggjge(ac%'g? (%251 %#,csféﬁg%}t et‘baa%“a Falcon
4M30/6 (T dmBOrzictodrsensdigixel}ythe facattentgth odtheduihieiens seohldHBaboutadmm. For a

pixel size,at the ohject pf,0.125 micron thepi cal length.qf the.tube lens should be t 532 mm. It
iy be SR B Soateh B S o A et nited by

maolntingitwe trenorzinpeteesed 8@ stageltaat shuttiespofeantiofted, mBgiizgibenstr seiien the
diffren, path Jepgths asseciated ith eagh ey facallenglh, fold mirtors wil slse need.fo be added to
fold the path for a ﬁxer(lj”?mage Sensor position. g more Hngs on
the spinning tray 1512 below. The other axis, the focus axis 1531b, moves in small moves 5-
10 micron with resolution of 0.1 micron. The focus axis may be constructed to execute
moves at high speed, for example executing a small move in a few milliseconds. Movement
20 of the microscope objective 1534 may be controlied by a control system and may be used in

connection with dynamic focusing techniques like that discussed elsewhere herein.

An illumination system 1540 may be placed below the revolving tray 1502 and

include a light source 1542, such as a high brightness white LED, one or more optical path

25  components such as a mirror 1544, and a condenser 1546, similar to illumination components
discussed elsewhere herein. In an embodiment, the condenser and imaging paths of the
microscope may be connected together and move as a rigid body, such a direction 1541 of
movement of the illumination system 1540 is in the same direction as the radial direction
1531a of the imaging system 1530. In the focus direction 1531b, the imaging path may be

30  decoupled from the condenser path, such that the one or more components of the imaging
system 1530 may-include independent movement in the focus direction 1531b to execute

high speed focus moves.
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FIG. 38 is a schematic illustration showing an optical doubling image system 1700 5 according to an
embodiment of the system described herein. The optical doubling image system 1700 may include an
image sensor 1710 of a camera 1711 and a microscope objective 1720 as described elsewhere
herein. It is noted that other components in connection with the system and techniques discussed

herein, such asra6 ohtheaflycleausindibysietinnmnsayvalse beiusgdnwifadhetiiusirated apficalidoubling
image system 17QQ. To achieve two.or, mqre object. 10 pixel sizes, a plurality of tube lenses, e.g., a
first tube% esrllsi()fﬁ&arﬁapg%é%ﬁ%\%%eeHgbﬂs%5%?‘% SB?SW&I%(?&O%éﬁiﬂﬁyﬁlﬂtﬁ%@@?,tem
describegtdiereirs2h. stage 1636:maYGhvitihe sié:firsOiubadenswitdQirnslihe isggend subeadens 1750,
respectively,.in front of the imaging sensor. In an embodjment, the stage, 1730 be a linearly
etuated SRR RV BEREE 4 P EAHROUER 1 HURED e GRS e bPeagE and
movement ireieatmaphee kst dn doonsetianswithetbehsysiemdaseribedheseiarAcspiEratiassembly
1752 is shown with respect to the.secon e lens 1750 that may ipclude one ar more_fold mirrors to
adjust thé"iigah‘iob"’aﬁlfrf?rfém"t% %térr?&f‘ﬁ?bgsgﬁsﬁﬁ%c %‘h%ei%rabgégﬁ&ogﬁiro?ﬁ%és. JEANd 398
are schemiaficrittustraticies tfethimagitigad dhosthlingeimagefsystem 2t R0 showinehtoe shuiting of the
first tubellgal %]{4%{%29 the second.tube lens 1750 in {r t of the image sensor 1710 according to an

embodinidhtof th&SARIV SR Rb AT HERSH 1 (9B Al Sb IS BFGHERLSH PropP fe B4t fibe lens
1740 positished iovfrofit fodiths ifbagadenide. 1 7Ebnithasigecidided RIGChigABabosssoligitypath

175 forthe secand tube Jens 1750 after, bej ttled in front of the jmage sensory 1710 via the
sta%&e 17%?)?%@ %ﬁ ﬁﬁ%’t‘?aﬁ%%ﬁhe g ng?_h ife?gsﬁﬁ" R iR gé&%ﬂg tbh@%’lﬁ dfehfitors of the
mirror asseindilyri #gtshrdsotifigures)dtiscaabag tedh thempticahdodhliag indage systemddiQ may
include %%ril%&pc%%oria gtrugtural.and ticgl components 1760 like that d,fjﬂ?.cusshec{,i detail
elsewhere Rarein. 30Varioul embodimente drselesel BHH 53, bAEBRbitE GG LT dter in
approprisiidechoidimatidhs is doragedtion lnithoiressysie mithe seiibed eleirnA dslisienatly; ivfsome

instances, .the order of steps in the flowcharts, flow diagrams and/or described.flow processing may be
o RS ABSBER. AR (RGeS ot e e e Ge LA e R ) B8

1IMaecs ¥
ere appt%prla
implementetiasing sofiwaiedgarthygire; & combitigtion-adbsofhwanaltgnd hargdwafenassatotaer
computeg-implemented modules or devices haying the. descrihed features and performing the
describgf l?r%: i rf%.s % v%arye%rr%%%%n?éjti@ﬁs}éo tlllg%y%r%%%s%nﬁ%ga%g?%?ﬁ%ﬁ%H%%lﬁ%’é’eé’xecutable
code thatigy dtoregtdnta tgnipates readailecstockye capialiteth iand execie hinpandide, eine: phecessors.

The computer readable storage medium 5 may, include a ¢ uter-hard drive, ROM, RAM, flash
memory S ABT Lo ot MISrae et M B FR SV RS a8 SR haor
other drisedveith, Hotexafoptedatavivers ah seri ahthoso@ ke Bt ifaders aind/ orhdlieyl @thizizapriantiate

ta%bles%%r@agg mlgiddycrg Qr computer memory on which executable code may be stored and executed

by a processor. The system described herein may be used in connection with any appropriate
operating 10system.

As an example, with a tray in the form of disk of 13.2 inches in diameter revolving at

6 rpm, a 20x microscope objective of NA=0.75 produces a field of view of about 1 mm

square. This arced field of view is traversed in about 10 msec. For a tissue section within a

25 15 mm square active area and assuming 25% overlap between fields, 20 fields would need to

be incremented along the radial axis. If frame transfer was short enough not to limit

acquisition time, 20 complete revolutions would be sufficient to image 16 slides on the disk.

This would occur at 6 rpm in 200 seconds or a throughput of 1 slide every 12.5 seconds.

30 FIGS. 35A and 35B are schematic illustrations showing an alternative arrangement of
slides on a rotating slide holder according to another embodiment of the system described
herein. FIG. 35A shows a tray 1512' with recesses 1514 configured such that the longer
dimension of the slide 1501 is oriented along the radius of the disk-shaped tray 1512' that

rotates in direction 1519'. In this configuration, more slides (e.g., 30 slides) may fit on the
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Other embodiments of the invention will be apparent to those skilled in the an from a consideration of
the specification or practice of the invention disclosed herein. It is intended that the specification and
examples be considered as exemplary only, with the true scope and 15spirit of the invention being
indicated by the following claims. What is claimed is: 1. A device for obtaining a focused image of a
specimemaydi#isifigGad dbjeciivelanstiisposeshioriexaminaiigingpHde fpabisngdide 158 $low
focusing_stage d to the objective le herein the slow focusing stage control vement of
the objemaene e B L S g R R e T h T Do
moves tixerditimsitedsin theadassd S2iisacthdingravides-foads finfarmation iin abe didaunion With light
transmitted, vja the dither lens.. ., ,at least ong electrical component.that uses the focus information to
determinaé% rjcr?gtrpé%ﬁu& 1grhsrs? %%%écpo;fi‘%en 0 rﬁ%%bj@ctﬁ?én tg?\% i]rrlg,tzaﬁt‘:cg}’gén‘@ 1\9\%ttﬁ}%ellﬁ?§ﬁic,
wheFein phecedsieast grefetectti cabloompiinenisetids positiprdritorfation t62Hies oke fgeusing stage for
moving %?pjeﬁ]if\%erl?}?ﬁ into.glg)?l firfttflocusaposition' and an image sengor that cag{jijres an image
e

of the specimen after %Cf%lc Ve fens Ssmoves it t%%ﬁe%?r%? floschnscﬁc% i 20 'I"%ée&l é‘glg%cording

to claim ibcfantieersadfitipridides to captdty imayindstageswherein the Specianin iadishdsednam the X\_(
w9 BRI 278 S oRRh R R S ARRNSD L I S BRETRRE ] gL moving
Twenty fields would need to be incremented along the radial axis. Again, 20 revolutions at 6
10 rpm would provide complete imaging in 200 seconds but with more efficient scanning given

the orientation of the slides and therefore throughput would increase to one slide every 6.67

seconds.

FIG. 36 is a schematic illustration showing an imaging system 1550 according to an

15 embodiment of the system described herein that includes an objective 1552 disposed to
examine a specimen 1551 on a slide 1551. In an embodiment, focus positions may be pre-
determined through a prior slower rotation of the disk before image acquisition. Budgeting

as much as 20 seconds per slide for autofocus would make total scan time under 30 seconds

per slide -an order of magnitude faster than current state of the art systems. As a tray 1560, on

20 which the slide 1551 is disposed, rotates in direction 1561, the objective 1552 may make
undergo minute movements in the direction 1562 to be positioned at best focus as determined
according to the system described herein. Distinct antofocus values would not need to be set

for each field of view 1553 but apply to distinct larger zones 1554 on the slide 1551, for
example 3 x 3 fields of view or subframes due to the larger spatial frequencies of slide warp

25  or tissue thickness. The autofocus values would be interpolated applying best focus while

slide moves under the camera in its arc path.

Alternatively, a dynamic focusing technique, such as on-the-fly focusing techniques

described elsewhere herein, may be advantageously employed in connection with the high

30  speed scanning systems provided herein. It is noted that the times for acquiring focus points
(e.g. 120 focus points per second) enable use of the on-the-fly focusing along with the high
speed rotational scanning techniques discussed above. It is further noted that it is well within

the field of control systems to control a rotating disk to speeds within 1 part in 10,000,
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3. The device according to claim 2, wherein the movement of the XY moving stage is phase locked
with the motion of the dither lens. 4. The device according to claim 1, wherein the dither focus stage
includes a voice-coil actuated flexured assembly that moves the dither lens in a translational motion.
5. The device according to claim 1, wherein the dither lens is moved at a resonant frequency that is at
least 60 #invaind wherdivthexatplbastcdna dleptrigal waiponehtinses the focus infedhaatiost taperform
at least %? ocus calculations per second. 6. The device according to claim 1, wherein the focus
sensor and the dither focus stage are set to operate bidirectionally, wherein the focus sensor produces
the focus information on both an up and down portion of a sinusoid waveform of the motion of the

dither lens at th& resonant ffe\guencp{l.t. 7. lhe %evi?e accordingc}{) claim 1E w ereirg he metrjc includes
at least one of: CoRtast informata LR hanbaah image 1s produped of PSS g% %evice

according-tomldinhdd Wwheseinghe fdousnafdutiatiearncludes nfampaliopdeitiamphfraliyiakzongs of a

focus window that js use ri focus scan .of the specimen. 9. The device according to claim 8,
forther cBr e o S S T e SR e S e Speet o R Hibiing
stage, wipgrbintibesatleaktlofierelacteicd teanponeobcontiaisilingyduantofdnetXYwateingbstage, and
wherein the information fr least a portion of the plurality of zones i ed in ?gter ining a speed
of the X\l?arlﬁ%@?ﬁgg@énem '8?2?51(;3 [ Ig%/ircnee1 é’go? ‘?ﬁfgt ogé?aﬁer’n%ﬁv% ereinf ; #e?% SKe W o{yfh Ccus
sensor isgdtddsiamelaticietice fiEldtbbyieveofithiiniagessposoion kie Alidethaltfah obiginirgpefocused

image of a.specimen, ¢ rising: controlling movement of an objective lens disposed. for examination
of g?e sp%%ﬁ%é‘ﬁ?%ﬁ%ﬁmg}%t%&ﬁ%sf gldﬁtr?qé? eanns; reB%%i |ﬂtdﬁfgicﬁﬁsjelﬁ?o¥}ﬂgﬁgfe ﬁ?%lé%?)t?dg}?ce with
light transmitescyiasiheditihers|chis; ugingrithiedadhalihforinatidnga deteymingiamistsiticios: determine a
first focug, qsition o[ Ll&e jective lens. in adccordance with .the metric; and .

1&1 y Tepeatable. The autofocus and 1mage acquismtion times dre an order of magnitude

smaller than the current state of the art products.

15 Most systems also require clamping mechanisms or spring hold-downs to hold the
slide in place during the stop and go motions of the stage. The system described herein does
not require a hold-down mechanism in that the rotational motion creates centripetal
acceleration which pushes the slide into a pre-determined location in a recess cut into the
disk. This makes construction of the slide holder simpler and more reliable. In addition,

20  slide hold downs may warp or strain the slide complicating autofocus processes and are

advantageously avoided according to the system described herein.

Current systems have peak speeds of 2-3 minutes for a 15 mm active area per slide.
The systems and methods provided herein allow the same active area to scanned under 30
25  seconds, for the example outlined above. Many pathology labs look to scan from 100 slides
to 200 slides per day. With these high rates of image acquisition an operator could work
through a daily inventory of slides in an hour including the added steps of loading and
unloading disks, barcode reading, pre-focus. This allows faster time to result and enhanced
economics for the lab.
30
FIG. 37 is a flow diagram 1600 showing high speed slide scanning using a rotatable
tray according to an embodiment of the system described herein. At a step 1602, slides are
located into recesses of the rotatable tray. After the step 1602, processing proceeds to a step

1604 where the rotatable tray is moved into a slide scanning position with respect a scanning
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sending position information that is used to move the objective lens into the first focus position. 12.
The method according to claim 11, wherein the first focus position is determined as a best focus
position, and the method further comprising: capturing an image of the specimen after the
objective lens is moved into the best focus position. 13. The method according to claim 11, further
comprising! toagiolingstanvernidnt thé areX Yo \wngsisige provdeithithe specisoersisedispesesh 14. The

method aggording, to.claim 11, wherein the dither lens is moved at a resonant frequency that is at least
0 s e TS o T e ST N e TRl D CEBT L ab T g
accordingtiripletah fhtcavheraig the tinetliddncludesabieabt aldf ishadeness infesmatianikantrast
informatipp and chro information. 16. The method a ing to glaim 11, wherein the focus
ittt St ot o R R R p Gt R G e e St
scat of theagpecimandibp, Thesyethedaadcarcingiecldispctibedutibesicomprisio@iding chnbwiing

movement of.an XY, moving stage on which the specimen is disposed, wherein the information from at
least a p@ﬁ%ﬁ%ftﬁg %ﬁj?gﬁhf%f%gﬁgs ?2 l%;aélaefn g)étg%ln?hé%a@bgeﬁrﬁlfﬂgm}‘?v o’\'}ﬂ‘ﬁg@ . 18.
The methwataideording tafatairhel SiewHea@in phecossiremeantefdheoXy 1mo g stape isieeatiolied to

rovte USSR UaLI ST Scn L SRR 3 B . chgno o
scanned and imaged. If not, then processing proceeds to a step 1612 where the imaging
10 system and/or certain components thereof, are moved one increment in a radial direction of
the rotatable tray. After the step 1612, processing proceeds back to the step 1608. If, at the
test step 1610, it 1s determined that the area of interest on each slide has been scanned and
imaged, processing proceeds to a step 1614 where one or more mosaic images are created

corresponding to the areas of interest imaged for each slide. After the step 1614, processing is

15 complete.

According further to the system described herein, an optical doubling device and
technique may be provided and used in connection with the imaging system features
described herein. In an embodiment, the system described herein may sample a resolution

20 element produced by a 20x (.75 NA Plan Apo objective. This resolution element is about 0.5
micron at a wavelength of 500 nm. To obtain further sampling of this resolution element,
the tube lens in front of the imaging sensor may be changed. An approximate calculation for
computing the focal length of the tube lens given the objective lens (f_tube lens=focal length
of tube lens in front of image sensor) is:

25  pix_sensor=pixel size on CCD or CMOS image sensor
pix_object= pixel size on object or tissue

f_tube lens = pix_object/pix_sensor * 9 mm .

To obtain a pixel size at the object of 0.25 micron for the Dalsa Falcon 4M30/60 (7.4

30 micron sensor pixel), the focal length of the tube lens should be about 266 mm. For a pixel
size at the object of 0.125 micron, the focal length of the tube lens should be about 532 mm.

It may be desirable to switch between these two object pixel sizes and this may be

accomplished by mounting two or more tube lenses to a stage that shuttles in front of the
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positioning the specimen at a starting position having associated x and y coordinates; and
performing first processing in a single traversal over said specimen, said first processing including:
determining, for each of a plurality of points, a focus position using a dither lens; and acquiring,
for each of said plurality of points, a frame in accordance with said focus position. 20. A computer
readabldmagﬂigmenmprﬁﬁmmdelﬁfamﬂ ﬂaehéargfbs ehisihing a/focusetimeageaflanspecivien,

accordin iooagl e éacl)ms throug& 81 {Zl]a \??ﬁté g?for (ﬁBF c%?%% eg&é%? éa%%%gpnsmg a moving
stage bloc a Base s a guide C block includes: a
first block being substantlally fIat and a second block having a triangular shape, wherein the
1t ok and o sospRS DAL GULE i I o e n g st drecien, 2T
bosses cmmfdag tplahe ei?Bodinesnievichaceoardingaa ctaiinhzicinhertis theifubublatkanehiiae second
block arg n’{ 1% may include an image sensor 1710 of a camera 1711 and a microscope objective
1720 as described elsewhere herein. It is noted that other components in connection with the
system and techniques discussed herein, such as an on-the-fly focusing system, may also be
used with the illustrated optical doubling image system 1700. To achieve two or more object
10  pixel sizes, a plurality of tube lenses, e.g., a first tube lens 1740 and a second tube lens 1750,
may be provided in connection with the system described herein. A stage 1730 may shuttle
the first tube lens 1740 and the second tube lens 1750, respectively, in front of the imaging
sensor. In an embodiment, the stage 1730 may be a linearly actuated stage that moves in a
direction 1731, although it is noted that other types of stages and movement thereof may be
15  used in connection with the system described herein. A mirror assembly 1752 is shown with
respect to the second tube lens 1750 that may include one or more fold mirrors to adjust the

light path from the second tube lens 1750 to the image sensor 1710.

FIGS. 39A and 39B are schematic illustrations of the optical doubling image system

20 1700 showing the shuttling of the first tube lens 1740 and the second tube lens 1750 in front
of the image sensor 1710 according to an embodiment of the system described herein. FIG.

39A shows a light path 1741 for the first tube lens 1740 positioned in front of the image
sensor 1710 on the stage 1730. FIG. 39B shows a light path 1751 for the second tube lens

1750 after being shuttled in front of the image sensory 1710 via the stage 1730. As

25  illustrated, the light path 1751 has been increased using one or more mirrors of the mirror
assembly 1752. In both figures, it is noted that the optical doubling image system 1700 may
mclude other appropriate structural and optical components 1760 like that discussed in detail

elsewhere herein.

30 Various embodiments discussed herein may be combined with each other in
appropriate combinations in connection with the system described herein. Additionally, in
some instances, the order of steps in the flowcharts, flow diagrams and/or described flow
processing may be modified, where appropriate. Further, various aspects of the system

described herein may be implemented using software, hardware, a combination of software
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24. The device according to claim 21, further comprising: a plurality of button elements disposed
on the moving stage block and that contact the first block and the second block, wherein the button
elements permit motion of the moving stage block in only the translational direction. 25. The device
according to claim 24, wherein the button elements are spherically shaped and made of thermoplastic.
26. The asVicerdeecrdintdo alamcathprteeieiplamasst tmodil theplisaiitys dabitforhelémettisdare
arranged-tq face each gther.on gach side of the triangular shape .of the second blqck, and wherein at
least once%eé%&ﬁ?)sn 0 tl?g% UPAf g?ebg?fqgﬁ e ég%ﬂrﬁ{ggg%t%g%ageﬁ%p ?glc?tg%%lfla%?é:% St}ﬁsé?gbf 27.
The devibsadook diergitorstaim@4dwkeeeinapbsitiaistioftthesphuedliy ofdonttancelembbis emthe moving

stage block.form a triangle. .28. The device according ta.claim 27, wherein,each of the plurality of
pution lSLTS Hish AT O Qe SuagB ot "G AL Hb e R ST Bl
whefein gy nmolidg stegebitekhimhiaped ROMVR AN e fAtah ahgnavily phdabintraichofethadrigngle

formed BYdiie RARURPANRORIIEHIY A RUNANSRMHER,: 300/ IS ASMER 2CIRg [0 BRl 2
further comprising: a cantilevér arm assembly; an a fleXural element having a firSt8ng rigidly
coupled zaitireccahtitene rras @Bl iatwifacsconhidremy cduplegnopcentengblnassdgeatiativen the

moving %tlag(()emblggk. 31. The de ic%ac%%ﬁ%%geg?gggim 3 ,ewher%in the cant@%vgr arm assembly

. CT MEMOory on w & man stored and execu . FOCESsSar, .
includes a cantilever arm eéuple a ﬁearlng WhICR TdNs Via 4 récireu mﬁ %garlné 8e5|gn ona

rail. 32. T gYetdee decotdid dhtoadiaima3 1hevheréimdoivingotiotheddarimg bipekpoirtthepaiktagises the
er>§HraI %espe%r_]t to apply a force to the moving stage block.

Other embodiments of the invention will be apparent to those skilled in the art from a
consideration of the specification or practice of the invention disclosed herein. It is intended
that the specification and examples be considered as exemplary only, with the true scope and

15  spirit of the invention being indicated by the following claims.
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33. The device according to claim 32, wherein bending stiffness of the flexural element isolates the
moving stage block from up and down motions of the cantilever arm assembly. 34. The device
according to claim 21, wherein the base block forms another moving stage in a direction perpendicular
to the translational direction of the moving stage block. 35. The device according to claim 21, wherein
repeatability in motion is provided on the order of 150 nanometers. 36. A device for slide caching,
comprising’hatriaskeimbdiffer; a slide handler that moves a first slide between the rack and the buffer;
an XY stage that moves a second slide in connection with a scan of the second slide, wherein at least
one function of the slide handler corresponding to the first slide is performed in parallel with at least
one functiorcietiiesyor ehitjaies éapisadiners te spedmislictenpdsinThe device according to claim

36, wherein the glidg;band|phamysssiaedl skalife.a08 Pasepair slide between the rack, the buffer

and the XY stage. 38. The device according to claim 36, whérein the slide handler moves with at least
three degrees of fAEHBFISIRG StrRe Yanked Rotsrahiectrelant 3bewmintan sl kyusigdeeiudes a
slide pickughtieRaribainaavesIRidBREBA IR buffer to the XY stage. 40. The device according to claim

36 e o B T RS T e Rk e s She

dither lens;

a focus sensor that provides focus information in accordance with light transmitted via
the dither lens; ’

at least one electrical component that uses the focus information to determine a metric
and a first focus position of the objective lens in accordance with the metric, wherein the at
least one electrical component sends position information to the slow focusing stage for
moving the objective lens into the first focus position; and

an image sensor that captures an image of the specimen after the objective lens is

moved into the first focus position.

2. The device according to claim 1, further comprising: -
an XY moving stage, wherein the specimen is disposed on the XY moving stage, and

wherein the at least one electrical component controls movement of the XY moving stage.

3. The device according to claim 2, wherein the movement of the XY moving stage is phase

lécked with the motion of the dither lens.

4. The device according to claim 1, wherein the dither focus stage includes a voice-coil

actuated flexured assembly that moves the dither lens in a translational motion.
5. The device according to claim 1, wherein the dither lens is moved at a resonant frequency

that is at least 60 Hz, and wherein the at least one electrical component uses the focus

information to perform at least 60 focus calculations per second.
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41. The device according to claim 40, wherein the imaging device includes a focusing system and a
camera. 42. The device according to claim 40, wherein the focusing system includes a dynamic
focusing system. 43. The device according to claim 36, wherein the at least one function of the slide
handier performed in parallel with the at least one function of the XY stage provides a time gain of at
least 10%. 44. The device according to claim 36, wherein the slide handler includes a slide pickup
head thafindibRigviseiaecsrding s claimebrishrsainghaiiswesmnm dheatithemfpickupgieatice. 45. The

device aceerdipgeinsiaime3fonins aimhgPularinsiusles %@M@ALﬂfbl%ffBU&fse{n?éﬁlgﬁﬁé Jhat accept a
u

plurality of slides. 46. The device according to claim 45, wherein at least one er position of the
buffer is 2YPBABER HbdrrrRtine o thamsau Radersref rimotion gfibeidivhes lsssetding to claim 36,
wherein thediagk irejuses at least one main tray and a by-pass tray, wherein a slide disposed in the
by-pass tray is processed before any slide disposed in the at least one main fray. 48. A method for
slide caching, comprising: providing a rack and a buffer; moving a first slide between the rack and the
buffer; 7mbhintpsecondisige idtirrioubhefdnetiputfeninisonaesctionr withrd seaafthe second slide,
wherein r%?g' EEQ fgﬁ%_ﬁsAistg .b?gwegtgog}%gc %nd the buffer is performed in parallel with the scan of
the second slide. 49. Thie me Iil1o<rj:“élccorblmg 0 Clam %‘,’T‘V\E/‘HSPein the scan of the second slide
includes a focusing operation and an image capture operation.

8. The device according to claim 1, wherein the focus information includes information for a

plurality of zones of a focus window that is used during a focus scan of the specimen,

9. The device according to claim 8, further comprising:

an XY moving stage, wherein the specimen is disposed on the XY moving stage,
wherein the at least one electrical component controls movement of the XY moving stage,
and wherein the information from at least a portion of the plurality of zones is used in

determining a speed of the XY moving stage.

10. The device according to claim 8, wherein a field of view of the focus sensor is tilted in

relation to a field of view of the image sensor.

11. A method for obtaining a focused image of a specimen, comprising:
controlling movement of an objective lens disposed for examination of the specimen;
controlling motion of a dither lens;
providing focus information in accordance with light transmitted via the dither lens;
using the focus information to determine a metric and determine a first focus position
of the objective lens in accordance with the metric; and
sending position information that is used to move the objective lens into the first

focus position.

12. The method according to claim 11, wherein the first focus position is determined as a
best focus position, and the method further comprising:
capturing an image of the specimen after the objective lens is moved into the best

focus position.
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50. The method according to claim 48, wherein the moving of first slide in parallel with the scan of the
second slide provides a time gain of at least 10%. 51. The method according to claim 48, wherein the
scan of the second slide includes a dynamic focusing operation. 52. The method according to claim
48, wherein the buffer includes a plurality of buffer positions that include at least one of: a camera
buffer position, and a return buffer position. 53. The method according to claim 52, further comprising:
capturing'd- tHOnBIHiPhAsE¥ SratoelaineAb Semthermemsrgingnd the second slide when the at least one

of the first slide eoitréenganonchidifiofsintraamsraduiiarvpsiion sp4iAdsyigeil.glide caching,
comprising: a first rack; a second rack;  a first XY stage that moves a first slide into or out of the first
rack in connection with a scan of the first slide; and . a second. XY stage that moves a second slide

into or out4f The setanthrackling-rnaeistion, wikeraiseas difiba sRGoRchsida: wWhesgipat least one
function ¢f the fi StkY ;stage, €o onding to the first sl'g is performed in parallel with at least one
function gfet uee%ioﬁgliéqﬁ%sééasgrgfeas%oﬁ%ﬂaqg tté‘ueeassteé %&ﬁﬁ%ﬁé?“%%%ﬁé%@%&%mg to claim
54, wheretsahd first rack and the second rack form parts of a single rack. 56. The device according to
claim 54, further comprising: an imaging device that images the first slide and the second slide.

15. The method according to claim 11, wherein the metric includes at least one of: sharpness

information, contrast information and chroma information.

16. The method according to claim 11, wherein the focus information includes information

for a plurality of zones of a focus window that is used during a focus scan of the specimen,

17. The method according to claim 16, further comprising:
controlling movement of an XY moving stage on which the specimen is disposed,
wherein the information from at least a portion of the plurality of zones is used in

determining a speed of the XY moving stage.

18. The method according to claim 16, wherein the movement of the XY moving stage is

controlled to provide forward and backward translational scanning of the specimen.

19. A method for obtaining an image of a specimen comprising:
establishing a nominal focus plane;

3

positioning the specimen at a starting position having associated x and y coordinates;
and | . |
performing first processing in a single traversal over said specimen, said first
processing including:
determining, for each of a plurality of points, a focus position using a dither lens;
and
acquiring, for each of said plurality of points, a frame in accordance with said

focus position.

20. A computer readable medium comprising code stored thereon for obtaining a focused

image of a specimen, according to any of claims 11 through 19,
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57. The device according to claim 54, wherein each of the first XY stage and the second XY stage
includes a slide pickup head. 58. A device for slide scanning, comprising: a rotatable tray; at least
one recess disposed in the rotatable tray, wherein the at least one recess is sized to receive a slide,
and wherein the at least one recess stabilizes the slide in a scanning position as a result of rotation of
the rotatable ér&y?g.Sg The device according to claim 58, wherein the at least one recess includes a

plurality ot protATRISHdIAFUEIBIoBE AELi FE™BES e device according to claim 58, wherein the at

least one recesa inokddg stagplbialityanfirecesses disposed on a circumferential ring of the rotatable

tray. 61. The device accarding to.claim 58, further comprising: . an imaging system, wherein at

least one compg\r?gr% %iot%(eq%lr%ga%ulhggess{y%temrgv%ﬁ%\?éasgﬁ}@%gdi‘g?’%'i?g’cﬁ’(?r!’mgﬁgof’ tH‘t%TBr%Tray. 62. The

device according to claimrglhlodhdreinzthesiateatiy die; eadponent of the imaging system moves

incrementally in the ragialdiraqiion atieshonding g ops,complets tationaf e rotptale tray. 63
erel ’ '

The device according to claim 58, w the atieast One’recess Is Sized to Teceive a slide having a
length th&esensblael gvideabiaey ortbess leckinlatramsiationel irgtivof the slide is oriented in a radial
direction of the rotatable tray. 64. The device according to claim 58, wherein the at least one recess is

sized to receive a slide having a Ienga‘téh that is greater than a width of the slide, and wherein the width

of the slideis SR dlstaeriAcsYaipgI tairimbal oribrasisttha Bistirigclemdatn sesondibloskaning a slide,

comprisingpported on raised bosses on a base plate.

23. The device according to claim 21, wherein the first block and the second block are made

of glass.

24. The device according to claim 21, further comprising: _
a plurality of button elements disposed on the moving stage block and that contact the
first block and the second block, wherein the button elements permit motion of the moving

stage block in only the translational direction.

25. The device according to claim 24, wherein the button elements are spherically shaped

and made of thermoplastic.

26. The device according to claim 24, wherein at least two of the })lmality of button elements
are arranged to face each other on each side of the triangular shape of the second block, and
wherein at least one button of the plurality of button elements contacts the first block on a flat

face thereof,

27. The device according to claim 24, wherein positions of the plurality of button elements

on the moving stage block form a triangle.

28. The device according to claim 27, wherein each of the plurality of button elements bears

equal weight during stage motion.
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disposing the slide in at least one recess of a rotatable tray; rotating the rotatable tray wherein the
at least one recess is sized to receive a slide, and wherein the at least one recess stabilizes the slide
in a scanning position as a result of rotation of the rotatable tray. 66. The method according to claim
65, wherein the at least one recess includes a plurality of protrusions that stabilize the slide. 67. The
method according tq claim 65, wherein the at least one recess includes a plurality of recesses

disposeddn A iRSIFeAesAingg SiRtAe b rahasrinthy reninhaaee ek Avshrarddadaiam 65, further

comprisinghRiafdiagnninagingidysten naidle foraRdny al/pastiBRe SRS IR imaging
system in ralr{lad%al direction of the rotatable tray. 69. The method according to claim 68, wherein the at

least oneec%rﬁ'ﬂghent of the imaging system is moved incrementally in the radial direction

corresponding to one complete rotation of the rotatable tray. 70. The method according to claim 65,

wherein §l§ althlegs‘tjigggcre%g%s |ts %Eed £q rec i‘e’?c% I%Iidfg\.ha.ving a length that is greater than a width
of the slide, an wherein the 1e g?h i the sfide 18 Shented 1A a radial direction of the rotatable tray. 71.
The method aceortitily YorclaineBsmviyereith the at least one recess is sized to receive a slide having a

length that is greqiar hpnawidth.ofihe slide.andwieraipe ol s de. Inqriented in a radial
direction of the rotatable tray.
second end coupled to a center of mass location on the moving stage block.

31. The device according to claim BO, wherein the cantilever arm assembly includes a
cantilever arm coupled to a bearing block which runs via a recirculating bearing design on a

rail.

32. The device according to claim 31, wherein driving of the bearing block on the rail causes

the flexural element to apply a force to the moving stage block.

33. The device according to claim 32, wherein bending stiffness of the flexural element

isolates the moving stage block from up and down motions of the cantilever arm assembly.

34. The device according to claim 21, wherein the base block forms another moving stage in

a direction perpendicular to the translational direction of the moving stage block.

35. The device according to claim 21, wherein repeatability in motion is provided on the

order of 150 nanometers.

36. A device for slide caching, comprising:

a rack;

a buffer;

a slide handler that moves a first slide between the rack and the buffer;

an XY stage that moves a second slide in connection with a scan of the second slide,
wherein at least one function of the slide handler corresponding to the first slide is performed

in parallel with at least one function of the XY stage corresponding to the second slide.
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37. The device according to claim 36, wherein the slide handler moves the first slide and the
second slide between the rack, the buffer and the XY stage.

38. The device according to claim 36, wherein the slide handler moves with at least three

degrees of freedom.

39. The device according to claim 36, wherein the XY stage includes a slide pickup head that
moves slides from the buffer to the XY stage.

40. The device according to claim 36, further comprising:

an imaging device that images the first slide and the second slide.

41. The device according to claim 40, wherein the imaging device includes a focusing

systern and a camera.

42. The device according to claim 40, wherein the focusing system includes a dynamic

focusing system.

43. The device according to claim 36, wherein the at least one function of the slide handler
performed in paralle! with the at least one function of the XY stage provides a time gain of at
Jeast 10%. |

44. The device according to claim 36, wherein the slide handler includes a slide pickup head

that includes at least one of: a mechanical pickup device and a vacvum pickup device.

45. The device according to claim 36, wherein the buffer includes a plurality of buffer
positions that accept a plurality of slides.

46. The device according to claim 45, wherein at least one buffer position of the buffer is a
position used 6 capture a thumbnail image of a slide.

47. The device according to claim 36, wherein the rack includes at least one main tray and a
by-pass tray, wherein a slide disposed in the by-pass tray is processed before any slide

disposed in the at least one main tray.
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48. A method for slide caching, comprising:

providing a rack and a buffer;

moving a first slide between the rack and the buffer;

moving a second slide into or out of the buffer in connection with a scan of the second
slide, wherein moving the first slide between the rack and the buffer is performed in parailel

with the scan of the second slide.

49. The method according to claim 48, wherein the scan of the second .slide: includes a

focusing operation and an image capture operation.

50. The method according to claim 48, wherein the moving of first slide in parallel with the
scan of the second slide provides a time gain of at least 10%.

51. The method according to claim 48, wherein the scan of the second slide includes a

dynamic focusing operation.

52. The method according to claim 48, wherein the buffer includes a plurality of buffer
positions that include at least one of: a camera buffer position and a return buffer position.

53. The method according to claim 52, further comprising;
capturing a thumbnai} image of at least one of the first slide and the second slide when

the at least one of the first slide and the second slide is in the camera buffer position.

54. A device for slide caching, comprising:

a first rack;

a second rack;

a first XY stage that moves a first slide into or out of the first rack in connection with
a scan of the first slide; and

a second XY stage that moves a second slide into or out of the second rack in
connection with a scan of the second slide, wherein at least one function of the first XY stage
corresponding to the first slide is performed in parallel with at least one function of the

second XY stage corresponding to the second slide.
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55. The device according to claim 54, wherein the first rack and the second rack form parts

of a single rack.

56. The device according to claim 54, further comprising:
an imaging device that images the first shide and the second slide.

57. The device according to claim 54, wherein each of the first XY stage and the second XY
stage includes a slide pickup head.

58. A device for slide scanning, comprising:

a rotatable fray;

at least one recess disposed in the rotatable tray, wherein the at least one recess is
sized to receive a slide, and wherein the at least one recess stabilizes the shide in a scanning

position as a result of rotation of the rotatable tray.

59. The device according to claim 58, wherein the at least one recess includes a plurality of
protrusions that stabilize the slide.

60. The device according to claim 58, wherein the at least one recess includes a plurality of
recesses disposed on a circumferential ring of the rotatable tray.

61. The device according to claim 58, further comprising:
an imaging system, wherein at least one component of the imaging system moves ina
radial direction of the rotatable tray.

62. The device according to claim 61, wherein the at least one component of the imaging
systern moves incrementally in the radial direction corresponding to one complete rotation of

the rotatable tray.
63. The device according to claim 58, wherein the at least one recess is sized to receive a

slide having a length that is greater than a width of the slide, and wherein the length of the

slide is orienied in a radial direction of the rotatable tray.
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64. The device according to claim 58, wherein the at least one recess is sized to receive a
slide having a length that is greater than a width of the slide, and wherein the width of the

slide is oriented in a radial direction of the rotatable tray.

65. A method for scanning a slide, comprising:

disposing the slide in at least one recess of a rotatable tray;

rotating the rotatable tray wherein the at least one recess is sized to receive a slide,
and wherein the at least one recess stabilizes the slide in a scanning position as a result of
rotation of the rotatable tray.

66. The method according to claim 65, wherein the at least one recess includes a plurality of
protrusions that stabilize the slide.

67. The method according to claim 65, wherein the at least one recess includes a plurality of
recesses disposed on a circumferential ring of the rotatable tray.

68. The method according to claim 65, further comprising;

providing an imaging system; and

moving at least one component of the imaging system in a radial direction of the
rotatable tray.

69. The method according to claim 68, wherein the at least one component of the imaging
system is moved incrementally in the radial direction corresponding to one complete rotation
of the rotatable tray.

70. The method according to claim 65, wherein the at least one recess is sized to receive 2
slide having a length that is greater than a width of the slide, and wherein the length of the
slide is oriented in a radial direction of the rotatable tray.

71. The method according to claim 65, wherein the at least one recess is sized to receive a

slide having a length that is greater than a width of the slide, and wherein the width of the
slide is oriented in a radial direction of the rotatable tray.

61



