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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 staihing, etc.), plant tissue culture,
animal cell cﬁlturc {(e.g. phase contrast microscopy, etc.), molecular biology, immunoclogy
{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  images 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
imagesinidivictighapt cahisetiions amhighxesalltion dnisgguangeidhinepghidh e spdcimendHaiveyer, there
remalng, g needipLsysiens,andime os v digiial Riorsesino ol A0imageR Al RAINgRgiEAl fssue that
provide accurate analﬁi/ss 0 paﬁmeioglcal tissues, at a refative y low cost. It is & desirable goal in
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manuahsthedsswherrbyitheRathplegistniawsdpslide dnoughyibe.ossianiensefiamiciossene allows
a diagnosjs .upon inspectign of cell characteristics or count of stained cells vs. unstained cells.
Automaied e ngé}%éér u%?let ilrrg%%SWhereby digital images are collected, viewed on high resolution
monitors and may be shared and archived for later use. It is advantageous that the digitization process
be accomplished, affigismtly. aha highdaueheandwithhighseselution. and biglaralivimages.

In conventional virtual microscopy systems, imaging techniques can produce individual images that
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addressithenhighprarostianefyaut-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-pointtandl agejcire wn drprsgecksmacforpointgddetivdeniibb seobetsiofocUs poiritsithe focus

is inte{&g@mam&é@ l?rgté{\’ﬁvétﬁgp&fx%(%@s%%ﬁ@@%ﬂﬁg&@@)%e?éf@ﬁhﬁi#ﬂiﬁ?Qtﬁrg%a%){;ftﬁg%és'{rﬁ%ﬂ?ét t_he
process results in a significant loss_in the speed of acquiring the tiled images. Accordingly, it
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conveniionatimaging 3y stemshanpkeffiaiemtly tprevidésdopuse dndighugualitiringadesat ivhpgints
th-roumgen%léé%é%ﬁgc& l}:)DTIEg,EtHéI}{)%ﬁTJ Ql.lt\érpolated. 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 desirabie to provide a system that overcomes the significant problems
inherent in conventional imaging systems and efficiently provides focused, high quality images at a high

throughput.,

SUMMARY OF THE INVENTION



According further to the system described herein, a device for slide caching includes a rack, a buffer, a
slide handler that moves a first slide between the rack and the buffer, and an XY stage. The XY stage
moves a sectwglie fintbennabtiomswithdassoher dfetiai, se devidesiintelida dashivastdnisfanetbrof the
slide Randler gprraspaRding iphe,fist slidedsedoimedinpairlielwithat least-ang funefiopyof the XY

stage corresponding to the second slide. The slide handler may move the first slide and the second

slide BEEREENh TereRd G IFEPRFEIRE Mg hia THERPREYe: fth?Al ReLSPEAE RBJYHES of
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Stage. o (adindasyireduarmags ey dideand e, eeand it ac M nele decusing
system Ahd a camera: The focusing system may Include a’dynamic focusing system. The function of

the slichtwrandie raséribphetierprhia N vesadarativa erie s testalenisyproidetitmedain of at
least 38%:.Fba slidebangienmainalesemsligeRickuRr headdheéinclddrxmeshanicaipigkgp device
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further to the system described herein, a method for slide caching includes providing a rack and a

buffersideipapdivaay MoVEn bifreartRe At iih PHHE bl s AN KA BT TRt e s RiNES 8P out of
the bufiefindeottne dienwiith @asdaciwkthelsetiond slidier Meirimg thet ficsts!dpbelvwesisiide raigk and
the byfler MRy AeTeUnerin Brialiel.vib Mg aean.cldbeseond plids-Jaacan-atihe serond side

may inc ude a focu INg operation and an Image capture operation. The moving of first slide in parallel
with theckcary drehdesalclsny Shel@mTarPTevide By s Harn Blat Riderdivsed e hedx-BtthEddéond
slide mayReiiess dynaavcipetsingRpeEatiaay. The buffer may include a plurality of buffer positions
that include at least one of: a camera buffer position and a return buffer position. The method may
further include capturing a thumbnail image of the first slide and/or the second slide when the first slide
and/or the sevondislidigdntatbccanienaltngfibrdlositiorn methodebsiig feiheugdse stditedescribed

herein, g dgyice oL slide.caghing inclugssadirstrack asasenafack sfisl Xistage-rag:e second XY
stage. The first XY stage moves a first slide into or out %f the first, rac‘;rﬁe(iar}g%?%nection Witl’lba scan of the

first sIfgteOTHie LT SOPISERGR MBVR A< dBRESABR S5 oMUY UG PR E5REtion with
a scanudf thebadeond shdpeAtieastopedlicicioh tkthaifirgt theYsstagbstidereSpondingiththeetinst slide is
pertormadinparalat o &Lﬁ?@%ﬁ&%ﬁ&%igg READE SEARRY KXIR0e FOHRSRRNGINGHOMNR Second
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slide. T w%t rack and the second rack may form parts of a single rack. An imaging device may
imageraiel a3t dide wan thihsecond Siea RERvHieh S RFsII0 SthFashh Y thed KetBREHNE SEAE may
includgia.shide ipigkirhead. 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. | is a schematic illustration of an imaging system of a
scanning microscope 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. 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 operations according to
the system described herein. FIG. 6A is a schematic illustration of a plot showing the command
wavefdymmokthedithesfostenoplics mfith shar pndsscdepbrminatid hef e gosding: th:arinelnbodiment of the
systen), descy '&)’a‘ﬁ&’e{aeoﬁ?f'%%r positi'éﬁn@%réﬁ&%%@%%%ﬁiﬂl}! SRt ﬁ%@tﬁ&%ﬁ? %%@P&%%@'&

sharpness (Zs) values for'a portion of the sine wave motion of the ditheér lens. IG%@%%SM 7B
are schunpaad impes &b ditsTEriclitagrden dingeaete i atsadeni adidsrrenisls wspdsidei fssue)
accorgipgsa-anmbedixent 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 Afatrdiny Steirediesbribbrtehedederibed RGO slevins farfelivsticabingontieddo e piisicerkdiagram

illustrafingHge.ef he coRtasifLncliandoRIadrch R contralsigrakio.coptal fheslaneagyssiage.

FIG. 10.is a schematic illustration showing the focus window being Troken up into zones in connection

with fEIRPIBEEESNY SEBFUMG S e BbHIfERt Sithe SYtErTdebEritied REPEM? 16ENE S4%F shows a
graphiecal dtustrafior efdiffereitishanpeess valtesthabtimay berobtdite dAal@eints: iftkneninfaie

embogimept g AcCorIanGeMINISRORIGHER DS SHiRa 14 Jh:AflPWiiagiaim ShOWIRG:Gndhedly focus

processing during scanning of a specimen under examination according to an embodiment of the
systerffefRsclibetrefcrerssmusitedqditotrendghish dhewnty prorrangesphereionrros sgger

accordisgde aitk. 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 head.



15embodiment of the system described herein. FIG. 14 is 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 sysiaprgascripge-RReR A9F Kr Af is@schematic illustration showing an alternative arrangement

for focus processing according to another embodiment of the system described herein. FIG.17isa
flow diagranFEHROMMErHYBERS SR destithird BeHitisait Rhagaditis8Rosig ShderdB Brany t6%n
embodimentoftithe systenwtrschibedeneitribed aHlBod8 is a schematic illustration showing an

implementation. of an_precisigon stage 25 e.8.,a,Y, stage Rgrrrgi%p), of.an XY stage accor 'Q tp.an
embodiment o fh{elgfs%grﬁm.elgcln u%(rja ﬁ%r{ré'in:m TE m§g. .IQA and_dlsch ar'negmor_e ée‘ gile vfg(\)/vseof the
movingawEae dvek BRtheapiaeisis siagecastordifgleyien srmbadirsedrine8ysew seselssed herein

FIG. 2@:shews:aminplementation.eliante iipw nmprindstage aaearding 4o the:s0precision stage
features disquosed hergin and cluding 9, stage. an . stage and a ase plate accarding o an
embodiment of the s@éfgﬁﬁnaécscrl SRR N e BB R e RATE (T 5o srﬁowmg aslide
caching aevibedanewrdities ty denednizodirheereof the system described herein.
FIGS. 3A and 3B are schematic llustrations of an embodiment of the control system showing that
the control system may inchude appropriate electronics.
FIG. 4 is a schematic illustration showing the dither focus stage in more detail according 1o an
embodiment of the system described herein.
FIGS. 5A-5E are schematic  illustrations showing an iteration of the focusing 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.
FIG. 6B is a schematic illustration showing a plot of calculated sharpness (Z,) values 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. 22A is a flow diagram showing slide caching processing according to an embodiment of the
“system described herein in connection with a first slide. FIG. 22B is allow diagram showing slide
caching processing according to an embodiment of the system described herein in connection with a
second slide. 5FIGS. 23A and 23B show timing diagrams using slide caching techniques according to
embodiments of ieSsystechaesiribbohefemshodiiig st atiagtine Sasingsrastoreiig chuditus

embodiments of the system,described hergin. E 41 tic J rafi ing a slide

caching HOTEE A S rtS ATuia: S sach SRt B R R o

diagramsshapigdgrglitle éalotririgopsace ssitics inccorimeg tiorewithaokitst slidef docondiag tdcamréndbodiment

. of the syﬁtem described for a slide caching device having two XY compound stages for slide
processin%r.em‘ FIG. 25B is a flow diagram showing slide caching processing in connection with a

secand slide adeidrdinghtovan éanbadimieninofdhkb sy dtiewk dbsgrive dfortthenglide: cachingodevite

15having. two. XY. compound stages for slide processing. FIG, 26 is a schematic illustration

showing(%ﬁﬂs(lgéoen é%gﬁcl’r&:ﬁc eavcl%ng)gé’ ) %éotgiglrﬁrg ﬁ%? re‘c}lr% o%’icmuseﬁiiag?'the system described herein.

FIG. 27 is a schamatit ilustratarasholiingaainathers wiew thEthestide tachingioe hoeacaprding to FIG.

26. 20FIGS. 28A-28J are schematic illustrations showingirsllid% cgghég%g ; rati ns %;1 the

ZONES 10 connection with TOCUS Processing according ment o € Sysiem
described herein.

n FIG. 11 shows a graphical illustration of different sharpness values that may be
 obtained at points in time in an embodiment in accordance with technigues 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 deseribed herein.
FIG. 13 1s flow diagram showing processing at the slow focus stage according to an
15  embodiment of the system described herein. -
FIG. 14 is a flow diagram showing image capture processing according to an
~ embodiment of the system described herein.
FIG. 15 is a schematic iliustratibn showing an alternative arrangement for focus
processing according to an embodiment of the system described heremn.
20 FIG. 16 is a schematic iliustration showing an altemative arrangement for focus
processing according to another embodiment of the system described herein.
FIG. 17 is 2 flow diagram showing processing to acguire a mosaic image of tissue on
a slide according to an embodiment of the system described herein.
FIG. 18 is a schematic iliustration showing an implementation of an precision stage
25  (e.g.,aY stage portion) of an XY stage according to an embodiment of the system described
heren. - .
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 herem.
FIG. 21 is a schematic illustration showing a slide caching device according to an

embodiment of the system described herein.



slide caching device of FIGS 26 and 27 according to an embodiment of the system described herein.
FIG. 29 is a schematic illustration showing an illumination system for illuminating a slide using a
light-emitting diode (LED) illumination assembly according to an embodiment 250f the system
described herein. FIG. 30 is a schematic illustration showing a more detailed view of an

embodiment foF KoL BB iifuninatidin Srase MBIy BECBANRAC B OSSELRSEIBBE FefBin.  FIG. 31 s
a schemaig showingan.exploded vigw:ehaspeitic impiemeptalion of el ED illumination assembly

according to an embodimeént of the system described herein. 30FIG. 32 is a schematic illustration

showing a high@@eé&%@@%@‘ﬁﬁﬁ%ﬁ@@ﬁt&:ﬁ?ﬂﬁ@fbmﬁ erpgintercording éystem described
nerein thgl g y7or I8 CRDSEIRMHLAGIE DAIROAGY IFASING..ong EIG. 33 s @ schemaic

illustration showing a recess on a tray of the high speed slide scanning device in more detail according -
to ah embodimEHEDf 1hé spsterBdesuriliunine TG SngsladschramaidotbsiEatd BsIvoWIESg an

maging paih staHing at & 1S 1l PosKon i, e 19,0, ide (ARG 30.sheGien on the

slide in the recess. FIGS. 35A and 35B are schematic illustrations Showing an alternative arrangement

of slidesonsasotating siide Hblkleystapoldirgbtd havtiler embodiment of the system described

Sherein. FIG. 24 is a schematic illustration showing a slide caching device according to

another embodimént of the system described herein.

10 FIG. 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 shde procéssing.

FIG. 258 is a flow diagram showing shide 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-287 are schematic illustrations showing slide caching operations of the
slide caching device of FIGS 26 and 27 according to an embodiment of the syster described
herein. |

FIG. 29 is a schematic illustration showing an illumination system for illuminating a
slide using & light-emitting diode {L.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 iliumination assembly according to the system described herein.

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

30 FIG. 32 15 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 1maging.

FIG. 33 is a schematic illustration showing & recéss ot a tray of the high speed slide

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



FIG. 36 is a schematic illustration showing an imaging system according to an embodiment of the
system described herein that includes an objective disposed to examine a specimen on a slide.

FIG. 37 is a flow diagram showing high speed slide scanning using a rotatable tray 10according to an
embodiment of the system described herein. FIG. 38 is a schematic illustration showing an optical
doubling imagelS{stem secedrdinggitd rrmnbodhmemoinie syste e degerivesisheraint radial FIGS. 39A

and 39B&@t%%b&%&%é‘é%ﬂ&%ﬂ?bﬁeﬁé{l é&i@%@%ﬁ%@@%@8‘9?};%@1891%%"%%3‘&?3 shuttling of the

first tube'lens and second tu Image 15sensor according to an embodiment of

the system desEilibed3hérein DETAEDRDES GCRIATION G VIAR D BISEMBEBIENTS of FIG. 1 is
a SChem%E'&T's!'uﬁtgar% ol e fi‘dﬁ%%%@f %X%%S{H% 8%;%%%‘&%%%&%%?&?@% %%!’?%E & E‘Eﬁi—?&aa””'”g device
that may Inc Ude various component devicesused In connection 20 with digital pathology sample

scamningharthimaging according to various embodiments of the system described herein. The imaging

system 5 may |¥§§Jc§% asna@ﬁgﬁ%d%\ﬁlcs v ith f cusnrgg system 10, a.slide stage system 20, a slide

. . 100 SOGWInEan’ imacuie system accorame 1o
caching system ah Mumination system 8 among o a1 T ponen sysfémsago, as further

discussechihalitaihetfeivheredne deivribés Atsemttedthhtttresysientide stripsddtereinmaybe used in

connection with 25 miC{.%scope slide scanning instrument architectures and techniques for image
%ﬁc:]ﬁnen on a SUAg,
capture, stitching an

A

magnification as described in U.S. Patent App. Pub. No. 2008/0240613 Al to
Dietz et al., entiigd 3DigitafiMicddgcepeshiaon Shasinipee & yhtenscandidbethods; e ¢stimcorporated

her%n b)gi rggeé?nce,égcelu g](g Iﬁ%%%r?%ins CS(Rnne&:ﬂtsi‘(c):}gbv‘\a/itf}}J élgeclonstituting an image with a magnification
without sucbs{anl%?amoss of accuracy and d‘fsﬁlrgtylng or s?orlngl%he 30reconstituted image. FIG.2isa

schematic illustfdio g Shondcgantimdgiscpdevide 10t chapoptichhsdanninggmicysseope and/or other

appropriate | ing syst hat includes components qf a focusing system for taking focused images
of a tissu%c%%g%?gﬁtgéﬁ/ %nn?gqo% te(r)o J%é}’g%ﬁrég%s% tboerg %egﬁglé according to an embodiment of the
system describéddtergin Theé 1o8ustagdysterit déscrivechhefein: provideddobldetarmining dast focus

for each snapshot as a spapshot.is captured, which be referred to as."on-the-fly focusing.” The
dovicos ARVEUAES BBe A e Mo 5 SR Pt T D oA Torming 2

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

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS
FIG. 1 is 2 schematic illustration of an unaging system 5 of a scanming microscope
“and/or other scanning device that may include various component devices psed 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 componeﬁt systems 30, 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 technigues for image capture,
stitching and magnification as described mn U.S. Patent App. Pub. No. 2008/6240613 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  reconstifuted mmage.

FIG. 2 1s a schematic illustration showing an imaging device 100 of ap 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



5 digital image of an area in a pathology slide. The system described herein integrates steps of the
two-step approach of conventional systems and essentially eliminates the time required for

- pre-focusing. The system described herein provides creating a digital image of a specimen on a
microscope slide using on-the-fly processing for capturing snapshots in which the total time for
capturing anarRs] spiassibes i8deds itHR At titfieP REAHPRY Bf) BitnetRsE udmgpetepamein. The

10predetermining fogiis ROINIS {1, 626N $02RRICL PRI CRARWING 18,SNAPSHOLS, ape ThE imaging

device 100 may include an imaging sensor 110, such as a charge-coupled device (CCD) and/or

compIim@ﬁﬁa@?ﬁ&a}l@mﬁéss@ﬁﬁébmucb@ﬂ@ém@sﬂm&é’@%@iﬁsﬂﬁ{ theesingy "belpartofiaceantera 111
that Cap%ﬁ%ﬁ%’@éﬁiﬁﬁ%@?@ﬁé&é@%@?f@ be-H7 RN SEOSOTLHQ Ay %gﬁﬁ’@dt@?%ﬁg Jght from

a microscope objective 120 transmitted via a tube lens 112, a beam splitter 114 and Ing other

componeresafimnagmehiittedtdight midrolscopeidach as & denderrseibed & enu anigaesoutices 1E8 and/or
other appy R%t»—%tgﬁéé%@r&%w B?@SR@%&%%J@%{% psraPsQRiestye a8, may,Re Ipfinity corrected.In

one embodiment, t eam:-splitter 114 may provide for apportioning 20 approximately 70% of the light
beam sofcerdifectsidgo The imtge Gsasbed horandthe desaminzpotipitebireapr okinratsiyn80%
directed glong,a.path ie aiher facusing. siage.450.and logus:aensen 469. Thefigsus sgmple 101
being imagedgn m%?agbeﬁgisﬁo%g Io%"‘w an X\?%chgving sta&e 130dﬁ1at may be n%)osvlera%ﬁm Bg%a%g ?(b 8&?rections
and whicirm&yroemonire éd as shmberts isduss ddue [Seviltere dpretd b slowthoelisimpestage 480 may
control movement of the 25 microscope %ect' :120.in the Z direction to facys an image of the tissue
10?t{§hat?sre§§%]\fﬂ%é ﬁtcéls’l %}ggzgern%gg ?%ﬁeé?gv}\r} o(c}?lg%%n téngg ]ﬁ)&%rﬁlgs‘y include a motor
and/or other suitable device for moving the microscope objective 120. A dither focusing stage 150 and
a focus sensor J@O are used.to I’O\fi&? fing focc%&%g control for the or;l-f X—éocu%rl\ acco digg to the

e

‘ ) sy : ) é |
system describ hereifi. th varous emboc wﬁ%nts, the focu: lgénss%lrs% ma)% be & CChrand/or

CMOS senspied defihe ditGey) fondsngstagertbtandetiel forus sensordd@providd OR;thesafly focusing
according to sharpness values and/or ather metrics that are rapidly calculated during the imaging
rocess 5 G0 O R o e e e e R et
elsewherenhenein stheodithed facasingssteg erkbOuiiagd b8 ghoviednat a frequencys edpjeirtieesitiisoidal

motion, that = Wpgsnendent.of and expesds the mevemen! freauescy pracicable for e sigwer motion
of the microscope objecehve 1 8{1&‘1\4@%1) e measurements are ta enugy STEEULEERESFE6Y 6f focus
informatioadeonitiedvi giftthedissuee such as a condenser 116 and a light source 118 and/or other
appropriate optical compenents 119.  The microscope objective 120 may be infinity-
corrected. In one embodiment, the boam splitter 114 may provide for apportioning
20 approximately 70% of the light beam source directed to the image sensor 110 and fhe
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 dispesed on an XY
moving stage 130 that meay be moved in X and Y directions and which may be controlied as
further discussed elsewhere herein. A slow focusing stage 140 may control movement of the
25 microscope objective 120 in the Z direction fo focus an image of the tissue 101 that is
captured by the image sensor 110. The slow focusing stage 140 :rriay 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 be a CCD and/or CMOS sensor.

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

Imaging process to obtain & best focus for each image snapshot as 1t is captured. As further



5 over the range of motion of the dither focusing stage 150. The focus electronics and control system
170 may include electronics for controlling the focus sensor and dithering focus stage 150, a master
clock, electronics for controlling the slow focus stage 140 (Z direction), X-Y moving stage 130, and
other components of an embodiment of a system in accordance with techniques herein. The focus

electronibiscangEdntdital seterirreigiele (Redidpeitounng srarphedsearchmfmsdsihg the
infonnation, fram. the ditfer, fagusing.stage do0and JagusRansar 469.d e shappessyaliesmay be

calculatet:i&g)ver at least a portion of a sinusoidal curve gefined by dither movement. The focus
electronitsqanucsopteotisyste e Ao by erem osenthd ifffeuntmorrapdefelsing thilpodttigimsr the best

focus impge.gldhie fieare.and soramand ne.slaw [eue siagedGa mave e INGIpagoRg phlective

120 to a desire position (along the Z-axis, as shown) for obtaining the best focus image during the
ima§ing proctssialibe dontrobsydttm difgenfaguaizg sisgalé infaimdtiorstolevmrotthadpesitbbf the XY

moving siage, 126 for examBle g speed oLmavement ofhe.stage A0 he X diegtiangin an

embodiment, sharpness values may be computed by differencing contrast values of neighboring
pixels, sdbiéuring:tyemdot selenmimicthisecoaidbnadbenarto forn seestbbel20ixtarous Agorithms for

determining Shacpaess yaluas. e e dincuserd SisRiiRle Nare e hVALIGHBIORAZIMeNts
4 _

. Im A =
according to tive system described herein, and in accordance with components discussed elsewhere

herein, adbvicedohereatinge digital dhmagerofsassgesinien opstemitidsoopetslidecihsiupesam
migipscape opiectiye. ndlr U goMERied. e oReaTeRllier: R caera el Po RN g g
high-resolution"Camera; a sensor Tocus lens group; a dither Tocusing stage; afocusing sensor; a
focusingsensusé §8loWhsthgeprand febus slegttonissoifiteddevicaimaasiatiaworfodusinguhedsbjective
and capluting eacn snapshotiioudn e samgra ot Ine Nes 1oL RIEASISHMNING. A ogys point for
all snaps%%Ys prior to capturing the snapshots, and wherein the total time for capturing all the
snapshotsdstlesinthandientitn el@@reguirébcbycaiSpstany rbguirsgfacste prof goredetsr hifsing fotus points
for each snapshat arlon to.capuring ghe spapshots. The sysiemmavnelyde comRYer sontrgls for
determining a fitst focds poirit on issue 1o establish a hominal focus plane by moving the coarse
focus stageitiunyghitheheritingiz rangerand fopitaring shisefresfovaluesa iy gosiiptingrtagitissue in x
and y to start at a.corner of an are é interest; iil) setting.the thher fine focus stage ta- moye, wherein
. [ i £
the dithePTocus :'t(g)ﬁeccl}él %C})/ﬁns Sr%ﬁ@tf {64 r%%%%legF c&bec I%\C/’ |c?‘|lgflso{}ccgﬁlftrrgfsl{%ﬁesg/eﬁ)gﬁy of the Xy
stage; ivhcommnandinyihdstagertpimae froml fedme terachacébdrampe, aidiorthy pfatueingia trigger
signal togccgfire fé?me% oréhtheli}ng% & sensar a%% tEi era Ai%ht Jrce to create a \L}gﬁg@gf&%ght. S
Further, atéording 16 %noft’heraé?nﬁo“dimentg, fﬁeysystem described herein m§y provide
computendipptementsid dnethpd{op creatingd digitalim dgeofvalsgpe tigeheorica imicrascopaslide. The
method  include detenpining a scan area comprising a region of.the microscope slide that includes
ittwctins e i Tashean S SR
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 micrescope 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 meay 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; 11) positioning the tissue in

x and y to start at a corner of an area of interest; 1ii) setting the dither fine focus stage to
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10 divided into-a plurality snapshots. The snapshots may be captured using a microscope objective
and a camera, in which focusing the objective and microscope and capturing each snapshot through
the camera may be conducted for each snapshot without the need for predetermining a focus point for

- all snapshots prior to capturing the snapshots. The total fime for capturing all the snapshots may be
less thaﬁl@ﬁéetfﬁb@rﬁé‘hﬁf%@Wrafﬁ?@ﬂﬂﬁl%ﬁﬁﬁ?\ﬁlﬁ%@ﬁtﬁ%? &%ﬁ@%e&r%ﬁiﬁé‘f%késs%&%g%r each
snapshat, Yok, $3PHERY the snRpshRisandink Ge 3Rds Bssbestie Hhusieadicniptan énabadiment of

the focus electronics and control system 170 including focus electronics 161, a master cl?qk 163 and

stage cOMEOTSIBTAHIGE L b5 EIes SHM AL 14 SCHEM A TRRBHAIENH ThEH SMSAmienesFie ®tus 20

electronics 161 @gﬁgymg@@qigmbodiment, the focus electronics 161 may include appropriate
electronics such as a suitably fast AID converter 171 and a field-programmable gate array (FPGA) 172

witkba microprocessor 173 that may be used to make sharpness calculations. The AID converter 171

may recelve InfIANORIR 03JORRSLONIA0NGI IS couplesioitae RRGARIZ srdic

microprocessor 173 and used to output sharpness 25 information. The master clock included in 170

may suppippcTiasEraEl sikedo theTse e &b HsHId® 281 OiaGREHRTD B SctroTice s, and

other codl onenrts.of ihe sysien).- ;g slage santelegciionica 462 smayisenerte gontrol signals used
t

to control the slow focus stage 140, X-Y moving stage 130, dither focusing stage 150, and/or other
control sitjaedscand shftsrivationclager Athksee ScheBRP NS SR SRS HBIGIN. THE FBB ATES %Y Supply a

clogk Sig&l@ld%%ﬁ@%fgﬁﬂﬁi ”&%p%&s.am{&gseggﬁhmo}ﬂ@i@@- Measurempnts.intheiabyghow a

sharpness calculation on a 640 x 32 pixel frame can be made in 18 microseconds, easily fast enough

for suitalolscoparativhaotamsrey stenhvdsieBaiah dieirbiFr AEcHD SEFHEERRS T R ERE™HB0 may
include g menaehiaMEICaP eameiaindonethin 440 r2.atipsag biher dissussedelaeipere

herein. e scanning microscope may acquire either a ID or 2D array of pixels including contrast

informatiprdetedtoningensitinformation:ih ReBIEESBRE dherteTitspsceashtiher tiscli®led
elsewherg @iﬁ%@#ﬂﬁ&gﬁf?{&fmﬁéﬂ% fprvsPointa.ovenadargsdiairdon 5 exampleQnigsglass slide

25 mm X any commercial systems sample the scene produced by a 20x, 0.75 NA
micrdscopesphjéptisdwithsiGCDCaT RN G s § 4o A SIThBr B BjECHURNEHY cbh eser st 0.75 and
wavelength of 500 run the lateral resolution of the optical system is about 0.5 micron. To sample this
resolution element at the Nyquist frequency, the pixel size at the object is about 0.25 micron. For a 4
Mpixel camera (. 34 10 DatdeFalsofusiaomoy i ranimgedisomiiin Hpiret R8I Dfhicron the

magnification from the object 1o ihe imaging camera is ¢ 440 2330 Ehedefone. ane:Mameat 2352 x
1728 may cover an area of 0.588mim x 0.432mm at the object, which equates to about 910 frames for
a typical tisstrersecticit defiied 48 15 nansS entin AlBat i spétem gBseABBIhetbiPR G8sitably

useg} whete lissye speial yariglion e focksmensionds @uehipustihaniie A5 fiamasize at the
object. Variations in focus, in practice, occur over greater distances and most of the focus adjustment
is made toporeetdelditteniitresechilts areuijeblsr iy it/ Perangasrid b aof mibrpesiaredimension

at the object. Time [Rgesult {95 cyrrent SGARNIRGAKSIEMS (B8 AR JNageNe iScaR GRigpsystem)
caleutations. 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 o output sharppess
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 comporents of the sysiem.
The stage contro] electronics 165 may generate control signals used to control the siow 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 in 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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20 is about 3.5 minutes for pre-scan and scan of a 20x 15 mm x 15 mm field and about 15 minutes for
a 40x scan on 15 mm x 15 mm field. The 15 mm x 15 mm field is scanned by running 35 frames in 26
passes. The scans may be done uni-directionally with a | sec retrace 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 25 x (1.17 + 1) = 59.25 seconds (about 1

minute). This |Sﬁlcon3|derable time savings over con\ﬁer%tlgnﬁéjcggg aches.ogther Sn}gaggnents of the

-systems describe(E:i ﬁ%reln %15%/1081: (%C\:IS%GVIenn a%%giru%cﬁ}s Imes, |m?tre{ﬁgn n%ilieOCCUI’ onn%ﬁe amount

of light needegsfan &homtibumandtionitirees: yoiafwid atiotiom BRE® nocontine atis:scarioP uisitrg r strobing
the light sﬁ(l)%rgre 11%3%’\’@ igﬁé{lﬁ&%g}&g} cLighgtgl%u C edsa%gurtper discugsedﬂels?wher rein, to 30
allow high peak iTamination can mi igate this issue. Aah 8Mbot imdnt. the ‘bﬁléf‘inagr%? X 19?11:[ source
118 maydsencphtrolleddystheittcds etectroficsmandidantralmystanid 79 stanadditios crdaningsthe system
bi-directionally would elimi retrace time saving about 2 conds far a 20x scan resulting in a
soan TmE BT A bl Ly N Be ATe WG FOhc G TERd T e il the focus
electronickjartiveantfobsystenar170 hridy aldovmadegehesdllybenefdite tbterdseletitioal 66mponents
used to perfolin a variety of, differept functions in connectian with.embodiments of the techniques
describeaq?é:?é}r%.ygem éé‘bﬁ”ﬁs ggs]cﬁlé%oﬁ'ic?iﬁ’ug?ﬁgﬁ h @H wing tHE Uit EPBELE s@@eﬁf@ﬁlf’ | more
detail acéexglinngeto the eimbodimentiof tgesysteivdescib e drereiRomhel ditbprefotusestages 120 may
include a _dither. focusing.| 151 that m moyved by one.or actuators 152a,b, such as voice
oot B SR AR Lo bRt ol AR R G A 65, T8 AT RGN s
may be gehrothatibjlenshavingaaib mnefocalengr, -a3ds comreciatiy-avathable? seefarexample
Edmund Scientific, NT32-323. Alternatively, the dither focusing lens 151 may be consirycted from
olastic, ASBNGHE S SRE e SCEHAFAE e RETEH b thE RS 1P e B A, oo S, A
flexure stisrciurgitsdissay hestpebedaihe tgid-hossing ibadandiaitashed few-gigd Bsaung point and
may allow only translgf’g}g&]al 15 motion.of the dither focusing leps 151, for exarg le, small distances of

about 60BSTHRIHHTONS R aift SREBEHM AT tHE G SRASHHHE TEI Ay BRcEIREFI RS BFan
approprigtenstaiiless sieelisbeaets; afabauti. Qs thickincthe bendingvdirectianratidiasm adgur-bar
linkage. The flexure 154 may be designed from a suitable spring steel at a working stress far from its
fatigue lifR{F4 %ﬁé?%lﬁ&rﬁw;%%éﬂfég%%wﬁgﬁy 8%’%&: 2855¢ IR EMBRARG Mast tRGither

focusing dgnss151 aebiediredhddmasn Berdasignsisidec provide about a 60 Hz or more first mechanical
resonance. The moving mass may be monitored with a suitable high bandwidth (e.g., > 1 kHz) position
sensor 155, such as a capacitive sensor or eddy current sensor, to provide feedback to the control

system 170 (se€mEto 2}sHof@xample skdohid eeeaes: ARG Jivisimaaniasties @ capagiiye sensor
5 mm 2805 %robe with a 1 kHz bandwidth, 1 mm meas ﬁement range, and 77 nanometer resolution

suitdBle fOr (RS RPPICHRGFESTIE BifhetFoli 57 ntrofdysteMmscich & e fieke e By unttionality

included higlesent 1 20x ey keepstheramplituge SEide Tithesfagusing lens 48 & acpraseiled focus
range. The dithe éo us and cantrol sysﬁz%ﬁma rely. on well known 30 gain-caontrolled oscillator
r t

circuits. WHBHP8paritdthiTesoRATIES FseL B URAEH 5THEY HE uMIEh7al R CHfnt,
dissipatingdewimewesdndheaoiaeneoll wingiags. £esexamplansisinges Bl HineARSnT $¥inding
A) actuator the average cutr’rents may be |$SS than 180 mA and power dissipated may be less than 0 1
W. about 5 seconds ic find the nominal focus piane, 1.17 seconds per pass (25 passes), Tor a total
25 of 5+25x(1.17+ 1) = 59.25 seconds (about 1 minute). This 1s a considerable time savings
over conventional approaches. Other embodiments of the systems described herein may aliow
even faster focus times, but a limitation may occur on the amount of light needed for short
illumination times to avoid motfion blur on continuous scan. Pulsing or strobing the light
source 118, which may be an LED light source as further discussed elsewhere herein, 1o
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 335 seconds.
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It is noted that other types of motion of the dither lens and other types of actuators 152a,b may be
used in connection with various embodiments of the system described herein. For example,

piezoelectric actuators may be used as the actuators 152a,b. Further, the motion of the dither lens
may be motion at other than resonant frequencies that remains independent 5of the motion of the

microscope objécigld X noted fatsbs s cairchsss ISRt dtn s Rotsris598%s may be
included,jryan empedimentin ascardancawith teahpisuiggherein, makprpvidefasdhank agdo where

the dither focusing léns is positioned (e.g. with respect to the sine wave or cycle corresponding to 10
the movémmsnterst therihs IR H S Hsiiida eeRtEre HeFoi Rodetsiinaibh (Hay BEmade as
to which jmage frame; obtained using the focus sensor produces the best sharpness value. For this
frame, the position of the dither focusing lens may be detennined with respect to the sine wave
pos#ion as indicated by the sensor 155. The position as indicated by the sensor 155 may be used by

the control eleciipnigs;of, 17040 Aetermine AR appiappale Wxpdivstnent for 186 slowfacusipg stage

140. For example, in one embodiment, the movement of the microscope 6bjective 120 may be

controlles-byrdisiow steppedinotor dfttressidwnideseidriec12. The pusriondHeicaged By e sensor
155 mayg@&%%%&&@ﬁﬁ%&%ﬁ% %&9&@@%@1@ amaunLefmouemenidand.caresaending cantrol

signal(s)) to position the microscope objecti 20 at a best focus position in the Z direction. The
control signat(sE2eihaythedransnditteditd tastépparomBesr bftthe siuid fdaisisgadé 340l Zause any
neqgssany epaRianag.ofdhe migraReoRaAieava:h2OALIe hesforys PRBOMn e FIES: 5A-5E
are schematic illustrations showirig an iteration of the focusing operations accordingto the system
describecoivereiri dfiyeufiginels.shrnfaheimmapls %m_mdl_59}@5@@9%%50%}1@0@%@%@1& focusing
stage 1581t Adling:lans and iedpiciascane ARIBAINE IR0 g esus Wdhilshalgdypoving in
the y-axis, 1.e. on the Xi moving stage 130, while the foCcus operations are perfoinied. In an example,
the dithewfogisirgistige F50dneyd rowstreyditherdesss. apaldesiediregtrenty sechagBdrz or more
(e.g., 80Hz,,100H Itho! it | A0 ime t ' rein may
also opeF%t%%B%%ﬁ%%q}dﬁﬁgr %é?lg %%%??g%a% %%@v%%%gglﬁgﬁﬂg ﬁ%éﬁ%ﬁ%ﬁ%ﬁ% égfplicable
circuimstangés) Thehé Ydithevifigrstage 1889 hidy be conmpaded1d dislacesgofintine Yfiréttion, from
frame to adjacent frame, For.exa ) 0 tant of 13
mm/sec Wﬁélg%nfdr fél %xe%%joedc |V§%%I%e?§‘)§%?s%@&%%9r§;%?§%%% of ak ottﬁ% r3gg %?a%ﬁs(}%qe%ismce the
dither focumsstagestkB0shnatsXiohebing Sthle”180cnay be ptraBedobkeditherithienfoeustage 150 and
sensor 160.ma ke 60 fo calculation resecond, .o ioni Vi- Li i V. ing on the
up and dgu\}]v(naﬁ%{?)ﬁr? glf' t uéesgﬁg \I/nvggg)glgiﬁl?%%%sé Béngg?ge%bi%%%%%c%%%g:éi&p%% S&érf& ggg?ne. For a
frame heightdfsliaggupikels, fhigeqidtbsitora foopstpioiny evarnrg 32 pixels or for the 20x objective
every 108 microns.

The moving mass of the dither focusing lens 151 and flexure 154 may be designed to
provide about a 60 Hz or more first mechanical resonance. The moving mass may be
monitored with a suitable high bandwidth (e.g., > 1 kHz) position sensor 155, such as a
capacitive sensor or eddy current sensor, to pro;\fide feedback to the control system 170 (see

25 FiG. 2. For exaniple, KLA Tencor’s ADE division manufactures a capacitive sensor 5 mm
2805 probe with 2 1 kHz bandwidth, 1 mm measurement range, and 77 nanometer resolufion
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-controlied 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,



5Since the XY moving stage 130 is moving, the focus point should be captured in a very short period
of time, for example 330 usec (or less), to keep the variation in the scene minimal. In.various
embodiments, as further discussed elsewhere herein, this data may be stored and used to extrapolate
the next frame's focus position or, alternatively, extrapolation 10 may not be used and the last focus
point is used foifttksenmicd@pegitm pfnttredotive draniehy\ithar dithe rfré quieecyy pfs66f Hztarida frame
rate of 3 5a ;% r.sec nlgl 5@1%1 for%uosn por{?lt |%1;1%1I§erém ap osrt{grcl} NE More enrlradw 1/4b of Z:?lframe from
the center of the apped fram &energfy tissue heights d6 not chan enoug C} 8F& frame to
make this cfoemmmimpmzxméw&te atmatorSfapbiomes ps)lfut:mrayzhetidlfrid bn Eluet]maslﬁe:tm @stablish the

nominal f%% ne,or refer ence plane 101 For example %e Irlee%ecren Iane 101 may %
determinéd y ini |aI}y Movin tfhe microscope o Jec?sve?ﬁt mg ei‘mcu ?ag% T 151 through

the éntireZrangeisayf tbbhﬁcmm@mdoh]emtwrr@sharpness values. Once the reference plane 101'is
20 found, the tissue 101 may be positioned in X and'! 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 th@‘rrditdeesdp@ﬂéjr@cﬁtaget%easpeﬁtﬁmeeﬁrtmbeasmlnﬁmw beguyninagnikdel bAn25The

hich may S D b TSR e EGHDog td VEIGER) OF de S mtnit LB 0. For
example drf}:tlarefdmmergfissp@gmdﬁéHWege tatmewpcthnouh darl: Gravitlisneter  sotreslatingaliey)
sinusoidal motion at 60 H sumln % cle to use the sinusoid's more linear range, 8
ooils ccRE EBIBEGE TrdEoh eI e A D ST S BAE G PO B the
dither focusirg:stagenhl&0imaye e dithemlenssin @tﬁm&sﬁrdabmoﬂmaudeﬁomsb&amﬂ@plﬁge taken

along thr le sta rt| n of the sinuspid e. Foc ssampl ould be taken therefore every
330 usec %Stazf W‘fﬁ”&% grstll?ﬁ ‘%jﬂjo‘e q‘f‘g%‘}(g 8?\%%}( E‘i"‘% 1 1R sensor

160, a matigie aﬁﬁhe«dﬁbe&iﬁﬁm%&@dﬁm@eﬁ vedisatesste ax0 rmﬁrqrbpm/omebaﬂda&dﬂae bjeetive lens.

This information is used.to con posmo which highest sharppess is computed, i.e. the best
focus, tos[?feg%ﬁor/\i r@t@pﬁgr‘r‘ﬁ%g{? e $16%A oé%%?ﬁb‘éf ?17 PR GAS EPBRPERIY focus

stage 14Qdmearmmanded domavadhe mesaope@bmﬁm@ela&) dﬁdlaelb@eﬁﬁeﬁwm%smeﬂustrated
by motlonfr %rlegt?n%rzogc?ogle% %ctt?{'et }Bé ma ebseec%%?r%ﬁlg "tg(})z g% é%r %tgzgeper motor of the slow focus. -
stage 140. The position indicated by the sensor 155 may be used to determine a
corresponding amount of movement (and corresponding control signal(s)) to position the
microscope objective 120 at a best focus position in the Z direction. The control signal{s)
20 may be transmitted to the stepper ﬁotor_of the slow focus stage 140 to cause any necessary

repositioning of the microscope objective 120 at the best focus position.

FIGS. 5A-5E are schematic illustrations showing an iterafion 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, 1.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 1s 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

rory
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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5 best focus image 110’ of the area of interest of the tissue 101. In an embodiment, the image sensor
110 may be triggered, e.g. by the control system 170, to snapshot an image after a specific number of
cycles of the dither lens motion. The XY moving stage 130 moves to the next frame, the cyclical
motion of the dither lens in the dither focus stage 150 continues, and focusing operations of FIGS.

5A-5E aphaspketed, siaa&ipdms‘fwasl@agmbg@ badatoshatédlaray trbeedthnuses votboriareéck the
process, g %3 hlt% o ﬁE'Gbé gf g gg&r%'@ﬂ LaPIRke0 shawing the copmand

waveformy o op ICS an arpnes eterml ations according to an embodiment of the
system déscfilzes ﬂsmn@rpdnsacmam&noél fnen;t bassden ftastimEsrdistussetkight onneetfopixelgh 15 the

example fFIGS 5A-5E. T = 16.67 msec perl t t nates at
60 Hz */ tS‘CFnt(’\}/* pff))%utS O%Q%S‘éﬁ fGcu vg%es Fger&gg 9&? %%rﬁ?e%% ? ghﬁa%;%%%%?amed in
the per|oﬁzE:’*/t}kt}éﬁeaﬁ)mg@tigéoldﬁmpmmfs@ﬁbhe@om@nmd ey B8QgpBwed IR0 Er-sABT msec, /*

the perlod aver hlch#he N focus |nts a e obtai % =1. O m at.center of foc travel. /* step
size of fdcus’ %uﬁl/lem"? Hlé‘?}e‘?mrgyﬁt his G ty?f?ﬁ/S |§0 %af} 68‘[25 18n% rf'b S(%m% %@8 p.m) is

sampled through focus processmg 25FIG. GB is a schematic illustration showing a plot 210 of

calculated shargness Zs) v ues fol{tgl %gri;flurrghoft e %lne itéunngf tlor?l of the lth%l‘ lens shgwn in the

plot 210. The p Sition Cls) 1”5? sach focus plane samlsise as a fon o ]éeé%h point i is gl\%aneby

EQUATI@N <k and nsed to extrapolate the next frame’s focus position or, alternatively, extrapolation
10 may not be used and the last focus point is used for the focus position of the active frame.
With a dither frequency of 60 Hz and a frame rate of 30 frames per second the focus point is
taken at a position no more than 1/4 of a frame from the center of the snapped frame.
Generally, tissue heights do not change enough in 1/4 of a frame to make this focus point

inaccurate.

15

A first focus point may be found on the tissue to establish the nominal focus plane or
reference plane 101'. For example, the reference ?lane 101" may be determined by initially
moving the microscope objective 120, using the slow focus stage 140, through the entire Z
range say +1/-1 mm and monitoring sharpness values. Once the reference plane 101" 1s
20 found, the tissue 101 may be positioned in X and Y to start at a comer, 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
2 0.6 millimeter p-v (peak to valley) sinusoidal motion at 60 Heriz, assuming an 32% duty
cvele to use the sinusoid’s more linzar range, 8 points could be collected through the focus

30 range over an 2.7 msec period. In FIGS. SB-5D the dither focusing stage 150 moves the
dither lens in & sinusoidal motion and focus sampies 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 a2 magnification of 3.5% between the object and the focus sensor 160, & motion at

the dither lens of 0.6 mm p-v equaies to a 20 micron p-v motion at the objective lens. This

15



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 3,000 frame/sec at a frame size

Ol oo X FHB AR SIES 00 IR ECR RIS T P ISALING o 0 APIIegon hgtugen the
object and tfocus plane, one focus |xePf equweflent to abo%t 1.3 micron at the object. Though some
averagingpsfiaboutd rolb]evtep btedpddnd)per fdeus qixBlawastarsc i) suiiciertvhighFSatial, thequency
contrast ghange.is pres d to obtain d focus.information. In_an embadiment, the t focus
posiion 1y BT e e L R0
additionakembodithemseit isynotécthatethElFocustratcfivatibnsmaagk techmiqliéd maybenesbd to
determine the best focus, pesition according, to other,metrics, including the use. of a contrast metric, as
furtor dLEALLEE0 SEAa oo o R ST GR 0 e TR AR g
focusingsdeterniiationstanch agfusteents ol specinieryftissubjlacoandinghto an emigedifivent of the
system degebed hereinIn FIG. 74\ isiretion 200 is a Mowsaf the specimen shown, in approximate
image frafies th CORNEction With movement of the specimen along the & 2568 accoralné 015
movememtofihe K Yomoyvitigestagaot 30 disclisseddnereinhOdichtraiersattoppass ovetirthes specimen in
connectign with movement o pecimen along the Y-axis (e.g., according to movement of the XY
ctage) & THGHERGRTSRE: ek ior o5t EeA e e S VT SEARS BBk o Hariack dion 250.
Onecframeofttelidhssivationi2b@ishdesigrated di3, keferring 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 wayiéxampie a therenstid ubtratedothaf a bestT00us detegritinatiandis:xi ade afitendfocus

lculati h f iti 1,2, 3.and O* foimed i tion. with i ing th
ChecimotHBOR IO SIGLIRNS Ay B BEBITAEt N EbrKe Rt R TPy

system described herein. In an embodiment based on the times discussed in connection with
15  the example of FIGS. 5A-3E:

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

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

N=38, /¥ number of focus points obtained in the period E */

At = 330 psec, /* focus point samples obtained every 330 psec */
20 E=2.67msec, /* 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 pm (8 x 1.06 um = 8.48 pm) is sampled through

~ focus processing.

25 FIG. 6B 1s a schematic illustration showing a plot 210 of calculated sharpness (Z;)
vatues 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 1 15 given by
EQUATION 1:

Z=FcCos [2?? .
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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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 should3hi&) didten that tite: Systensi destiibed Herdiprovides significaliCadwaniagesonecronnventional
systems, h as those described in U.S. Patent No, 7,576,307 and £,518,642, which are incorporated
orein bl TS R R EHERE At B8 STt AR Bt hr Ut KR 1o S usoid or

triangulaghpatterh e systém ¢ijavidethharieisiscadvantage e buthativls suitdblesfotuseavith

microscope objective and an accompanying stage that are he especially if other objectives are
o v Rl S Car o B B TGN A GERERSe BESEhREl HuTRGHe BTAEr optics
Thedithepdenscdesdribed fitsein agnhavealimditistad mesSdeug. pbeifvadadighierddessgleds) and

demands on the foc rargless than that impose

the 5 imagin : S seps 3 by.the microscope objective.
S S A g o i el U A A
computinghsbarpesss. iBysnivisdizing segee faviation theisystemddestrbatherain rrduses o
discontinuities in the st;’har ness metric as the ﬁéf;‘tem oves in and out.of fqcus whiEIJe the tissue is

C

moving GRS MifcPSSTHIEOBRSTRR 2 COHe it SHAT D SIas, LUEA B AR BNt fiESHRT noise to

the best fogts calewationiscusdtiGl@dharsthesmatic illustration 300 showing an example of a
shgﬁjness profile, produced from moving through focus positions, including a sharpness curve and
contrast ratio for each sharpness response at multiple points that are sampled by the dither focusing

15 optics accorgimgsioran embredirre stiofiiag sysiematdescribad hereinuiiot 3¢Qshewsodifhed lens
amplitude in micrometers in the x-axis and sharpness units along the y-r&aﬁeAs iIIust[rdaﬁted tl%ﬁ dither
lens motiHEEFES LbrteRE Bt T SHESH A58 HRCARTE SBOPIUREIE Ohdlie §8F I8 o talFthat the

computatighs.desCrlipdherinmayhe spplied-iercachhef dhe-paintshon thie Sharresscunge The
sharpness response produced from the focus ?gn%)r 160, for a half 20 _cycle of the dither lens
r

sinusoid &R HofSRASFHNE ditHEr TRALTR CEnfErdt A tRECHSh thPPRINES AY BXE, Rt EEidShown,

respectivgly,dathe plate 3t0araBased thereonsia cortrastatio oreachotihesharpaessesponses
having a corresponding one of the points A-E is.computed according tQ; Cantrast function = (max -

min)/(maSPSCHIRY. fh CORAERD AP IS RERU AR FRECH SR EARMEE fordHe BEthAFRAREACE (e.g., at

which dither lehs.metion i 2xaestesad):anddhenconespondiagenesof fhe:sBarpaess tespppse curves
310a-e, max represents the largest sharpness value obtained from the sharpness response curve and

mm reprBertetHE dthihe U eME PR < Valud Bt AREE POrP e LRI e Fedp SrEEIF ! Frhe

resulting cestrast funcionplot:320Q issRown teleyethe shampness urve plet 3Le:anchplotsycantrast
ratio values corresponding to movement of the dither lens according to the dither lens 30 amplitude.

ThehiniFRGRTHTL ALt RINCIANT (HE Bt $20 R tHEHREP RIS BhSitRSHS EASSHERttE Tontrast
function aadhesifesuspesitice detenmination asonelisighatmay e grassated thal isyused to

control the slow focus stage 140 to move the microscope objective 120 into the best focus position

before th@"ﬁ‘ﬁ’é’é% E}i&ﬁ%éﬁ f@t{?&fﬁdl;’é‘% %}égﬁfg@lg ﬁ@epnmatmn 1s made after 4 focus ca,lculatxons

(shown as focus posttions 1, 2, 3 and 0*) are performed in connection with imaging the
specimen, although more focus calculations maj/ be performed in connection with the system
25 described herein. FIG. 7B shows & schematic illustration 260 showing a plot of the Z-axis
position of the microscope objective in relation to Y-axis position of the specimen beng
examined. The illustrated position 261 shows the determined position along the Z-axis for
adjusting the microscope objective 120 fo 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 enfire microscope

objective 1s moved through focus in a sinusoid or triangular pattern. The system provided
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FIG. 9 shows a functional control loop block diagram 350 illustrating use of the contrast function to
produce a control signal to control the slow focus singe 140. Ud may be considered as a disturbance
to the focus control loop and may represent the slide tilt or changing tissue surface heights, for
example. Functional block 352 shows generation of sharpness vector infonnation that may be
generatédibinthe fdrantsgaessr m6thahd consHitihicated @ the Tocus lettroricmat ko] By stem

L70. Punclionghblosk dat ShANSISNRKRHAR AL A 0anUARE DAL e . ¥ala ol ganas lunction)

at the point Is sampling . This contrast number is compared to a set point or

referer}cea.vam@ﬂ%efym@d@mhig?n%rnﬁn@baﬁst@qomdeﬁi{ﬁ@dm W&@p@i@&sﬁh@m}@éﬁ The
eror si9gal 9 radhiced.for s sempatsaniih ppgroRsle apniad gain K At ggiogalblock

356) corrects the slow focus motor which acts nctfohal block 358) to keep the scene in focus. It
shoéild benngieg dbabats embodinsentemsyr atjuststiepdkiiompfstehnidrostopswfeclived2o in
accordanece with a.minimum or thresheld.a n{ .o \ L’gﬁpt Jhus, sy m gcy eng may avoid
making gﬁﬁ%s?r%ue‘c’n%%r%na ggr?fir%nc Eépt llgélsﬂ%%f & Eg%%ﬁv |segeis%h§matl?c [ u‘é%rat?on gfl]lowing the
focus windew 408eing Brakersap Bitonzomsszingcontectian avith fobesspsoressingiaedobditg to an
embodiment of téwe system described herein, In the illustr embodiment, the focus windaw is
bida 55 B SR s B O o it
the systehe 2ssdescribedingreind# fitst sultsetcoptheberesamaybewithmtiarshapshontn andia second
su%et oflzgnnet%ais1 wistfgjgldsn?&?&g ‘S’e]t' Ogurtseé(a?épl |§GZOI”IGS 2, 3, 4, 5 are within the image frame 404
snappeddast fime 1. Zohes & an mayFbe comp 'eteﬁ/ Within the next image frame to be snapped as
the XY moving stage 130 traverses from bottom to top in the figure and/or Zones 0 and | may be

completely within.the next image frame to he s d as the stage 130 25 traverses from-top to
bottom of e iy oo s AT D2 ad i L Bt T B B R hese TS posion
for the nextdneppeciframeiat pbsitigh @tuCqueragesofithtutisgue niayrvessstablished, Jontessample, by
executing a serpentine, pattern traversing the.complete area of interest, Tqaer. angular.window 404
of the im%aggg g%ﬂ%%%lrﬁe%y & Briented in the 3%?1 c%&?wogjﬁrggv%l%? tﬁaéngié’ggegﬁ ?s&ﬁ%ﬁra%)%ué%ﬁmn of
franes acguiredcdordigirnagingisdigaedirih theaectangibad focus Vit GW040RwEhitsizéeof 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 Sa&p}htg ' iﬂlcgﬁ%rr?]fﬁ%%r?elﬁs&?hxéag}?a?aéig%eaﬁgggsﬁeufﬁ%fgo% 7 t %?{6%1373 Sx@ﬁ%%e%? 7.4

micron/3f) die:imagenftamesa4Qe widerdimengienc(Q588 mnjsda\Ph€ oliented ;Jerpendicalar to the

focus window %Oﬁ anlg allows the minjmu néjglber of columns ﬁraé/ rsed over sectiQn oft}ilssue. The
{ 5 J@ op the

focus sehsor e emc%rrﬁ?ﬁ%t}%? usSing a ?ﬁ%&nﬁ?@éﬂgn&?ﬁ e focts e% %pﬁlﬁésrectangular
window 402-phays bent32. XI Hedshaigronts :@3poSd doodudahicrom/3H2) fdheretorer thefrdme: 5:462 of the
ooy s PR A2 Rl e b e Ot el g et mm e,
further discissed B|se\iherne Rereihowecordingitelaniembodimaitlaf thBaystehvdescribediherein, 120
st oo dteminaions ey b made e s 5 shhaces enledafon decey 00
cycle for efrnBan secohdti gither periediofthierditlierdenmmotionx + min). In connection with the
contrast function determined for one of the points A-E (e.g., at which dither lens motion is
25 centered) and the corresponding one of the sharpness response curves 310a-¢, maX represents
the largest sharpness vaiue obtained from the 'sharpness response curve and min represents
the smallest sharpness value obtained from the sharpness response curve. The resulting
contrast fimction plot 320 is shown below the sharpness curve plot 310 and plots confrast
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 18 uséd 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",

18



A sharpness metric for each zone may be computed and stored. When computing a sharpness metric
for a single focus point using multiple zones, the sharpness metric may be 15 deteimined for each
zone and combined, for example, such as by adding all sharpness metrics for all zones considered at
such a single point. An example of the sharpness computation per zone is shown in EQUATION 2
(e.g., based onlise 6f saeamerawmindusedttrd G40 8o0ktriphaFor rot i Idiwetsionseupitths2, and

column j, dimension.m up to 640/z, where,z is the number gf zones.sharpness for a zone may be
roproseriATE) SR AT r S R Ol O BT Sk L o o
integer baetwsedmedr &qualittuibanck 3oQhisercsharpmdsy rivetyicsdnd glgoritheast niay dide & wsed in

connectign with the system described t]frein. As.the ﬁY movi ta 0.s moving alon tfﬁze y-axis,
the sy St LS b T eor TPl of e ZOAEe G708 the o B

desitableEasthesstage d3Mnibhmoning thknonehove 25dhe dissud sebtioniheightsare vatjingnBy
computing & sharpness, surve (maximum. sharpress being best fpous), by varying focus height, Zones

6 and 7, Tor examplé, may provi ormation prior to moving the next frame on'w € next best

focus plaredsapositibnednitiargefoeuschangbs aretanticipated foydhis Jookiahpaid; the stdge 130 may

be slowed to.provide mare closely spaced points to better track the height transition. 30 During the
el o provide mare dlosgl spaced ponis i

scanning Brocesarit iy B8 advVAREYEotS b Hetdinting Wiether the Syt 98 trARSHIohiRg from a

white sp@Ref{nodissté htaraigarkergpaterissy &) cByveampeiting shaspibEsiedn Zonesds apckl/, for

example, it is possible to. predict if this transition is.about %cur.é%/h'le canning the oéy n, if
o & R iR AR L, RS A T S gt do ey o LOFH et 18 ctow
down to coeatesninrelcloselyspacaddhcispeittsifondhe tissiebotfdarethahdkecotherhand a
movement from high sharpness to I%wdsha{lrgness i%.det%:ted,then it may be determin%d that the
scanner ié; |‘§e %e?%t‘* N Iflél embodiment may adijust the position oI the MICroscope objective

120 in accordance with a minimum or threshold amount of movement. Thus, such an

embodiment may avoid making adjustments smaller than the threshoid.

FIG. 10 1s a schematic illustration showing the focus window 402 being broken up
info zones in connection with focuns processing according to an embodiment of the system
described herein. In the illustrated embodiment, the focus window is subdivided into 8 zones
(402", however, fewer or more than 8 zones may be used in connection with the system

20 described herein. A first subset of the zones may be within a snapshot n and a second subset
- of zones is within snapshot n + 1. For example, Zones 2, 3, 4, 5 are within the image frame

404 snapped at time t!. Zones 6 and 7 may be completely within the next image frame to be
snapped as the XY moving stage 130 traverses from bottom to 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  fraverses 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 executing 2 serpentine patiern 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 1s aligned with
the rectangular focus window 402. The size of the object in the image frame 406, using, s.g.,

a Dalsa 4M30/60 CCD camera, s 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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5 space, and it may be desirable to slow down the stage 130 to create more closely spaced focus
points on the tissue boundary. In areas where these transitions do not occur, the stage 130 may be
commanded to move at higher constant speeds to increase the total throughput of slide scanning. This
method may allow for advantageously fast scanning tissue. According to the system described herein,
snapshofs:mely $1 takdan ditnitefocudiig Hate jsreollbetatkiiedRmathrevinorer &l fociisdatsmiay be
collected, i fshseanand siored and snapshots may. e taken, at bestagys paints Aing.a
subsequent scan. AR embodiment may use contrast ratio or function vafiues in‘a manner similar to that
as descripasbhéréifdwithy sharphess vaiues fo detectichianges ihddsus drdd@écordinglytaessmine
transitions. into, or.qut, of areas containing_tis, or white ce. 15 . ex le, for.a 15 mm x 15
20 SEER e THAGE s aide LR L A iy, eI n 26 i e S
column heX 35 frarfaess Adraorimaging diatet Of 30tihsecdch colummisdbaverdediinaPssecanasior a scan
time of aboutéao ecotngs. Since the focus sgtnso‘rylgo c%n'nlg%escﬁio or m%jrel)f foc%s.gg(ij (s per
second, Eﬁ@’sy%t%n%&%ﬁ%%éi 5 eilf‘ef‘r?l}%gylgBtai% 4%ocuses .%aér ?grﬁ’éngl 0 foctis/sec divided by 30
nits). At anuimsigingheateofiGthipsiisnandintsisvissdeonds anct-2-focysespenfradie ¢h20fdeuses/sec
divided %{%60 fp % in.an heﬁr‘.en?%djénetnﬁba color camera m?é be,used §§ the focus sensor 160 and
a 25 chromEMetrETnss BE d8tetmindd ataThatvar/ ARarsr adamoRaIf 16 T sRarphEsy Eoritrast
metric. Forexeemnplal aibidsancaloreversi6A vl the 64Q1%i480:Cepienpamesa maybeduitably.4Bed as the
focus sensor 140 according to this e bpﬁi nt. The chroma metric m e d%scribed s.colorfulness
elotive (BTRE BFR SR SFESHATAAY e e R ie Tk AR oA LU FIONS SANEnd 38,
chroma (G)hsadyhenatdinear combination of R, G, 30B color measures: CB -=-37.797 8R - 74.2038G +
112 <BEQUATION 3ACR =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, may be determined based on CB and CR. (e.g., such
as by adding CB.afa-£1€s metric for each zone may be computed and stored. When computing a

sharpness metric for a single focus point using multiple zones, the sharpness metric may be
15  determined for each zone and combined, fbr example, such as by adding all sharpness metrics
for all zones considered at such a single point. An example of the sharpress 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 1, 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 répresented by EQUATION 2:

20 Skarpness = I+ s sl -*&” 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 siowad 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, 1t is possible to predict if this transition 1s about to



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 RUB color infoimation may be used, as with the contrast

technique, to deteimine whether the system | transiéiong;%fr m a white space (no tissue).to, a colorful
space (tREH8). BN EEnipIRECHD FAIRZoHeSBENhE 0 M plE T8 HoSSHB T prédict'if this

transitiopyis abouhie 0souRdl fr examplaciatyditile ebtoma isrdeteeiod: therG=Hand Homay be
recognized that no tissue boundaries are approaching. However, while scanning the focus column, if

Zones GRS ORORh 57 IR GEE e RS AD SHERCThBAEEh g M P36 HFLY BRI dHiMAREPASS ol town to

create mareplosely shaced fogusipainisiandbeitissue baunEansatien thewthesrhand a maxement
from high chroma to low chroma is detected, then it may be determined that the scanner is entering a

whife spERSEapRFitiimay be HesHalIE B ShirdsRriagiddl L ¢aicraate Asr Bty Q58ted focus

points on ihedissugbosnday.{R.areas wharethesaitansitions ¢la et pscurcthe Adsiage 130 may be
commanded to move at higher constant speeds to increase the total throughput of slide scanning.

In conneBBPHitAEBERTE &Y HHEgs & TR Y ERiG ValGe B EFd o Eh B Hal e dletermine
when the;field of Vigw ofilpEAmINg é{@nﬁféevi%@a%%g&ﬁe@tm@ sligde 20Q areadvith tissug
0

processing variations may be made. For example, when entering an area with tissue from w%ite space

(e.g., betvdbp HssER SeaEhombreiterRPhely HRE dofektay beldetiaiing dua & rimtrdiof focus
poifys olained may alsg increasen Whenvipwnoiwhite-§nacs HAREeahetweemtissyesamples,

movement in the Y direction may be’increased and fewer focus points determined until movement over

an area ESAMIRGHESTE ROBETCHISRE (e D TSRS AT D hErEAsHE EHBIRA WRADTESEIEHESS values).
FIG. 11 shows a-graphigal illistation;:of- differant sharppess valuesithah may-be-htaingd atpoints in

time in an embodiment in accordance with techniques herein. The top portion 462 includes a curve
452 correbpredinyiases af asperdiasky SpEedny raitona Bespig i eBRT S perkEyEIe BYsBeriod) of
the dithey lensmayement. The X axis corresponds to dither lens amplitude values during this cycle
and the Y axis cofresponds to sharpness values. Each of the points, such as point 462a, represents a
poil® at-which a frame is obtained using the focus sensor where each frame is obtained at a dither lens

amplitude repreggnted by the, X axis yalpe okthepoint and, has @sharhnessyaluss reprgsgnted by the

Y axis value of the point. Element 465 in the bottom portion 464 represents a curve fined for the set of

sharpnessAial s dheatrise Hsordpreepicatin porion UBR bep thelimtiattiraamagtiaigic o©f G, 12is a
flow diagram. 500 showing encthe:fly,focus pragessing during-seanning.af i spesimensundere

examination according to an embodiment of the system described herein. At a step 502, a nominal
focus plafesusr sefererdd srmeuitay BE deternine tHe BB spcBBhgleansised IaREPthe step

502, progessing prosgedsde.2.lare04 where dithardangascoming te thessystem.descriped herein,
is set to move at a particular resonant frequency. After the step 504, processing proceeds to a step
506 wher e k¥ provilgstageiseconds and 2 focuses per frame (120 focuses/sec divided by 60

fps}.

In anéther embodiment, & color camera may be used as the focus sensor 160 and 2

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

mefric. - For exampie, 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 o 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 - 74203xG+ 112 x B EQUATION 3A

Cp=112xR-93786 xG~18.214x B EQUATION 3B

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

based on Cp and Cr. {e.g., such as by adding Cy and Cg}.
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10 commanded to move at a particular speed. It is noted that the order of steps 504 and 506, as with
other steps of 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 the specimen being examined are performed in connection
with the motion (e.g., sinusoidal) of the dither lens 15according to the system described herein. The

sharpness calcylations,jnay include use.of contrast, chroma and/or other ropriate measures as
furthE:-r discuss é%e%/?éﬁé nge?ﬁa}ge ?BK)ftiesr Oé’%%%ﬁ QB%,ﬁ‘pl)ero}ég“}s%ﬁfhtrgﬁﬁr@cgé%cfg%o}étggﬂﬁwhere a
best focusqesitiandis @eterrmnesdanposition of a brigiosbejdernbjestivpeusédi indesndeetiontwith an
image sensor to 20 capture an é’rga%%’accorgdin ttot e% tem described herein. Agtﬁbtge %&Iz_p 510,
processinggorieBeyE o'd ‘S8Y 517 e PSR ¢t SRtroTsighal coheernng the best 16cus POSItion is sent to
a slaw fogas-stage contradlingdhesposticn (Zeaxis) aftheqmictostaperthiestive:Sthp Sk2ealso may
include sending a trigger signal to the camera (e.g., image,sensor).to ¢ re an image .of the '
specmel GO EhUGr (TS MG Tgaar SO oy e 2UEHeior He TR AT ey 55 Epture of
the imagm [rwike fnaage spRsensHCh asisfeoexdmpleralter & specifiegitimbirabiayclesdewg s related
to the dither lens movement). After the step 512, processing, proceeds to a test step 514 where it is
deteimind FHGERE: HESIREFBIHE X TeiFg e DA Tho Shdrmen (RLP e Sould he
adjustedpdhgigeterringhiomenarbervadeaceoiting dodbokiab achpradessing techaiguesdusing
sharpness and/or other jnformation of muItipﬁ ones 30 in a foc{:#éafiel of view, as further discussed in

detil elsBWHeRsares e oREHa T S8 14) T8 RIS HIREE tRAL thE TP SO B thd S¢¥ &8Ge is to be

adjusted cthempipseasipe:presaedsiam stepsbbunbere tespeedabilieaXl amoving stadais
adjusted. After the step 516, processjing prgc%eds back to %)h?e steg %Ofg If, at the test step 514, it is
determin%@%%%@&%@ﬁ?—%ﬁﬁ%@ﬁ@ diBFAETSEY RioViHSHAG P TF BETEESS R fA'Processing

proceeds; tq@ieshieP8d 8t whersdtdssdataeningdwhietheieciisderosessingdsttoncaraticlugif
processing is to continue, then processing back to the step 508, Otherwise, if processing is,nhot

continue TR S SRR Gofth & S BRER AT MR AR 8 ﬁ%l‘éﬁsﬁ@?\nﬁieﬂgs 8885 8gTsBhded and
Progessing s comniele- 2 confiiandad isdloMydlagram-b30 shewingpeeaessingatibe slewdatus stage
according to an embodiment of the system described herein. At a step 532, the slow focus stage, that
controls fih @ §1daR551HHE Z-axis) of a microscope objective, receives a control signal with
information for adjusting a position of the microscope objective that is examining a 10 specimen. After
the step 532, processing proceeds to a steg 534 where the slow focus stage adjusﬁ the_position of the

microscope objeBtivRNAEHIHIAY D Hie & TErPaEScBREh T AR e e &R 5 3% SFo RS SHg
proceeds g awvaitingaier S3evhere-he slow:focus Siagewailsde)racaivaiapathensapntralisignal.
After the step 536, processing proceeds back to the step 532. )
20 arca with tissue, processing varations may be made. For example, when entering an area
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 area between tissue samples, movement in the Y direction may be increased and

fewer focus poinis 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 2 half sine wave cycle (e.g., half of 2

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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15 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 receiv nirol system that
controlsﬁ??&&eriﬁ%%?%egfgr%aléle {ggnﬂ%%fﬁol%fgogg%]‘ptﬂ?g processing affer a s%%%gg& rﬁ@h%e%%??ycles of
motion gha-slithertens ubedriadfacupprecessingaciordiiy fior the Systerreddstribedtherein.
Alternatively, the trigger signal may be provided based on a position sensor on the XY moving stage.
In an embodiment, the position sensor may be a Renishaw Linear Encoder Model No. T1000-10A.

After the step 552, 25 pyacssinggragesuls shavstepbiis illyefe:theimage sedscrgapturssean image.

As discussed in detail herein, the captured fiﬁw%%e by th image sensor ms%grgg inu]fI g_%sﬁjg_etlzgnnection
with? opetafiGRGTRFotiTh G SRR AR SHIHG S5 tRE SYStenieScringd Herein Captired images may
be stitchgd:tegether.in aseordancawitarmetberdtehniguemeeismsriced:hersincdfterhesteimbbs,

processing proceeds to a step 556 where the image sensor waits to recgeive another. 30trigger signal.
At the b S8 Brcdulig Pt EBaL AR 5 TRl S5 1 @ FRE 8 1 A oAt

iS a’sthemalic ustration
600 showing@naltemativear agepentiesifods precessingaaccordingiie anembatémentof the
system described herein. A windowed focus sensor m:% h@\%e a fram%fie#i’]pf view (,FQ¢YJ:=6'02 that
may be & SPOHERWTEE pBEITETTERE (5 LiETon Sy s E5R & A Lo Sntta Y'EQUEFtS T Width of the

imaging seRsehfiame AN 804 pAS lascrned hergimotae windbworiay bestitedsititaedditection of

travel. For example, the frame FOV 602 of the titleqd focus sensor may be rotated to 4 grees which
would haViEaRtBHe iR \H%fﬁ%fpé?@ﬁs%’égjélf@sﬁ %ﬁ?ﬁ]‘%’t .fﬁéyoﬁi%c%/%&%?%ﬁhglﬁg\ﬁ%%ﬁév 604 of

5 the imagingisensanMay:-hane-andefiasbemidih o8t mmsihemiorecasitheptemavingstage
holding the tissue moves under the objective, the titled focus sensor frame FOV 602 sees the edges of

the swatFFBhsBRBABS Hhe TRSGealHEsion thE D, PRUHDIE HaFREESF R HERFISRTE S8RSor are

shown supgrmResed RRrthe inagesensasirame HQ V604 aliigrmadisinpasitinesiahtimes0, 1, 2
and 3. Focus points may be taken at three paints_10 between the cepters of ad'ac%%grames in the

fockfs cORSAMIPECSBOSHHAE Glete e Bes e AdEHS T ERTSHGRTR A e B3R TE st Yor the

next snapped, fame.apedlisndis: Thescandime fordhis methediwaustbeisimiiardadhenmethods
described elsewhere herein. While the frame FOV 602 of the titled focus sensor has a shorter look

ahead, in this case 0.707 x (0.94-0.432)72 = 018 mm or the tilted focus sensor encroaches 42% into

the next frame te-he 4% agguised, thediame FOM:E682:0f dhe titeddaeus sersorobeing-ohligus with
respect to the image sensor frame FOV 604, sees the tissue on the edges of the scan swath which

may be SHEREFEIGOE PRI £ AREERE BroIEBIGSTELIR SRRIRREABA 1@ 18488 M atic
illusization, HpP-shpwingan-aicnnativeii rangemenidebdoausein. After the step 510, processing

proceeds to a step 512 where a confrol signal concerning the best focus position is sent to a
slow focus stage controlling the position (Z-axis) of the microscope objective. Step 512 also
may include sending a trigger signal to the camera (e.g., Image sensor) to capture an image of
the specimen portion under the objective. The trigger éignal 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 procesds
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 mey be made according to
Jook 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 o a
step 316 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 detenmined that no adjustments to

the speed of the XY moving stage are to be made, then processing proceeds to & test step 518
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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 infoimation on the

forward %gs aggg%sé the tis ue,hlrlj'gr]e% bhackward pass the im igw snﬁnsor snalps.fr?mes ¥vhile the focus

stage a jusfg llemg tﬁgnplﬂ%r or\{?\;ard 88%85%%%638 d%%a%%%ﬁ% anted 16 takerfocus data at every

image fréwre skipgiiggriietinediatesposiitns Ofter2i Seinifheraréosime thadyt then¥Mumdving tstage could

move 4x the spee in the fortward. ass gcivenltrtg) hj[gh r?te of focus [‘:%;ént acgu' ition. For example, for
11 &t 20K d'c oM Bt | S5%i-ames) Sihke tRE 1oe 0% et i8S MrEd 3¢ 120

SC OT1Y
a 15 mm¥X I8 M a X, a column o ata 18
points pér senphedt. 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 scaftime3igsoMdyv20%ranhict isheffitigpt-deusthey, 4f focus werehallowedda skipevery other

frame, the focgs ortion of the scan time wo Ig}flir.thergérop sub tially. cgt is noted that, in other
embodirB78 CHITRSELS SHH BYRE HRES SEndeTHay 68 POLToncd Ao HEP ISR bRE R AR the fild
of view, endralsaihesiokentatipasntohalale Adidceni-celuopasbf-data te-provde additivsghiook ahead

information. that. may be used jn connection with the system described herejn. S The XY moving
ioipurtiig oty Seepoar ikt poRa el e TR A

to those peatierd afdhenbaalonedtl Hrvebsher gRed: 75 Nacspbjectivasdere slhe-dopi ehdecus is 0.9
~ micron, it would be desirable.tQ repeat to about 0.1 micron. Stages may be constructed that meet 0.1
micron BRI BERGRH AP <Aty F0RR A PAGLOIIAGHT T 1o R A TSR Riasible, as
further disgussied sisevhiererherging prolBads embedifiapt safissuevrsmnerr 06w glass slide being
examined according to the system described herein may cover the entire slide or approximately a 25
mm x 50 H’réﬁ‘?"”ﬁ?’&si’ﬂﬂﬁb‘ﬁs“%‘i‘@"ﬁe%@ﬁge B e ﬁf%méaéa%%&ﬁ% @(&E)GB‘?%E&%}@&B“VQ the

couplingsmgdian to the slide, the NA of the condenser and the wavelength of light. For example, at
60>§, for a 0.9 NA microscope objective, plan apochromat (Plan APO), in air at green light (532 nm),
the'fateral resolution of the microscope is about 0.2 urn with a depth of focus of 0.5 um. 20 In

connection withrpperations abtheisystemsdesaribas heraine digitalimassdnaysbe-obiainedoyn moving a
limited field of view via a line scan sensor or CCD array over the area of interest and assembling the

limited figTPOATRENS Br HAmELdt ARSTBEEHEFE forh A TiBsaic: FisHest a5t ite#idaic appear
seamlesg:viine wisible SHeh 00US @her 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 confrols triggering of the image sensor image
capture processing after a specific number of cycles of motion of a dither lens used in focus
nrocessing according to the system described herein. Alfernatively, the tfrigeer signal may be
provided based on a position sensor on the XY moving stage. In an embodiment, the position
sensor may be a Renishaw Linear Encoder Model No. T1000-10A. After the step 552,

25 processing proceeds to 2 step 554, where the image sensor captures an image. As discussed
in detail herem, 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 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 firigger 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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25irradiance anomalies as the viewer navigates across the entire image. FIG. 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 Ix or 2x magnification. If a barcode is
present @rithgosligle labektbe hambdantialbeqddcadie andtaidcheditogtng stickirfrage & His step.

After the step 702, processing proceeds to a step 704 wherg the tissue be found on the slide
using sté%ar@fsirﬁ%?ﬁ’égb% &<din 8@3?%%33‘%58 rt%%/gﬁlé §‘§u§r5 % %rg%w%fh%%src%}ﬁ%nygién to a
given arga efiplerest Aftesthe steg 704y Precessing rorerts to 4 StegrE6 wihidrevanlX YagoordinatR

system may be attached tg a plan he fissue. After. the step 706, processing m r to a step
708 whete ﬁ?ﬁ?qﬁ@@#ﬁé&%ﬁn s%wa? eésgjé?{grﬁe ea?%eﬁglé}sy‘ghdfg%%aa%ﬁg o?tﬁggt?siue and
best focysmayhe.deternined usipg:a dfeustechdifue 6368 amorboasinerenfith&dnHiyfogcusing

techniques discussed elsewhere herein. After the step 708, processing 5 may proce tep 710
where th%aéé&?aﬁﬁéfegﬁft&é%ﬁ%of@édéns‘aﬁn%? 8 &%ﬂ’egthtgﬁ DSTIRAN Sy Boneet? &3

approprlatfe IRformation, may be saved and
may be rgferred 49.as sngbenRGINS:dhisinetetthat yhere framehdieibetwedntheianchorifoints, a
focus point may be interpolated. After the step 710, procgssing may groce%gl toeagﬁﬁp 7%3 \gthere the
microscopEd 0 e RS Ts BESIfRTERY SPRTE PR TG E pOSItIOI AT atE6rdance With the ?ec'hnlques

discusseg|;elgewhers,hatRins Afteribertep 7kapmcesstng procsedaica sikpn/ddtwherpansimage is

collected. After the step 714, processing proceeds {0 a te_stkste 716 Where.itt is Sdst%rrqina%(a whether an
eniife ar@EBEHEE SR RS T HISCAINB A A n iy SEPHF FO urﬁ‘irg n Procedsiig proceedsts a step 718

where thg XY siage-meyesdhe tissyernibeosiand/ e Yidirastionsppedtaardingptaithe tethfliques
discussed elsewhere herein, After the step 718, pg%ces%g (ﬁ;%cee? Cfﬁgkt thehste% 7%3_..{1‘ at the
test stepS7HB ik iReBMEPthapald SRMFEPHAEY SPMmERT BESTCEERRET 8Ad haged: then
processing. progredsioa stepi{Ldmherathesaliecied impgedframeshsadstiichidd erethetiise

combined together to create the mosaic image according to the system.described herein and using
tochniqubHHeerE36d 1aaRERe ONARERT (ot REE T RSIERHRS 1o D& P BT ALEEdh PRio

2008/024061:3)1AfiRr #h6, 518D V265 PICESSG:IS RamPlRial, iBénieshihatoties appeopriathe
sequences may also be used in connection with the system deSCJFii ed herein%?b%%%%rﬁ one or more

mosaic ifeRESSTEPalvastAGR0 B8 FeratISR Bf e & e dsssHtas Farei ‘S repeatability
25 may bgyrepeatable to.a-ffactionafthe drptbdet fecus piftheahjactive. 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 ofdet of LeGnapameekRessisidestiable e aieh 1epegiatilityoyGuds
accordingly, be suitable for other objectives, such as 4x, 20x and/or, . . .

20 processing according to another embodiment of the system }descnbed 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 date at every image frame skipping intermediate positions 0, 1, 2,3 n
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 2 15 mm x 15 mm af 20%, 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 skap every

other frame, the focus portion of the scan time wouid further drop substantiaily.



3040x 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 are
discussed herein, including, for example, functioning as the XY .moving stage 130 discussed
elsewhere herelnin woahectionnvith anethbetyrfocusitiy thchrigugs.oAcherdingstecance mixydiment, and
as further di.scuszed in.detail elsewhe.rtghe ei é'w ><§Y stage may inél}l;de a stiff.base block. 1The base
block méif’ ARG gtf%?%l RSP ﬁfagg Hbé%ert N raised §rbos§eo B LA Id KBP gelass

alse

having adfiasgiilasiarss sediiansyppodedditaistlbbbssead Thevtwathiacksayy e usedlias smooth
and straight rails or ways to guide a mqving stage block. FIG. 18 is a schematic illustration showing an
implemeftafisHGP e’ H‘Ee%%?é’%%’f‘é&gsfﬁ {2 a Y stage portion) of an XY stage according to an
embodiment of the system described herein. For example, the precision stage 800 may achieve z

peak repeatability on the order of 150 nanameters or less over a 25 mm x 50 mm. area. As further
discussed e|sev€%5%‘ﬂa}a}ﬂ?%%aﬁfe%%zswaéﬁéeé&é%@b’&ﬁf@éﬁ%ﬂ%ﬁ TP A and

techniques discussed alsesheare heris, thehdingobicexample, fubeheningainecannection A 5swith the
XY moving stage 130 discussed with respect to the on-the-fly focusing techpiques. The precision
stage sobgﬁqa?J AN S %gsaﬂb|%%&og%iaﬁé@lgfﬂat BISRE1 G GHERY i S U B aised

bosses. The:spasingafihese hassessairsuchihathe Sagidue fikewvsightefdheecision stage
800, of tr%?aglass blocks on the simple supports_are minimized. A second block of glass 814 with a

triahQulaP¥rodSQEHSH is M FORET BT ais ABBKEEY. 1HE 26 gfs S BIOTks BT84 £y B
adhesivelyhanded to the base block 810 with a semi-riaid 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
rim. A material of low thermal expansion, such as Zerodur, may be employed as a material for the

glass blocks 812; 8§14nthefanpropiiatedyRas.0bealassanayialspdagUseshin LoMesiien withdhe
system described herein, A cut-out 816 may allow light from a microscope condenser to illuminate the

tissue onSHiERlidEscTibot her fioRSOBRBARE FEDE $TATIRPINE YL Y SroothPaRd Sty Atfails or
ways to gride.aimeVing Siaaaibliecka8aR. Jhemavingstage ilack 320 mayinsiudeaiRard iastic

spherical shaped buttons e.?t.é 5 buttons) that contact the glass blocks, as illustrated at 30 positions

821a-e. Becie tridseFlasthentiftoris Breeptrsich P docorerd Stacd Hely bER SRR R very

small aregns<@,p /n0) determined,y the-medupsobslasticitv:ofthe plasic.fFarexample IPTFE or
other theimcéplastic blend plus other lubricant additives from GOB Bearing Technology Company, UK
may be used &t astarTalrs SHARR of PrBtHAR BUR GRS B approxXiiiERRPRM A rHEEr In an

embodimggt, the coefficient of friction

20
In connection with operations of the system described herein, digital images may be
obtained by moving a limited field of view via z line scan sensor or CCD array over the area
of interest and assembling the limited field of views or frames or tiles together to form a
mosaic. It i1s desirable that the mosaic appear seamless with no visible stitch, focus or

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

FIG. 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 or the slide label the barcode
may be decoded and attached to the slide image at this step. Afier 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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between the plastic button and polished glass should be as low as possible, but it may be desirable to
avoid using a liquid lubricant to save on instrument maintenance. In an embodiment, a coefficient of
frictions between 0.1 and 0.15 may be readily achieved miming diTY. S FIGS. 19A and 19B are
more detailed views of the moving stage block 820 according to an embodiment of the system

describeshieremashbudriacies spherieatly SiapETIStbRSTBRAENTA0 COMERISNG BRISSIIFEHS 810,
812 at the RAUIoN S6ikacnt"s: Bitens ey b atanard oyslionshal gleviderexselgy! stimess

in all directions other than iving 10 tion (Y).”For éxample, two plastic buttons ‘may face each
other to fontactisidestdfithe friavryulay shdpeglassiblool 810 ieletmition s8It ey and vk plastic
button 822a is positi -t cont € e ' C y include
one or m%%éh 6p e'sﬁ %gﬁﬁ%@%ﬁ%@@%% ﬁt%%flg%w E}%%%%%%%t 'er%%%ﬁ%%?ﬁﬁ?f tr%wgg%% troid 826
of the triamglepformrddtbyathseposifiowofpldkticcsubortdsuttdns8z2aiectn thisnnannéiorl 6éach of the
plastic buttons 822a-e at the comers of the triangle 828 m [weight at all. tim ring
motion of the & a%%gee1 %)6m amﬁerﬁrfpfﬁ%ge gg%idtg I%’%fs%,gargﬁﬁggg\g ?sg(%%{r:rl\%lé?eg%ﬁga Etphsng%gq;ded arm
830 in thénslidbane§t:832 1it hetslide 8Qlanthyhwntanudliguplpcad inethecriestrB32tand/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, thisieidhreterpmizltbe0cZaving Tie gihveeathdoftherod flewirer842emanctyscattiached to

the centrojd location 826 on th ving,stage 820. The cantilever ar. 40 . he attached to a
o e B e A BB B S B R e 2 A
lead scresisassemblyBh4 Ay breattaciéd todhedeanmgdstatki®50stapd 1hé teattesanem assembly 854

ol UG SBUet A Eaban s S BT S e et Sk ety B s the
bearing bitek:85arontihe rad862 intucitpudls ofepushesdieantovingstagé blotkiB20 miacthened flexure
the st S miolRy e BIBCRS50 ot S STASCE PAbE (e & Boimieeoppsiing thoroe
orthagonatderilanecotitbadrioning stéigenindeckdifestionyraihis effectitadystep 718, processing
proceeds back to the step 708. If at the test step 716, it is determined that an entire arca of
interest has been scanned and imaged, then processing proceeds to a step 720 where the
collecied image frames are stitched or otherwise combined together to create the mosaic
image according to the system described herem and using technigues discussed eisewhere
20 herein (referring, for example, to U.S. Patent App. Pub. No. 2008/0240613). Afier the step
720, processing is complete. It is noted that other appropriate sequences may also be used 1n

connection with the system desecribed herein to acquire one or more mesaic images.

For'advantageous operation of the system described herein, z positional repeatability

25  may be repeatable to a fraction of the depth of focus of the objective. A small error in
returning to the z poesitior by the focus motor is easily seen in a tiled system (2D CCD or
CMOQS) and in the adjacent columns of a line scan system. For the resolufions mentioned
gbove 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, varous embodiments for a shde
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



isolates the moving stage block 820 from up down motions of the bearing block 850/cantilever arm 840
produced by bearing noise. The careful mass balancing and attention to geometry in design of the
precision stage 800 described herein minimizes moments on the moving stage block 820 which would
produce small rocking motions. Additionally, since the moving stage block 820 runs on polished glass,
the moviag stagedalack &20 harndagitiésn repeatib)ifyetiessthan 0 Xanameles peal Sifficient for
scanning.at 60x nification. Since the 60x condlition js the most.stringent, other lower
magnific&ff'é’ﬁ§s§fgn(%gﬁ‘§ % ARG Gk FGHERIE BB i%é’ﬁrﬁy S%HSWTQ Eﬁ?ﬁﬁ‘b‘i@%erfsb?ﬁ?éﬁ% Qimilar to
the perfosmanbedbiaineddndrrBOx Bendiians, detalF KreRSboweRN iMpieTaentation afamentire XY
compound stage 900 according_ to the precision stage features discussed herein and including a Y
stage 92,5 '%%isgéqﬁﬁo el 5%5&&%@%@3@@&& toHi b8t ePBPTHd Sstéifdescribed

herein. Inthizcase, a dedaaseiipcirforthieny stage 926, beepresdhecsiage fddthahis.admoving
stage in the X direction. A base block for the X sta&z 940 is the base plate 960 that may be fastened to

ground; PRESY CHiBSUNBREEBEY0RR FoVIS S FeBuhERBIRY i te Y HRECHo BUHEAd SRR of 150
nanometgg @ngisepeatabilities 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 20via a tape-scale, such as
those produced by Renishaw of Gloucestershire, England, sub- micron accuracies are achievable

according to thergystesnideseiibgdihergingthenstage-gesigniasserdingdethersystemsdeseribed herein
may be superior to Sﬁherical bearing supported moving stages in that an XY stage according to the

systém 258 eSctibéd hetati BEEORLOS ATerioRtahastatiing derdis HBGHEALPh&KcarHAN bearings
or non-cyiingisal Gasmrolier bearingse additien, insecitriatinadearing esiges.anan:hall

complement at different size balls may cause non-repeatable motion. An additional benefit of the
embodinfEAts™@85 Hbket HERIRFSTRTASTOPIRE $tageFhetglisE BletantsAttilfielsmAifstsRbping and

polishingdechnigues:-and are netovsHyexnensiventhebearng3blackand lead scraueassgmbly do
not need to be particularfy hig?fquality in@t%lz; the ro
techmiques discussed elsewhere herein, inciuding, for example, functioning in connection
15 with the XY 'moving stage 130 discussed with respect to the on-the-fly focusing techniques.
The precision stage 800 may include 2 stiff base block 810 where 2 flat block 812 of glass is
supported on raised bosses. The spacing of these bosses are such that the sag, due to the
weight of the precision stage 800, of the glass blocks on the simple supports are minimized.
A second block of glass 814 with a triangular croséwsection 18 supported on raised bosses. The
20-  glass blocks §12, 814 may be adhesively bonded to the base bilock 810 with a semi-rigid
epoxy which does not strain the glass blocks. The glass biocks §12, 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 systemn described herein. A cut-out

25 816 may allow light from 2 microscope condenser to illuminate the tissue on the slide.

The two glass blocks 812, 8§14 may be used as smooth and straight rails or ways to
guide a moving stage block 820. The moving stage block 8§20 may include hard plastic
spherical shaped buftons (e.g., 5 buttons) that contact the glass biocks, as illustrated at

30  positions 821a-e. Because these plastic butions 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 mto the shape of the contact

buttons of approximately 3 mm diameter. In an embodiment, the coefficient of friction
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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 settings, a desirable work flow is to place a rack of
slides into a robotic slide scanning microscope, close the door and command the system to scan the
slides. Itig-elesiraldeslhainbutser intepedistion pessesdeituntil:all stides peesivanheditTheydztch size
may inclyde multiple slides (e.g., 160 slides) and the time to scan all slides is _called the hatch time.
The slid e@fﬁ%%g L?IV%%%&ngrnabegrqgfiI%%e?g%a&g r?guFap‘)fr%coenss%%}—lﬁén?:ylé}gl%?r%%a?%%he f[%mm% between
each availahleislide imageithattistéachoforhdewing 0.1 ankhe tychetinereadii bechnfivehoediby the
following_steps in acquiring an image: (a) robotically pick up the slide; (b) create a thumbnail view or
overvievﬁh%age of the slide 10 tissue area and label; (c) calculate an area of interest bounding the
slide tissue; (d) pre-scan the bounded tissue area to find a regular array of best focused points on the

tissue; (e) scan_the tissue according to moyement af a st and/or sensor; fzicr te a compressed
A R HebORH the ST L FiRoied th

output image re@gﬁﬁfc}lgﬁé’%‘?nbg% @fﬁae B &'Siide; refdlfll?(‘)’}n eSQF %ﬁc}% ishoted tha step (d)

may not fenesessant e ywiamicierusidgsoriten-the:fly sfocvisingtis peitorcabd sicqardlibgtdfsto the
system described herein, and in which scanning/image acquisition time may, accordingly, he reduced
as a restit-t- Eﬂ%f“ﬁﬂ"@aﬁmh’?eg]fﬁ?sféﬁﬂgﬁgé@c%gfg 2e P%ﬁfié’ %Syg%?r%'%eas?@h % %{?enﬁgtr}l/a %b%fi/ further
involve eliminating o6 significaatlyishortenngdhatimgieexecilieistepsfa) i), (e} dnddd)indccording

to various embodiments 20 of the system described herein, these gains may be accom Iig%ed, for
exdthpledBFEEME A cadh iﬁ%%ﬁé%ﬂéﬁg%%%@ﬁﬁg %?‘855 il c{%&‘f(c ana-{g) Y6rone Sfide are
overlappgghir-time sith sters (dhclexand(®.far anathersiittecpaddriher dissussedtimdelad kerein. In

various embodiments, the overlapping of ste sé ), fﬁ) and g%)for one slig ith steps %)%D(re‘n and (f)
for anoth@%ﬁ}ageﬁw%mé}é@ﬁ@gﬁaﬁ i’?@%gf %/6 eVEh %t%%?[rlmg? (‘]% é\)ﬂ P& Wgerein
steps (), @8 4Rsfer pnewslidenarenat oy erappes-with steps: (ehiée odndathitfor the centroid
826 of the triangle formed by the position of plastic support butions 822a-e. In this manaer,
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 807 is clamped via 2 spring Joaded arm 8§30 i the
slide nest 832. The slide 801 may be manually placed in the nest 832 and/or robotically
20 placed in the nest §32 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 (.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 bi.ock 850 and the lead screw assembly 834 may be rotated by a stepper motor
856. Suitable components for the elements noted above may be available through several
companies, such 2s THK ir Japan. The lead screw assembly 854 drives the bearing biock §50
on the rail 852 which pulls or pushes the moving stage block 820 via the rod flexure 842.
30
The bénding stiffness of the rod flexure 842 may be a factor greater than 6000% less
than the stiffness of the moving stage biock 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



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 e gne of a collection of slides in.th h, Géxample, a
batch ofli%ﬁt%?idt S THYEiestion %?%%Z%Z?na%gé &llgpéééﬁg inﬁé"gﬁé‘é rgckﬁl%g%%%gf:ﬁg pt?%icup head
1002 is gHacheditoa heatifysatdosddlbeldA04 whish travels on a steel rail 1005. The bearing block

1004 is moved by a rotating lead screw 1006. Motor counts may be detected with a rotary encoder
1.007 and converted into linear travel to control slide position in the Y-direction. The elements
1002-1007 may 5o tapsie radioving dsgembhtirateired tweas axslidededderiitiogderi $068:ifhe slide
loader/unloader 1 008 may also mave on a motorize bearin.% car or blbcickk%ggg in.th xwdiﬁgé:tion on
rail 2010°WhiERSSiBHs HE Qi Fe BB LA RRIIE T O] 18 NEVE if Both the X and v difections. I

operatiopy shidemahile stilh helth oorh epicklip Bg R0 2 hmaydvénpositianstb tind@lariow-sesolution
camera 1011 to obtain the thumbnaiil vi%\%ly O%Oé/%l‘ iew image.of the slig
QSR

, | S .E'l sue.area %nd Iial‘{\)el (e.g.,
the aboRAHBIEY &5 ()5, BRESITLED AipfeRSa ™8 st85°£6 ﬁf;} Bé &x&ctfdd and the
slide is plasss dnfoRD0SIAG AN foslidenbisifen 10k mEke: SlidedbuffendOh? Hiay dasdidentiechior more)
buffer slots or positions 1018a, 1018b, and is shown irg@uc}iné; sI'dé%lIQ%g % b%lﬁer osit'g)n 1018a. In
an embdaﬁﬁe?‘%i,%%m%%@% TP G S G & tfgﬁ% e 101 Al T5HovES in the Y
dirggtionsanghwhishds-assniasite aonlatedfmthat pnvesdnuthixcdirectiditidthe XY stage 1013 may

have features and functionality similar to that discussed elsewhere herein, including, for example,
features of the compound XY stage 900 discussed herein. The stage plate 1014 may further include
an additional slige;piakypheas 191Gk hepiekep Heaito Toymaymbesimiartodieapiekdmpead 1012
described above. The pickup bead 1016 20 may use a r}r]ﬁ(i:hanigfl devigf and/gr a vag% m device to
pick up dSiBEECIsoTHALSIER ReACHETE BFTRE EBMBSHHIERR Y dtahes %ﬁ*ﬁgﬁjﬁ%%fét A& buffer
position 1§82 884 Pk 4pdREglide.dQkibJhe slider 1HQkTmay dawidestiueio anear saare of the
above-noted steps, including steps: (g) prescan (e)Xscan and (f%hcre‘ate output image ,

15 base block for the Y stage 920 becomes the X stage 940 that 1s a moving stage in the X
direction. A base block for the X stage 940 1s the base piate 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 hersin.

The stage design according to the system described herein may be superior 1o

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

75  described herein does not suffer from repeatability errors due to nop-spherical bail beanngs
or non-cylindrical cross rolier bearings. In addition, in recirculating bearing designs, a new

ball complement at different size balls meay 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 sysiem described herein, it is advantageous to reduce and/or

otherwise minimize scan times during the scanning of digital pathology slides. In climical
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25 steps. While this processing is being executed, the slide loader/unloader 1008 may pick up another
slide (e.g., slide 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 slide pickup head 1016 of
the XY cempgasing dtagebl 13 rhaffoptasetthelstide 1047 36 midcthabufferabositichdd $8znuing pick up
the next slide (slide 1001) from the buffer position 1018b that is ready.for scan, Th d XY
Stage 10EE TR M A5 GO0l A B e o Searto St RS T
microscaper opiiescaticncaimeral ADlaitaAclidine achighnresb| (ferbinagezefbigl ogibad dissueile

accordange with featyres and technigues discussed elsewhere herein. It is further noted th
moveme?ﬁgeé '%11Slegéséilggt%r?g%ﬂ}hgnggnﬁ%osﬁ%nd %lﬁ% %%S’eiiﬁgg”gn%\ otlbﬁ%% sﬁ}ajéa Toa eerf&%%oader
1008 magiedtontrdllad bymberasfrridies pracessopsdneasedntisystéminthessiidetioadesfuntoader

1008 may move to the buffer posijtion 1018a.and pick up 5 the slide 1017 and deposit the slide 1017
o the £H6B PR TR T AR B G P o el

&ted all 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 %and return the slide 10%35 Io }tlhelelide rackt;OOB. PCrOﬁ:e%sinﬁ Ilike gha%a escribed
above may contift & iR SRS that AEF thy Fack T3 fave BEER Eanned 18 ' The slide
caching tesbhiguessagcardifg tQithe Systemtdastribeshhireiavprovigdeadvaniageous timessdvings. For
example, in a system at a 20x 15 x 15 mm field, the pjckup, time is about 25 seconds, the
thuronalfisaly 6T§ﬂiaﬂdi§a§8% F}Lﬁai%@%ﬁo@ ?ﬁ%aﬁ)r?e%&%ﬁs i%oeuﬁls% 1.5[17@0%‘[83%1 %%&%%% e&%?dp {iie’Scan time is
90 seconds hhhedeutpiEfilegenemiion isgone-thyconbestadhtlysedthdine seatningpracessand may
add about 5 seconds. The deposit of the slide is about 20 seconds, Adding all of thesﬂ%timesttogether
indicates 155 tSIETRIL T FIFENY AFHBBHY Staid Wil Mded&time 8 BRK GH Rt ieposit the
scanned glide which mayiacaaynhior gyt 40 seconds acoingly: Hidicedudtiantid sarstime is
therefore about 14180-55+ 10)/180 = 25%, For. systems #t;si qr%ér)la[niccfocu%s#echné%lues, f:120 such as
on-the-fiy FoRSiAG A8 RIASATN LA B G SR HBI R B D TS pree SRR SRS & TR b e SfTIFEREd, and
with highsdaigcrateseamekas-bedings;notassosiatad titbpiekup anchdepasitsimay reducentsy20-30
seconds. The reductjon in scan time in uséng %{iﬁd/&cacgg%ﬁw;{uis case may. be about 1- (75-55+ 10)/75
= 50%. 2HEEIDEIK, R AT HiAG AT 11 60 SRGWIRG Shde R HMY HPECESEHE S Ecording 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, pracessing proceeds to a step. 11 04 where a
thumbnail image%ig‘”’oﬁi’éfﬁ’é’d Q?ﬁﬁfa?e&th’é?%n%%ail%b‘%ésgiﬁﬁf‘%a HEDARRRFE dRERRIIFAING an area

of interesfipt-issiie:nr {he sidaets:Redtarney foy, the)fiisd slileA ccording 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), (¢) and (g) for one siide 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 (2}, (b) and (c) for one slide with steps (d), {e)

and (f) for another slide may provides a gam of 10%, 25% or even 50% compared to a system

25  wherein steps (a), (b) and (¢} for one shide are not overlapped with steps _(d), (e) and (f) for

another shide.

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 bead 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 coliection of slides in the
batch, for example, a batch of 160 slides. The collection of slides may be dispesed 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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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 varigys %@P%@iﬁ%‘é&’é&hﬁﬁ%ﬁmﬁ?g anddmaging echpiteasdnay inskde-pre-gcapmiag focusing
steps andior using dynamic focusing techniques, such as an on-the-fly focusing technique. After the

step 1118 i8pqeesianigipfordedsadianstepe Flop ke ld 1Re fifkt D RIIBHS S8y T ghaseia buffer.

After the step 1112, rocessingpinsests te@ster 1i44 whete dnstalidedeniskediyp,fiom dhe slide
buffer. 5After the step 1114, processing proceeds to a step 1116 where the first slide is deposited in

the slide zaekioniied tharbte s 106 prsce¥Sing iy riprstiowith rsspEet dorthetirdiagiigie side|G. 22B
' a fow diagiamibeq shewing.sIe aahing RrafassiRageauiing to an embodiment of the syster

described herein in connection with a second slide. As discussed 10 further herein, various steps of
the flow diagram 1.120 may be performed in parallel with steps of the flow diagram 1100. At a step

1122, the seconq Sideinp aeilip Im aIRfed ﬁf&%m&ﬁtﬁ&é1%£r&%%5§@f%d%ﬁ%ﬁéiﬁs toa

step 1124 where a thumbnall image is obtained and/or other thumbnail processing, that mzer/ include
determiningiaredraa it rast ohtissifel briadsiiddhistherbpsbdifor Biecs6cony shdacAftéithe step

1124, progassing. da:LofRedBd0 @ 1ap.LARSMlIRER e seopndaldeds dppasiiad g plde buffer

After the step 1126, processing proceeds to p 1128 where the second slide is picked up from the
slidebbuffeepAftemitiebstepetiR8 précbssihéepropieeds oia sepiipsrwhaidtheudEeoid Slidéss

scanned 0 aded AcLRIAng R deconiquesy e thaklrhe disgsarthelneere el ids noted -

that in various embodiments the scanning and imaging techniques may include pre- 20 scanning
focusing Steps amdiidmgsirng dy hamic:foetisimytdsimiquiés, 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 buiffen &flevdiecstep ¢dBAowIdcEYsineeprotbkasioincidp 2 F8&whiete 18 s&ednd slide

is deposited in the slide rack. After.the step 251136, processing, ithyrespgct to the second
indeSP nﬁ?h%scgﬁ a‘fn%(zabﬂ?m‘%% Bénr%t?%l%r%i:-%n{ng%ﬁgds%s%e%%%:g:?i%)%ﬁﬂgr%é%yégyes?siﬁg sligle' caching,
steps of theef5W diagrdml 3 10wither éspectsterthdfirst shidétyray ber petiminbechssedstiderdaching
device in.parallel with the steps of the flow diagr i to.t : ide in order
to reduce}%igl%fé ﬁ#&él. or e%grar”ﬁ%%,p %ﬁé%s?otaggs? %%512% ?Lll%gl%\.&l&g‘é o% f’hgﬁ"gﬁv §|§§1§%¢§§%Oﬁ j14}()!?%%he
second shitte (eage, thtestéps nagohndetidrevith pickiifiopahelideqoriisliedrdf the dlidpivaek,
thumbnail im rocessing and depositi c ide i slid Loverap with the
steps 11 a&a]?]% an ibfl%g%l?ﬁgef%\?v%%%ug% 1(??9).‘l f/&vit %%rs&%%%:%t#éef{r%%ﬁé e (Z}yg.,aftﬁe steps in
conpectionayitsgrickirmhancti el firsiesiidéor a vacuum device to pick up a slide.

The pickup head 1016 of the compound XY stage 1016 may move to the buffer
position 1018z and pick up the slide 1017. The slide 1017 may now continue to one or more
of the above-noted steps, including steps: (d) prescan, (e) scan and (f) create output mage

25  steps. While this processing is being executed, the slide loader/unloader 1008 may pick up
another slide (e.g., slide 1001), obtain the-thumbnail view of the slide 1007 using the camera
1011, and place the slide 1001 in an empty position 1018b in the slide buifer 1012, shown
schematically by dotied line 1001". When scanming is completed on the preceding slide (slide
1017), the stide pickup head 1016 of the XY compound stage 1013 may place the slide 1017

3¢ into the buffer position 10182 and pick up the next slide (slide 1007) 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

technigues discussed elsewhere herein. It is further noted that movements and slide
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from the slide buffer, scanning and imaging the first slide and depositing the first slide back in the slide
buffer). Further, the steps 1134 and 1136 (e.g., steps in connection with picking up the second slide
from the slide buffer and depositing the slide into the slide rack) may also overlap with the scanning
steps of the first slide. Time gains of up to 50% may be obtained 5 according to the parallel slide

processingl éegbniguehacearshng doive systen dessthedinertife compares with: processigoene slide
at a time, with @edéj'tional gains possible using other aspects of the system and techniques described

herein. SO} RGN IBBREW 1ty aY $€Mg slide caching techniques according 10to

embodiments of the system described herein and illustrating time savings according to various
embodiments of the system described herein.  FIG. 23A shows the timing diagram 1150 for the

scenario in which's pf8eseafestap tadrEed CPHR Hinmey ity AP e fGh 8 e tnifg ot deckiites (Slides

1, 2 gnd g)ovesa INaN-Af arpeaxinately BOOmecandsdie cprresian with. pamreing slide pracessing
steps using slide caching including pickup of a slide from a slide rack, thumbnail image processing,

depositingSRi§Eththe blifeF R K REH R Bifer, prassEathiltG ISt aRMpYSIIAYS aRe difutting
files, depgsitingdntothe Butfer and depesitisgdaterthe sligrdackAs lustiatedyinamenphediment, the

cycle time for the illustrated processing may be approximately 150 seconds. 20 FIG. 23B shows
the timing?fldgram 66 96r A8csn o Shdfirdl AR Gh-theF sy Terintib s abede(HS pre-scan).

The timing,giagkam:shows dbetiming fortbremslidas (@idgs, i 2andakeuer a span of approximately
150 seconds in connection with performing slide moving and scanning steps using slide caching

incl&dling pickup of a slide 25 from a slide rack, thumbnail image processing, depositing slides in the

buffer, pickup frem thgduffeniscanning slides ancioumtpuiting files.denpsiting into-the, byffersand
depositing into the slide rack. As illustrated, in an embodiment, the cycle time for the illustrated
processirfy YRR 458 WpisrsxiHaRdly SDEEERURIC3OFIGYSHR & dchmadicimsiraticisHsiinga slide

caching dgvjce 1200, ageardingdo.anather %Eﬂ%%ﬁﬂ%‘aﬁs@%ﬂ@ﬁ?@u@%%&%ﬂd&?{ﬂ%r@s%bﬁ

illustrated embodiment, no buffer is required, and pickup, thumbnail and deposit times may be

eliminatet o et ydlssrisiudmg e siiEBaching Geords 1200 oPhatside saeRfgHB\#68S1 200
may éﬂclwgﬁme&i@ GomPEUNd RGeS 0 1240 ¥hich oRetRledndepeadently. Fach0ftheXY

compoun
slide 1s about 20 seconds. Adding all of these times together indicates a 180 second cycle

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 15 2 flow diagram 1100 showmg 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
mclude 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 siide 1s deposited into
a slide buffer. Afier 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 siide is scanned and imaged according to techniques like that further discussed

elsewhere herein. It is noted that in various embodiments the scarming and imaging
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stages 1210, 1220 may have features similar to those discussed herein with respect to the XY
compound stage 1013. A first slide rack 1211 may be positioned an end of the stage 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 embodiment of the system described herein, the first slide rack 121 1 5 and the second
slide rackci2idumaynesfeinitisteacto-gartiong dbomersiideapckaniia thumpndircamerdscign2, 1222
may serve each of the, XY compound stages 1210, 1220. Each,of the slide ra 21 43 may
serve in@@@?@%’céPﬁBa?ﬁoﬁnx@ggr@ﬁg u%mg S e*fé‘%iflﬁzo‘ﬁ*w ra%é%rﬁg?pglr%i%é) Eg?géﬂ%p JFlead. One
microscepe-eptical tamed 2802masetve finthsX¥ corgosheistages $RE0NI2R0. Kieesanspie, while
one of the XY compaund stages 10 (e.qg., e.121Q) is scannin ide, the qther..(e.q., stage 1220)
is perforﬁi‘i%i@%ﬁ?ﬁﬁ’&ﬁmﬁ%%gﬁéﬁ an elg SitRAc If% Sﬁv&f?ﬁg qt??(g?sﬁ é%oéﬁsees}ﬁ%c%%ﬁ%ﬁmay be
ovegappedavithetiescanningotitasinAcsordidgly, theteycleltinvehmayteedetatibinadibyotiedoar time of

a slide, and pickup, thumbnail and deposit times are therefore eljminated fr e, cycle time according
to the illdgfré%élﬁ ‘é’ﬁ%dﬁ%{eﬁt‘eﬁﬁﬂé E%’t%ﬂ%@%ﬁ%ﬁ%ﬂ ﬁeslr?. TG S ei%.l}zsz{E %%\}J\Tdiagram 1250
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 co ognd stages for slige processing. At a
step 1252, the first-sfitfe 18 ?)iéRS’ddd?Jngé‘?nﬁé&iégor%&% ﬁ%er i‘rﬁm%lépp 1555 B desing prodeeds to a
step 1254nmhere 0 shenthirenailRrpeessiagris petfaimedmeniite trstslidesiifter Aheiatepst254,
processing proceeds to a step 1256 where the first slide js scanned and.imaged accoyding.to-
tecﬁ@]iqu@%"ﬁﬁé 5 RurtHRr HistaRESY e r’é‘%?g?n? }?)@ W&%g’?h%?%ﬁ’%%gﬁ% arﬁ%ggi%%ﬁnts the
scanning;@pdl #maging feehipigues roay includepra-stansisglocusing stensiaddipriusing sytamic
focusing technigues, such as_an on-the-fly focusin techniquelgmtégr he step 1256, 25processing

proceed$¥¥a sﬁ@ﬁﬂ@%é%é?@%h@?ﬁ%ﬁ%‘ﬁ@ep@ et PR PSiife TAOK Arté T s Step 1258,

processingiis;cempeie wits resprekivthe fishslide: maFieh2hRisafiowdiagras d270:sh0wing
slide caching processing in connection with a second sgd;‘H ccordiigng 0 an enﬁ%giment of.trgre system
describedfféEEE iR BacHIAG AL NEEIB HAH oS RIPEo g?)'unf?} Tags foslide processing. At a

steps1272, dhe.secongslideds pickedunsbemiastideragioshiienite staplRnzepra¢essingeroceeds to
a step 1274 where the thumbnail processing_ is performed on the second slide. Ag%er the step 1274,
processiﬁé%&@é%%&@%ﬁ@ﬁz%ﬁl\ﬂt@é ?Plé ?@%ﬁ&‘%lﬁf@qusﬁlé?fﬁégdpéﬁifw %Fég%i)rc’tg%g to
techniquesike thatdugherdiscyssestalsaerpoderaindtisigtad lbalinrarieusemberdnents the
scanning and imaging techniques may include pre-scanning focusjng steps and/or u?gg.dyr!%amic
focusing %é%%"ﬁﬁlﬁ‘é@,%@éﬁdaécéﬁrgﬁ%ﬁéﬁfiﬁaﬂi‘ﬁ%&ktg&h?ﬁd%@ RAr S eﬁfsfﬁ%r,ep ceSsitg
proceeds;{Q asteRal 2 A8Mherethe secendislidedsidepasites bask wntodhastideraeiciifiarthe step
1278, processing is complete with respect to the se_cofnd . ‘
20 scanning focusing steps and/or using dynamic focusing technigues, 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 second slide is deposited in the shde rack. After the step

25 1136, processing is complete with respect 1o the second shide.

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

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

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

30  second slide in order to reduce cycle time. For exampie, 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 shide rack, thumbnail image processing and depositing the second slhide

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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5slide. In accordance with an embodiment of the system described herein involving slide caching,
steps of the flow diagram 1250 concerning the first slide may be performed by the slide caching device
in parallel with the steps of the flow diagram 1270 concerning the 10 second slide in order to reduce
cycle time. For example, the steps 1272, 1274 and 1278 for the second slide (e.qg., pickup, thumbnail

processinganddepRilaBak aveiiap e siepid btealihe fisst slitiec g iscanningfistdgibglof the first
slide), and vice versa, such that the times for pickup, thumbnail processing and dep%;itgﬁ e eliminated

from theBy&ie Hife Poie by El thife e SEES diltihy A tifiné by Briy R SRER i e* ide
according{o,an empogimenii ant thasystem desihadiierinside hi (:26sisda segmatielifustration

showing a slide caching device 1300 according tg another embodiment of the system des%;ift?oed

herein. THERRBe A sFaRVRS TF00PRS FALHKs shdassaie SHuied 4 Pexrdushid®1o, a slide

handier 13208 buffar.1330angian g8 t¥islaaerh3deThessaepsebiSA mawiRelusia aprior more
positions 1312, £312', 1312" in which slides, such as slide 1301, may placed before and/or after being

imaged BYBRATAGIHG FEVEESTIS0R AN i Ha i e attife sPARL ATRE ReHRliH R Ih A5 Hi& ik d

elsewherg hereir Fhe Resitians: 1312, 3121312 1argishown 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;handier 1320 may,inglude.anaim L32¢thataels @%@i@{@&@g@a@%mg\clude

mechanical and/or vacuum devices torﬁgck_up a slide. The arm 1322 on the slide handler 1320 may
mo¥@ betwearbpdismaiisof 31 AvHLe8! rAEYEIoRa o AR EHFS e FIS1 02 YHE b are 80 and the fl

stage 134030 embbBsHHer 1330 may incluyde mdtiple buffer positions 1332, 1334. One buffer

position 1332 may be desianated 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, bagk to;thescarousel1310. Another puffesngsiton, 1334 mahe designatedas a

camera buffer position 1334 in which a Slide that is to be sent to the imaging device 1350 may first

have a thinetbnahid g chpetracsbe trielidenRecBIaiErto e Y EShAR] e _&F&:@l%@éﬁf dI$8i#fére herein.
At ko oy s ka6 ne b
for scanntaghardinslaging pickup of a slide from z slide rack, thumbnail image processing, deposifing
slides in the buffer, pickup from the buffer, pre-scanning, 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 150 seconds.
20
FIG. 23B shows the timing diagram 1160 for a scenario in which an on-the-fly
focusing technigue 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 comnection with
performing slide moving and scanning steps using slide caching including pickup of a shde
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 mfo
the slide rack. As illustrated, in an embodiment, the cyele time for the illustrated processing

may be approximately 50 seconds.

20 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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according to the techniques discussed elsewhere herein. FIG. 27 is a schematic illustration
showing another view of the slide caching device 1300. The components of the slide caching device

- 1300 may have functionality to operate 10 with various movements and with multiple degrees of
freedom of movement. For example, the carousel 1310 may be rotatable in a direction 1311 and may

include nyultinle slisle positiens A3 12and atdmuitiple Neightipasitiens ataachtiotatjeoatpngitih to
accommodate multiple slides (shqwn as Slides 1, 2, 3 and 4). In an %mbodr;%e t, the mulrﬁiﬁlﬁ slide
positionsamPonrd Magact) bt thd et ghdsgetions 1Ty 2e Postiaqnsd AP @%8‘3%% §'15 for 40

slides, fop,examplednasitionsd eguidistapth withisdhe height afitheearouss) 1§10 dbaidriayimeasure,
in one embodiment, 12 inches. Further, the carousel 1310 may also inclyde_a user, tra;c/: 13# having
iti

one or misFSREEN B EHiGRATMS FARPBANPHNICh RUSETTHAS SHEEI L g & s Ttayed T n to
othey slidgg intheLarpusehd 310 Inenaction afra slide-inforthadrsendray Lad4sifes exampledifting a

cover of the user tray 1314 and/or inserting the slide intg 20 one of the positions 1314a,b 9,}‘ the user
tray 1314bwrdyraibt @nAGEerd byl passHbdETAdEh S sife FroniRe Uer H49°i 312 s professed

instead of the pextslide-framdhe wedge pasitians ofthe-carousebl3iichNg armni3saf dhae:slide
handler 1320 is shown having at least three degrees of 25 freedom in maotion. Far example, the arm

1322 mayitaie i FifractsrespdRmiiig Rehoags BAERWSPIFCRAGhSaM 3160 hahiifer 1330
and the %Xtﬁtﬁgec%ﬁqu{g%@1|73 dhe-aim 1322 Re-wEinsiablerima fivestioR d3d1dases

corresponding to different heights of positions 1312a-d of the carousel 1310. Additionally, the arm

1322 maleexteintin diteioRctBrg ih ikndbfiihFtha8adifgandtdhIBaprmy Snaws oM carousel
1310, theshuffer. 301330204 Hhe X Stage A3 nialk embodimedt ol dsRgERgRaystDyRINIMIZIo

the arc distance that the ‘arm 1322 rotates and/or minimize other distances traversed by the arm 1322

and/or slitle Reaniee1 320  in‘oraatinRgininiiaisede Saneniesy obtr i Siaercdching 8 evite BB 6T &s further
discusseg;helow; Moysments af the,carguselid 31Q.slidesangier 4320..a0020% stageyt 4G rpay be

controlleg% In varlol\gs embodiments, by a control system like that which discussed elsewhere herein. It
is also notewfiag ta the hbcdnshembeRssufer 18I0%HE HracXYestBgf&é12340 may be at the same
height. FIGS. 28A-287 are schematic illustrations showing slide caching operations of the 5 slide
caching device of FIGS 26 and 27 according to an embodiment of the system described herein.
According to anTfbadaiment, fevsilieperatrthshdistns st h SRS AT B B¢ (R e the

system, thaiis, the.times guringslide picky A Bansfenenstations. {aabde Ret ovaHaRwih slide

scanning and imaging operations.” Dead times may include, for example, a park time where the XY
stage 134@vinoves tega PHEsKEncEraIoRitRe BN arIarespoRg. Al a step 1252, the first shde

is picked up from a slide rack. After the step 1252, processing proceeds to a step 1254 where
70 the thumbnail processing is performed on the first slide. After the step 1254, processing
proceeds to a step 1256 where the first slide is scanned and imaged according to techmques
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 technigues, 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 inic the slide rack.

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

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

2 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 shide is
picked up from 2 stide 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
nroceeds 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 varlous
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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 cargusel 1310, and the slide handler 1320

is in the AR B RheiFETENg SRR & 10 4R RV X G 18 BE IR SABWERE the slide
handler 1390, rotates andsgle to.lomd;the nexh Slide(shide.3)te Pewssannadandimaged, while

slide 2 continues to be scanned and imaged. FIG. 28C shows that the slide handler 1320 transports
slide 3 ththeaahidia BUREIHEBIIRNEIS KO B DTS YEew iRe e 1er A fumBrRIFHRSE o be
obtained 20 afthe slides3. Rl 28D showsiaithe slide Randlgnda20-is pasitiongdie wilgad the slide
2 from the XY stage 1340 that is returning_ from the image device 1350 after scanning of slide 2 has
conipleteliddt is noted that the time as the XI 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 KY stage 1340 is an
example of parkttimseordande @i stBWs! imaRtE SheeSYSe M aPRsoREH By tHe BIGE BahalidF 1320
from the XX 5taoe 1340 fo.the felkun.pasiian 1332.0f therhuffer \330 nihyelide-handler 1320 then
proceedgat%ﬁ% ’pgi}'ition toepick up the slide 3 from the f:amera buffer position91334. FIG. 30 28F
shows théititheashdlee3devpickednapiidnivitie densmsoefférpastioniag3m atl tirffeaeeaiBatdthe XY

stage 1340, FiG1ig8G shawsthatthe slidedis cyrentlybeingscanned while sfide. isdging pickup
frc?f;ﬁthesfecﬁﬁél Ih er positioﬁ 1332 b%/?ltéhe slide handler 1§11()_ HG. 28H shows that the slide 2 is
returnedtte itsqoditibecifictbe patowsShuBbAByPIRESSHIE IHad dlepass onkapistaB Mt dves
translatigna j sitions FiG.a8 hehmsthatdne Slide bandler 1340 moves dranslationally
to the prg%%e{}gp%gg%qi%?%@p%k%gp s'id% 1 from the carousel 1 10. FIG. 28J sﬁows_ that the slide handler
1310 trarfisportsun dhunibeals phessiies laad drpesinrsrachufferpddiven hhersithemsunbasitithage of
slide 1 is obtained, while slide. 3,15, sk curantl being seanped; fFuriher lisrations simianiedhat
discusse%ebgv%cfﬁ\@gggﬁng%iﬁ%vﬁ tielgﬁﬁstrated sequencing, may be pegrformed with respect to any
remainingfslidegstery dsideet) romethe 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 tfdCarzhapplicaiste toovlisustteciigias arfdfeawresoidecsystemagedeiet herein. It
s known thal migfoscenes mav.commenhuse; Kenes lminglion r diighiield microRgopy, Primary
features of K.5111er ifummation are that the numerical aperture and area of illumination are both

controllatielvite adjustabi ristzsuchathatitommnafon.rmajidebenbred 18tnabhive Adttersge of
mmggsco&%%%%gti\é%aw%e carousel 1310 may include one or more positiens 1312, 1312/, 1312"in

which shides, 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 wedges (e.g., 8 wedges) and, as
further discussed elsewhere herein, the carousel 1310 may have a height such that multipie |
25 slide positions extend below each of the top level wedge positions 1312, 1312, 1312" that are
shown. The slide handler 1320 may inciude 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 shde
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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15 varying magnification, field of view and numerical aperture. Kohler illumination offers desirable
results but may require multiple components which occupy a significant volume of space. Accordingly,
various embodiments of the system described herein further provide features and techniques for
advantageous illumination in microscopy applications that avoid certain disadvantages of known
Kohler illgminatiobsysigmsaghite: ratntaibiffethe d0anastages oK ahlieddl thatinatidre sent ©1G. 29 is a

schematic illustration showijng an illumination system 1400 for illuminating,a slide 1401 using a

ot ormBFEHE06 R Mo RO ALEER b A0 CEOHEn G B e 5T D e
describel hexeinqihedidixibdroination2headsae miftyr 1A 0Rmiayalave.yarkiduscfehlaraswapsaoeding to
multiple embodiments ag further discussed herein. Light from the LED illumination assembly,1 402 is
ranai Ve TG EOR A0 satr A ISER QEEA O BERILTS o 3maEnGEr 306, The
congensgsgADSinaybe-a gandenseshiyvingle: Suitable Wetkieg distafieest@rgingt dedstr28rinm) to
accommodate any required working distance of an XY stage 1408, as further discussed elsewhere

herein. 541 SR e BEdiTHERC RS BoHIEHseP AT 5 €5Mienser S003.0701 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 side 1401 Ty Hel S LEEHE0R (A S e THOBF A R Db o G RRE A4 he LED

illuminaticm@ssens ki mayrieeusatt iv.cpRRetsion: Withosganiageand #aging thedspaeimen on
the slide 1401, including, for example, operations in relation to movement of an XY stage,}glide

cadRing HHE/SFaH=RHE FOCRS T e R A AR e AP B HTRIELEPthe 8 StedRiEscribed

herein. 5Ebe-kBRdlumination assembb 402 maydostude ain LER 1430 isuchamaibpghtiwbite LED, a
lens 1422 that mally be used as a collectar element, and an adjustable iris field diaphragm 1424 that

‘may conBOT e arda St HIghTRREet obFiEY JRTENIRD 7 FRE TG EUPREESr et P 4% may be

imaged by fasilersdk4221pRi0 al ensance pupil #4063 ofithecansiensel k406 The epteasice: pupil
1406a may be co-located with an NA adjusting 10.diap1hqra m 1406b ot);he condenser 1406. The lens
1422 maBPBE ekosehitolclleth Mg s PR HR it lightof theLEM AFPSFEHTS focus an

image ofithe d ER&.420.0at0 ke NAadiusting diaphragmitAqeb 1of the somdensaisd406: witht
appropriate magnification so that the image of the LED 1402 fills the aperture of the NA adjusting
diaphragwpm%%%%ﬁ@hg@aﬂm@?ﬁ@mw@%ﬁﬂéﬁgwﬁ@ il BBAIB PO dhe light

of the LER142Q 9512 theslide:140 lwithdhe: Néviadivstingsdisphraginl4eeh. dheiatea efillumination
on the slide 1401 may be controlled by the field diaphragm 1424 mounted in the LED illumination

assembljP120I0 958 HeRAGIApREgPANSeFSPatif erveeh e dotdanier Yhes e haid

user tray 1314, for example lifting a cover of the user tray 1314 and/or inserting the shide mnto
20  one of the positions 1314a,b of the user fray 1314, may act to frigger a by-pass mode 1n 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 motfion. For example, the arm 1322 may rotate in 2 direction 1321a-m order to
engage each of the carouse} 1310, the buffer 1330 and the XY stage 1340. Additionally, the

arm 1322 may be adjustable in 2 direction 1321b corresponding to different heights of
positions 1312a-d of the carousel 1310. Additionally, the arm 1322 may extend in direction
1321c in connection with Joading and unioading 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 handier 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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20 diaplu-agin 1424, may be adjusted to image the light from the LED 1420 onto the plane of the slide
1401 so that the field diaphragm 1424 may control the area of the slide 1401 that is illuminated. Since
an image sensor acquires frames while a Y stage containing a slide is moving, 25 the LED 1420 may
be pulsed on and off (e.g., strobed) to allow very high brightness over a short time. For example, for a

Y stage fhtsvirnghtantir e derrirsde lvglnoariamipneito A raRosHte o Butemictih Ak blur, the
LED 14Wc9?3ﬂﬁ|ﬁ?ﬂf%l%?tﬁg J%;ggi@iﬁr_oseconds. The LED light pulse may be tiggered by a

master clock locked to the dither lens resonant frequency in accordance with the focus system and
techniques further discussed 30elsewhere herein. FIG. 30 is a schematic illustration showing a

more detailed sigewiew,0ban emhodiment fanaLER Ilumnination aasemhly 1 402-accerdipgto the

system described herein and corresponding to the features described herein with respect to the LED
illunsinatibd casskmblic 14021 AHGhpfemé Rtansrraha cinfigwatofiorahcl Hn 18onLrsa8br432, and a

field diaghyagm kigdars shownwihiisanectio and inconnecionaulpacsitictital suppert and

adjustment components1436. 5FIG. 31 is a schematic illustration showing an exploded view of a
specific imptenfathtatictent, et BDOUIMaaGoN sseAsHNCIIND 206 desrieyal @mBudifteritiof the
system described herein having f d fynstions like thatdischissed i resrectigithe LED
iIIuminat@ne%éqsqekrln %“ﬁ%%%%ﬁ%@ﬁégﬂ ?ndunt 1452, clamp 1452, atrjyd mount 1454 may be used
to securebrimountvandesityateyantide D ¥58iryeh oL EDoilitioninatiorrF0the séiafolirudien ! 88046 to be

sequrely pgsitioned with r tto a.lens 1462. [ re r

142%-14 ]fq{m%/rﬁg F\S{ éﬁeﬁ%%ﬁ %&%ﬁ%%n%gﬁ%gﬁﬁﬁé %%%%?u%ﬁ%%?gggg r%%?;afilgga% n various
embodinpertistivg e bufiss ihéyirbrel ¢adimin ts, Phsthéght Whitetk EBiIEM-360 Series this is a bright
white LED having an optical output of 4,500 lumens and long life of 70,000 hours and/or a suitable
LED made by Luxeon. The 15 lens 1462 may be an MG 9P6mm, 17mm OD (outer diameter) lens. A

tube lens compBligritsk4b8giad dptell unBilsstaghenssaienbichmpohe At andrettiniigngrigaae? may be
used to position and mount the lens 14 ith r t 1o the adju -fi i onent
Al %{"f% IR 2 402 Y %sf%feg fo4 5%84 akle Hﬁgjtg aehragm.eomp

1465. The adfrﬁ%%g I gm component 5 may be a Ring-Activated Iris Diaphragm, part
number ShitBl RBHby:Fnosel 4B3 0 Thel stackidalberdivs 1486 iniayiseraFBIG 20 stark dabectets by Thor

abs. The lube lens, 140302y 0e a L0 MRbCIURR 1808 I THAY haba.OlRsh uaslier 4468 and

screw componen may bé& Uséd, where appropriate, to further secure and mount elements of the
LED illundisatiods assemibhy 1400248lide (slide 3) to be scanned and imaged, while slide 2 continues to

be scanned and imaged. FIG. 28C shows that the slide handier 1320 transports slide 3 to the
camera buffer position 1334 of the buffer 1330 in order for a thumbnail image to be obtained
20 ofthe siidé 3. FIG. 28D shows that the slide handler 1320 is positioned te unload the shde 2
from the XY stage 1340 that is returning from the image device 1350 after scanning of slide 2
has completed. It 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 m position to be
unloaded with the slide 2 waiting thereon to be unioaded, and slide 3 waiting to be loaded

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

FIG. 28E shows that the slide 2 1s transported by the slide handler 1320 from the XY
stage 1340 to the return pesition 1332 of the buffer 1330. The slide handler 1320 then
proceeds to the position to pick up the slide 3 from the camera buffer pesition 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 retwrned to its position in the carousel 1310 by the slide handler

1310 that rotates and moves translationally to the proper position. FIG. 28] shows that the
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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 foilued in the fray in which each rg{cess is

adaptec i Feesiieral Shengrgstereasssaliaie HedIsRa FRTMR SRy YR H18%rhy FhetFay may
include g cenipl spindiediolerandy0itwodeckiheleswhensindhedesk-holag afrpiadiie pigk up on a

drive adapted to rotate at high speed around an axis normal tq the tray. The recesses mP%Ee
r

recessed ihicaatdiBtfEr APRitinT IBEIRGAS PURBTRY TS RECHKk) M Ay RFE SEMisS
protrusigns £@ tapch the slige hub potovery-gonstrain e sligaitberepyraowingdhe slisieoibe

substantially strain-free. The'recesses may also have a cutout that allows a finger hold to place and

extéact transiiieToih e Hessas) SAsHeREo R Y PEiTIERBONIHEITE hd SRAE FOFEH 4nd
operation;thereof, may. ke yseskip.conaeeten withdhefeaturesansitechiiguasdiscussadiglsewhere

herein for an imaging system. 5FIG. 32 is a schematic illustration showing a high speed slide scanning
device 1B00we twidingAdodREn BifeREeT IHESyRERTgR SeFeRFASERMthat may be used in
connection with digital pathology imaging. A slide holder 1510 may include a tray 151 2 with recesses
1514a,b..n disposed in angular positions of a circumferential or annular ring 1515 on the tray 1512,

and the recesséssding fumhay tedbh pESRelrtT TR estie S0 TIEIRAFYRSTD RAFifdsfrated as a
C"%H'ar %&%9&%@%&%@%&%&%%@%@ desired numbanrlidesy Eanexamplenda hald 16

.slides, the tray 1512 may measure approximately 13 inches in diameter. It is noted that other
configurétitersonhEible svsranof theibie hinBinshdpeS AR I BAhTECHEESa, BV apIrsp e A

connectipgily i, SYSIST.ASsrRed etsin ahd Inerorieniaton Aadaaniguralin aldfi geesses

1514a-n and may be appropriatély modified. A slide may be 15 placed in each recess 1514a-n of the
tray 15182 tohasntrecyl apingist aidierss o1 ivmia pieasya BaliLoat Wable 3ip BSIP RS BElaced into

the high specdl ol seanning siyice: 1500 Tha iy LA may odyde Agenalanslehalg 1516c

and two lock holes 15I6a a b which may engage with a drive which rotates the slide holder
1516 at highispereaibeatidmxiseld 18 nevtaichabairssmd s igeT hE Hg 1I5anirpbOEtEted into a

low profile drawer tati : ct.t 12 e device
Taoh. S B L e
scanningmetevicelincnmoegletairartortihg donante mbdeiniasient dreSaéheaaschiByhereiThe

recess 1p20,may.be oy gLl1edeassans dpteam-thasrassiseR mavdsiuden 2n alualiy of

semi-circular protrusions, such as three protrusions 1522a-c, to touch the slide 1501 but not overly
constrairettieislidésabGnitherebl Atowing Hidshdél HBURaEBe SUfbgRmtaiy Stramaaing clifout 1523

allays a finget hogd %Iﬁgg -ﬁﬂgl%tﬁgﬁt the slide 1501 from the recess 1520 by an operator.
Ceogéipe?aél]‘%%a %rgtions, shlownlscherr"]atically by arrows 1521, produced by the slide holder 151

O/tray 1512 as it revolves around the axis 1518

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

flluminating a siide 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 iltumination assembly 1402 is transmitted via a mirvor

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 3G03.0701 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 shide 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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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 g's initially by rotating the tray 1512 at
rates greater than 100 rpm to register the slide 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 systetithlikezt giscussed stspwirerepheimis. Al rskdfeskﬂé\}eniacgﬁéﬁghéRHn@%ﬂégmwou|d

stabilize the slide 150 ainst t } -c. R i j icrgscope
imagingogfg zlr%nigébﬁfjrﬁﬁg%r%t%gfggg%ﬁ %ﬁﬁ%geﬁggggﬁﬁ%@ %ﬁgéﬁcog%g(}ﬁa%%ve the
rotating 4tayrEak2 schmagerascas! oidnes girsurhferentitnidgstBisivibera 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 1.536

plaged at the appecipEatélisiantentasmaghify tbRotmprntedlide 1501 6 e svages sehsept1536. The
10 image sen 536 m e a high frame rate, r than, 1004 IsecrEor
examplé‘f‘%tg %%Déea?;%%ss%%%aggtrﬁ%%g&ee 6‘3?? 0 agﬁavs%z?t gl@é%%%@&&%ﬁ%i%iﬁg at 100
frames/seepbripe equivalent Thedmaditie systerh 1580mmagrbenitgidlshdmidtdd tohe 2masizemotorized
drive which.ma tructed from components_such ofor. | or lead
Scrows ARETEE Dhee e St oA TS i 15 s e hageg S 1630,
or at least e eonpoaeniTireraataradigiypthrotigiz small roves dotakamiiieat hih stepstingh a
resolution of 10 micran.to image one or moye rings on the spinning tra e ther axis,
the“?ocué]%’(pér %%6%%?0@% cs{)rrﬁ%l Fﬁg\}éﬂ? %nl%l?;l.%}%ﬁl wit nrlgggo St%%%%%% rlr(%l%gl;]q%r%@ focus axis

may be gensiueEidoesectiitnbdes BEDi§hXpeetifortexanylersxswgtingtedidl Mdveritv a few
milliseconds.. Movement 20af the microscope objective 1 ay. be controll onfrol system
and may'be'tiee %5438%%2(5%75%%%%3%/%%% océgs%%%PQS%ggﬁlé?gé}gj K rt?%:[}% i(g%ﬁ%ég%%e@%}where
herein. thafthdliumipatianedysizmilb4Dimay beeplaced heldid thveimdvingtrayd 8626ne thelude a
light source 1542, SLgcg1 as a high brightness white LED, one or more optical path 25 components such *
as a mirfof" §9§ﬁréﬁ a condenser 1546, similar to illumination components discussed elsewhere

hergjn. In an embodiment, the condenser and imaging paths of the microscope may be connected
together and move as g ri id£§ , such a directi 154%0 .movemen hﬁsj}glymi aglon gystem 1540
is in the same d???cﬁ%‘???égrﬁ t? gligfaéﬁr %t}lgﬁgl@%)éz% %{llr%%g?ﬁg}lgyg%% 0> r?o the focus direction
1531b, thedmagingheathmayubengQicetoupied 406, tTheanaensélipathasocvihdtthiederid®r more
components of the imaging syste #Stfo ay include independent me: nt.in the focus direction
1531b t Oné%é)ﬁtgoﬁr&ﬂgﬁ)gg d}i?SCél%l ;\e}gg}agm ?J;,‘_% mounpc% m %erﬁ%\f?qiﬁlmma 100 ASSCIDLY
1402.. The field diaphragm, and/or spacing between the condenser 1406 and the field
20 diaphragm 1424, may be adjusted to image the light from the LED 1420 onto the plane of the
slide 1401 so that the field diaphragm 1424 may control the area of the slide 1401 that s

llominated.

Since an image sensor acquires frames while a Y stage containing 2 slide is moving,

25 the LED 1420 may be pulsed on and off (e.g., strobed) to allow very high brightness over a
short time. For example, for 2 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 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 2 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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FIG. 34 is a schematic illustration showing an imaging path starting at a first radial position with
respect to the slide 1501 for imaging an specimen 1501' on the slide 1501 in the recess 1520. The
recess 1520 with slide 1501 rotates with the slide holder 1510 in the rotational direction 1524. Images
may be captured for frames (e.g., frames 1525) according 5 to the image capture techniques

discussedsesdlynetelhefinmatestsaitiommgeors guptire ¢ fomalBl o haradsne lgt3 Framfed 1525) for
each slide.on heslide holder 1918 as the;tray 1912 fotates tndstihe;imaging syiem-1o30; After one

complete revolution of the tray 1512, the radial position of the imaging system 1530 is incremented to
capture #waitet fod adiovtreenbepobirames fotbeach slide. Each frame is acquired at high rate
temporarily 10 freezing the scene below. The bright- field illumination may be sufficiently radiant to
allow such short exposures. These exposures may be in a time frame of a few 10's to a few hundred
mictpseconds. Flié pibcéssaisschetintedilimtiftheneriiierarga of istaresefbreseh alide ipthdslide
holder 1333iis4maged. 1p sopostianwithiis.embogimen: pracessing[ing caligdlad inages into a
mosaic |mane of an area of interest requires suitable’organization 15"mechanisms and/or image
tagging toysemedthy dorddiatelthimultiflerowsref frariesbéivecbatthiemnsitipleilidespthiataihe rotated
on the tray: hohRistiieble KNading preseseingdesinilss Bavha iepdle 01ma0espa.A510

oA 44y ) .
correlate captured images to the propér slide, since thé arced motion of the*collection of image tiles

may be dddressed iy kndwn stitohing softwassdsidueén de baRsfolivethtthvid i thiraipathologist
woyld undefst%fggxﬁﬁ'ﬁ 48%‘%'%9' %Q0!%&%&Osts‘a%oaﬁ%m%sr%gg&t 10 AS AN %%EF"%\;)

ler é\@%}&i{gay in the
form’of i€k 0 Inches in diameter revofving at 6 rpm, a 20x microscope objective of NA=0.75

producesadielehofwisheofabpurtchiniv Sgliaté. Fhistartathficld ol Wewdsrtravérsedrihtbbbi10 msec.

For a tissye section within a 2 .mm square active.area.ang a [ 5% rla en fields,
20 fields Would %Eeoélda fg%%’?xc%én%nt% ‘ri%gﬁa’stﬁgl I’ggllgf ?)%Fé. ef%?h@ﬁ%%fgrg v‘?/\gg éh%%ggwﬁgﬂgh not to
limit acqisltidrighmé/i2e Etibplie ¥60 deationthivcuidbbesuificie it 0 iages 16 stiteslanthe disk. This
would oceuyr at.6 rom in 200 second oughput of 1 slide every.12.5 seconds, 30FIGS, 35A and
35B are g&%srr%a |§1?ﬁu%rf€r§a ?&%ﬁ%&ﬁi@é@“ﬁ a élrg’rslé%\;éoérafasﬁg[éghﬁ%%% S |&§§ %%qéur%@[grtlmg slide holder
according:ta an6thaerebbadimentivithe dystemdedontedierei) 4G, 35Aubhdws achlayntsil2 with

recesses 1514' configured such that the longer dimension of the.slide 150} is oriented along the radius
of e diok B BRIy Tomo ek TOTEAE T Ba s BT T e o he S (e g 30
slides) mgysfit@natiienisay: tbd 2el G4B5Biid acsphmaticvidvsshidwing dudianaging pattpforethe slide

1501 in a recess,1520' that i%c%n{igu ed,as noted above Irugéa iIIustrgte(a% eir&nbogjmen% he_slide 1501
2 he dir %@2?

is maintainedin the r%%glggli eaccolfléllkrllrél%rcgl c%org?r?ﬁél%’itforces Shown'in‘t e&%ﬁ” T"and the

protrusioigzbh22ar-chafhesdisecBon af ititatip A 11E4aov T hehitleithetimiage 1466 may be a P3LG
20  stack tube lens by Thor Labs. The tube lens 1463 may be a P50D or P5LG tube lens by Thor
Labs. 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 technigues are provided

25  for high speed slide scanning for digital pathology applications according to varnous
embodiments of the system described herein. In an embodiment, a slide holder for a
pathology microscope may include: (1) 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 recejve a slide and the recesses

are disposed circumferentially in the tray. The tray may inciude 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 1n the tray. The recesses may have semi-circular protrusions to fouch 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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5 processing is perfoimed is shown for collection of images for frames 1525' for the specimen 1501".
The radial position of the imaging system 1530 is incremented to in length-wise increments of the
slides to capture images for successive rows of frames for each slide. In an example, for a 15 mm x 15
mm active area and assuming a 25% overlap between fields. Twenty fields would need to be
incremegtdd alongihestadiaheatisopgain, 20 venolstiansatifhdfsphe wolddpkevidecoppiéteimaging

in 200 seconds but with moye efficient scanni iven the orientation. of the.slides and therefore
throughpBFBul N cPEaSE 0 B i LlidE B &F g% 8%%%35.%%%% e GReised Hoshh

SEHEMALC iMustration showing
an imaging.sygtenh 16h@iagceting 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 he predetermined through a prior slower rotation of the disk before image acquisition.
Budgeting as much &s 20:sesends perstidedarautoiocusinouig nnkbdotalsaaptive en 030

seconds per slide -an order of magnitude faster than current state of the art systems. As a tray 1560,
on 20 wﬁﬁﬂ?#ﬂé‘%I‘i%lé‘i%@f‘i’éhﬁ?%%gfeﬁ‘,eréﬁf@? i%’&ﬁ%%ﬁéﬁ‘?%%’l? é%gﬁivgeéégf?ﬁﬁﬁ”ﬁ%ke

undergoyRinuLR MONRRENLS inthardirestionid 5621te beiuositipneduwchestiotasnsdetenained
according”to the system described herein. Distinct autofqgcus values would not {;ﬁ;(rjﬁto e set for each

field of view E553 BiRPABHly G HESHH RISIRES A eS 1B, FAHE Sida FaE 11 BI&’3 %4 fields of

view or suffamesiguiededbe lasges.spatial dserwensies abshide watpi25entssuadhiekness Ehe

autofocus values would be interpolated applying best focus while slide moyes under. the camera in its
arcifath 11-%-us§c\¢f@ﬁina§tiwet&aaﬁ1§ﬁﬁedra%@ém@r@em?a&g?é&&zﬁla@&nﬂﬁﬁgﬁ%% S ehifles

described:glsewhereereinsimay fe adyantaoseysly-employsddneonieqiomits idiaighs0 speed
scanningl_%systems provided herein. It is noted that the_times for. acquiring foc sgzoints (e.g.. 120 focus

points péef se88Hd) @ﬁhﬂﬁ%@%‘@%ﬁ@%‘?ﬁfh@ﬁy%&?ﬁﬂé’g@ﬁggWﬁﬁqﬁeg}Pﬁﬁﬁ Spb¥y Fota §iescanning
techniqugg.gdi %@%@;ﬁﬁ@é{% ILisdesther watedhatitls weltMitiindhedielsdoheanitat aysiems to

control a rotating disk to speeds within 1 part in 10,000, allowing open loop sampling of each image

without réNRETBRIRBIAIoREI Tesatadic bf e TEIBLRE AN RTH Pe Syttt iMHage is
progyce%g&gqﬁgg& FRISMAY Hen of the tray 1512, such as the placing of slide 1501 in the recess

1514z, and the tray 1512 may be placed into the high speed shde scanning device 1500. The
tray 1512 may include 2 central spindle hole 1516¢ and two lock holes 15162 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,

26 shown representationally as 1502, that may retract the tray 1512 info the device 15060.

FIG. 33 is a schematic illustration showing a recess 1520 on a tray of the high speed
siide 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 2

25  plurality of semi-circuiar protx‘usjoné, such as three protrusions 1522a-c, to touch the shde
1501 but pot overly constrain the shide 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/ray 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 g's initially by rotating
the tray 1512 at rates greater than 100 rpm to register the slide 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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5 accomplished by setting up a low resolution camera over an angular position of the disk so as not to
interfere with the high resolution microscope just described For extremely high volume applications the
disk folmat lends itself to robotic handling. Semi-conductor wafer robots handling 300 min (--12") disks
may be used to move disks from a buffer stock to the higlh speed scanning device. Further, most
technoldgies pesitionigs kidengfametiend sfesissehos ijﬁéé‘@\}@ﬁﬁiéﬂiﬁgqm’@éf@ﬁa@%é JA4 step and
repeat motion. These motions dominate the image acquisition times. The system described herein
using a rotary motion is efficient and highly repeatable. The autofocus and image acquisition times are
an order of magnitude smaller than the current state of the art products. 15Most systems also require

clamping mechanisis OLARKG eld-downs o holddhaslide nplac yingdhe lepand.og motions

of the stage. The syste scribed herein does not require a hold-down mechanism in that the
rotalionalatadtignesreateberantriperdbadiateredionomhitle poksitas tey slitlelittoaase adetethihed location

in arecess.cutd ] isk.-Fhi ryct the-sli ' ng.m iable. In
mcdtion T e e o Prah oot and are

advantagérig]sIw_avwiiimﬁm@ﬁﬁqi@tﬁﬁéyiﬁmﬂéa%ﬁﬁiW.ith a @mﬁeﬁpsg'%@@me peak
sbeeds of 3 IER 104,815 MACIMEASABYICIde, The sysiamsandetiodapipyided herein

allow the same active area to scanned under 30 25 seconds, for thie example outlined above. Many

pathologaptabstietk dssoan fromrg0fystitizstto@0thslidets perldalp. Ivithimpessdmgtt rbtés. oflitage
acqysition a0 QeriAdsseuit e Lniowah agdalnveuion o' slides nah hardigluding the added
steps of 10a5|ng an unloagfna isks, barcode reading, pre-foctis. This allows faster time to result and
enhanceckacghoriicsHoptirenialy. 336 maGe 8ZisafiDaldidplam 1680 SHbeinghighespiaddslide
scannin ing a rotatable tray accordin el j t te ctibed hereim, At a step
1602, sligégé are |%SZ%‘°%%8‘in S?é%ggs%ng'oﬁﬁ% ?rfgtaéta Ogcyt%ép &?t%&j]{%é};gteﬁq‘%ggg processi(rJ]g proceeds
to a stepziB0hwheredhdrixatataide traay ibamovet istoda fstive seapeinytpositiorwidth. respest ef scanning
and imaging system. After the step 1604 cessi eds to_a.st {otation of the
rotatable% %‘?ﬁ;‘}% Iﬁlﬂ?ﬁoaﬁsé .ggs? g%g%%g‘élée “721 o{\ﬁ/%,r ?@é%t%%%%fq%é ?gggtg%ér %r%%lvcgglﬁsﬁe%?gentn etal
forass actingeoth¢henslittes testomiritzin, the slitlestivaedasirpohienbdingpbsitiball Afteotiz stepil1 606,
processing proceeds to a step 1608 where the i in tem captures images, according to systems
and techﬁ%ﬁeesé é’éseé‘“ﬁglé%de He%r%é%sg“r?ci inc u%irﬁé’o I§/1€;l]1%rrln$c ocﬁé%%nteoc%? ég)ég for Ian((r%g%vnogﬁgmes for
each slidospmeirgumieientiabdiog. dfthetiatatabletirajoAfterthé Step 168085 prowessimg yrozeeds to a
test step APInARere L isdeicminadgunatnere desiieatea ol ierest o stz g otatable
tray has been'scanned an |mage8. I?'no , t(ﬁen'proc‘éssmg proceeds to a step 1612 where the
imaging H»systerigndiecteitaincnpipenemtsithersofadirmmoved: 0ne inciewentdn dfadiaicdirection of
the yotatable tray. After the.step 16 rocessing proce gs back to,the step 1608, If.at test step
610 ¢ e AR HRAOIE Bin o B or SR EEES PR R e e
processingpraceedsith dvstenid G4 siherelongues MoréhatoEaicimagbswnercreaten. corresponding to
the areas of interest imaged for each slide. After the step 1614, processing is

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 {he radial direction
1531a of the imaging system 1330, 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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15complete. 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 0.75 NA Plan Apo objective. This resolution element is about 0.5 micron at a wavelength of 500

nm To obtain fyrther sampling.afihisinaselstipneirmentthe idnes ens indrant ok thesimaging sensor
may be changed. An approximate calculation for computing the focal length of the tube lens given the

objectivePRsHaT Yile fepretiociriehdtt of tUbeerE M ABAPETRMgE Lendb sl b0 ISBEsI-pixel
size on GLD.0R GMOSiMage Senser RixxOBiRE!T sixelsizeonabiact oftissuediuberiens we
pix_objectipix_sensor * 9 mm To obtain a pixel size at the object of 0.25 micron for the Dalsa Falcon
4AM30/60¢R4cBe! fitasivsdasdr JredetrraiobalcRytaioftE4mse (s SFBUME beZabdat266enm. For a

pixe] size atthe object of Q. 125 migtany thesfasahiength.of theifubg degs shouid heabapt H34 mm It

may be desirable To switch between these two object pixel sizes and this may be accomplished by

mountingoive BFnsdréauise (easeBan e dtdye thacashiabdaradpe shisehidaginy Seiiste &iven the
different path |5ngihs,assogiated Wi e3chpeyeigeal !@f@&tmﬁ@@o@ﬁp@{é illalseNegdio headded to

fold the path for a fixed image sensofr position. FIG. 38 is a schematic illustration showing an optical
doublingTitddgénsymsttiph 170008 elcBurdinestocaryEmbodintetit BIRISEISY SR JaRBHPAE SRl The
optical doyitiing imaag: system 4700, mayinclude an image;sensae, 1410 of gcameradddLapd a
microscope objective 1720 as described elsewhere herein. It is nhoted that 6ther components in
coriectibieswitg the systentiand %h@ﬁs%ﬂ#@@éﬁﬁéﬁ@i@%bﬁ &%fﬁﬁi@ﬁlﬂf@%%%@m@’system,
gbj}gci'sosl?&%ﬁsﬂ with dhe-usirated oniical doykling image sysiery 170Q- 1A achipye fuupmore
' microseconds. The process is continued until the entire area of interest for each slide in the

slide holder 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 o correctly correlate the multiple rows of frames between

the multiple slides that are rotated on the tray 1512. Suitable 1maging processing techniques

may be used to tag images s¢ as to correlate captured images to the proper shde, since the

arced motion of the collection of image tiles may be addressed by known stitching software

and can be transformed to views that a pathologist would understand while looking under a

20  standard microscope

As an example, with 2 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 fo
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 s.chema’aic illustrations showing an alternative arrangement of
shides on & 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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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

embodipent.dfie siage 1730.maypeadineady ﬁﬁ%%daﬁtﬁﬁ%ﬁ%%t maves:ima dieection 1731, although

it is noted that other types of stages and movement thereof may be 15 used in connection with the

system deseyibs hibreins. canfigrorhasenibhebys? isnshvitunite v speedonmie.deesHa2UBRlIens 1750
that ma}/siﬂlcalyn‘i%&%ﬁe]ﬁ?é@%r&gglﬁjs%rrgébl'@iﬁgjtld%%ggﬁﬁ Rath.fromdheisasend dubsIers; 1750 to the

image sensor S. 39A and 39B are schematic illustrations of the optical doubling image
system 201 1760pshowingstHe Shalttling Dhthaifaeiaubelianetiva0 lanid the gecordhube 18RaLE750 in

front of the ima e.senser 17 [ H&ggﬁb&dﬁgﬂ qmﬂgeﬁz@eg&ri&g@ ) ﬁiEh FIG. 39A
shé)%vs a ﬁ%ﬁ%aﬁwlsﬁ Gﬁ%ﬁ%ﬁ%% %gfe%\e)s 1740 pOSitigél%Sd ‘?n front of the image segr%u?lo on the
stage 17301 FIGha39BdsHavesisdight path itzEinoe e vedond iabademcnrBotafiar sy stisttled in

font of the Image seasory, 1710 iahe sia0e.17:0,A5.28 sraled, e fohi gt 425 has been

increased Besmg one or more minors of the mirror assembly 1752. In both figures, it is noted that the
optical douhtirig, ifoage! Systenk II0Q:maaziveluta othéreappropgiate Sthuerigriiraherepticdldémponents
1760 like fnal disgissed i detalelenhereeieh, S0 variaus.eibodnants dispdssedibergin may be
combined With 6ach Other in appropriate combinations in connection with the system described herein.
Additionatty, ivsidmeindtancesiahemrdezohsiéhs daotids fiowehtrmoflowi disgrasmrany/ ¢ described

flow progessing.may. be modified. whete, BpRLIRAle, FTNSLIAIONR Aspeels Blihe, apler described
herein y%e mplemen edsusmg software, hardware, a combination of software and hardware
and/or otkemgemputer-implemented modules or devices having the described features and performing
the described functions. Software implementations of the system described herein may include _
executable code that is stored in a computer readable storage medium and executed by one or more

processors. ThEIGonpiter vdataiie Stosageomedtiwmg mayringhug esatcompitentiardidgve ZROM,

AL T e PENl CoTpU SRt e 100 PO D BUD B flsh e
approprietentamgibtestaragé THediun gidoiipltebmenorpaiinic Hexequtablecodey maytbe stored
N T A T T e
skilled inztheuaiit front accondiderativde dbtherspecification orgiratties shthenrventiord dissloséd herein.
Itis intended hat the. seegiicalion and. e ek eR cansiderer As SXmARY 0 uihdhs e scope
20  which the slide 1551 is disposed, rotates in direction 1561, the objective 1552 may make
underge minute movements in the direction 1562 to be positioned at best focus as determined
according to the system described herein. Distinct autofocus values would not need to be set
forl 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. kis noted'th;at the times for acquiring focus points
(e.g. 120 focus points per second) enabie use of the on-the-fly focusing along with the high
speed rotational scanning technigues 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 m 10,000,
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15spirit of the invention being indicated by the following claims. What is claimed is: 1 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 perfoimed in parallel

with at leashane featieRPLihe ¥ Sagesomaspondingtorthemecand slitm .2 Jdm saviekdaccording
to claim 1, wherein the slide handler moves the first slide and the second slide between the rack, the
buffer arfdsthe XY stage. 3, The device according to claim 1, wherein the slide handler moves with at
least three degrees of freedom. 4. The device according to claim 1, wherein the XY stage includes a
slide pickup head that moves slides from the buffer to the XY stage. 5. The device according to claim

1, further compFigaln nagingesvics tharhralc SRS fisPuE stha s didind Sy anay be

5 accomplished by setting up a low resolution camera over an angular position of the disk so as
not 1o interfere with the high resolution microscope just described For extremely high volume
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 microscope

10  objective through linear stages in a step and repeat motion. These motions dominate the
image acquisition times. The system described herein using a rotary motion 1s efficient and
highly repeatable. The autofocus and image acguisition times are 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 shde hold doﬁfns may warp or sirain the slide complicating autofocus processes and are

advantageously avoided according to the system described herein.

Current systems have peak speeds of 2-3 minufes for a 15 mm active area per slide.
The systems and methods provided herein aliow 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 siide 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 o a step

1604 where the rotatable tray is moved into a slide scanming position with respect a scanning

47



6. The device according to claim 5, wherein the imaging device includes a focusing system and a
camera. 7. The device according to claim 5, wherein the focusing system includes a dynamic focusing
system, 8. The device according to claim 1, wherein the at least one function of the slide handler
performed in parallel with the at least one function of the XY stage provides a time gain of at least

10%. 9 hherdavicesaceardingdo Glaited | sheraipdhieistidehapdias inchugesacstidrpickudndhead that
includes at least one of: a mechanical pickup device and a vacuum pickup device. 10. The device

accordingt &IERA e P Th kR indi CHRE ST RIS dPB dfer Bb Stiohs ARl BBY 48ality of

slides. 1denhhipedg\iseacaardingntemelaimstOonhaieinntieasiienebuierpasitiongh thebuffer is a
position used to capture a thumbnail image of a slide. 12. The device according to claim 1, wherein

the rack iMCRIdES SRASP o SRETH b APEHY-HabSPHrdf WHRFEIRRE dRAC I8 pHSkE i FAPRTBY -pass
tray is pragessed befone any stide-dispased inithieadsleastomedmairifaYnd 3nanmetho tde
caching, comprising: providing a rack and a buffer; moving a first slide between the rack and the
buffer: focusing techmiques, for a row of frames for each shde 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
16 system and/or certain components thereof, are moved one increment in a radial direction of
the rotatable {ray. After the stép 1612, processing proceeds back to the step 1608, I at the
test step 1610, it is determined that the area of interest on each slide has been scarmed 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 1s

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 berein 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 iens (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_obhject= 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

accompiished by mounting two or more tube lenses to a stage that shutties in front of the
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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 parallel with the scan of the
second slide. 14. The method according to claim 13, wherein th.e scan of the second slide includes a
focusing operation and an image capture operation. 15. The method according to claim 13, wherein
~ the movimgrofdfirstsiiste (G paralie difithrditepstaivot tireassooad s id e provdidesvatirakel geghofoat least
10%. 16. The method according to.clai wherein the sgan of the second slide includes a dynamic
focusingr%lrr)%c}r%tst?gﬁ. afs?’ nleﬁéqr%ngﬁw%dg eéic@o%rgll%\,éﬂeop ca@l r%% 13 %\}/&v dg%ﬁrgt%sée%su%g P ic’r?tclf)und esa pIuraI>i/ty of
buffer positions that include at least one of: a camera buffer position and a return buffer position. 18.

e metod aopiiag (o S 7 ke comn: capine s mhnalimase oL g oneof
camera huffedpesitiom dQbAddevicefohslideeactimgribetpeising: dfirsbrack] alsedand ragle;
system 1700 may include an iﬁnage sensor 1710 of a camera 1711 and a ihicroscope objective
1720 as described elsewhere herein. It 1s noted that other components in connection with the
system and technigues 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., 2 first tube lens 1740 and a second tube lens 1750,
may be provided in connection with the system described herein. A stage 1730 may shuttie
the first tube lens 1740 and the second fube lens 1750, respectively, in front of the imaging
sensor. In an embodiment, the stage 1730 may be 2 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 398 are schematic illustrations of the optical doubling mmage system

20 1700 showing the shutiling of t}xe 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 iens 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 semsory 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 rmage system 1700 may
include 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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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 KY 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 cornespEdipg @ éie ssboneraligdczonms wvicmadebrdimgio skimadaeréisdiesfirst rack
AR S e ol o X ST N ST A R
to claim d&sowhetdisragachaf ihdfirstekdcwride andd thetsecontk ¥ stagainsiidesdshidggickup head
medium and executed by onelor more processors. The computer readable storage medium
5 may include a computer hard drive, ROM, RAM, flash memory, portable computer storage
media such as a CD-ROM, a DVD-ROM, a flash érive and/or other drive with, for example,
a unzversal serial bus (USB) interface, and/or any other appropriate fangible storage medium
or computer memory on wiich executable code'méy be stored and executed by a processor.

The system described herein may be used in connection with any appropriate operating

10 system.

Other embodiments of the invention will be apparent to those skilied in the art from a
consideration of the specification or practice of the invention disclosed herein. It is intended
that the specification and cxainplss 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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What is claimed is:

1. A device for slide caching, comprising:

a rack;

a buffer;

a shide handler that moves a first sHide between the rack and the buffer;
an XY stage that moves & 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.

2. The device according to claim 1, wherein the shide handler moves the first shide and the second shide

hetween the rack, the buffer and the XY stage.
3" The device according to claim 1, wherein the slide handler moves with at lcast three degrees of

freedom.

4. The device according to claim 1, wherein the XY stage includes a slide pickup head that moves slides

from the buffer to the XY stage.

5. The device according to claim 1, further compnsing:

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

6. The device according to claim S, wherein the imaging device inchudes a focusing system and a camera.

7. The device according to claim 5, wherein the focusing system includes a dynamic focusing sysierm.

8. The device according to claim 1, wherein the at least one function of the slide handler performed in

parailel with the at least one function of the XY stage provides a time gain of at least 10%.
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9. The device according to claim 1, wherein the slide handler includes a slide pickup head that includes at

least one of: a mechanical pickup device and a vacuum pickup device.

10. The device according to claim I, wherein the buffer includes a plurality of buffer positions that accept

a plurality of slides.

11. The device according to claim 10, wherein at ieast one buffer position of the buffer 1s a position used

to capture & thumbnail image of a slide.

12, The device according to claim 1, wherein the rack includes at least one main tray and a by-pass tray,
wherein a slide disposed in the by-pass fray is processed before any slide disposed in the at least one main

fray.

13. A method for slide caching, comprising:

providing a rack and a buffer;

moving 2 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 parallel with the scan of

the second shide,

14, The method according fo claim 13, wherein the scan of the second shide includes a focusing operation

and an image capiure operation.

15. The methoed according o claim 13, wherein the moving of first slide in parallel with the scan of the

second slide provides a time gain of af least 10%.

16. The method according to claim 13, wherein the scan of the second slide includes a dynamic focusing

operation.
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17, The method according to claim 13, wherein the buffer includes a plurality of buffer positions that

include at least one of: a camera buffer position and & return buffer position.

18, The method according to claim 17, further comprising:
capturing a thumbnail image of at least one of the first slide and the second slide when the at least one of

the first slide and the sscond slide is in the carnera buffer position.

19. 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 siide; and

a second XY stage that moves a second shide 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 paralie!l with at least one function of the second XY stage corresponding to the second

slide,

20. The device according to claim 19, wherein the first rack and the second rack form parts of a single

rack.

21. The device according to claim 19, further comprising:

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

22. The device according to claim 19, wherein each of the first XY stage and the second XY stage

includes a shide pickup head.
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