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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 staining, etc.), plant tissue culture,
animal cell culture (e.g. phase contrast microscopy, etc.}, molecular biology, immunology
(e.g., ELISA, etc.), cell biology (e.g., immunofluorescence, chromosome analysis, etc.),

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

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

30 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



30images 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 slide
through the ocular lens of a microscope allows a diagnosis upon inspection of cell characteristics or
count ofséthingaloeefis the. unsdtained odlls. Aidosaied shethods drgmesirabbe iirpaitipigitakihages
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extremely rare.

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

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

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

25  quality images at a high throughput.

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

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



SUMMARY OF THE INVENTION According to the system described herein, a device for obtaining
a focused image of a specimen includes an objective lens disposed for examination of the specimen.
A slow 30 focusing stage is coupled to the objective lens, and the slow focusing stage controls
movement of the objective lens. A dither focus stage including a dither lens, and the dither focus stage
moves thecditheitensthtieaustsensdpriavide elactisahformatientineadeqralatice wilriigiibiransmitted
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lens disposed for examination of the specimen. Motion of a dither lens is controlled and focus

information is provided in accordance with light transmitted via the dither lens. The focus
25 information is used to determine a metric and determine a first focus position of the objective
lens in accordance with the metric. Position information is sent that is used to move the
objective lens into the first focus position. The first focus position may be determined as a
best focus position, and the method may further include capturing an image of the specimen
after the objective lens 1s moved into the best focus position. The dither lens may be moved
30 at a resonant frequency that is at least 60 Hz, and at least 60 focus calculations may be
performed per second. The metric may include sharpness information, contrast information
and/or chroma information. The focus information may include information for a plurality of
zones of a focus window that is used during a focus scan of the specimen. Movement of an

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



from at least a portion of the plurality of zones may be used in deteni ining a speed of the XY moving
stage. The movement of the XY moving stage may be controlled to provide forward and backward
translational scanning of the specimen. 5According further to the system described herein, a method
for obtaining an image of a specimen includes establishing a nominal focus plane. The specimen is
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points, afrhbeelin addordsintenaitbcsaidhfpetiithpepittomen. According further to the system described
herein, a computer readable medium comprising code stored thereon for obtaining a focused image of
a specimen according to any of the above-noted steps. Further, a computer readable medium may
confprise code Ateredidd firdieotv fhepgstonmdegeabydhe of mone:dicth pricesses desanpedtbelow.
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location on the moving stage block. The cantilever arm assembly may include a cantilever ann
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prowde e or ero 150 nanometers. The repeatability i motion may orth ogona al to the moving
stage arithhsistdnidclitestistatioat direictiieg. and the second block may be supported on raised

bosses on a base plate. The first block and the second block may be made of glass. A
plurality of button elements may be disposed on the moving stage block that contact the first
block and the second block, and the button elements may permit motion of the moving stage
25  block in only the translational direction. The button elements may be spherically shaped and
made of thermoplastic. At least two of the plurality of button elements may be arranged to
face each other on each side of the triangular shape of the second block, and wherein at least
one button of the plurality of button clements contacts the first block on a flat face thereof.
Positions of the plurality of button elements on the moving stage block may form a triangle.
30 Each of the plurality of button elements may bear equal weight during stage motion. The
moving stage block may be shaped to have a center of gravity at a centroid of the triangle
formed by the positions of the plurality of button elements. A cantilever arm assembly may
be provided and a flexural element may be provided having a first end rigidly coupled to the

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



10According 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 second slide in connection with a scan of the second slide, and at least one
function of the slide handler corresponding to the first slide is performed in parallel with at least one
functionstdgh bk stéye cotiEspoadingswtie seconddlide aTheatisvstiderhengibdritay beaveghe first
slide angigh&% cond slide between tq ck, the buffer and th Sstage Yyith at least
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includes providing a rack and a buffer. A first slide is moved between the rack and the buffer. A 30
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of at least 10%. The slide handler may include a slide pickup head that include a mechanical

pickup device and/or a vacuum pickup device. The buffer may include a plurality of buffer

posttions that accept a plurality of slides. At least one buffer position of the buffer may be a

position used to capture a thumbnail image of a slide. The rack may include at least one main

25  tray and a by-pass tray, and a slide disposed in the by-pass tray is processed before any slide

disposed in the main tray.

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

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

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

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

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

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



According further to the system described herein, a device for slide scanning includes a rotatable tray
and at least one recess disposed in the rotatable tray. The recess is sized to receive a slide, and the
recess stabilizes the slide in a scanning position as a result of rotation of the rotatable tray. The recess
may include a plurality of protrusions that stabilize the slide 20 and may include a plurality of recesses

disposedyruaicirfnamndiere ntelkrig of e rbtedfabledrajndhninagihgadygtefbmiiyr heobidiudediaand at
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width of the slide, and the width of the slide may be oriented in a radial direction of the rotatable tray.
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based o?leﬁ%#igures 8?%?%3Yd1%’a‘3vm8§5v6 ich arerbria y described as follows. FIG. 1 is a schematic

illustration of an imaging system of a scanning microscope 15 and/or other scanning device that may
include various corpAneRt deyieesusedin.connegtion with didlialpainolooy samele scaqnjog and
imaging according to various embodiments of the system déscribed herein.
a rotatable tray and at least one recess disposed in the rotatable tray. The recess is sized to
receive a slide, and the recess stabilizes the slide in a scanning position as a result of rotation
of the rotatable tray. The recess may include a plurality of protrusions that stabilize the slide
20 and may include a plurality of recesses disposed on a circumferential ring of the rotatable
tray. An imaging system may be included, and at least one component of the imaging system
moves in a radial direction of the rotatable tray. The component of the imaging system may
move incrementally in the radial direction corresponding to one complete rotation of the
rotatable tray. The recess may be sized to receive a slide having a length that is greater than a
25  width of the slide, and the length of the slide may be oriented in a radial direction of the
rotatable tray. The recess may be sized to receive a slide having a length that is greater than a
width of the slide, and the width of the slide may be oriented in a radial direction of the

rotatable tray.

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

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



FIG. 2 is a schematic illustration showing an imaging device including a focus system according to an
embodiment of the system described herein. 20FIGS. 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 detalil
accordingtiarfceenbedinmgnd Dilthereystba dagcrididd hertind may filrtbeS.ibdude pf&vﬁ@iﬁgnaatic
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BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

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

FIG. 4 1s a schematic illustration showing the dither focus stage in more detail
according to an embodiment of the system described herein.

FIGS. 5A-S5E are schematic illustrations showing an iteration of the focusing

25  operations according to the system described herein.

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

FIG. 6B is a schematic illustration showing a plot of calculated sharpness {Z,) values

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

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

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

herein.



function to produce a control signal to control the slow focus stage. FIG. 10 is a schematic
illustration showing the focus window being broken up into zones in connection with focus processing
according to an embodiment of the system described herein. 10FIG. 11 shows a graphical illustration
of different sharpness values that may be obtained at points in time in an embodiment in accordance
with techniqueghergims #ichchaitedl fiowatiog khiomshpwing am;thresfly fheuspse pesBingmtlirdigescanning

of a specimen under examinatio a%cordln to arilesrﬂbodlment of the sty%%rp gescri%qhg?rein. FIG. 13

. a NESS CUIrve and contras 10 T Ca NCSS TCSPONSE a C POLNIS,. c
is flow diagram showing processing alfatthe Slow focts age acc%rla‘?ng & an 15" dmbodiment of the

system dasgilibdshdreidither fotGsitg ipadowdialngnosirowirgiiage odphereystenedsingbadcording
toane té?ginment of the system described herein. FIG. 15 is a schematic illustration showing an
alternativé arrangement for focus processing according to an embodiment of the system described
herain. 20FIG. ERjis%asheemafio divstrhtiomisiiduopd iela dénpativel Brvamiemesat dd e custprgicessing
accordlnﬁéghanother %mbodlmecpt of thel%gsctgnrg_(genﬁgrsl o%j %%aemfg%% FIG. 17 is a flow diagram

. on t0 prpduce a control signa . .
showing processmg to acquiré a MoSAIC Image of tissue on a sli cording to an embodiment of the

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

embodiment of the system described herein.



FIG. 18 is a schematic illustration showing an implementation of an precision stage 25(e.g., a Y stage
portion) of an XY stage according to an embodiment of the system described herein. FIGS. 19A
and 19B are more detailed views of the moving stage block of the precision stage according to an
embodiment of the system described herein FIG. 20 shows an implementation of an entire XY
compound stagd@cedading ftnthdigprecisioviigtatiddeathing piscesseg dveoedingrtd ancluding a Y
stage, an X stage and a base plate according .to.an embaodiment of the system described herein.

FIG. 21 &% a%éc?‘f‘*?éer‘ﬁ% %:t?}ﬁjsssfrsa?%rﬁl € cgw?r(?gl g ehge cat Fr?qgio eWct%al %£§r5¥§§ "to an embodiment of the
system describBiGhéasns a flowrHag22A shanflopstihgeachislquingssiiden camfding praoessing according

to an embqbdiglent ?f glg SQIStteeer gé%%c%bg%er}grgi}p i(pocoQC %%i%ri]ﬂ\l/vitge% Ofir&zt }sgde. FIG. 22B is a flow
diagrameé%o%v?r%e id gcﬁlsng procerés?ng acclzoraing b an embodiment of the ‘system described
herain in connddifef @A arsbedRdisbidetinhl s Biaz3dnandidg Blgkovudhing gedlagyamsausondiigide

caching technigues according to embadiments of the system described herein and illustrating time
savings %)cgglr})d%ralgn%gn\%%lr?(fu%geﬂﬁ% |rr%§ﬁ 50 h%e%eﬁgtggrf?l dﬁgéﬁ%%%gh?é?}e?n?avmgﬂé{?cﬁ s n%gchematic

illustraticarshowingadiicde sadhingsgdevinel egedreiigteianother embodiment of the system described
herein. 10FIG. g\ i5 2 flow diagram SHpwing;slidg.Sasning PIRESS2INg R RINEUNMINA
another embodiment 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 slide processing.

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

15  having two XY compound stages for slide processing.

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

FIG. 27 is a schematic illustration showing another view of the slide caching device
according to FI1G. 26.

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

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

25  of'the system described herein.

FIG. 30 is a schematic illustration showing a more detailed view of an embodiment
for 2 LED illumination assembly according to the system described herein.

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

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

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

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



first slide according to an embodiment of the system described for a slide caching device having two
XY compound stages for slide processing. FIG. 25B is a flow diagram showing slide caching
processing in connection with a second slide according to an embodiment of the system described for
the slide caching device 15having two XY compound stages for slide processing. FIG. 26 is a
schematic illuskBGicdi¥ shawihgaasidéhcachiog dewvidegaoconadigigd eahetheingmbodirstential the system
described hterein..th FIG. %7 ig aﬁééh%%latic illustrationc§rplgwi%gf€nqt grﬁ/'{ \évrggéglse slide caching
device é’cocs(l)rl(?fhg]to It—fi@.e%.ozt BEiCS PBATSEISTE Lhematic ilustiations s owing slide caching
operations of tiéGHdeseaehingpieaicechbmbES iNGsand @i sleowidingntal@metivibcdlinngetiahthd system

described herein. . FIG. 9Pi schematic illustration showin n'll%min tion,system, for
o aaha S dastarine ST SR Rt SHEE o RS BGOSR
emibsodimeasi?50f the system described herein. FIG. 30 is a schematic illustration showing a more

) ] s a schematic tHlustration showinie. an 1 1 € g
herein. FIG. 31is'a’sc emahc showing an expﬁodeélglewlgfag S ¢ implementation of an LED

illuminaterbadseenbhf decoysling tesan enhbocimeimtohthelsy steobideseeidagdsercin <38k 82 is a
schematic illustration slh(?wing a high speed slide scanning device according to an embodiment of the
system FREESES hEEiN that may be used in connection with digital pathology imaging. FIG. 33 is
a schematic illudtiatidn shfiwingiagmoesisoone higph ebiied High speadthglidegcanmitgptietrige in more

detgjl according (0.3 emBoGmSRt e sysle T deRaliped figrein.

FIG. 38 is a schematic illustration showing an optical doubling image system

detailed view 0{-&5‘ %nbodlment for a,LED lllun}llnatlon assembrl%egé:I Iordln c’gg)dggefs %[lem described

according to an embodiment of the system described herein.
FIGS. 39A and 39B are schematic illustrations of the optical doubling image system
showing the shuttling of the first tube lens and the second tube lens in front of the image

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

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

30  reconstituted image.

FI1G. 2 is a schematic illustration showing an imaging device 100 of an optical
scanning microscope and/or other appropriate imaging system that includes components of a

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

10



FIG. 34 is a schematic illustration showing an imaging path starting at a first radial position with
respect to the slide for imaging an specimen on the slide in the recess. FIGS. 35A and 35B are
schematic illustrations showing an alternative arrangement of slides on a rotating slide holder
according to another embodiment of the system described 5herein. FIG. 36 is a schematic
illustratidisstxading an ﬂﬁmgmg@yﬁt@mcamom:ﬂbgdmmnfbdrﬁmgﬁ'emf tﬂmaﬂﬁénﬁdeﬁnrib’éﬁeherein
that mclgfldes .an obj ectldie d to exami ? flmen onas (%l f ﬁflow diagram
showing %lgﬁ s%e% (eesézélar?nlngeiﬁls;} éogiro atable-tr: ray cc%srdl(ﬁ%u o] %?leggn Sn&f%% Brthe
system dessyioedshensined, which 8&jista sefiematio |élu§trra{tha~ﬁlyoﬁvmgmgl'bpﬁhalmmlmgadnage

§ f39A and 39B are

system ordln to an gl ce)dlm é) the ) (t:gxrlrt] d cgbe {ﬁ ,ﬁ
schematic i ?u%’f‘ran%ns orthe 5%P caef’1 oubﬁlﬁg |mageres>}ls ems owfﬁg ﬁfng of%"ne fitSt tube lens
andsthe detahinpedéns ancirantaaidhe livpagideS Jhrsgs@ocadkdiniptad haremhmelgm sjépheaﬁystem

describe h reln DETAIL SCRIPTIOlN OF VARIOUS EMH IME FIG. 1is
ﬁ% apd} convent 5s%§tems and.cssentia ciming the ‘hme ¥e ulrc
schematitilliSiratioA T af” |mag|ng sys a scanning microscope andior other sc ning device

that mayfonphﬂ%mw%emm&mhdmﬂmdémdpmuﬁmmﬂm@&mgmmgﬂagpaﬁmﬁpgyimmpIe

scannin and |ma clc(?rdln tov 510 embodlme sof the s stem & cribe grﬁln ThF imaging
11 4 mlCI g & ST 8 V\}[ ﬁl‘ COSS1I nzﬁ%s S 111 W, C.‘t %
system 5'may IRCltde G |mag|n§ evicé with Tocusi sys ,-a slide stage syste , a slide

caching tsystéon S@andaalillhminatidosysténs dhraimotigothgnoediyo aemthy)étemﬁostap fdrther

disgyssed p ftall clocwhere horein. 1 alsg AEIShNAG s RYSTETAdgager herein may be used i

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

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

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

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

30 bea CCD and/or CMOS sensor.

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

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

11



25 microscope slide scanning instrument architectures and techniques for image capture, stitching and
magnification as described in U.S. Patent App. Pub. No. 2008/0240613 Al to Dietz et al., entitled
"Digital Microscope Slide Scanning System and Methods," which is incorporated herein by reference,
including features in connection with reconstituting an image with a magnification without substantial
loss of atisewrsseyl andddisilayieyoerstdingnthe8Ctebondttusdugmtage. 150 AGy Dis maakeatic
llustratign showind an imaging,devige 1008 A ORIGRl SLANIING PiSIeSeRRERNH ORI, gpPropriate
imaging syasl%em thatincludes components of a focusing system for taking focused images of a tissue
sample fi8duanciyopothenblsjdor dispdsedomatshide hctordimgascapeenthedintehi®f théudisiem

descrived heleih T, foquping, syatem desaribed BEeIHRIVIARS L aMUANG Begh grugdor each
snapshé?as a snapshot is captured, which may be referred to as "on-the-fly focusing.” The devices
andstechivigus progidethitereinotie witbigniticamgetagstiohe. inlteeftinue chagivatbsanibasitigla 5 digital
mage of A0 ar5a (1. PLRIeo S, T L PeRm fRaHDad e RN ERAIRRAIED R AR O -step
approacWoFconven | nglcsys ems and essentia fy eliminates the time required forpre-focusing. The
system dé6cribessteerdircirelddesredtingantigliagithaglouf fospestasenldfl &ndicesteope’siide using
on-the-fll)r/1 rocessin if% capturing saa %rﬁ%}ﬁsl% %Nafilllc @0‘38{8} glgqeaf%gsg&gtﬂ{lg&&lhgagesmshots is
less than'thé e%eqwré y a Metho using a step of 10predetermining focus points for each
snapshatgriogteschpkinnglihe Srapshotyonics Tand invaivigsseteive 100maaybiacisrdetarrimagihg sensor
110, such as a chargescoupled devjce g/(ﬁr %Iim%p%m -oxide semigendugtor

(C OS)SPr%?élgsgecr%sﬂ:olﬁat%%%rﬁl%nge{%%ét%c% a%%a%neré)%ﬁ that captures digital _r%ﬁhology images. The 15
imaging sessoi 40.0 Thayshecpivestramseitted ightdlotuadrmivrsidgesbbjeetiven] oD rspwsnided via a

tube lens 12 A0EAT SAIfEL Mt andipclydne.iharapmpanais.olduransmiitedyighi migtpscope
such as a condenser and a light source 118 and/or other appropriate dptical components 119.The
microscape tigjeotiveni@Onmiaydsecimfinitythcopresttiod. [foo e dpablofivsningge bfathesplistsr 41d may

provide for apportigning. 20 oximately~709% ight. itectedhto the i sensor
110 anc B R G Dor ot SaBoN Bt 0% A chlos ot S TG tre i oeeing stage
15@sandyfositisrsérlsog Y60 ZThestissubesamile Ddtiéghnbgedionay beagispudog B8 gAagnoving
stage 139 gt mayoe Moyl padl dusetipns Ao hich imohs seoraledas birthendiscussed
elsewhefe hersin. A slow foc sing stage 140 may control movement of the 25 microscope objective
120 in thed digettion Rctusamipliagthoftivedissmeoronehtpristeaptazed BY théhmigbrsenvr 110.

The slow fogusipg Sage A48 ma Iaclule. MRISKARGar AUk SuRblesMce AT maVing

microscope objective 1 I ergocusmg stage 150 and a focus sensor 160 are used to provide fine
focusingneigitboriing the<dn-flyfotusitisacediditn toingetbystevales drigrtbdhceilorm oagigaare.

e”%“%%%ué@i’g%%ﬂ%ﬁ@? 8&%1@919?@ sharpness values are further discussed elsewhere herein.

In various embodiments according to the system described herein, and in accordance

with components discussed elsewhere herein, a device for creating a digital image of a
specimen on a microscope slide includes: a microscope objective that is infinity corrected; a

25  beam splitter; a camera focusing lens; a high-resolution camera; a sensor focus lens group; a
dither focusing stage; a focusing sensor; a focusing coarse (slow) stage; and focus electronics.

The device may allow for focusing the objective and capturing each snapshot through the
camera without the need for predetermining a focus point for all snapshots prior to capturing

the snapshots, and wherein the total time for capturing all the snapshots is less than the time

30  required by a system requiring a step of predetermining focus points for each snapshot prior
to capturing the snapshots. The system may include computer controls for: i) determining a

first focus point on the tissue to establish a nominal focus plane by moving the coarse focus

stage through the entire z range and monitoring sharpness values; ii) positioning the tissue in

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

12



30 be a CCD and/or CMOS sensor. The dither focusing stage 150 and the focus sensor 160
provide on-the-fly focusing according to sharpness values and/or other metrics that are rapidly
calculated during the imaging process to obtain a best focus for each image snapshot as it is captured.
As further discussed in detail elsewhere herein, the dither focusing stage 150 may be moved at a
frequenayye=gwieaisitusdidat Mationstdatis dnodpendedttofamdstoceledk thkichaismenttfoéquency
practicahle for the slawer motion of the microsco obt'he%gtive 120. Multiple measurements are taken by
e Too PSR 180 B R AT B e Hate & BB B P Rtarer tne
dither foaubingstagdiaty 1 hésfaaussalddisorips @ndfcantrohsyistenade’§emay dndluiteeledigbinics for
controlling the %‘ocus sensor angldiﬁ%ering focus stage 150, a master clock, electronics for controlling
the slow foCUS St%’% i %Precltgrori), X-Y moving stage 130, and other components of an
emisodiment of a system in accordance with techniques herein. The focus electronics and control
system 170 maﬁl/ be used tocperf?rm 1 sha?rﬁgg %%g{c I%tisf)n§ usm% thgei‘? oerlgniatilorélt frorrg t e dither
focusing stage and T68US Sensor 160, The's 1arpnt—:-ss vanes maf & Calcuiatea overat 1ast a
portion ebapinasaiddbmenteddaftied Hyditvatimoyetiziiat. ifihedoddls epecinoniosnanchsontkapsystem
170 may tt(%en use ethl% éﬂ{grm%gon.t% ggger(ﬁg{ne tf?&n ogitis%grfor tfpae Q(%ﬁt focus ign? elo%f th TEi%sue and
commansélJl Re slow focus éjta}geylfﬁ %o Move the mi oscope oaéjectlve PD516 & desired 1 position
(along theiZaxisgasisloh) forleitaiaingthabeastifocws ivageedunkrg thélimagingprocessbdhe
conirol system, 170 may,alsg use the information to control the speed.of the XY moving stage 120, for
APl Aol B W T RS b bt Ee TS VAR SAPIED B A SiEoness
values moajetiéveamd ateehiy aiffe rencin docosing shevalbestofanaighbaringepicelsdseppduimoetharh and
S“mm'”gnti‘%?ft" eSS ogetner (o form, one Seorgaoy hous dlagrthms f%%t%%%ﬁfu%”'ﬂgecih%ipness
values are further disttssed Eeewhere herein, I vanoJs embodiments accor Ing 1o the system
describgtrdietermiamg in ficosrpaintdwithl compbnentsidiscussgaeisetrherepdrein, aldevictlfor
crealing 2 digiial Inags of & specimen.on 2. mictoscope side indudes; aymicioscape sbiealive hat is
infinity correctecf; 2 I5 edim spﬁﬁepr; acam ra(focusmg lens; a |gel’ci1-resol ion camera; Sefisor focus
lenss grouptep difperdigcusinipsthges adogasmesdnson o pusing coprsensibesistpgetand 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, andihedeinithe tohahtane fonsagionng alh teisrdipsnotsfisie o ¢harltverome 3@dequired

by a SySt%H{Fr?“s“‘s@r‘l% al%e&atg{ed%%@i@g@gé&%g &’c%’fi“ts. ];%55 achsnan P&Pﬁii%{atgecc%‘%ﬁ%ing the
snapsho‘fs. fe gysﬁiem may Include computer controls fgr: i) determining a first focus point on the
tissue tochstabiisiy a 6bmikdGiodis panesbiyemotiinglihgretansefoausestagdithepugh tthe ehotive z range

ang monijoring, sharpress yajues L pasiioning s dizsyen.Anciio siat 3l came of ag.area of
intérest; ||5 sec%llngt e dlthera}#ne {‘ocus stagénto move’ wherein the dither focus stagg is'synchronized
to a mastpprclptitevblictiratsosconiicls theriteldgitafAie xystage; M)lcamdnmandihgrthestagdlo move
o AR T A A R PR R S0
calculations. The A/D converter 171 may receive information from the focus sensor 160
which is coupled to the FPGA 172 and microprocessor 173 and used to output sharpness
25  information. The master clock included in 170 may supply the master clock signal to the
focus electronics 161, stage control electronics 165, and other components of the system.
The stage control electronics 165 may generate control signals used to control the slow focus
stage 140, X-Y moving stage 130, dither focusing stage 150, and/or other control signals and
information, as further discussed elsewhere herein. The FPGA 172 may supply a clock signal
30  to the focus sensor 160, among other information. Measurements 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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5 Further, according to another embodiment, the systcm described herein may provide
computer-implemented method for creating a digital image of a specimen on a microscope slide. The
method may include determining a scan area comprising a region of the microscope slide that includes
at least a portion of the specimen. The scan area may be 10 divided into a plurality snapshots. The
snapshots may be captured using a microscope objective and a camera, in which focusing the

objective and n%:_roscogrg] and, capturing each snapsh teﬁhaoﬁ‘ﬂh hs amera ma %Fs grc})qglg&ted fpr
0 ca%turlng

t
each snapshot ot Sod for predete s Ul‘h& §'ocud pom?rfor al?rsrﬁ%ﬁ)s S prior

the snapshatst Tihétatattimeddrl captteisgyalntersabapsintR GRydrestess thidrrthelbmepsequired by a

method requiring 15a step of predetermining focus points,for, each snapshot prior to capturing the
snapshdETher (EREs s s ST Rt et AR BB oc REn PSR RS SR Sied and
congrol sxsiiapicl 60 inglldinglide2s eteatrorfidsniifl Mamastencleckal 63 and stageptorirokalretronics
165. FIG. 3B is a schemati %I ration of an em?od'ment. fth us 20 electropics161..1n the
illustratdd € %%‘%Rﬁe%éﬂt}ﬁeﬁf éjlﬁ%%lé fonice 16 JFﬁé‘}’?n"éiﬁbé ggﬁo%rﬁ%‘tlé ElgE rc{)}h??g]ps‘uocfh{%es a
suitably dagiofiile eadvesteledstt afid)d fiedddprograinnpéblef gdie amath¢FREA] Fédlatihmof the
microprocessor 173 that m e.used.to make sharpness.calculations. The A]D verter 171 may
receive SFhatoi okt tﬁggfﬁcg?s%gg?nm OWF]?%‘#?S §§bsplléeaot%l he Ifgfge@f ﬁggﬁaerﬁ%%ﬁocessor
173 andfusgditoyouipuiisbinspresstRS dbjoctmatibnst ThS mesten claskadcMged:incdmérméyzsupply the
master clock signal tq the focus electroni 1, stage control elegtronics 165, and other components
of thle s%?i%?%ﬁcé) %%%E;%/gn pof Elee gn@ S%g}ga Er}1(giras éec%%?r‘olnsﬁlg%% sﬂﬂ%g}c? %8%8% Tol the slow
focus st@genl#ie okidcinmovingrsigiie L3 editihe #0Usirg ¥tagEht 50y emnm dier béher gciithal sigidls and
information, as.further discuzse elsewhere ereln TS LECALTR maysUpplya.clagk signal S0 to the
focus sensor 80, among othérinformation. Measurements in the lab’show a sharpness calculation on
a 640 x 82 pixglitrdnisscarebgomaddnadls fifiarosecohdspeasitydabbhespigh frssultablecperation of
the system.described herein,.In an embodiment, the focus sensor 160 may incluge rqol[go rome
CCD ca%eés}?e@/?ﬁa%%ve %T%EBF’%(I%??T}%),V% ?ﬁr(f er %c%oscges éseélvﬁogrés%g?gﬁwg W eg%canning
mi¢eoscdpemmaizact ulre difber aVBiai 2B arrfoced, pixelsdnckidingcanvirasrtafendatiarccardbr
intensity information in RGB_or some other color spase fuﬁ;er iscussed elsewhere herejn. The
system b gﬁf% g%ﬁ%ﬂ%ﬁ?%‘\%}grlsa%ar(g%tﬁe?afrﬁ)erflgoéﬁgrsﬁp eegﬁqall gslggc:é %?%éa?g Fﬁrtr?l % 8gr€1m Many
commerctdd Systenisrsamalérthe:siermapooducke dyet20x, 0.75 NA microscope objective with a CCD
array. Given the NA of the objective and condenser of 0.75 and wavelength of 500 nm the lateral
resolution of the optical system is about 0.5 micron. To sample this resolution element at the Nyquist
frequency, the pixet siveatitferohjpetissabout ® 35temicr ong ForBiolivigixet tiome Gofemsysian) Dalsa
Falcon 4M30/60), running at 30 fps, with a pixel size of 64 icron th nification,fr object to
: 205 3 ¢4magnifcation ram.nes
thegﬁl)madlsng%gr%é'ra %19“375535 ;}% 3 )?.au?haélrﬁe)f%)cr%r,1 one frame at 2352 xirlrl)aﬁ% may cover an area of
0.588mminGt&3&mm4iixtiherobjedts which équatediddabdbe IS0nframds forma fighicil sissmedseytion

defined oo 15,1 x 10 (o) inarea, The sustem desgiied hereln e dsaiby wead where tissue

spatial vanation in the Tocus ension Is mugﬁ er than the 15 frame size at the object. Variations
in focus tim pratticepectusavengngatcicdistancesermd impst didhyfoousiemdjibehdntdn magedto correct

for tilts. Theses Ui &5 NER MRS FANBER Dane, T TYURBRR R MR ATEHNAR 2kIPE RRipct
25  of 5+ 25x(1.17 + 1) = 59.25 seconds (about 1 minute). This is a considerable time savings
over conventional approaches. Other embodiments of the systems described herein may allow
even faster focus times, but a limitation may occur on the amount of light needed for short
illumination times to avoid motion blur on continuous scan. Pulsing or strobing the light
source 118, which may be an LED light source as further discussed elsewhere herein, to
30 allow high peak illumination can mitigate this issue. In an embodiment, the pulsing of the
light source 118 may be controlled by the focus electronics and control system 170. In
addition, running the system bi-directionally would eliminate the retrace time saving about 23

seconds for a 20x scan resulting in a scan time of 35 seconds.
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Time to result for current scanning systems (e.g., a B olmagene iScan Coreo system) 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 1 sec retrace time. The time to scan using a technique
according to thi systganbdesadbethhareicompykataleed hsaunrdsdo find the fansndkioousplane,

1.17 seconds ergass 25 %?ssesél for a total 256? 5§)/+ 2? x%.l? + 1) = 59.25 second abgut 1

minute) FAIETREP LRI Bl e AR TIRER SSVSFE BN FSHAL 4B S HERBE AOtRBPSRBSEnts of the
systemsi¢lgsefib@caheneiayroayigitow efentfastanfocusctitmeswitit anivdiationsodyhecedrdguiie amount
of light n(ieggpecgeelz%short illumination times to avoid motion blur on continuous scan. Pulsing or strobing

the light & Shich may be an LED light source as further discussed elsewhere herein, to 30
allog high peak illumination can mitigate this issue. In an embodiment, the pulsing of the light source

118 may be contrglled. by the focus glectronics and control system 170. In addition, running the system
bi-directionally %&:ﬁ%l é’fi%]i Et%ftﬁtécrﬁh-‘agétiﬁﬁe%%%% gbeof?f@%rgéﬁ%sna‘?%rqg é % SEAR Ee%ﬂﬂing ina
scan time:afrdmgecendanboditiahoflthbeysntadithatithe toraporEnislilsedfivwosngetidn with the
focus electronics and cantrol system 170 may also more generally be referred to lectrical
componB A BB Jaiol oA PR ROLGh e G ARt R SR oaeALe b the
techniques deseribat haainry andFibich isragdhe matiniddsination shoivingithe:dithier fdausnstage

1500in mor%d tail accfﬁ%d}%g to an e%mod'menttof '[Ii]e syﬁtem descsr' ed he%% TlhIe1 ither focus stage
150 maﬁﬂ L itk asfﬁﬁyle g 517 HaR ayeBSé moved f)ly One oF more actux ofsafsﬁga,b, such
as voicecopihagitialiyravaishiehicl Mayekenpby Ridduntb Seigithlopd&ing-133. |hhadfieshpodisnent, the

lens may, he achromati¢c lens_having a 50 mm focal length, as is commercjally availahle, see for
exampled@a?ﬁgﬂﬂlggfeﬁ C,IS#T%Q-B “AL ern% |%Z%fﬁ'?}%%cﬁ%é? ?8%%%%&(;11 eﬁ%fgf%%/ @gg:%ﬁstructed
from plastigglespherdandssirdpes Suctidhal tHewvaigh) oftHeclens ssretuedd{extreheedgtdokednass). A
flexure strycture 154 ma ttached to the rigid. housing 153 ar}%szljlttac d to a rigid ground, point and
il Uy B e ORI SHLAS EIORET BB B o toh Ba e ehet iinces of
abast 6GRatidA0ahitronEiHe dompihgdiment; thedtexusesleyciundl kbdaneys bef chostricied Gflan
appropriate stainless stee| sheets, of abput 0.010" thick in, the bending direction.and fowl a.four-bar
linkage. PhéHExure Tﬁﬁ%&glgeelgégi’ger?&d{ fom gug%ﬁgﬁlléhs%lﬁ Hg% %t%%l%giu get \E/:\fioﬂ% rafg1 HRSE I1~‘l§?efrom its
fatigue ligtit-{(factatee! SHelonw) talaperate@lovethivhny ajiclésndhe diftheamavidgionass dbthéadither
focusing lens 151 and flexure 154 m e designed to provide about a 60 Hz or more first mpechanical
rosonanB e UG e et A ORI S Tl e (B SRS positon
sensor lishmsiticthigue tapacitiverseisoclomgddyperrentsensory typesvide feedback to the control
system 170 (see 25 FIG. 2). For example, KLA Tencor's ADE division manufactures a capacitive
sensor 5 mm 2805 probe with a 1 kHz bandwidth, 1 mm measurement range, and 77 nanometer
resolution suitatile: fmothis:appicafidr. dittedfthesioc lsnand lcandresystaiiy suchtasdeygestied by

f“”"“".”%%}}]éniﬁg'%g%%i% %‘ﬁ dz”%%@)or%‘aﬁ’rs‘ﬁe%{%é & ?&‘P'ﬁ%‘s‘&%&@ébeﬂf@%ﬁé‘fr?ﬁ?@%&?”ﬁa@%&o a
prescribéd focus range. The dither focus and control system may rely on well kniown
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 (see
25  FIG. 2). For example, KLA Tencor’s ADE division manufactures a capacitive sensor 5 mm
2805 probe with a 1 kHz bandwidth, I mm measurement range, and 77 nanometer resolution
suitable for this application. The dither focus and control system, such as represented by
functionality included in element 170, may keep the amplitude of the dither focusing lens 151
to a prescribed focus range. The dither focus and control system may rely on well known
30  gain-controlled oscillator circuits. When operated in resonance the dither focusing lens 151
may be driven at low current, dissipating low power in the voice coil windings. For example,

using a BEI Kimco LAOS8-10 (Winding A) actuator the average currents may be less than
180 mA and power dissipated may be less than 0.1 W.
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30 gain-controlled oscillator circuits. When operated in resonance the dither focusing lens 151 may be
driven at low current, dissipating low power in the voice coil windings. For example, using a BEI Kimco
LA08-10 (Winding A) actuator the average currents may be less than 180 mA and power dissipated
may be less than 0 1 W. It is noted that other types of motion of the dither lens and other types of
actuators 1528 mgytdab thsedtircomeectionwibh vdribeslzgheb delimemisotidh eypystefmdastrnbed
herein. FQr example, piezpelectric actuators may be used as the ators 152a,b.. Further. the motion
of the dihgé?’ ﬁéa%%?/‘bsg‘%&?&ﬁ%ﬁc et ha\rﬂa%s%sngﬁ %elarﬁ%%%%s:%asly rseeflﬁna|§r(|as§cﬁﬁ1 %%t(lelﬁr(%}it 50f the
motion Gloihex miglespipedbjattivendi2s may be sedsartidbesuairabitrbcdpatitvetisenssionoted
above as may be included in an embodiment in accordance.with technigues herein, may proyide

foedback AR S UHEIERHE R S ISILi AL S oot aREd TS s A e R REEL or cyole
corespofidiegieibd tfehmaverosniseaftizetiens P0As will be described elsewhere herein, a
determination may be made as to which image frame obtained using the focus sensor produces the
best sharpness value. For this frame, the position of the dither focusing lens may be determined with
respect to the gihe waver fesitiarchainticaspddythecaensooitimbbhe gositipihasicditated by the
sensor 15 be used by the conirol electronics of 170 to determing an appropriate 15 adjustment
for the s‘fg%?{;%%gﬂ%d%@%%@%ﬁ:&?‘ xger%%l S o?}meéeél}h %@fn%%‘f,{a e?e%%vaéirggﬁt{gf‘&hg rrtfwt?%cic“}llr%scope
objectivaifiz® foaysbe tantiolfeditiyredlew. steppesmotos tfdhmsiontonusystageriséfoddiegiosition
indicated by the sensor 155 ma b%xuseqitg d(fiatern%ig(? 389" %ggﬁgr%'%ng a eunth(gf nggvrg@ekrjg (and
corlr%spé %mﬁvce%?%i § g ael(lgﬁ ?(‘) pc?s?t’fon tffmeersr](ilf:lroscope objective Tod & argles??ocus osition in the
Z directignd? he conhidisignalésirat cmbiaihedrasismitieddouthecstepperdnaioitiaf tiest shapiosas stage

140 to cause necessary repositioning. of the.microscope. objective 120 at the best focus position.
FIGS. SRELE ol S H TR ot Sy E (era T el PR S o0
the systamtgestribedkreperitidihesfiguiesishby the smmage KeEnsdht ithsiothesfondisased dor th60, the
dither focusin ge 150 with a dithey lens and the microsc lective 120. The tissue is
st P TR St B o S S ab e o e e o
performeadiuksimeme fantipiesitive fdithengotasing 8taber t56mméy move thebditheerlerbaha desiréd
frequency, such.as 60 Hz or more . (e.g., 8QHz, 100Hz),although it is noted, that. in other embodiments,
the syst(E:-}réﬁt Hedttive Sr%.ﬁeﬁ%%‘{f? %?soc?[%a (SPgtgoé% (\)/:/q& 'g?%’ead’lsl\:]&evr ]éeet?g %omv%ogr 3{153? o%mh%vrV r%%]uuc’ency
(e.g., 50¢tmeadeidrdingte gpplitabléndictedstancds. ThedtY Ifbvingystaged8D mayjdierwmamnmanded to
move, e.q., in the.Y direction, from frame to adjacent frame. For example tlg 1§ may.be
Commar LA A8 A1 o SRS L o L et T S Lo R L dS o
acquisitisicrateqfeabigat 3e:fidhes/sdesSincesthesitiie i fabes/sthypetiG0 ahteXv¥nmolingnsiége 130

maybe pasedackedflia eI [pcs.S1age L30@nd sanReL L0 Ay make,ROfagys,caloylations per
second, or functioning bi-direc |onaﬁ§? Gea Ing on he up and down motion of the sine wave) 120 focus
points pe¢satindgy <f fbeusipoistsppebiiame. Fr & fharheshéigin pdsitia8 pixels, this equates to a
focus point every 432 pixels or for the 20x objective every 108 microns. 5Since the XY moving stage
130 is moving, the focus point should be captured in a very short

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

operations according to the system described herein. The figures show the image sensor 110,
25 the focus sensor 160, the dither focusing stage 150 with a dither lens and the microscope
objective 120. The tissue 101 is illustrated moving in the y-axis, i.e. on the XY moving stage
130, while the focus operations are performed. In an example, the dither focusing stage 150
may move the dither lens at a desired frequency, such as 60 Hz or more (e.g., 80Hz, 100Hz),
although it is noted that, in other embodiments, the system described herein may also operate
30 with the dither lens moving at a lower frequency (e.g., S0Hz) according to applicable
circumstances. The XY moving stage 130 may be commanded to move, e.g., in the Y
direction, from frame to adjacent frame. For example, the stage 130 may be commanded to
move at a constant of 13 mm/sec which for a 20x objective corresponds to an acquisition rate

of about 30 frames/sec. Since the dither focus stage 150 and XY moving stage 130 may be
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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 for the focus position of the active frame. With a dither frequency of 60 Hz and
a frame fhieeab el pedifier Foconstibe f60umpobnisis thkemay anpbsitidfocoswele:ithdend eof a frame

from the center of the snapped frame. Generally, tissue heights,dp not change enough in 1/4 of a
frame tos?ﬁg&‘g ﬁ{ié%(gboél&%%lﬁgggd?g?e.yl ea’éﬁnAq ﬂlrls%ﬁ)gﬂsa%%frg Vrvﬁialg} %Of%ﬁnt %ﬁ%t]ﬁewt?gg eto
establishabdnampoatfopes selane o keferangeiplanerl fim&oFexaniples the gefefeHE28 glards 101" may
be determined by injtially. moving the microscope pbjective,120Q..using the slow fo stage 140,
through tﬁﬂé 8%%%52%1% 8°§1§yp@ﬂ{]f YHm 59%8% ﬁ%%%érin%“s%argr?és% %ﬁggge %rge?t!:%% Ipelf’g(r)é]%ce plane
1015is 20inteLhd Xierissing 10Leray herpositigraed focdsardny deostdrbatapoorden andtyrsbtirer

particular Ioc@t(ﬁgl, of the area qf |[51f§ reg{tﬁ,C (';‘rd}th ({Qtoq(%% fo lés‘i/g%a%tg ?njtggsige%et t(i')n%)\{e, and/or
otherwid&H Ehe oPHE GRS ocﬁ‘smg?sta%sg 150 CEhtRueS 1o Be monltorecF, %leglnr%lhg in FIG. 5A.

25The dith_er focus stage 150 may be synchronized to a master clock in the control system 170 (see
FIG. 2) which r;ﬂay also be used.in ¢ nnectrlggh\énﬂa.contro#wgster‘k%vel C|tr\§ of t,[l%? XY moving, stage 130.

For example, i th& Gither fFEEUE gfé%l *150 were to move rough a0 6 mi lehe er ﬁ)i?\}a(p%gﬁ to valley)

sinusoidabradtiad asaDibextzamsdstmirgnant 3286 dsitfipcycimtitiosecth elsimusoiel's, mdrepinganrange, 8

poipls coud be collcied tyouoh e ocus 30 1ange oreran A7, sec periofln FIRS. RS0 e

ovesatﬁe %ﬁﬂ%e?’qens Ina smusoﬁa motﬁ)n ang POCUS samples are taken
along thwitgh ditleaskegpeitigrof 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 plane 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" is
20  found, the tissue 101 may be positioned in X and Y to start at a corner, and/or other particular
location, of the area of interest, and the dither focusing stage 150 is set to move, and/or
otherwise movement of the dither focusing stage 150 continues to be monitored, beginning in

FIG. 5A.

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

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

the dither lens of 0.6 mm p-v equates to a 20 micron p-v motion at the objective lens. This
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of the sinusoidal curve. Focus samples would be taken therefore every 330 usec or at a rate of 3 kHz.
With a magnification of 5.5x between the object and the focus sensor 160, a motion at the dither lens
of 0 6 mm p-v equates to a 20 micron p-v motion at the objective lens. This infolination is used to
convey the position at which highest sharpness is computed, i.e. the best focus, to the slower stepper
motor ofdfie-akaiwiosusslagechdfcAthshasindn RiGdhe Highstavwiegisstageddutsd;aremaaded to

move the microscope objective 120 to the best focus position (illustrated by motio 0') in time
fo the 1L AU 16 B R TR LSS TH6 dfthe s 1O tor LGt St issue
101. In awenibadimess, the imagensensar thlfovayhberiiiggara ebfediy¢he20antriad Systdonds/0, to
snapshot an.im ﬁgfter eC|f|c number %ﬁ@des Oftc? ither lens motlorL '& e XY mov stage
130 moVestth fP\% Sehtd B dthPTeRERT (i Hithet Su%ag%”’e
continues:sanstfiocusing HmEraﬂ&n:Sa@éd:dﬁSﬁt&ésﬁE dre iepeatéd. Iharpaessdialuns ﬁi\ambg@alculated
at a 10rate tha Mjé)es nat bottleneck the ess egg%?, kHz. FIG. 6A| a schematic jllustration of

a plot 266" Sn%%ﬁﬁe a?l%foﬁ”u Ftﬁ%ﬂ éP’%&Bs}SBné% ANE Ogir%é@é'l%f:e fhifiations
accordingéei an emibet vientiet tdi\EtB@’ﬁhﬁEErdeﬁ@ﬂhﬁd)ﬂnefﬂm XY an@ngodize nd basedon the times

discussed in connection with 15the ex FIGS. 5A-5 6 67 msec,./*period of the dither
s simGSSI T TR HARREUE S e e S50 LS LS VE SR dr TR PRIGBE N = 8,
number fokiaous gainiscablaielii®. the pErod Ejétdtd Jhiisess KFdoedspeinksaiplesdhtained

* * *
ev%y 3%%{[31 ea(% d{) ezason%tbott gngé e e/pr@C% S]%erlod QYSLY which the N focus points are obtained */

FIG. 6A is a schematic illustration of a plot 200 showing the command waveform of
the dither focus optics and sharpness determinations according to an embodiment of the
system described herein. In an embodiment based on the times discussed in connection with

15  the example of FIGS. 5A-5E:
T = 16.67 msec, /*period of the dither lens sinusoid if the lens resonates at 60 Hz */
F =300 pum, /* positive range of focus values */
N=§, /* number of focus points obtained in the period E */
At = 330 psec, /* focus point samples obtained every 330 psec */
20 E =2.67 msec, /* the period over which the N focus points are obtained */
Af= 1,06 um at center of focus travel. /* step size of focus curve */
Therefore with this duty cycle of 32%, 8.48 um (8 x 1.06 um = 8.48 um) is sampled through

focus processing.

25 FIG. 6B is a schematic illustration showing a plot 210 of calculated sharpness (Z)
values for a portion of the sine wave motion of the dither lens shown in the plot 210. The

position (z) for each focus plane sampled as a function of each point i is given by
EQUATION 1:
z=Fcos [zrr[;m?3 - a]i;] .
QUATION 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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Af = 1.06 um at center of focus travel. /* step size of focus curve */ Therefore with this duty cycle of
32%, 8.48 um (8 x 1.06 um = 8.48 um) is sampled through focus processing. 25FIG. 6B is a schematic
illustration showing a plot 210 of calculated sharpness (4) values for a portion of the sine wave motion
of the dither lens shown in the plot 210. The position (z) for each focus plane sampled as a function of
each pombos avessby & QWARKIWd 6B@402E 327 HtesiBe lsik dtonERUATION hy\WiNdpwiogsown a

CCD camer y providg athi h frame rate suitable f rcgge %%err}uld scribelge??r%in.ig rngtxample, the
compangDARA o HASEHBB P CeNa AR Bt PIane, one focus pixel i equivalen t
about 1.3 micron at the object. Though some averaging of about 16 object pixels (4x4) per
focus pixel may occur, sufficient high spatial frequency contrast change is preserved to obtain
5 good focus information. In an embodiment, the best focus position may be determined
according to the peak value of the sharpness calculations plot 210. In additional
embodiments, it is noted that other focus calculations and techniques may be used to
determine the best focus position according to other metrics, including the use of a contrast
metric, as further discussed elsewhere herein.
10
FIGS. 7A and 7B are schematic illustrations showing focusing determinations and
adjustments of a specimen (tissue) according to an embodiment of the system described
herein. In FI1G. 7A, illustration 250 is a view of the specimen shown in approximate image
frames in connection with movement of the specimen along the Y-axis according to
15  movement of the XY moving stage 130 discussed herein. One traversal or pass over the
specimen in connection with movement of the specimen along the Y-axis (e.g., according to
movement of the XY stage) is illustrated in 250. Illustration 250' is an enlarged version of
one portion of the illustration 250.  One frame of the illustration 250" is designated dip,
referring to a definite tissue point of the specimen. In the example of illustration 250", a
20  specimen boundary is shown and, during the scan thereover, multiple focus calculations are
performed in accordance with the system described herein. In the frame 251, and by way
example, there is illustrated that a best focus determination is made after 4 focus calculations
(shown as focus positions 1, 2, 3 and 0%) are performed in connection with imaging the
specimen, although more focus calculations may be performed in connection with the system
25  described herein. FIG. 7B shows a schematic illustration 260 showing a plot of the Z-axis
position of the microscope objective in relation to Y-axis position of the specimen being
examined. The illustrated position 261 shows the determined position along the Z-axis for
adjusting the microscope objective 120 to achieve best focus according to an embodiment of
the system described herein.
30
It should be noted that the system described herein provides significant advantages
over conventional systems, such as those described in U.S. Patent No. 7,576,307 and
7,518,642, which are incorporated herein by reference, in which the entire microscope

objective is moved through focus in a sinusoid or triangular pattern. The system provided
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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 of 640 x 32. The pixel size on the CCD array is 7.4 microns. At the 5.5x
magnification between the object and focus plane, one focus pixel is equivalent to about 1.3 micron at
the object. Though some averaging of about 16 object pixels (4x4) per focus pixel may occur, sufficient
high spatiatfresieacyconisast ehangeiisipresrisas forobdainsgonrdocusdafotiatioa. dndaan
embodiment, the best focus position may be determiped according to the value of the sharpness
caloulatB S BB RS0 b A5 DR BATRTHE I & RO QP G C A B ARG
techniquassaaydeveeidoikielepinathabestiatusriesiticmactordingtosiber Thetdicheinaluding the
use of a contrast metrjc, as further discyssed elsewhere herein. 10 .. . FIGS. 7A and 7B ar
schemaﬁ@sﬁﬂgﬁ‘g ASHB N TScati J&étt%(}rﬁﬁﬁé?ié%sg‘ar% a ‘?%lse[rﬁém ) Ssgp%%fr%e%n(ﬁé%e)
accordingst@ian asbedinanhefithasysion dedesioddherai tmpo sy theilbistiatiope2iasiasiew of

the specimen shown in approximate image frames in connection with movement of the specimen
along tha - SEEREREhaTY 5 HAFRIGMERELPIn TG e B0 BB ESSReER Bhe

traversablfepassp@inielapeatnerBn connaciop withénovemen! aidheyspacidwarblahdthany -axis
(e.g., accoyding to movement of the XY stage) is illustrated in 250. lllustration 250'is an enlarged
Vertion SHHE RO B R HINTSS: SR R B SIS AT S50 Gba R Hoy,
refeiiing fg:atfefiaite tinswnpoinidef thie:spacimenpin shpaikamplamotihisinaibanl 256 em20 spécimen
boundary.is shown and iijurln scan thereov ultiple focus calculations are perfoinied in

th ,
acéBrda b%%ﬁﬂ‘%ﬁbe%% iﬁ%gocﬁl’?e%eﬁ & S.fr??éjilé%}g?ne 251, and by way example, there is

illustrated that a best focus determination is made after 4 focus calculations (shown as focus positions
1, 2,3 and 0% performed in cannection with_jmaging the specimen, although more focu
calculations mﬁ)&%e &F8rii Wté%ﬁﬁlé%ﬁ%hoﬁliﬁh%g%%n 5 )éaenslélf;ogg]ﬁesge%?nﬁé.p‘}#z ows a
schematjediustdtion? 60 showingwplddafthedtaxs poditidin©hkthbamictescopeschjdctiveristrelation
to Y-axis posifion of the specimen being examined. The illustrated position 261 shows the determined
position HETg e e R At SRR R b S T SR B S o e i Eording to
an gmbagitignicobifiasystenedbsdihad betkiny8ttm dedtSheditthdnnBled IhakHosrsistemidescribed
herein provides significant advantages over conventional systems, such as those desgcribed in U.S.
Patent l\?&?ﬁ%’%%ﬂﬂggﬁé,%14%{ev?ﬁﬁﬁsaar%&|/§§or ora e%z{clil llgsezr%lbrq %)%h Fe?’é?é{hséeﬁsn@v S|lcF;1lg|f'I%lié entire
microscaepe ditliectirs iasrioreshithbeughtiecd atincprsirusoidopdiandylBr fateand Bhédsystemiprovided

it noted that the computations described herein may be applied to each of the points on the
sharpness curve.. The sharpness response produced from the focus sensor 160, for a half
20 cycle of the dither lens sinusoid, when motion of the dither lens is centered at each of the
points A, B, C, D and E is shown, respectively, in the plots 310a-c. Based thereon, a conirast
ratio for each of the sharpness responses having a corresponding one of the points A-E is
computed according to: Contrast function = (max - min)/(max + 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-e, max represents
the largest sharpness value obtained from the sharpness response curve and min represents
the smallest sharpness value obtained from the sharpness response curve. The resulting
contrast function plot 320 is shown below the sharpness curve plot 310 and plots contrast
ratio values corresponding to movement of the dither lens according to the dither lens
30 amplitude. The minimum of the contrast function in the plot 320 is the best focus position.
Based on the contrast function and best focus position determination, a control signal may be
generated that is used to control the slow focus stage 140 to move the microscope objective

120 into the best focus position before the image sensor 110 captures the image 110",
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herein is advantageous in that it is suitable for use with microscope objective and an accompanying
stage that are heavy (especially if other objectives are added via a turret) and cannot be moved at the
higher frequencies described using the dither optics. The dither lens described herein may have an
adjusted mass (e.g., be made lighter, less glass) and the 5 imaging demands on the focus sensor are

less than that irgnsedhywhe: Mickvksopeoiiettivep Thedoctiagaia ATy e dakenabdughf rdes, as
described herein, to minimize scene variation when computing sharpness. By mjnimizing scene
variatiorfHEEy Eﬁﬁ‘%‘éé%ﬂ?ﬁ%@ﬁ%fj‘e?ﬂ]}ga vel ié%&ﬂﬂﬁ%ﬁ%‘gg ﬁiﬂﬂﬁ{ %%?rﬁ%@é? %ﬁe?rljijé th&system
moves iBoaR[l et ofFacdsswikble, taetdissuetts-movingsintepthadniciosegpesaiyjattivdida danmentional
systems,_such 10discontinyities add nojse to the pbest focus calculatjon. FIG. 8 is a schematic
st at B SO SRSt 1eHEVEPEES phO HALEH 3 HEUGTCUGR Bovs
posiionghineheding ecahanpn@ss:cenverland eaRirast rgdiedaceabh sharpess responsesat mutiple
points that are sampled by the dither focusing 15 optics according to. an embodim the system
describédHEHR ?%?&@1%%%&%%%%5%@5%&1&?&8 ﬁﬁsfﬁfﬁiﬂget%@ﬁ%lﬂ?&?ﬁg%?@ﬁ‘és g?%ness
units along éhaiyraxisa Asrttustratethdhe dithediensiadiommay hecenieradied peptesentitive points A,
B,C,D fnd E; how%ver, is it ngted that the computations des%ibed hereinﬁ&ngzrl%g applied to each of
e

the pointETSH A CRUPERSEScLNES SPIEEH A RTARY 3 SSBHAS! b4 dctsh P SGRErYT 160, for

a half 2Qrypleetithedihear isnaisitgseltkre/ben foationsfihe ditkbr denslisteentBiedratiedgiubf the
5 ratio for

points A, B, C, nd E.is shown, respectively, in the plot§.310a-e. Based thereon, a.cont

ealh of Hfl8d§ﬁ8$pﬁ'8§§ ?]é‘gp“t?ﬁ%%@jﬁ%iﬁﬁ% 8%W8?88F$dﬁ?§ﬁb e%ﬂh]glp%jlh ynchone ic?ilr%%%tgg’lé% according
to: Conteastdtteclion]swMaxs M) sk sasnjatrfinoniveatibioeiithte e dpeagidynatiom detasmined for
one of the points A-E (e.g., at which, dither lens motion is.25 centered) and the corresponding one of
tho sha O GG e ST EoAT AL SO -G EhTFC GRS BBLETHER from the
sharpnesgraspensadinye /hd mmiepiesenis thesoid esiaharpiesswateatobBined fnom the
sharpness response curve. The resulting contrast functi lgt 320 i wn below the sharpness
curve pISFéf R &Y g&%‘%aaﬁfﬁ%%eﬁsr &§§%gﬂﬁ§ %erﬁ r\‘?é?%ﬁstfa&r?t of the dither lens according
to thxe dither lens 30 amplitude. The minimum of the contrast function in the plot 320 is the best focus

position. Base the contrast functiqn and best focus positjon determination,, a.control signal may be
generated thatdfi sgg {8 %osﬁaﬁ%g QE]\W%& 48 3&8“%4@?0 %Cg\slévt]ﬁgerﬁvic%ggcbc%n (r}fnlj%cfflr{/gplZO into
the bestifasusopesitioodhateratheithdgeusansoeskity capturdisghe imagebddliuent ofFls. §shaws a

functiongl contr II%’%O block diggram 3 %rH%JS rating use,of the contrast function to.produce a control
signal toﬁgﬁ cﬁ% rg&'/f?ot ﬁsﬁgt‘%%tii . %A%ﬁ%ﬁ?%é“ é’ofP?S}a*e‘P% (%fg a'dis ugr"éneélifj‘é"t%ez%‘%ﬁs control
loop and402y;rapresen) theglide tilbar thangingrissmesbifacedagbiantatiexamigiethEwystimnal block
352 shows generation of Eh rpness vector information that may be ge eratefplb the focus sensor
165Oand%§§ﬁ%(r{1?é%rféﬁ' téi t %g}cg&%)gee eﬁg}&ﬁ%%%ﬁ%%’gﬁ?ﬁgﬁ%,%t%?ﬁ} ?}r%:rﬁﬁg |oanéaéic8f(1)% %%%Sshows
generatiof ahaconirakinurmisdio(e d:, valtie ek sheptoidtvass Rirttion) atethathoirhthiedgbdraleas is
sampling fqcus. This contrast number is c ared to a set point.qr.reference.value (Ref) produced at
an initia%é%ﬁnm?és%?gé? oEUsg\/fl)ggspGrea\ﬁCgL?; yaé/s gﬁi?slﬁ%%t%'ewéﬁ%} éfﬁ nal ﬁ)m par%%é%glt? #F))ogne this
comparisaapyithaphediateoaipisdggal A (Kiatat fas Ctionlolocki356) sothedigihesidinrfdonss motor

which acts %‘idtf nctional block 358) ta keep,the scene in facus. If should be note thattan %odiment
may adjusf1 e%&%ﬁ%eoﬁﬁlgl r?]tlec ogggﬁplg %%?e%?f\{/telﬁ@?n%g‘&%r% atrgl‘?:eS With a r%?r?tl}rﬁu?na ??nreshold
amzunt ehmossnienh Tdpusy buthmnéthbdiment Faysapositinaking adjustthéntsigrhallexcdhan the
threShOI(gktrapoIate the best focus position for the next snapped frame at position 0*. Coverage of the
tissue may be established, for example, by executing a serpentine pattern traversing the

complete area of interest.

30 The rectangular window 404 of the image sensor may be oriented in the direction of
travel of the stage 130, such as a column of frames acquired during imaging is aligned with
the rectangular focus window 402. The size of the object in the image frame 406, using, e.g.,
a Dalsa 4M30/60 CCD camera, is 0.588 mm x. 0.432 mm using a 30x magnification tube
lens. The array size may be (2352 x 7.4 micron/30) x (1720 x. 7.4 micron/30). The image
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15 FIG. 10 is a schematic illustration showing the focus window 402 being broken up into zones in
connection with focus 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 Menqles WithividsnapRAcion aNdse seadntksihseatafizopespimiithiar soapstieius wibdber
example, Zones 2, 3, 4, 5 are, within th%%ngg%irame 404 sngpped at time ti. Zones ang[jogumay be

complet%%?mﬂlﬂ%sﬁéﬁf’?ﬁﬁlgﬂ%g% HIBS FRETRE YA BURY R E TG 1AV rSES from
bottom tehesx ik thesfigmie: a0 MPmaOngs Dafinanay heicompleiehewilbindbe riehe imagesftame to be
snapped as the stage 130 25 traverses from to om of the figu us positions 0, 1, 2, and 3
may be WEMPES 6%%a%8 Eﬁé Beitdfdetg%gﬁbﬁ z&&& fe&f‘%‘ﬁﬁ%\ggg irﬁ%%%ﬁ%s%f%ﬁ Fwe
Coveragedbhihgdisstie faydesstablishac 2fox exampien byecikaautiiy a Serpaniipe seatiatnichversing
the complete area of interest{. 30The rectangular window 404 of the image sensor may be oriented in
the diredtioh Bt AAVRIBREARS a@é"ﬁgb?%ﬁ?ﬂ%"a‘%ﬁh %W%gﬁg?ﬁgg%@ﬁﬁf%EF%ﬂﬁeihgﬁ?ﬁlgn% aligned

with the regigngulaidaistuinde oiddscling sizd ot therdibje At éodfiknignagenfanbe dibfentsinihee.g., a
Dalsa 4M30/60 CCD,camera, is 0,588 mm x. 0.432 mm using a 30x ma cpification tube Ienhs. The array
4 Pk :

size may BER 38K FEsbh/ 36 PE7 RS AFTIGRSE). BHhe T AR H RS T 90% witkdr
dimensigRa(P:rR8S carn)iatiay headeiented pEsperdicitarn tiaghie i charpiasiow 4dianelatows e

minimum number of columns traversed r a sectign af tissug,, The fo ensor is.0.05 x 094
P CusirB S S RSB TRE Pobe 18 HB6 1S TR dolaP Bl SO5masTsd G487 4
micron/5ihes (64Ontofidnmicron/5.0). Therefore, the frame 5 402 of the focus sensor may be about
2.2x taller than the frame 404 of the image sensor, and may be advantageously used in connection
with a look-ahead focusing technique involving multiple zones, as further discussed elsewhere herein.

According to aneshhodisnentafithR syaterdrsarivebehereaipy 2 Qrnb stdedudidetereninatiing may be
made per second, with aﬁ?sharpn sfcalculatiqin made eyer 333 SEC, rﬁsultig in Qﬁ@%r%? sses
calculatSBIERREFS BFTE M5 é’h%%l B EPEBDr BT 8256 Gty CYRIETOPER B3 hset haltdither
petigd ofigheithar lensaohation. and Ambarahdss metiddonehch bonddimyalistamputedancsstored.
When computing a sharpness metric for.a single focus point using multiple zones, the sharpness
metric M4y %sz@ﬁeﬁgﬂ#‘ﬂe ﬁaf&]; e afé?\éeaﬁ%l%%r#al}n%aﬁéff é)fa{%gp %’g UEH as %1& ‘§ ??r?gg &l
sharpnegsomeirigsfat afl Zoylea Tubide(ed.abaseh ensingle Hoicimire exampledftthe sHarpridss
computatiqn pgr zone is shown in EQUATION .g., based on.use of a.c a windowed,to a 640 x
3 oty EBV T (ARG 1950 A S MBS B 6 AU TR S
number pimbeest sbacpndaspiorse foonemaydae leprgsesteddlyyEQUATTONNZ: 20Sharpness =
E7L-,111rltl[ic iv JEQUATION 2

20 Swarpness = 22} Eﬁﬁ"& [(5 b —1 s;,;‘%ss:}i] EQUATION 2
where k is an integer between or equal to 1 and 5. Other sharpness metrics and algorithms
may also be used in connection with the system described herein. As the XY moving stage
130 is moving along the y-axis, the system acquires sharpness information for all of the
Zones 0-7 in the focus window 402, It is desirable as the stage 130 is moving to know how

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

30

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

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

sharpness, in Zones 6 and 7, for example, it is possible to predict if this transition is about to
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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

computipg-arshavpnesseuiue: (Maxioiummsharpness damnp besiclocusyeyedanhdnmbecushbeight, Zones

6 and 7, for example, may provide information prior to.moving the next frame on where the next best
focus plaHY B&HEekoAe. HaLr5e FS&E%@S&Q@SS&}E S ST B RS Qéﬁaﬁaﬁ?g 3%@13 130 may

be sloweditasnsamiste tvare stasahsadcadpotitein hetteriiacknibet Meighhisansitioneadto lovburing the
scanning process, it may be advantageous to determine whether the system is transitioning from a
white SpUEHSY S GBS H HifRof SPAL D ARG B it SHIF o HESe S E2SHRE 6 'Y, for
exagplepitds, pagsiie{orpresichif this Jansiten thakau 1B oecticaW hile-schnsinghecddbomn, if

Zones 6 and 7 shqw increased sharppess, the XY moving stage 130 may be commanded 19 slow
oo (B O Y BRSLE DAR TR R R O PRV TP el o

movemenk{rem dighnshasanesmin oy sidignessisndeiagied idheoriaeathbedsdtenminggihatithe
scanne%\ﬁw is en_terin% a Whitﬁ% 5 sigace and.it m%}/ be desirjlb tto slow down the sta%e g130 to create
more cloUEy SFRELE fokhE HRTHIS bR HRELE LRTTAILH TN WY iaS WHEFLTRESE FanitEHEA8 not
occur, the $ta0s,/43f NdayckBeohuma) dedishorovaaat highileaontitntsneads datniseadethel total
throughput of slide scanning. (}his method g]ag zllriow fﬁr advantageous| fa% scan%ng tiSSl%e.
Ac&%rdirfﬁg‘?ﬁ[é“gﬁs S FHRPRE R FOLSKITENBE Y BE LA IRTL FoL SERS YR AI& Bfiected. 10
Furthernyen alldesusdlatpomaydocisoleateddaafivsincan antsloes: and ssapshotstmaiole taken at
best focus pqints during a subsequent, scan, An embodjment may use contrast ratio or function values
in & marHEFTRTAME thek TR CHBNATHG A ARehCSFAPESEVANIAR 0 HRRGR: EBeR 8 F5bus and
accordinglyrgetenfne irans itnsdig y deasi Btareasd haniainin gtissy e furwkitespadeg tssue  For
example, for a 15 mm x 15 mm 20x scan, at the image frame size of 0.588 x 0.432 mm, there are 26
column<ObP 4t S8 column has 35 frames. At an imaging rate of 30 fps each column is traversed in
1.21seconds or a scan time of about 30 seconds. Since the focus sensor 160 computes 120 (or more)

focus points per second, the system descrihed 20 herein may obtain 4 foguses per fr 20
focus/sec divid 8%%61?.@%)?% %ﬁ?n%@lﬁ‘g t& Of %Xfﬁg?%téh%%ﬁ%%é%aen&%r%zse é)r?(;B ; ég{cﬁses per
frame (12QF0cusesheee divitiecohyntl st anhtbaluemibadiBieiiprecAdonaamearmmayche dGed as

the focus sensor 160 and a 25 chroma metric may be determined alternatively and/or.additjonally to
the shar%?‘?e%%c 0 et EE7 e%ah%%‘fcg“ﬁ%@é %%aﬁvgp%?oﬂ%?tgt%%glgﬁo%cﬁg Gone éeﬁl?nera may

be suitahcuseehasrthefoasapansdR 4@ aoardingdos this empedivaantd. Tthe clysoma dastribahay be
described as colorfulness relative to the bri of a similarly illumjnated white..In equation form
(EOATHERS BORAAIE S LTS TR L0 e e Ao aPrpes A b PHRE

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

ps).

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

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

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

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

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

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

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

Cr=112%xR-93.786 xG-18214xB EQUATION 3B

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

based on Cg and Ckg. (e.g., such as by adding Cy and Cg).
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30B color measures: CB =-37.797 XR - 74.203xG + 112 x BEQUATION 3ACR =112x 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 CR and C. (e.g., such as by adding CB and CR). 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 var in%;@‘rrhe use of RGB color 5 information mf% be used, as with the contrast technique,

t [

to determine The B fagaStidhimg B3ROk Resh axs (HleilsHe St pace

(tissue). BysRMPWINRCIBOMA iNfd@NamR, ady aferiexample nil iscressidladespiediabit thistkkansition is
about to occur. If, for example, very little.chroma js detected, then C=0 and it may be recognized that

no tissuéBBUSTRAELS1E KPRrOAEHTYe HEthe serigh e  sEtnin gaRdngcul RotimAt fEEn% and 7 10
show ingreasestichramabiherdhasiage the@anaysbe-crmunandesttersinw dawindomreaiadmoke closely

spaced focus points on the tissue boundary. If on the other hand a movement from high chroma to low

chroma SRS, Bi0sh 3R sRrasfafiiimg tiat Fletdnmarsd Sistsing aemretEHa e ot it may
be desirgbleteslowndowrthexstage, 18 ipusiaatermprairiosell: spaseliiacisipolnte ordhe tissue

boundary. In areas where these transijtions do not occur, the 15stage 130 may be commanded to

move at RigheiSRstaht SHle abasindssleteeieh Bem b apfptmgr dmccseamdmythat Ritissihection

with userLEhaMRNESS ¥l FARLrIstkalery aHas, RRfMaIL e MavakigsHta detzemine whery the field
of view or upcoming frame(s) is_entering or exiting a slide 20 area with tissue, processing variations

mas’be MR EHRESAERN TR RTRRS An hFesy DRI PSEHEWHAY 08Pt i5dRMERN tissue

areas), meveRepddadtiiecysdikastiopnmay hesiesmages andsa IHendbaeohiagus Reinis ebtaned may
also increase. When viewing{white sé%ace or an area between tissue samples, movement in the Y

direction Ry BETHAIR B SHRIP R EFBEd SR BE R IR TITH BV e a0er SrPaie€ontaining
tissue isdeigeiaghdeed arkbaush S bYIiscreases dbomewandierssiarnness \@ieshore closely

spaced focus points on the tissue boundary. In areas where these transitions do not occur, the
15 stage 130 may be commanded to move at higher constant speeds to increase the total

throughput of slide scanning.

In connection with use of sharpness values, contrast ratio values, and/or chroma

values to determine when the field of view or upcoming frame(s) is entering or exifing a slide

20 area with tissue, processing variations 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 points determined until movement over an area containing tissue is detected (e.g.,

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

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

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

axis value of the point and has a sharpness values represented by the Y axis value of the
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FIG. 11 shows a graphical illustration of different sharpness values that may be obtained at points in
time in an embodiment in accordance with techniques herein. The top portion 462 includes a curve
452 corresponding to a half sine wave cycle (e.g., half of a 30 single peak to peak cycle or period) of
the dither lens movement. The X axis corresponds to dither lens amplitude values during this cycle

and the yoais qoRSRPAES thShaygsmy puemnEach effRedoints caueh AadaoiRl 4bdasdepresents a
point at which a frame is obtained using the focus sensor where each frame is obtained at a dither lens

amplitudB BB SHBEP P 1B ASSRISRTEIGE RPDIRL ARA HULLE HHESBAKELRReE Rpresented by the

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

sharpness values obtained as re resenteg in_portion 46% for the illustrated data points. FIG. 12 is a
flow diagram 568nhbwihg SAhE 487 18td Opﬁbegfé%%m%ys REPSP BE HR R SRt

examinationspecpidingnte-Aexembadinentaiiihe aysicm BRseihe b hereiysdhadsteddthadominal
focus plane or reference plane may be determined for the specimen, being examined. After the step
502, procédsiiy S%&m@aﬁ&ﬂ%@mrﬁﬁ THRABPIBNS e Paﬂ‘f&{m@ﬁgtﬁwsgaﬁ%d herein,

is set to pRQMERbA PRAICUTdesRNaB) ffeausneysAlie btbe-steR S a4t 4 soassingdiatiaadsdesa step
506 where the XY mﬁgeing stage is 10 commanded to move at a artiquligézpeed. It iﬁfnoted that the
order of SEHSIEEA%F SSRCHL (TR Mo SEs brHe DIBCNSdthg ATSUGLLE AR, Ny By

appropriately medifigs Foaceesdanseowith tbelsysiemnsiasFiredvhereith Alter thesiep b@ge processing
proceeds to a step 508 where sharpness calculagigns for focus points with res to pecimen
Dot e HTAB AR BRIk PRERHEE SoFF i IR NI G ORISR Sheh& ity B 15
accordingitp thagysteps desgribeebessiy Theshadphessalaiatiensypaythetideliseiicontrast,

chroma and/oy other appropriate measures, as further discussed elsewhere herein. After the step
506, ORI SEALAS StEp SED B &rEet 0t Do LGB GE fPpischich bf

microscep® Fiectiver¢Isasrih esnaeetian Wi Fanfivag eEerRsaH o rRepeapturearpsragenaberiging to
the system described hefein. After the step 510, processing proceeds to .g step.512 where a control
B s A e R R S U B
of the migasdaape vbjectivetebiapaldalshdmray, inthede sendirgeal tiggrnsignsl iadhdcaseesd (€.9.,
image sensor) to capture an image of the specimen portion under the objective, The trigger signal may
be & corfFFSRnSTARAY 25 LR BIRHE FRAGE Y o TG LRST SR A FIE Hmple, after a

specific number of cycles (e.g. as related to the dither lens movement). After the step 512, processing
proceeds to a test step 514 where it is determined whether t peed of the XY moving stage, holding
the specimen uRTET S <0l BEP SISt AR B AT Oh ATy o Tl S BPBIRERe ook
ahead precassingl tRehriciies usigRhaspresshindios aibeiinfonmation ofithulipteagzonasdddn a focus
field of view, as further discusaed in d%tail elsewhere.%%ecti@. If, atéqf teggtt?stegg gjﬁ it is determined
thatthe %%tgﬁe TR SEY §f§85 1885HE 30%%%’31,%?8& §%’i¥l{g Seeels’tEha %ppé‘i%e%?}ﬁ‘&e the
speed obibecXds mavingpsfageihadjusiadrAfitsifiecsteprhilfy probessibguprpedecs Backiodthe step

2081t e SeB A4y derines s o aament o e st of G g e
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 signal may be a control signal causing

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

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

the speed of the XY moving stage are to be made, then processing proceeds to a test step 518
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where it is deteunined whether focus processing is to continue. If processing is to continue, then
processing back to the step 508. Otherwise, if processing is not continue (e.g., the scanning of the
current specimen is complete), then focus processing is ended and processing is complete. 5 FIG.
13 is flow diagram 530 showing processing at the slow focus stage according to an embodiment of the

system qasetibed eleinidt astanRIcthoslowsiacus slagathal conjreleapgsiiendagnualong the
Z-axis) of a microscope objective, receives a control signal with information for adjusting a ILS%gsition of

the micrd&CoPEBHRIERRAHatds B TN a 19 8pRE e, REFTHRS (S 852 BHIEES SR PREceeds to
a step 5g4where theedewdaciestage Rdssisdhe, prsitioourlthe-sicigssepa«ahisgthrereaarding to

the system described herein. After the step 534, processing proceeds to a waiting step 536 where the
slow focli<eBpESvaits to receive another control signal. After the step 536, processing proceeds back
to the step 532. 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@fty/bt Brilorligeamn e EerRprotLegiAgths S ih et 6488 d8imen

under MigreseRRIGRXRBINAUcR steMaliQus mbeeinents, thedp ooy, signalod ey hespecaived from a
control system that controls trigtlgerin of the_imatge sensor image capture proces%ié% after a ?pecific

number SHEHRIRE BISHSHJS-8r 3ARAPTeAEisLatin TUCTRS BHOTERATHY RcEBTHNE ttHErsy Sterd

describegiherediesnativelyjthenigopssignabmay begpmebrd asad entapasitiomsangas on the
XY moving stage. In an embodiment, the pasition senEor may be_a Renishaw Li'nea Encoder Model

Notor 10BRELFI AT Th &5 8528 Y SLLERIg 48&5%%5&%& i HRSEYHOHI-R28ensor

captures@ndmane phssiscussee inideibhewifcthe crptuiat:imagr: By dminageisenseremay be in
focus in connection with operation of a focusing system according to %hge s¥ste described herein.

t
Captured Hia s 1158y B8 SRR RSy BIRETSHE dCcBriAHEE Wi oth rTBEFmIGeL TR rEPSHE Siéferein.

After thexstRp 54 EHRRCARTING RIPEREASHME SERDRR WBEISI) e iRgS BePEaTea Btk receive
another 30trigger signal. After the step 556, processing proceeds back to the step 552. FIG. 15is
a schemtie MHustration 600 showing an alternative arrangement for focus processing according to an
emfzpdiment of the system described herein. A windowed focus sensor may have a frame field of view

(FOV) 602 that may be tilted or otherwise pgsitioned to diagonally scan a swath substantially equal to
the width of thel IHag g SBrLBY FAFREFON ROAO KU BB Mo P RANS P HRSSHRBI IS AP BAYiRRd in the

directioregftsauabift of eanyaieniheciained 602 of thadjiled foausisapsaemay b 1Qairgdo 45
degrees which would have an effective width of 0.94 §é0.707 = 0.66 mm.at theﬁgﬁgect tissue). The
fame RS0 GIBHEE TR OO APV S CERPE R IR GTU1 268 AR TRAPoIGHE s the XY
moving sigehicieg (iridisaueroioupk wrderithtobjdativesithe tiitdddewasensonfranreilV 602
sees the edges of the sw&f}h observe(L%i the irﬁgfe serﬁor. In the vi% muItigIe frames .of the tilted
fockfs seasr M dSHBAR SORATRBESH DRHRS S GOIENE SFEBrHREON R0 ISR T d IS ositions
at times &plu pretSshocutepaisigety heibient attkeedointdn of a dither lens used in focus
processing according to the system described herein. 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  processing proceeds to a step 554, where the image sensor captures an image. As discussed
in detail herein, the captured image by the image sensor may be in focus in connection with
operation of a focusing system according to the system described herein. Captured images
may be stitched together in accordance with other techniques referenced herein. After the

step 554, processing proceeds to a step 556 where the image sensor waits to recetve another

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

FIG. 15 is a schematic illustration 600 showing an altemative 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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10 between the centers of adjacent frames in the focus column. Focus positions 0, 1, 2, and 3 are
used to extrapolate the best focus position for the next snapped frame at position 0*. The scan time for
this method would be similar to the methods 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)/2 = 0.18 mm or the

tilted foqusipaRsRNOREEAACHRE H 24bRteE Nexkiranieete 10en 15 acairedntheiame i\ 682 of the
tilted focus sensor, being oblique with respect to the image sensor fr,ameé:OV (\)/% sees thf tissue on
the edg@9bf the e ahﬁr%iéherﬁayd@évaza@ma&étsﬁéﬁ& L8 mﬁﬁ) & EtIEcus

informatige sl 2616 AseiTemnatitellystiation &RArshawing anatiernakgecasangamentdatkacus 20
processing according tg another embodiment of the s@em,desc,ribeqohﬁg As %(g}? gbustr tion 650,
the framBIFOEeB52 Bidlebioctie SbnsP SR FRBIEE VB8 b HE 5 KeNsbcthown.
Thesframe-RRYc602s0hbedifed sensomay; be wakH T aFpdadoctisiatarnadian aovthedenvard pass

across the tissue. In the backward pass the imaging sensor snaps frames while, the f ge
adjusts §E&g MBI B’Q§§Sfd&51§rdg‘fé.°%f38ﬁtév§5t Hfgﬁitgo%}ﬁes%éﬂ% ?ﬁ‘fft L@egé image

frame skigningintgevediatespagitionefed b2, Bdndhediasmethact: thevOhmayiagsiageocad move

4x the speed in the forward pass given the high rate of focus_point acquisition. Fo le, for a 15
mm x 1516 4Ptk Saelufif S RUBE A §ﬁ1c‘é‘?h§’?6%%§8%gt%ris%gd%iﬁe§§ﬁ£%b Foints per

second, iierfapniate passsandoeisxacuiead i £h3 secndss(PoilIRMEsI 1RO faaus paiisperisecond).
The number of 30 columns in this example is_26, therefore the foc%s portion can gje go[#%‘i_@r? x 0.3 or
REYG8GS portio

7.é§ec&?ﬁ§(e%élﬁﬁf§&ée§cﬁ%?§uﬂ?ﬁ“5tf§%“fﬁ%l%t§8 BE4 08 BAds FPAES B he total
fscan timﬁé&@égwtha@(mw&&e iﬁ@ﬁfe%@iefﬁbhﬁ wabeionf ﬁgmﬂﬁ weresalppeidianskis ﬁuewoatberﬁame, the
ocus portion of the scan time wou rther drop substantially. tis noted that, in ot .
embogirﬁ%aﬁltél,rﬂ’?ef%&}é RSk R 86 %fcf‘ior#mf‘él‘ﬁégﬂﬁ%‘é’% é?t??é’?%‘&?a Bt $he field
of view, grdfahahepvrigtations, iidsample sdiscenicalumnsolodatalienp)oriddwadiiomicok ahead
information that may be used in co neﬁlﬂi‘o ith the system de cri% d hereir;f. S . The XY moving
stage cdRyTG RS STt 1haPPidas HaSEHSCSE 5 M BRI e bt tRdo AR FHRS AP Rih respect
to tpse pradusedinibe baakwarohirey ale Rtsd 2068. #ndbh dhjagtiveliyhereithadppth of focus is 0.9

micron, it would be desirable to repeat to about 0.1 micron. Stages.may be constrycted that meet 0.1
micron f&%&?ﬁmv%laﬁé&%tg |it§/ef§)§?13df1§%eo?&il% e‘%ﬁ?s?%g ¥ e clhfghf@a?e €ible, as

further digrussasaisenvbetainessd o prdvide eipbasinenfoardisaume or smear on a glass slide being
examined according to the system described herein may cover the entire slide or approximately a 25
mm x 50 mm area.

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

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

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

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

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

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

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

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

other frame, the focus portion of the scan time would further drop substantially.
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15 Resolutions are dependent on the numerical aperture (NA) of the objective, the coupling medium to
the slide, the NA of the condenser and the wavelength of light. For example, at 60x, for a 0.9 NA
microscope objective, plan apochromat (Plan APQO), in air at green light (532 nm), the lateral resolution
of the microscope is about 0.2 um with a depth of focus of 0.5 urn. 20 In connection with

operations of the jsystesd deschibeshleraitbdigiahianagesonay bepobfaheddaimeying anlimied field of
view via a line scan sensor or CCD array over the area of interest and assembling the limited field of

views oPfidrEd Ailathedenirns mihia hodiftd s iRtirdmedh A H e RELaIE Bpar P fless with
no visiblgstitehy feausr A5HHadianse o aiiesas thekvidwal Navigaleserass fyeenti image.

FIG. 17 is a flow diagram 700 showing processing to acquire a mosaic image of tissue on a slide
accordi@%%ﬁ%&%mﬁ?ﬁsﬁ%@%@ﬂwﬁ&@&ibed 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 on the slide label the barcode may he decoded a?g attached to

the slide image REtHIS SREPIIEPEREWSE 1D 5 SLASIRY FrBEECUS RSt Baps oA SRS e tissue

may be fouind as-thedstidedsing stapeare imageRiacessing tholsackhenlisadedn@ybe tnpuodsd to
narrow the scan region to a given areaﬁof interest. After the steﬁ 704, proc sé(r)\g proceeds to a step

706 whe e dPRFE FH S SRR HiasHHAS HHA RIS H Bidivd BF et RS 2b85t706,

processing Mayd¥.osegdstaysterdtiirudiedalonenRennrenfasys pantsdayibeagtrgratatiatyegular X
and Y spacing for the tissue and best focus maggbe etermined usi %%)c s tech i%)ie, uch as one
Fe¥s e §p (01}

or More B¥thASAIPESEL SR TREHHEFRL Hiskiy WErS hetein. 17855t Scessing 5

may progeeshto a step 710 where the coordinates of desired focus points, and/or other appropriate
information, may be saved and may be referred to as anchor points. It is noted that where frames lie
between the anchor points, a focus point may be interpolated. After the step 710, processing may

proceed to a stepaflaivbenadhe Mmicsaseoremitr objeciivesisipRsidaneekaidtiedastdalitg pasiion in
accordance wit the,tecf}‘giques discusse elsewhe{_e herein. After thi step 712 %rgﬁessirég proceeds
to a step Pt IBRGAEGE DR R DA e BT AR BRASY %r&?é’e oSt ktep 716

where itiedatersinacvdiptiideanentiie aeacatittepesuhagvasnschanggeandaimagedutiingt, then
processing proceeds to_a step 718 where the XY sta oves the tissue in the X and/or Y directions
15 accofaftgs ttﬁeﬂf&ﬁ@iﬁdgg &‘gcﬂggéedcé’%%%vﬁ%rréggeﬁ;n‘ivﬂﬁ ?‘}%‘i‘ &%B%}]i&%)fo%’é%gﬁr ¢ Broceeds
back to $step 708 iiat theiesbetepblddivtpistepnineshibatEaent®)aiaanf interest hes been
scanned and imaged, then processing pyoceeds to a sten 720 where the callected.image es are
Sttchert G GiF i 8 BT R SR LIS CHEHS RS AR Tl B R St
describeghherein and using techniques discussed elsewhere 20 herein (referring, for example, to U.S.
Patent App. Pub. No. 2008/0240613). After the step 720, processing is complete. It is noted that other

appropriate sequences may also be used in connection with the system described herein to acquire
one or more masajerinrages.with operations of the system described herein, digital images may be

obtained by moving a limited field of view via a line scan sensor or CCD array over the area
of interest and assembling the limited field of views or frames or tiles together to form a
mosaic. It is desirable that the mosaic appear seamless with no visible stitch, focus or

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

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 on the slide label the barcode
may be decoded and attached to the slide image at this step. After the step 702, processing
proceeds to a step 704 where the tissue may be found on the slide using standard image
processing tools. The tissue may be bounded to narrow the scan region to a given area of

interest. After the step 704, processing proceeds to a step 706 where an XY coordinate
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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 position
by the focus motor is easily seen in a tiled system (2D CCD or CMOS) and in the adjacent columns of
a line scan system. For the resolutions mentioned above at 60x, a z peak repeatability on the order of

150 nangmeteheiyessdgdesiableprind spak: reneatabifie ieuthparaoreioglysing suitaplectedother
objectives, such as 4x, 20x and/or 3040x objectives. According further to the system described

herein, Vardotighe AN RAE PR I ANOTa e QAR BUPEIRMINRABFAGTAR XY BEYE fe POV TS

pathologyierasaaPinanricaiansibabaandeuserua consesiioriith e deaturasmang teehniques
for digital pathology imaging that are discussed herein, including, for example, functioning as the XY
moving eff@s dlbesrieg RIS HESi EESHEEG G Sith OHEhdfy TR UShPPTRERTRRes.
Accordingatp gio &nabadimentpanthas fidrthaidisenssrsdn detadsalseihaie Rari), aia/Xy stage may

include a stiff base block. The base block may include a flat block of glass supported on raised 5

bosses AR PSS M HTIHAK St JRass e A b RS Re GHEE b 918 SNSE RS Bh rlikeh¥dhses. The

two blockaimaeRenused as 55IReth andabiaigBbiaits MY sIROMKIER MeYiigastage block. FIG. 18 is
a schematic illustration showing an implementation of a precision stage 10 800 (e.g., a Y stage

portion) of an XY stage according to an embodiment of the system described herein. For example, the

precision stage 809 mry A6hieve, Zpaaksiapeatapiiiy@rdhe ardeso7120Nanonmeriars@sdessover a 25
mm x 50 mm area. As further discussed, elsewhere herein, the precision stage 800 may be uged in
corfectSritheEReRERTd ?é&h%m&@a}&ca%%a%@e%ﬁ%ﬁffa%@rm ﬂﬁ&&?ﬁ&f%?se@ﬁﬁ?ﬁf&

functioniggeiniepaneatian Loneitihthaep Y7 mopibecsiage pkdbediBcusaatyith 4espest ta theagaithe-fly
focusing techniques. The precision stage 800 may incjude a stiff base block 810 where a flat block 812

of glass FEHFbrtedteh thei SEP Hdds SEOTHE U RERTES twegéﬁ%ége@j&&‘@hﬁ? #hdf #RT e to the
weight oftheheresisionisiage-800 intiba glassdieckanitdhensimplealpIonsQreiaiproizesdn second

block of glass 814 with a triangujar cross-section is supported on raised hosses. The 20 glass blocks
812, 814%&%?@% Qah&kiely %ddlﬁ‘-iﬁ R DSREDIBER BB B S d%ﬂ%%{y%vfﬁﬁ?&i%ss not
strain theglagmblaskael beiplansbloskaRid, Sddmay hesirightfandipolishe d 18, 0peefsbivg waves of
light at 500 run, A material of low thermal expansion, s as Zerodur,.may be emplayed as a.material
for the GMES IR B18 BEADALL agbrg N D oF b oA HIL BETLAR WP RS R o with
the systefroglesariRestberaimfeCuinaun?h3ds May pleestiaht forealmiorasaepercondaasetio

illuminate the tissue on the slide. .The two glass hlocks 812, 814 may be used as, smooth and
gt g A S A S Rl s A

hard plagtiegphesigahshaperkbsittians (R@ikebuitons) that eontaaichit@lasdiblosks] akdivstrated at
20 herein (referring, for example, to U.S. Patent App. Pub. No. 2008/0240613). After the step
720, processing is complete. It is noted that other appropriate sequences may also be used in

connection with the system described herein to acquire one or more mosaic 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 position by the focus motor is easily seen in a tiled system (2D CCD or
CMOS) and in the adjacent columns of a line scan system. For the resolutions mentioned
above at 60x, a z peak repeatability on the order of 150 nanometer or less is desirable, and

such repeatability would, accordingly, be suitable for other objectives, such as 4x, 20x and/or

30 40x objectives.

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

may be used in connection with the features and techniques for digital pathology imaging that
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30 positions 821a-e. Because these plastic buttons are spherical, the contact surface may be confined
to a very small area <<0 5 mm) determined by the modulus of elasticity of the plastic. For example,
PTFE or other thermoplastic blend plus other lubricant additives from GGB Bearing Technology
Company, UK may be used and cast into the shape of the contact buttons of approximately 3 mm

diameteprdn Ag-ebpdisnant, thewasticieptahfristionrunetuasts the plasiorbuitanmangnelished glass
should be as low as passible, but it may be desirable to avoid using a liquid lubricant to save on

instrumehtsstehmdermbsrebhiBsarrestion sdbmmadhe dhrfeteanisdamnes Aneeaine ity be
readily aghigyeshiRAING as RS dRAanrid IB AR NN BLeRiler viawsyofihe mayingistage block

820 according to an embodiment of the system described herein showing the spherically s_h%ged

buttons 8FFALdiratleractiife s ey & Hid BlskidisBrtawrrEbMioiishitay be
arrange@despositions Joaindll e dRr SxsrRKe THSiNNeS srifnallidireebions.otar igrbtha drivingsd@ direction
(Y). For example, two plastic buttons may face each other to contact sides of the triangular shape
glass bISORELA AL IHLRIRGHS BEBBCT DAL MR AC D SHBIHIPHIOp BEHD R C SRR Me flat
glass blagle8bkckhe moving stage block 820 may include one or more holes 824 to be light-weighted
and shaped to put the center of gravity at the centroid 826 of the triangle formed by the position of
plastic support buttons 822a-e. In this manner, 15 each of the plastic buttons 822a-e at the corners of

the triangle 82802y Rave, eguavgiohtatall dings furingrmetinenithe stage8RcisioRggising back
to FIG. 18, a slide 801 is clamped via a spring loaded arm 830 in the slide nest 832. The slide 801 may

be Han B (Si8ced th HRBRELTESD)ffSr fobotieaiyP eIl it thentkedimsstyaththe sy
mechanig¥erib&lifl gantiever a4 siperisisndHgidknclampadirend plamal-diavnetecHexural

rod 842 that may be made of a high fatigue strength steel. In_gne example, this diameter may be 0.7

mm. TheltREIE Y I SBEMETH BATHRAFDE diaftiRd to thE eRfdid fosdtHERB2EGHTE moving
stage 820sebhreantiiener REMHE49saYsheattaohskjor haaing Riesk380nvrigh mayfei a a

recirculating 25 bearing design on a hardened steel rail 852. A lead screw assembly 854 may be

attached 4 BB M BIBECESY 28 HEMad SLrei s nBIFaRS: nid BT8R 8 1) 2 EePper
moter 836 Stitaklie anrnpenants ythieselerae Wsinetepabry e may-he-Avaitahladhreurh gaxeral

companies, such as THK in Japan. The lead screw assemblyg 854 drives the bearing block 850 on the

rail 852 WRTCHFHISDFBEEREY MEHIBYHY &SYE BREECESE AR FouFERUPLOs 3 13t Blass 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 cross-section is supported on raised bosses. The
20  glass blocks 812, 814 may be adhesively bonded to the base block 8§10 with a semi-rigid
epoxy which does not strain the glass blocks. The glass blocks 812, 814 may be straight and
polished to one or two waves of light at 500 nm. A material of low thermal expansion, such
as Zerodur, may be employed as a material for the glass blocks 812, 814. Other appropriate
types of glass may also be used in connection with the system described herein. A cut-out

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

The two glass blocks 8§12, 814 may be used as smooth and straight rails or ways to
guide a moving stage block 820. The moving stage block 820 may include hard plastic
spherical shaped buttons (e.g., 5 buttons) that contact the glass blocks, as illustrated at

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

buttons of approximately 3 mm diameter. In an embodiment, the coefficient of friction
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The bending stiffness of the rod flexure 842 may be a factor greater than 6000x less than the stiffness
of the moving stage block 820 on its plastic pads (this is a stifthess opposing a force orthogonal to
plane of the moving stage in the z direction). This effectively isolates the moving stage block 820 from
up down motions of the bearing block 850/cantilever atm 840 produced by bearing noise. The careful

mass bajereieg anditeRtiBadsoeeMRIIIBIERiaN-abiie peesision sapessiBROKlaserihgd herein
minimizes moments on the moving stage block 820 which would produce small rocking motions.
Additiondf Al Y MOVITE 8tdg d BIFE KBS Hh S0 61 SHe P SIRLR o PHIBYRG e BIdkk 820 has

z positiogeaatatility.obaseat AR% s wmeden peaknaulficiontiosseaanminai &Y maghification.
Since the 60x condition is the most stringent, other lower magnifications such as 20x and 40x high NA

objectivé’?’also show 10suitable performance similar to the performance obtained under 60x
conglitions. FIG. 20 shows an implementation of an entire XY compound stage 900 according to
the precision stage features discussed herein and including a Y stage 920, an X stage 940.and a base

plate 960 accofdiy tb’AnBrhbARiATEMR e RRGHTHR QL AR B ARFE 18 e e 80 A8k block

for the YistageHBhasamasthestssiagaQ4auibhis amvRgnstape iptbecXlgiractien. hubase block
for the X stage 940 is the bige late 960 that mahyztbe fastened to ground. The XY compound stage
[

900 provitel $dPPESeRREilRY i896S Daks &idh SRk BriRPBRIBY trhommel e AHIPED At tifties on

the ordesrefnkell MIGORSIR! 1BSS)llvihaot andédietions acenrdingtodhetbystam dasearibeg herein. If
the stages include feedback posjtion 20via a tape-scale, sych as those produced by Renishaw of

GldflcestedHiPg, Bngldng, EaBmichBh BRI YRR TSRt B SPsiom H¥scribed
herein. triadfig-$tapg design ancekdRio:to; hesysiemesethgdAaren-nayshe sunerigie.spherical
bearing supported moving stages in that gn XY stage according to the system 25 described herein
does noPSUfERFLIA fsfs@af&ﬁﬁi%faé@%&s Bliekotion, @ﬁé{é%é}ﬁ%%% ﬂfﬁﬁ&%wayﬁﬁ fediEross
roller beafingse kordditione Berasiiculating-heatdng geighsuatie\vehal complemeantay siffetent size

balls may cause non-repeatable motion. An additiopal benefit of the em iments described herein is
the cost%%r‘i’és g’[%&%‘"?‘ e fé‘%%deg]é’ Pé’%}ﬁﬁ’?eogt%%Bté?&‘PQBBﬁaLQF?&%gggﬁiﬁgﬁ%é HiftEeEnd are not

overy expensivie Thatiealingn3dGijogck anthicashaesay asseimnblicdr failced teheapartigutasdy high

uality in that the, rod
g Y altl tlames during motion of the stage 800.

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

on the rail 852 which pulls or pushes the moving stage block 820 via the rod flexure 842.

30

The bending stiffness of the rod flexure 842 may be a factor greater than 6000x less
than the stiffness of the moving stage block 820 on its plastic pads (this 1s a stiffness

opposing a force orthogonal to plane of the moving stage in the z direction). This effectively
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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. Itisdesiranle thatine usgrdntBHRNE00 bedieedsddarin alhslides ase seanpegdinkhelbalch size
may include multiple slides se.g., 160 slides) and the time to scan all slides is called the batch time.
The slid8SHsratidrst e B08liRELBEEARBEr processed. The cycle time is the time between
each available slide image that is ready for viewing. The cycle time may be influenced by the
following steps in acquiring an image; (a) robotically pick up the slide; (b) create a thumbnail view or
overview imagé BF HEEHIRAS halnsiareand A TAHEP (@ RealREIRd i SiEh Y RfSrESIHBLIART the
slidg tiss, (:RE8acan-the houndeddissuaareato filedhraaulatakay ehbasufassisadpaints on the
tissue; (e) scan the tissue according to movement of a stage and/qr sensor; (f) create a compressed

output irRERRTE KAbI kR g aHENG) AdsfibsRale Sines Bsdp st Hextadfb ek Hotedthastep (d)
may nothgigecessary thdynamicieausing Qk"enghexdly’ feeusindrispadonmedaceereiag 15t the

system described herein, and in which scanning/image acguisition_ time ma accor(ﬁingly, be reduced
as a resHANGMRE detlesBHARE O SCRMRE SethhuBagn ticatan sy et S BRSASRS further

involve gliminating.ar, sgrificantbnshioneningtbeutimg oRxer1e:s1eps Xl dbjkdieamddghoAccording
to various embodiments 20 aof the system described herein, these gains may be accomplished, for

exahples W RIS O EaRf § BB HEBLIHRTE UBBRSE RSt RRIE) O 18)S1RY 498 g) for one slide are
overlapped in time with steps (d), (e) and (O for another slide, as further discussed in detail herein. In
various embodiments, the overlapping of steps (a), (b) ap??é% for one slide witéw teps (gz), (e) and (O
for another slid fiag TR GRITBFEH TR0 ALF S SO BB SHRES U@&P&Pﬂ. Bavierein
steps (a}héNraasiss)sagonashics AreRatOredappatindticiens Yie) @ 4h fosapether slide.
a base plate 960 according to an embodiment of the system described heremn. In this case, a
15  base block for the Y stage 920 becomes the X stage 940 that is a moving stage in the X
direction. A base block for the X stage 940 is the base plate 960 that may be fastened to
ground. The XY compound stage 900 provides for repeatability in the Z direction on the
order of 150 nanometer and repeatabilities on the order of 1-2 microns (or less) in the X and
Y directions according to the system described herein. 1f the stages include feedback position
20 via a tape-scale, such as those produced by Renishaw of Gloucestershire, England, sub-

micron accuracies are achievable according to the system described herein.

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

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

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

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

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

flexure decouples the moving stage from the bearing block.

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

otherwise minimize scan times during the scanning of digital pathology slides. In clinical
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FIG. 21 is a schematic illustration showing a slide caching device 1000 according to an embodiment of
the system described herein. A slide pickup head 1002 may be positioned 30 to pick up a slide 1001.
The pickup head 1002 may use a mechanical device and/or a vacuum device to pick up the slide
1001. The slide 1001 may be one of a collection of slides in the batch, for example, a batch of 160

slides. Theiselegtionpfislidesmayie dispoprddnaarstide fagladd ko The diskdpsheadkafiis
attached to a bearing car or block 1004 which travels on a steel rail 1005. The bearing block 1004 is

moved By 8 P8eaRREHest e RITIETEC MBI LB HESHE D aaB s shdRstn 14 Fotar e S MP007 and

converteddpigiineatiiavel fecaentiatislidiesnasitine Raned -direcineh The alempriaddaripe’ may
comprise a moving assembly referred to as a slide lpader/unloader 1008, The slide Icieilderétgﬂoader
40

1008 m&Y 984 58ovEoEnsidridtand dhbEEMNl Ssb b siketolio-Hipdethedhaichotgh r Gvhich

allows they slidepalordar walapees A OQ&topmayauindaibstbe. XaRd:Yelirgstionsthe tilibaReratan, a
slide, while still held on the pickug head 1002, may be positioned under a low-resolution camera 1011

to obtairfthi Bl iR seothetiiFaryalgE YEMBSlide tissue area and label (e.g., the

above-noted step (b)). Once this operation is completed, 10 step (c) may be executed and the slide is
placed into a position on a slide buffer 1012. The slide buffer 1012 may include two (or more% buffer

slots or position' $¥8ls, HBEgBARRG MERSRERAADIEME LSS S5°PF 17 BEALT SO #8%64) In an
embodirpaitis.nonpRaURE %¥ stale dN13amay-neludbnaibtage platevidlidwhahage of the slide

10  tissue area and label; (¢) 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 movement of a stage and/or sensor; (f) create a compressed output
image ready for viewing; and (g) deposit the slide, ready for next slide. It is noted that step
(d) may not be necessary if dynamic focusing or "on-the-fly" focusing is performed according

15 to the system described herein, and in which scanning/image acquisition time may,

accordingly, be reduced as a result of use of the on-the-fly focusing techniques.

The system described herein may further involve eliminating or significantly

shortening the time to execute steps (a), (b), (¢) and (g). According to various embodiments

20  of the system described herein, these gains may be accomplished, for example, by using a
caching concept where above-noted steps (a), (b), {¢) and (g} for one slide are overlapped in

time with steps (d), (e) and (f) for another slide, as further discussed in detail herein. In
various embodiments, the overlapping of steps (a), (b) and (¢) for one slide with steps (d}, (¢)

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

25  wherein steps (a), (b) and (c) for one slide are not overlapped with steps (d), (e) and (f) for

another slide.

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

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

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

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

a steel rail 1005. The bearing block 1004 is moved by a rotating lead screw 1006. Motor
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15 moves in the Y direction and which is mounted to a plate 1015 that moves in the x direction. The
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 slide pickup head 1016. The pickup head 1016 may be similar

to the pightipxdgad bOLeielaserhad AReMe- dheRIFKUDNBROCHEE A MRYIHeamRERaRisRfevice

and/or a vacuum device to pick up a slide. The pickup head 1016 of the compound XY stage 1016
may motoRAEHIHE PeSidFeE82Ba 2A8 PRI thEIIEROTo19Y FHRIIR MDY RRP W ¥ontinue

to one ofrRa&1 96 theaaltrvanated SieRR: NG RSB RS 1 (8] Bre8eaRe{ 8D 68 aR3nNdk (Dneseatmoutput

image 25 steps. While this processing is being executed, the slide loader/unloader 1008 mi?g pick up
C

another MR¢8%5d Sraanmen) opblask HOthihibaaidiedion treraiat 1 othidia) aves dmdide1011,

andsplaggding shas: 48010k a9 2Rt RRsHIgR 1018bindhe.glide 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 compound stage 1013 may place the slide 1017 30 into the buffer position 1018a
and pick up therneydeshiglen(siidadOGH s thedafier pesHierupOi8i thewls wadyfopssadine

compound XY stage 1013 may move in a regular back and forth scan pattern under a high-resolution

optical SRIEFPIFEFISSONE Shtive sid Ramratiainoths teynheat wigh HsBssly mfsoPhibfgical
tissue inspgearsiARcA Wit daabd s, anchieshniguRidiseysaed. eisewhare hriaiodtis dupridaoted that

movements and slide selections of the compound XY stage 1013 and/or the slide loader/unloader

1088 malFBd DomirbREesHY SR bk PTESBEISThiRR GrirsTEgR e Hhdeshidoibbtulfader
1008 maygeaueta ther buffer pasitien:1018a ardpiskfar sldResirikody PR senosibthaslide 1017
into the slide rack 1003. This slide 1017 has completed all of the steps enumerated above. The slide
loader/uiigaden s B8 a5 e AR PReKOB AR ad another slide into the slide buffer 1012,
and eventually pick up and return the slide 1001 to the slide rack 1003. Processing like that described
above may continue until all slides that are in the slide rack 1003 have been scanned, 10 The slide

caching technidié® &5XBpdimgRb theosreanf 2 LciBel herdimpyovidadsat shagemis té &ffings. For

exagplenipassystenyadide2nlmmwhicl Ssmipdield. ihe giakumtingis Abow Abtsesones:tihe
thumbnail acquisition is about 10 seconds, the pre-scan time is about 30 seconds and the scan time is

90 second€. FResBip P fife HRNBAYGTALERS e SHRSHOTALN ST W A0t iS iy SsrotsE¥ BH8 may

add abopt2iseenndainbhadeposihad theslide israhowodpseconds. Adeinaallhidhase tisem fogether
indicates a 180 second cycle time. The XY compound stggce stjll needs iiéme to ;})ick up and deposit the
scannedTéa?d%%ﬁiel%a@é’fcmrﬁwaﬂsﬂﬁ SREGHY éBP&iﬁ@%u {Ltion Hhe@isitme is

thereforgaldoLt s (k8956 4 M 80te 5t hub dlesiistomsads i ely aBiviE fatiesperbpigees 1805 such as
on-the-fly focusing as furtherd(%?,cusse elsewhere erein,‘the rescan. time may be eliminated, and
witFPhighPAX S FA SIS G RS SRl iRt %Eﬁfgd‘ﬁﬁcf {posit 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%. The pickup head 1016 of the compound XY stage 1016 may move to the buffer
position 1018a 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 image
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 compound stage 1013 may place the slide 1017
30  into the buffer position 1018a and pick up the next slide (slide 1001) from the buffer position
1018b that is ready for scan. The compound XY stage 1013 may move in a regular back and
forth scan pattern under a high-resolution optical system microscope optics and camera 1019

to acquire a high resolution image of biological tissue in accordance with features and

techniques discussed elsewhere herein. It is further noted that movements and slide
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25FIG. 22A is a flow diagram 1100 showing slide caching processing according to an embodiment of
the system described herein in connection with a first slide. At a step 1102, the first slide is picked up
from a slide rack. After the step 1102, processing proceeds to a step 1104 where a thumbnail image is
obtained and/or other thumbnail processing, that may include determining an area of interest of tissue

on the skdrcipherégrmeddarshairstslidesS0ordtanine: step dRAHRIRERSNIARP0eLdRdp Bestep
1106 where the first slide is deposited into a slide buffer. After the step 1106, processing proceeds to a

step 1108%HkethE ME18IME FSHERIESEP L b PR S AU BRfer. After the step 1108 processing
proceeds to a step 1110 where the first slide is scanned and imaged according to techniques like that
further discussed elsewhere herein. It is noted that in various empodiments the scanning and imaging

techniques may fchidé [radetanlor oG Stepe e dhe Sindeayosiinnrd QLS &didies, such

as an ontibeifiefaousingdegbsiciandiadheostenntd ¥iPEpeessing proseedsito digtepolilizyvhere the
first slide is deposited in the slide buffer. After the step 1112, processing Proceeds toa steE 1114

where fifTeRbEeE Aol ditp F eRETSREEcA AR S ARSF thiderdprd e anigrderddt Brotdads o a
step 111&nheketthgifisislida isAdepesitedndheslidecracke HHEENO StepdIh@uRIACE IR}

complete with respect to the first slide. FIG,. 22B is a flow diagram 1120 showing slide caching

processity EB8MIRG fidth HilbsRithestids freks)dfbin Jrasinng HrethahdssrmbedishaviiieSecond

slide. As:gigaunsestilQifurthes farair.iMakovsRienk alteHiow Kiagsam k0 may be perfor,ed in
parallel with steps of the flow diagram 1100. At a step 1122, the second slide is picked up from a slide

rackl After the step 1102, processing proceeds to a step 1124 where a thumbnail image is obtained

and/or other thuymbnailipresassingethalqneay #ehidem determinisgamamaceiiaierrstial issHgon the
slide, is performed for the second slide. After the step 1124, processing 15 proceeds to a step 1126

where tHESEUBREPEidEME GopBETted Mits" LRI Hiffety KeBrtha $tp ' P198" prdcefehd Pbckeds to a
step 1133nheientBessgsanc slidedsdsiokedninbanm theyslisiecaulfepniter thesiep Hesrareegssing

proceeds to a step 1 where the second slide is scanned and imag};d aﬁﬁcording to techpiques like
i

0
that furtﬁm@&P&é@ﬁPfé«%%%@f}%%?ﬁﬂ&%ﬁ&éﬁﬂ%io&w Shithe SO BRFSBAR KR and

imahging é@ﬁ&@ﬂiﬁﬁ% e iﬂﬁ:] Llﬁfﬁlxﬂffiﬁg Mzean lahing ﬁ@gu&f‘t{@g eﬂﬁ@@tsii@éﬂ@lﬁdéasinﬂh@ymﬁ f@f:u%ing
techniques, such as an on-the-fly focusing technique. After the step 1130 processing proceeds to a
step 113 Ban s?é)c%‘??(ﬁ’%‘iﬁjeﬁésgéllé’&o@iiéﬁ e WS RARTEAREIHE st P 158501 0Be8ing

proceedgte:a gtep Xi34umhriengeaond giideispicked up i thesidedulierdlvatiedsigRd 134,
processing.proceeds to a step 1136 where the second slide is deposited in the slide rack. After the
e 25 11BN PGS PR i SEBR 10AFE EOT SheresucTi Bt o Wt an

embodiraent i thebaysten siescribech hgen asitessingwlidm caghingd wispscofdhs flevrdiageam 1100
with respect to the first slide may be performed by a Iiije caching device in paralle| with the steps of
thet flow SR BT 10 Ch A RSBt PO S eea e OB HEB et r A RSyl e TS cample,

the stepslin22iédl 244 1426 ibtheatlovidiagramsd heQiaeihs seconthaidei(R. giclbg sidnspdgonnection
with picking up the secand slide from the slide rack, thumbnail image praogessing and depositing the
econd SR chure o3 oy B0 ATl R FOBS P Bt B o 5
diagrammdPBanvblawiesperi-Brtheolirss slisie4e.g., the steps in connection with picking up the first slide

25 FIG. 22A is a flow diagram 1100 showing slide caching processing according to an
embodiment of the system described herein in connection with a first slide. At a step 1102,
the first shide 1s picked up from a slide rack. After the step 1102, processing proceeds to a
step 1104 where a thumbnail image is obtained and/or other thumbnail processing, that may
include determining an area of interest of tissue on the slide, is performed for the first slide.
30  After the step 1104, processing proceeds to a step 1106 where the first slide is deposited into
a slide buffer. After the step 1106, processing proceeds to a step 1108 where the first slide is
picked up from the slide buffer. After the step 1108 processing proceeds to a step 1110
where the first slide is scanned and imaged according to techniques like that further discussed

elsewhere herein. It is noted that in various embodiments the scanning and imaging
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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

processiaghigghaigues aceereiag fethensysientaesaiipeddperainwompanad Fih-prRcessinggne slide
at a time, with additional gains possible using other aspects of the system and techniques described

herein. techuigies SR 2832938% M5 MR i is O Rifg sidEcaRRinRedhhih RELSEB ing 10to

embodirpepisef the system desalibeehberpinsaad HustratingdimnetzayingHageprdietovateys
embodiments of the system described herein, FIG. 23A shows the tuning diagram 115Q for the

scenarid i 4wt PR BEarPets SO ! rrkvthshs bt s mawedn® framdie s iebites (Slides

1, Zsand i Qvige aspan of 15oapRinximatebised seeqndsii Gorneionwil)peroaRibgistida
processing steps using slide cachin% including pickup of a_slide from a slide rack, thumbnail image

processitig SHEpHHing SIS s el b et JSCKIBEHD AP TN Bt SraRsEbifGy HEaifling slides and
outputting files, depositing into the buffer and depositing into the slide rack. As illustrated, in an
embodiment, the cycle time for the‘iIIustratedé)rocessing may be approximately 150§econds. 20

FIG. 23B show fe4fiift HAgPariaeiEd fdrq SPeWArs THARHRA I S ORRSSIREGRELRT Ethfique is

used (NQRIRSEXN: JhBdRINGH I agiameews the tornecithwep slidesnBlines 142 asehdeaver a

span of approximately 150 seconds in conpection with performing slide moving and s¢anning steps
usithy sIitERECHG ThIAtRS SiRaP b1 2PsHaY 252 #am élﬁ%@@ck?tﬁmﬁm@%ﬂﬁ%c& ng,

depositiggslidesHa thevbutfgrapiakep fremdhepufien, seaningslidiee andiapulbimbiles sdepositing
into the buffer and depositini into the slide rack. As illustrated, in an %mbodimmgf cycle time for
the illustfted prTeléintTmdy fe BFSRIRTGIERFEH SARchHEP3bRIG o4 fs % BB R ¢S Stion

showingoaslicial cadningderitrhBaliseomingolatanatherisondinent b ties ystero Hpsearbed
pren, I Mtelcd podrent to Pien eaud, and ko hubnal and depest e
12@9 maydbeddseotwerpY1 copRaRtistagesniXlide i 28pubicia anerateidedrprndenty: fhackpf the XY
Compou?(lj%’ processing proceeds to a step 1128 where the second slide is picked wp from the slide
buffer. After the step 1128 processing proceeds to a step 1130 where the second slide is
scanned and imaged according to techniques like that further discussed elsewhere herein. It
is noted that in various embodiments the scanning and imaging techniques may include pre-
20  scanning focusing steps and/or using dynamic focusing techniques, such as an on-the-fly
focusing technique. After the step 1130 processing proceeds to a step 1132 where the second
slide is deposited in the slide buffer. After the step 1132, processing proceeds to a step 1134
where second slide is picked up from the slide buffer. After the step 1134, processing
proceeds to a step 1136 where the second slide is deposited in the slide rack. After the step

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

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

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

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

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

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

1100 with respect to the first slide (e.g., the steps in connection with picking up the first slide
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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 1211 5 and the second

slide rackelr MRy slardnsioash ifPalions o ore-Shde (aak. shwadpsnbnoihsamneasid 3ia 1222
may serve each of the XY compound stages 1210, 1220. Each of the slide racks 1211, 1221 may

serve slide@tstdechtisahidistieedhfptient dihartol b6 006 viePs iorPaspeiriny idkG Head. One

microscopaiRPicahliaINds FRINMBY SRIYBUIRINAKY GYRRaHRehsiauesi 1B 540 1Aa) exanpls, while
one of the XY cor_ngound stages 10 (e.q., stage 1210) is scanning a slide, the other (e.g., stage 1220)

is perforfiTiARSPIEKES, HRsIBE iR @1k dGetraHefo e Mg nd tHetstra O rmay igHEhay be
ovegapprdanihdhe sranpiniimne. Arsdinghecherisledimnaimay, edstesmined ethgeagan time of

a slide, and pickup, thumbnail and depgsit times are therefore eliminated from the cycle time according

to the illGEIRRREA%E MR dFRSATHISHE S idh HesdiBed Hithendditonal gams noasiBlg fisalFEAm 1250

showingaside LachipgRiasesaingdmepneectionadiadst slide according to an embodiment of the
system described for a slide caching device having two XY compound stages for slide processing. At a

step 1252, the first slide is picked up from a slide rack. After the step 1252, processing proceeds to a

step 1254 wherg@Q. theArunabnal osassing Gnedamerheniie bishslidpchiigntiesieriheds,

processing proceeds to a step 1256 where the first slide is_ scanned and imaged according to

techhiqusTRROFReTHRE: e Qusiaty drseiirerdsiatiand: il puitatng Aims varioes arBetinddhts the

scanningaihimaghodiiechnicr ek Mavindudeibegs&anning focusing steps ancUor using dynamic
focusing techniques, such as an on-the-fly focusing technique. After the step 1256, 25 processing
proceeds to a step 1258 where the first slide is deposited back into the slide rack. After the step 1258,

processing is cpiapletawitbweshetitonheifisshslitEs0 forfife s2aBd® adlawi iagpaiday @ghrwing
slide cachi%g processing in connection with a second slide according to an embodiment of the system
r

describetf#r d LRdEEREHIgaB e %D Ralimyns o sdres Mislssnalday bsfand il prbeebamgt At a
stes 12 ptaeisesendside:isnickacdbpnbrammslid g lenAfie s iR plopeldr2 sRiecassingipioceeds to

a step 1274 where the thumbnail processing is performed on the second slide. After the step 1274,

processitiyHPSEsHE IBEPSERPIZ 7R P& SHA MF SR R LIRS REP s LRWVERY to

techniqugriikenthrtfuribeilizapssed alsewherepheihiing, Reiaditadlidvariausemaodimants the
scanning%énd_imaging te%hniqu S maggeinclude_pre-scanning focusing steps and/or using. dynamic

focusing fEATHIGEe L 8uRead WEE natHb-ATPRRHLH J TR HARUE R tiithe st #IPB2I50CE sy
proceedsnibRitRmtl Scwheieibesareitistide dspaenasited-hackdaigtbe slisdyrask. afigrdhe step

1278, processing is complete with respect to the second 5slide. In accordance with an
enfbodiment of the system described herein involving slide caching, steps of the flow diagram 1250

concerning theHist slive maybealpetiaimgdibythe slitscaghingayiee ia pamiekwithtiesieps of the
flow dia%%{rg&é?j{%c %?é:ger qisn%stgcf (no pre-scan). The timing diagram shows the timing for three
shides (Slides I, 2 and 3) over a span of approximately 150 seconds in connection with
performing slide moving and scanning steps using slide caching including pickup of a slide
25  from a slide rack, thumbnail image processing, depositing slides in the buffer, pickup from
the buffer, scanning slides and outputting files, depositing into the buffer and depositing into

the slide rack. As illustrated, in an embodiment, the cycle time for the illustrated processing

may be approximately 50 seconds.

30 FIG. 24 is a schematic illustration showing a slide caching device 1200 according to
another embodiment of the system described herein. In the illustrated embodiment, no buffer
is required, and pickup, thumbnail and deposit times may be eliminated from the cycle time
using the slide caching device 1200. The slide caching device 1200 may include two XY
compound stages 1210, 1220 which operate independently. Each of the XY compound
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10 second slide in order to reduce cycle time. For example, the steps 1272, 1274 and 1278 for the
second slide (e.g., pickup, thumbnail processing and deposit) may overlap the step 1256 of the first
slide (e.g., scanning/imaging of the first slide), and vice versa, such that the times for pickup,
thumbnail processing and deposit are eliminated from the cycle time. The cycle time is accordingly
determinggldyionly theseaaly time ataslideiacherdingole ananhadiaent Labfitipesy staft degcribed
herein. FIG. 26 is a schematic illustration showing a slide caching device 1300 according to
another SIMBOHTIA eHgst IR sy ettt sidnatknbrbin ™K & RIS EQ0Nh§ e . 1%‘6(§tﬁgﬁﬁi‘£®ude a

slide raﬁﬁgqm&aﬁal@lﬁmmr@mle%%l& osliclenbanier halsy wdulies 1380 and a@tﬁaﬁa%\(gatage )
1340. The carousel 1310 may include one or more positions 1312, 1312', 1312" in. which slides, suc
as slide %@f%@&%ﬁ@é‘&%@fcﬁ%%@éﬁéﬂ%ﬁ@%ﬂé&éﬁr’%‘?‘iﬁq’fﬁ’é‘gmﬁ géﬁhéféd’fs%é‘tll.él hay have
featyresapdifienctionalityilikethat disqussed plsewhskadeateiportioaPositivrsskidd 24t812T4312" are
shown as an array of wedglﬁzg.?., 8 wedges) and, as further discussed e sewherigilﬁreligﬁe
carouselR b AL GaRARIa% Hdight SLeHRREURISI RS LIBE FosifERPSREnTsETow hch Tithe top

level wedgeh Rasilions de3d2kd 302" 1849 that ass shodes (bhasshide hiancher Y32ehipayninciuge an arm
1322 that acts as pickup head and may include mechanical and/or vacuum d.ev]iésﬁ]%)\?glick up a slide.

The arm! 23221 SAREE HEFESBIIAEDBFED hiate BBRTBIRSESRTIR 8754 §fittes among

the caroysgl ¥31&thpbufferis302a0d theoX ¥ stagendsidOwBle one bTetauker dasthmrysiaghdde
multiple buffer positions 1332, 1334. One buffer position 1332 ma ge .desi%nated as a return buffer
podfion F32 8l Dite BB EaHHEd IO 1 e i R el L3St URTHHASAY S8R 340 may

be positipagbrafciel RRINGNANRE oRY i stidenbasier 1320 Faskimthasareuselhhed Mather
buffer position 1334 may be desiiﬁn ted as a camera buffer%%sition,13§4 in which a slide that is to be
sent to tHY iNAYHREdEIe L5567 %é?iﬂré?ﬁﬁ%lg HRABARIPMATERHREGRY S1HHEQiGE S Xofding to

the techgiguesdissusssdiplsewharadiesepdsAftena herimaibinaimehibe side dsccapleraehat the
camera buffer position Iﬁg%' th indEe ay bge)gggved to a posi%%MZ on the XY 5stage 1340 that
transportSHELEde tB% “r’?ﬁ%@%@rﬂ T30 Rt SEAFRiAGSSHRSHAEY according to the techniques
disptissed elsewhere herein. FIG. 27 is a schematic illustration showing another view of the slide
caching device 1300, The components of t lide caching device 1300 may have functionality to
operate 10 withF ¥dridas niodelodh i aHd i T"’:‘qui B%l%gi? 5% %CS%ﬁﬁgv'é]rﬁé’ﬂmgg?%xample,
the carousgl 131QireRydsctoidiabledna eibetinneh8bE ardsymsninatsdebadifipla slide poditons

1312a-d at multiple height positions at each rotational position.to accommodate multiple slides (shown
2 SIS S BTSN o SBOUHHF P R RS TBE N T Lea i BB PIE wedge
positionsshRdedl3d ol Aidvayclaclyderpbsistepd 252, processing proceeds to a step 1254 where

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

25  processing proceeds to a step 1258 where the first slide is deposited back into the slide rack.
After the step 1258, processing is complete with respect to the first slide.

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

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

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

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

techniques like that further discussed elsewhere herein. It is noted that in various
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15 for 40 slides, for example, positioned equidistantly within the height of the carousel 1310 that may
measure, in one embodiment, 12 inches. Further, the carousel 1310 may also include a user tray 1314
having one or more slide positions 1314a,b at which a user may insert a slide to be imaged in addition
to other slides in the carousel 1310. Interaction of a slide into the user tray 1314, for example lifting a

cover ofdhgdinsl-HawHe3dAhanaLosinsatlins sheslideuriand) aneuatthe Resiiens bhdtdadbsaifhe user
tray 1314, may act to trigger a by-pass mode in which a slide from the user trat%/#BM IS processed

instead &M HERSHIBAPAF ARESREHSEHEIFEN ISR (o a3 TCHIRESHT TS of tHE slide
handler 432Qcis §m§ﬁ@¥é@&gﬁ%@§&&h reedaepees7ofRicieatomdimeias iFessasiplacthe arm

1322 may rotate in a direction 1321a in order to engage each of the carousel 1310, the buffey 1330
and the Rt shegdidsdeciaaditieh s Stre kP BEsTReS SOMBtESeHParEiRctih He e
corgsppding to different heights of positions 1312a-d of the carousel 1310. Additionally, the arm
1322 may extend in direction 1321c in connection with loading and unloading slides from the carousel
1310, the buffer 30 1330 and the XY stage 1340. In an embodiment, it is advantageous to minimize

the arc distanceg,that {re.AsE 3R 2£0LRBS BRHAT MiniiRR etheldistBpgastsavense by thiedarm 1322
and/or slide handler 1320 in order to minimize dead times of the slide cachjng device (113%00 as further

discussEaBEISStRAS RO fiageafolde) £o1er 8k RS9 nan ds@edtag X(fhr‘ﬁay be

controllegids vasinns eshedimentsilby kioontolsysiesn tike that wihighualisousseshelsewphete herein. It
is also noted that, in an embodiment, the buffer 1330 and the XY stage 1340 a[?/ be atzé:ée same
hetbht. secees SideaiR. onlsmio EOHERRIRLS I aribs SHOWIy S PadHing é@% AP slide

caching gleviegonl K1fas & aneRiraeranthngi iR Gsbodinanhelithesysteidesaeikag hesein.
Accordin%to an embodiment, the slide operations dé%guss d herein minimizeﬁ%?]a%gt‘i' es of the
0

system, thakssl e Hitde-guiFiP eI Bk Qb i AHStelgpk ORIt T RSlide
scanningpanfdnagiRceRenRtiphssBiaadlinesmamiaciugenlceromple: ayprkitime TWeargetbe XY

stage 1340 moves tg a position to allow the slide handler 1320 o, 10 pick up the slide. Qther
contributi&ifs foXaeid gl ftsamansbiing etl%ﬁaéafbtlﬁl? dr ﬁSﬁﬁBW‘%‘Fﬁwg’ﬁﬂfFé?%%@%d

releadingthe: Xyssiadestasbduthemslide. FIG. 28A begins the illustrated sequence in which a slide
2 is currently being scanned and imaged at the imaging device 1350. Slides 1, 3 and 4 are waiting to
be scanned and 15 imaged in the carousel 1310, and the slide handler 1320 is in the position for

having deliveregtherslige: 24ndihat IRiaeaid34fo kit 28BEhawhithadthieslidehandialidgd2 rotates
and descends to load the nexf slide (slide %% to_ge scanned and imaged, while slide i ntinues to be
scannedaAt T SRad RN 2 CIh SWLCTR A T ﬁﬂeﬁﬁ’fﬁfbleﬁgﬁ%@%ﬁ%ﬁ@ﬂ% ! 8quﬂé1ba§’mera
buffer pagiigacl3ddiotibe huifeniaBikia eteiéon althumbdaihimdge te2be obidiacts 20 afdha slide 3.
FIG. 28D shows that the slide‘han%‘er 1320 isﬁ?gqfi%oned to unload the sli(ile i\%rg%géhe}ﬁé{,stage 1340
thats refbrifgrbiftdhe RTGEUER I A3 U SCARRIY SHUIFRSS WA Cortpléred. it hotd that
the time @aithesKdestags 1340dn0ves, iniaynsiatidrbtddee amnleadettideineianpletof slaakitimg. The
time after the XY. stag%}lmo &? in pfosition tg%ge unloaded wi? tl{ﬁ slide 2 w%itiri\ ‘ tf}lereo}pe}o. be
unloaded<%ifd RA8 i 18\5e EHSS 22T RS HE AR 5§ P A0S BT R AR IS St P time.
The positions 1312, 1312, 1312" are shown as an array of wedges (e.g., 8 wedges) and, as
further discussed elsewhere herein, the carousel 1310 may have a height such that multiple
25  slide positions extend below each of the top level wedge positions 1312, 1312, 1312" that are
shown. The slide handler 1320 may include an arm 1322 that acts as pickup head and may
include mechanical and/or vacuum devices to pick up a slide. The arm 1322 on the slide
handler 1320 may move between positions 1322a-d to move slides among the carousel 1310,
the buffer 1330 and the XY stage 1340.
30
The buffer 1330 may include multiple buffer positions 1332, 1334. One buffer
position 1332 may be designated as a return buffer position 1332 in which slides being
returned from the imaging device 1350 via the XY stage 1340 may be positioned before
being moved, by the slide handler 1320, back to the carousel 1310. Another buffer position
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FIG. 28E shows that the slide 2 is transported by the slide handler 1320 from the XY stage 1340 to the
return position 1332 of the buffer 1330. The slide handler 1320 then proceeds to the position to pick up
the slide 3 from the camera buffer position 1334. FIG. 30 28F shows that the slide 3 is picked up from
the camera buffer position 1334 and unloaded onto the XY stage 1340. FIG. 28G shows that the slide

3 is currepily Reingesrannrewhile shide:d inbRinspickspIranmthei@lurideifesnositenstadd by the
slide handler 1310. FIG. 28H shows that the slide 2 is returned to its position in the carqusel 1310 by
the slidelfareagIEsIY itfal SoPatery it b8 i?&ﬁé?&ﬁ%ﬁmmwb%aér‘%o HGHEIE 28 P shows

that the yslide-hamdler diddQsnpvrsWans atirnallyAdadhe Prerpr PSRN tefpickstigstideaptiien the
carousel 1310. FIG. 28J shows that the slide handler 1310 transports and _unlolg1 theg}lidﬁ% at the

camera Hufier 3o RIE ROMEM UAthdliiniide BEEIRR DX ShigiAde Sihofe 8%t turrently
beirg scaaneds kyghgritaratinsasinilas o tha disgussattabeves iu Feosneetion mithithesiigstrated
sequencing, may be performed with respect to any remaining slides (e.g., slide 4) on the carousel
1310 antReNTEPaH) tiedrdimguchdisratisl e EF Ritslthe 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 that are applicahle to various
techniques and 1atarels 3Byt i U AR B O ZndH ﬂ%a%ﬁ%f‘g‘%%gé@%%l%mmonly

use Kohjepillumination fer&fighifigld smigsascamys Beimary Jeaturas ofK ahletidtstigadosparadhat the
numerical aperture and area of illumination are both contr gfaStél via gdjustable irises such that
[

illuHlinaliBErYa) B ERSFERETSS ARE AT ABB!FrfgRest FPL b BREFRE ith L5 ANy

magnificatiogafialdiof viewmand pumesical @periu@rdsablen dumindtienpfiacsudesinaiigkesliis but may
require multiple components which occupy a significant voJume of s ace.,Accordin%Ié/, vaorcig‘ges

embodifRHIOBE the! S9deth HRLEPISRE TR R? r Br60de PEAHIRSS BRIHSEARIY
advantagems i yriBatieRuiRnisrasERRY 12Rlisatiensiihatavaideastaiindisadianiageaslef fiiewn

Kohler illumination systems whjle maintainjng the 20adyantages.of Kohler illumination. .. FIG. 29is a
CohemaE St St A G 29SIART L0 Tol g LIRS R0 a
lightemiggingooindes (kR Hupninatisnassergiviidad aeconding te-ahesiidedimentaf ithe) sistem
described herein. The LED illumination 25 ass mbl% 1402 r%a% have vaﬁ) S featU{es.a rding to

[ o] ift

multiple BHOBEREGS R OHETHROGE K sdd . EGHRFoMTRATPESS it hY AR A SR LRSS 4402 is
transmitiadvig @ MIirLoRA404 @rdiehhesiarppopitiaie aptidaltcarmygdeatade mepnnensenlidd6. The
condenser 1406 may be a condenser having a syitable workjng distance (e.g., at least 28 mm) to
accomm@oba‘iélﬁﬁ%ﬁ%ﬁhﬁ%%&fﬁnﬂ Eeles Gt gﬁ: )?%?F%l{%%iefig%Bfg?%?ﬁ?ég?fc%@;%g%é Where
herein. 3Qdntay ambpdimeminiple tonceaser Bay he cendenses SIGHA/6Y Ok aanufactliddity Motic
having a 28 mm working distance. The condensey.1406 may include an adjustable iris. diaphragm that
B8 SRl I Ha "

contffols e AR RCHIPR i te% BEH GRYigRt th AR A tE S8R paRien BT e ahaR 1402,

The slide 484 fraay the Glispesed it thed¥estagentdas ofndhema:mitids Gope thbjeetlge dekiorikhe LED

illumination assembly 14% may be used in connection
of the carousel 1310.

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

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

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

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

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

stage 1340 may be controlled, in various embodiments, by a control system like that which
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with scanning and imaging the specimen on the slide 1401, including, for example, operations in
relation to movement of an XY stage, slide caching and/or dynamic focusing, according to the features
and techniques of the system described herein. 5The LED illumination assembly 1402 may include an
LED 1420, such as a bright white LED, a lens 1422 that may be used as a collector element, and an

adjustabig;iniastiald siambragd 24t thalimaeeantiat the Aremebdisrinatienemdhesslident4Qd . The
emitting surface of the LED 1420 may be imaged by the lens 1422 onto an entrance pupil 1406a of the

condensér 14885, 10 ertvbice BifpiravdEagiay be co-located with an NA adjusting 10 diaphragm
1406b of the condenser 1406. The lens 1422 may be chosen to collect a large fraction of the output

light of the LED 1420 and also to focus an image of the LED 1420 onto the NA adjusting diaphragm
1406b of the cdilfenset 4486 amrsahpraprdibiragemabionias Milersashngortationesf 1892 fills the

apesture;githe dvth aditiating diaplragmn 406 R:ch e cande e b4AB 1S the JNec60RERRBRA 1406
may be used to focus the light of the LED 1420 onto the slide 1401 with the NA adjusting diaphragm

1406b. TS EreASEMGRRAIGH SABREiErNY. 1ho shidsyrBerddriolisaussethasieln aapmiEgHctdo4

mounted;ipdhedEDsuinatianasre mabs PR TR figldis Rhrrgm RPN sRasiNg Relyvean the
condenser 1406 and the field 20 diaphragm 1424, may be adjusted to image the light from the LED
1420 onfty tHempaie Brihecanaing 209 Sereias PRefrliatia kg 2 DR Hiag HaRoF e aRlg 8f the

slide 1493 dhatis Hpapnated PinGe AMMaHe RaNGOL pearibasiramsas whilgia-Yhehage qontaiving a
slide is moving, 25 the LED 1420 may be pulsed_on and off (e.g., strobed@ to allow very high
brigRtneBichvlt therbidaimethes ceREmpionbi addipaiBeirdearabos: ts midfsit 8 flain no

more thaR §iRR¥LIHORERMicson/Rielbikothe: KED#420 may:he Rulsgs 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

30elsewhere hgnginogA FlGnShisRustarmaticitisdationishawing 2 mete-eriailed sidersw of an

embodiment for a LED jllumination assembIP{qMOZ' according to the system described herein_and

correspofidingitgahtdhtraacies dsbiss Hérdin witifrsshet At tRifitRitane FeaLeehidy 1402
Anjignplemesiationnand:casdioy slionetanLEDN1436r 2320$: 14 3% phdidield Hiaplyagm 4434 are

shown with respect to and_in connection with other structural support and adjustment components
1436. the slide 2 to the XY stage 1340. FIG. 28B shows that the shde handler 1320 rotates and
descends to load the next slide (shide 3) to be scanned and imaged, while slide 2 continues to
be scanned and imaged. FIG. 28C shows that the slide handler 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 slide 3. FIG. 28D shows that the slide handler 1320 is positioned to unload the slide 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 in position to be

unloaded with the slide 2 waiting thereon to be unloaded, and slide 3 waiting to be loaded

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

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

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

1310 that rotates and moves translationally to the proper position. FIG. 281 shows that the
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5FIG. 31 is a schematic illustration showing an exploded view of a specific implementation of an LED
illumination assembly 1402" according to an embodiment of the system described herein having
features and functions like that discussed with respect to the LED illumination assembly 1402. An
adapter 1451, mount 1452, clamp 1453, and mount 1454 may be used to securely mount and situate
an LED Jd#R5nimthe: LE Doilliminatiansiioasaenbhihd 4025 sopasitiobecspieiraly gasitiviaddib respect
to a lens 1462. Appropriate screw and washer components, 1456-1461 may be, further used to secure
and moGREEE L ED Ui ifrationsheus s s e ﬁ"?&ﬁ' t%ﬁ%ﬁﬁﬂgﬁénziﬁlél% ﬁﬁglﬁ?ja be a
Luminug Rflatlight Witte bERieM3RR Sasign s alighb fite It EDcbaxing artoktidadoBitput of
4,500 lumens and long life of 70,000 hours and/or a syitable LED made by Luxeon. The 15 Jens 1462
may be BnSiG IBBHTY, Poingn St tter aERE LISTRIRDSA HIBEARAS é%ﬁﬁlp‘%}ﬁ%?ﬁsﬁ AGater 1464,

stack tubgnlensisRWRANABt R tetainigHBm 146 4y Ry hefuseeito phsiipacand moushikiaitans 1462
with respect to the adjustable field diaphra%m cog onent 1465. T ad'usta%eggg% d“i‘lgghre}[ m
compondiiet46milif B hRithy: ARRIRR d 14 1 é)’rﬂr AT Y AR SHIFS BTS20 b Abs. The

stack tubg lens 4466 NaydbieiaRSiHe ROpaiaskolbeplaatdy dihesdalsdine 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". Accordingdurtihes Rdnersysiam dessriked-heteinrdayineslandiathnigeematenpravitiad 25 for
high speed slide scanning for digital pathqglogy apglégcations acco (:Llln% to various e bodimen‘tis of the
sysfem GERRFHE hEHANTS RN AR STRYHE RS e h ST PRE 13% eth8|o‘g§}1%%r8€§?8b%uﬁ§a§/nlnclude: (i)
a tray inghefeim phie digkandidiratetutalitiof lecessesiotmnadiftibatiny mavhicmaastiyesess is
adapted to recejve a slide and_ the recesses are disposed circumferentiglly.in the tray. The tray may
include KEBKE HUBHERPAE 27846 T Gk oIes O A

adapted T0 pick up on a

drive adapiegidarataieat highspead amudiamaxisisormabiaithedreyiableviecdisashinayiss
recesses milled at distinct angulay posjtions in the}_éray. Tkxﬁ recessefz m% have sgzmi-.circulati
protrusicHS U EHTHRGRTH HotRU0EsH [RIRLTHNT the SRILTE UGy SRR HRacsias S e
substantalyisiraingreacdihn renagses may alsd haverdcslimprthat allofisea fivgeihoichiefilace and
extract the slide from the recess by an operator. In various egrg%odiments, the.slide holder, and

operatiofSHEIIGEGHAY BEUBaY TR R S PP R YL R AT FaRh it égcﬁ%%tu‘égélgl glg%where
herein fapaceimagingEustoMvRiE. 2usdasahenaticdlistatiateshibwing adiigfuspeedsiidéescanning
device 1500 according. to.an embodiment of the g stem. described herein tha}t may b%lé?(?doil!&
connectiAWH Rdits BRIASTS g9 AR EHES R il R RO i PO AT S P AL B 10 A T cesses
1514a,boardispanesdinmangedanpogitions alshdicuthiarentianorsgstaniar vhgd Shbionitiegraye 512,
and the recesses 1514a-n may each.be sized to hold a slide 1501. The tray 1512 is 10 illustrated as a
cirdfiar &%‘f?ﬁﬁé%gé%%hﬁ%?%%w&’to hold a desired number slides. For example, to hold 16

slides, the tray 1512 may measure approximately 13 inches in diameter. It is noted that other

conguaion ol a1 e S e ks oL o PV o muon G By
1514a-njgaghinahpeaagipte pridte lystngdifid ghteslidénmaldde (LED) illumination assembly 1402
according to an embodiment of the system described herein.  The LED illumination
25 assembly 1402 may have various features according to multiple embodiments as further
discussed herein. Light from the LED illumination assembly 1402 is transmitted via a mirror
1404 and/or other appropriate optical components to a condenser 1406. The condenser 1406
may be a condenser having a suitable working distance (e.g., at least 28 mm) to accommodate
any required working distance of an XY stage 1408, as further discussed elsewhere herein.
30 In an embodiment, the condenser may be condenser SG03.0701 manufactured by Motic
having a 28 mm working distance. The condenser 1406 may include an adjustable iris
diaphragm that controls the numerical aperture (cone angle) of light that illuminates the
specimen on the slide 1402. The slide 1401 may be disposed on the XY stage 1408 under a

microscope objective 1410. The LED illumination assembly 1402 may be used in connection
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15 placed in each recess 1514a-n of the tray 1512, such as the placing of slide 1501 in the recess
1514a, and the tray 1512 may be placed into the high speed slide scanning device 1500. The tray
1512 may include a central spindle hole 1516c¢ and two lock holes 1516a and 1516b which may
engage with a drive which rotates the slide holder 1510 at high speed around axis 1518 in rotational
diVECtiO%@%ciﬂﬁn@%@l&é@ﬁ}gb%@@%@&ﬁﬁﬁﬁ ipwhRrafilgedramyer, 2Rnh0ng) represaniptionally as
1502, that may retract the tray 1512 into the device 1500. . = FIG, 33 is_a schematic jllustration
showingPRGBHEES IS8R Ry VicHeEtighapdda Lrge shdhritd Beiod vr dtEdsERcH ¥ ding to

an embogdiment ofdrcuaterssdaacibed friIN NS srsp kR dMRYhe any of the recesses

1514a-n. The recess 1520 may include a 25 plurality of semi-circular protrusions, such as three
protrusions 1522a-c, to touch the slide 1501 but not overly constrain the slide 1501, thereby allowing

the glide 1501 tbe stpstantialhish aindresyA sotonalS5a31adews a fingenhwlddenpiace srehextract

the slide 1501 from the recess 1520 by an operator. Centripetal accelerations, shown schematically by

arrows 1524¢ hidudersy e Sheferprsidisr vese rrayr Abacios Slemepinaed Abatii el 8918 30 may

apply a amaii-haldingpipigeta thecshide 18R 1ate-keenitheisidenl o0 1he Nlaee wdile Thagingageurs. The
holding force may be desiﬁged to be at least 0.1ﬁ%s initially by rotating the tray 1512 at rates greater

than 106YH#A7¢S T &fskeing 2l deaydsimpagiAdotte densi Gramiomritions 18934 08 mlid e slide

1501 is peistased, thesrotation sateayhgiredussd saRsisterbyiitisiaging rates af thgusystem like
that discussed elsewhere herein. At lower rates, even a s}li{%zt holding force would stabilize the slide

1569 agdireitEnidhoRishiheseoncnseietdihg Thaitts Efe2 Bamhnhichosebie ilehg Bigem 1530,
like that gliseissseciin Sudslial elsewhrreereinomay Asdispesackaovedde tiating tm) bale to

image areas of the circumferential ring 1515 where the slides are placed. The imaging system 1530
J

may incitiie g iRniRucspe Ik shdbeeondgisesn i avaly s Riatc M asgE R distance,

an intermggdiateigis Liandm GO G QiR b A rayd Napedsens diggb-nlacedoabiberppropriate
distance to magni?éobjects on the slide 1501 to the image sensor 1536. The 10 image sensor 1536

may haw3IRSRHFASR rate, such as greater than 100 frames/sec. For example, the image sensor
1536 may be part of a Dalsa Falcon 1.4M100 camera operating at 100 frames/sec or the equivalent.
The imaging system 1530 mzilyéﬁg rigidly mounted to a 2- axis motorized drive which ma

constructed frofmESHISHER R BEYsistdPs Britdppetatotdriient driddd %‘&%Myé?%?or linear

guides. Qq® i the radiablinndsnkbdibamanl baorn/e the WRagHiBYSRAIARI, Heallleagione
component thereof, radially through small moves, for example. 1 mm_steps with a resolution of 10

micron tS ARG BRBIerh BYethn de AR S G PBies 1Ak, T SHEY RGOSR axis

1531b, maoyes ITsnakimQuesheag), naicien witiesdutionef B mictemcr Netfacuseotis nRydbe
constructed to execute moves at high speed, for ex%g\%l%exe%tin a small move in a few
&Sﬁgem

miliSecoHaR MY EhBeY B dHHRIIL e hrs PR EGPLRBRE BiSystem

and mayshe.Usfrl isccannast Wit shiragmic forusing teahinigues like thatidisgidsedoalstuwtiere
herein. __ Anillumination system 1540 may be placed below the revolving tray 1502 and include a
light sould@¥83%d5,,ch as a high brightness white LED, one or more optical path

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 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
Iﬁicroseconds. The LED light pulse may be triggered by a master clock locked to the dither

lens resonant frequency in accordance with the focus system and techniques further discussed

30  elsewhere herein.

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

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

1530. Inthg-faeys sirection haAthethaimagingAma man R Bdeeovnied frprathe condaaser path,

such that the one or more components of the imaging system 1530 may include independent

movemdiilsh diPheren difdétiare 1918 BRetIREHIG dpdeid roenReribvey/ith otepestrtyrgl

schemag@ygﬁt@g%ﬁg%%g&gm@gm 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., frafaes 4523) aeeendingie ﬁﬂﬁ&@aﬁaﬁg@mﬁgeéﬁceﬁgmw&dﬁws@ glsgwhgee herein.
As shown, image are captured for a row of frames (e.g., frames 1525) for each slide on the slide

holder 137} eaapatipa of sl Bl dduipmtion asaaghigl 4)3terrorsdn g Anan swbedmsiitet-&lution of

the tray daddn theéadiad Q&%ﬁ%?fﬂ@%éﬁ%@&%éﬁﬁ%ﬂo%@ﬁ(&wr@i@l%@&@&' @&itﬁ%&ﬁ%ﬂ HRages for
another row of frames for each slide. Each frame is a}%%wred at hlgh rate temporarily 10 freezing the

scene b&ibl. B BAtAE HsrMbimlASton Mt B SuttaibniipPradidht to rBW ddeh SHERPBsures.

These expasyres HaRe ilasimediamerh adiedaR fevphynssed microsgsandsmithgRrocess is
continued until the entire area of interest for each slide in the slide holder 1510 is imaged. In

cohRectrsicmpvHiA0EmBRd ditrienbeptsrEsingrstipred ofdRidasprslgs antens H82aiciRPAGR Bt area

of interegiQa Wi HaANISRHAARIERT AR L P4aMERRABIS TS RACQEIIREEIR AN GaITRCHEEpITelate
the multiple rows of frames between the multiple slides that are rotated on the tray 1512. Suitable

imaging \PHEEREEMNY teRRivdS tHay be veeragItinsat sthsd ol dritemBaaBturdd iiayes to the
proper sfiggsiprewhgaces netionekthecalissianabimagsd |EElﬁlﬁé/vﬁﬁg%d5d§§§ﬁ%beKﬂ@FVn
e

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

under a 20WdHashs sndrdppide of ALU0 hosmspadintug auitahIm WP rarado Peidmstors.2 Tidhes in

diagpetersavoldngnal G Em. M @OPBsroSCoRe aeativie NGO ReRtoduaas acfieldhafpdgwof about
1 mm square. This arced field of view is traversed in about 10 msec. For a tissue section within a 25

15 mm S¢¥are?derifE AR aifaKsSRRite e soIRAsah HlwekinririgEngolfeitidnav e Heeh 19 be

incremeptedialoRdthestaditlcardss fframad asgieswasisharhanenemaat dapmibaceudisiigrdime, 20
complete revolutions would be sufficient to image 16 slides on the disk. This would occur. at 6 rpm in

200 secoidy or HthrstigHpbleofieldigirtigm 2o s! ¥or ey dsataRiresietietsdnbisatic

illustratignaphewi $a0 Alfereakw aMaMysIeRs:Of Shdesansarptating slidedaslderarcoringto
another embodjment of the system described herein. FIG. 35A shows a tray 1512' with recesses 1514

coRfiguréds b eHsrs by ibhfet hmearantst iehs dide THPrbtRMNker dlohl R AL bl v

disk-shapgih trayt& 1Rathat nofegemin direstimbahdntin s eenfiguration wnere shisles:a:g, 130 slides)
may fit on the
y further secure and mount elements of the LED illumination assembly 1402".

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

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

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

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

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

free. The recesses may also have a cutout that allows a finger hold to place and extract the
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tray 1512'. FIG. 35B is a schematic view showing an imaging path for the slide 1501 in a recess 1520’
that is configured as noted above. In the illustrated embodiment, the slide 1501 is maintained in the
recess 1520' according to centripetal forces shown in the direction 1521' and the protrusions 1522a'-c'.
The direction of rotation 1524' over which the image 5 processing is perfoimed is shown for collection

of imagesiferdtames ¢S i thesharimen 1a0dus tasradialResiHon RithslimadiRtopyeianh 1530 is
incremented to in length-wise increments of the slides to capture images for successive rows of
frames féCEsEh BRdeDSrssleita Aprecqirm Wilnthexiaaiursn adivechréarsndiasutising ¥ wB95 overlap
betweenfiglgstol wenha figldsyueud need to be incremented along the radial axis. Again, 20
revolutions at 6 10 rpm would provide complete imaging in 200 seconds but with more efficient
scanning given the orientation of the slides and therefore throughput would increase to one slide every

6.6 seconds. Fi@. 36 is 2 sahamaticilustrationishewing ingeingsystemmiaR0Rc e dingto an 15

embodiment of the system described herein that includes an objective 1552 disposed to examine a

specimefanding i 48| @abodiz o ofthennstimdsteriakhsastichy may Be pred St trough a
prior slowg, r@i@%&p%ﬁl@gﬁ%&gﬁ@ge INaBg-acsuisitions Budoslingias: mueh s 20iaeakdeper slide

for autofocus would make total scan time under 30 seconds per slide -an order of magnitude faster

than curtentadus erprsedispaiisg preiionsph 5 66CURIOFWRLAT RS IS i AREBEEY rotates in

direction $58 1,hapbiestitesl PS2mampiadnserga-mipuisimav@aentson the,gdirestion 2562 to be
positioned at best focus as determined according to the %stem described herein. Distinct autofocus

valtfes vibirirset seadcctrbasdisloreharndia BRIRRF 1583 BUS Ry ts ERdier Regeidssnd €554 on

the slide.ipbidoloenamplesiides tiglds.9f Mew ahpubfiame siedentheiargansnatial diesuencies of
slide warp 25 or tissue thickness. The autofocus values would be intergolated applying best focus

while sliffelfnRigd thiddithse carisrzations afchde. and Kiids sirserpdasagpanfidio iRy ae dnique,
such as gRdhesfhiyfespsing tachnistenAesehbesd sirewrRieIRieRsBaY-he advantagermsiyemployed

in connection with the high 30 speed scanning systems provided herein. It is noted that the times for
acquiring TR B {41, TEoesi6E Us hiris?BerBat Sscreremiatshe Be B n-hetiJTRASRTY along

withsthe high $peestroiatianakseanniraieehniqyes, dirgussamt pheyee Ufsifusthso nateRathakisis well
within the field of control systems to control a rotating]}%%k to%)eeds within 1 part in 10,000, allowing
tiBH

open lodp $4in AR dhsrierchrirdganhearsd ity tha flidgpserergHieviek | ehelafy, a low

resolutiofthyminaikimagreds predueed Hiihr dlisle. (Bhiscmaay broIadcanplistrd by RELNGHIP a low
resolution . camera over an angular position of the djsk so as not tg interfere with the high resolution

microscaPEhist Hesrsted i IHEmERIFigRietR M sisisiraldond The #idiefh ket ariedeif o robotic

handling} s38nir cenRaUsterNyaéabrobets handing 3001 mm -y 1k )piicks may Deruseebidddeyeedisks from

a buffer stock to the high speed scannin% device. Further, most technolggies position the slide under
thezg,]icrélg%gaéepresen ationally as 1502, that may refract the tray 1512 into the device 1500.

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

25  plurality of semi-circular protrusions, such as three protrusions 1522a-c, to touch the slide
1501 but not overly constrain the slide 1501, thereby allowing the shide 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 1321, produced by the slide holder 1510/tray 1512 as it revolves around the axis 1518

30 may apply a small holding force to the slide 1501 to keep the slide 1501 in place while
imaging occurs. The holding force may be designed to be at least 0.1 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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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 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 mechanisms or spring hold-downs to hold the

slide in plage duingstha sterianorar Metinasabingssiagaidehes sy siermh glaterfheskiariein sitms not

require a hold-down mechanism in that the rotational motion creates centripetal acceleration which
pushes the slide into a pre-determined location in a recess cut into the disk. This makes construction
of the slide holder simpler and more reliable. In addition, 20 slide hold downs may warp or strain the
slide complicating autofocus processes and are advantageously avoided i(ﬁ?g%?% to the system

described herelFeferring gai @ BlomE%h VB 1FESR GBS S Sirm d s HCHEIRE Area per
slide. Thegystemsand EQ%HQ%(?@M&%QJ@@&EQB&}@VMéh@tﬁﬁﬁg%aﬁjftivﬁlQrﬁaitﬁagéad}’e@ﬁdmﬁ@r 3025

seconds, for the example outlined above. Many pathology labs look to scan from 100 slid?s to 200
slides p&HAUGTRIHIESE ARfr ﬁéi’t’é%ec#lﬁﬁ%@s&éa@ﬂéﬁf’é?n AR PRARIBE EBHIRIWOHCRIRUGH 4 Waily
inventory gfslides inigRdeyE Bkdivg thendeed:stepsd. ipasing-and Lnigacingidiskdidmteade

reading, pre-focus. This allows faster time to result and enhanced economics for the Iag. 30 FIG

37 is a (WG SHAEEE0Show g hiy - SEe88 SMOS R AHBLEIES YBERA0R G B12564 G to an

embodiggpiptihe susiane dessrbaghepitsAln Etepliie0R (alidesiarenagatechinio rsvessHseof the
rotatable tray. After the step 1602, processing proceeds to a step 1604 where tze rotatable_tray is

moed iHRAESERS QAR BOAIHEh Withehelaats Sleaiitthds REeTalifRy S)% & the”tep

1604, pf@;’éﬁﬁﬁi@g@é@ﬁ%@@%&%@ﬁt@@@&@? wégie itatimnsafthrsptptadlerdsciaitigtegtinysadiscussed
above, the rotation of the rotatable tray causes centripetal forces acting8 on ,theV slides tg maintain the

slides in Q0 &rerspa gy peaiiTHicHtte He SRE 08 BobetsMa L PEEEdY B L&D Pebd where

the imagipg SsSiBRYy6RRIMIeSHHINIAGRS, BeCardingitasysiamsansbieehinigues depdibestdierein and
including dynamic focusing techniques, for a roy{y of frames for each slide on a circur}rgi[ential ring of

the rotatsiERP e HE Uik 6678 "5 BRE LI HYSHF sRheths (0F E8stRp P8 Bifele it A eetermined
wheiher g flesitrdiaiaaf Wiesast oppashislidesonibesaiptable Haydodsaernil searied andlimaged. If

not, then processing proceeds to a step, 1612 where tké%&i@agi stem and/or certain
I

ng 10s
componSHEThdESHAPE MbYEY SBSIREIERA SRR iPAERBH DITHE G SR BB ISy RS the step

1612, pragessindiy aceeds baekote. theestaiA 08, theabthe test stepY,6A0visimdateilwioeesthat the
area of interest on each slide has been scanned afd imaged, rocesiirng Eroceed to a steg 1614
where oné 6‘?%8%%@35%0%"9?@%1&85@&‘00 #é“sg% irff R SOUHTRETRSPiIFEGE  for each

slide. Afighihe siep:hGhdedranassingls dheomptei®@mall move in a few milliseconds. Movement
20  of the microscope objective 1534 may be controlled by a control system and may be used in

connection with dynamic focusing techniques like that discussed elsewhere herein.

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

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

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

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

high speed focus moves.
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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 furthgrgampliog QfRbBirAesaluinnRiprenlitietuigdens ffonkatibeimagingaspsor may
be changed. An a%goximate calculation for computing the focal length of the tube lens given the

objectiv@MHOM tubeeRstb 1astgtn  SPHuBE BREMSERDSEimey e XEnesrihe shdphid Yelddiixel size

on CCD.@r&MBSImage:srisq PhecoRigktsIRIXe] ste:onebiestipitissuad Whedens in the
pix_object/pix_sensor * 9 mm To obtain a pixel size at the object of 0.25 micron for the Dalsa Falcon

AM30/6092E0m0 dierAséiddr biessstieYRarrrigirdrnEyuse (e8s §Res be*abstrosdissnm. For
a pixel sigaxat the gbiastatQtRripiyandhedocaldangth piihg tube deps shawiddgabauhRd2 mm. It

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

mountin§PEvo 8P nsBrE e (Erse&iesstadeithen srritridsnomohe ot brldgink $ isotaaien the
different path Jepaths.agsoaiates wieashRewstasal Inngihofeldeniprs willalspnegtie hayadded to

fold the path for a fixed image sensor position. FIG. 38 is a schematic illustration showing an optical

doubling'ihageysitl 29883 abRdingEBamnEHBodnHEA SHFEEYd P qebthiseiPAessift The
optical dguieg HVRAs SYstes 1A00-mayinelude.en imade senslikal R oliaicamerahpdhand a

microscope objective 1720 as described elsewhere herein. It is noted that other components in

corRectibreig the e belaty (Beh Argeits Brld jHusd HERnayds suthsienisneadipnb o sty system,
may alsQ,Rg ured &&SB&!&%QJ'UQ{E@&E‘&EME@% donbliachimage systemrh40Q: lipsashieue WRdssmore

object 10 pixel sizes, a plurality of tube lenses, e.g., a first tube lens 1740 and a second tube lens

1750, mEyBeSErevited IhearrRsstoh StHRMISydit uBEEaa R difrressiags2eh st drdy Duttle the

first tubesjens HA46- aneh thessaaepd tuberlersphéeRore sRECHYA Ve Fom Sl the-dnaging senger. In an
embodiment, the stage 1730 may be a linearly actuated stage that moves in a direction 1731, although

it is notetPifsttHEI Sl ARSI ARsvehiEh tTRR RIoPHFESPhER S T e SHADLD &SRRt the
System GesgtibedRerein ARAEOL 3SSRMP bokteRy: ShemR HthieRnas ki thersranadvsirdgns 1750

that may include one or more fold mirrors to adjust the light path from the second tube lens 1750 to the

image sdisBIH 16, Hitss thed Are fefdel o dhedmambriZin fetahlnisngatng osesting defHyamsage

Systeém may be used to tag images so as to correlate captured images to the proper slide, 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 a tray in the form of disk of 13.2 inches in diameter revolving at

6 rpm, a 20x microscope objective of NA=0.75 produces a field of view of about 1 mm
square. This arced field of view is traversed in about 10 msec. For a tissue section within a

25 15 mm square active area and assuming 25% overlap between fields, 20 fields would need to
be incremented along the radial axis. If frame transfer was short enough not to limit
acquisition time, 20 complete revolutions would be sufficient to image 16 slides on the disk.

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

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

rotates in direction 1519'. In this configuration, more slides (e.g., 30 slides) may fit on the
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20 1700 showing the shuttling of the first tube lens 1740 and the second tube lens 1750 in front of the
image sensor 1710 according to an embodiment of the system described herein. FIG. 39A shows a
light path 1741 for the first tube lens 1740 positioned in front of the image sensor 1710 on the stage
1730. FIG. 39B shows a light path 1751 for the second tube lens 1750 after being shuttled in front of

the imagg,$qa30ry £14035® theasignankfidQids o MhustiaiachdiadightinaihthdSlidas gen increased

using one or more mirrors of the mirror assembly 1752. In both figures, it is noted tha#{_éhe Oﬁtical

doublingSfs b s ieat iWﬁ%‘}i%Eﬁjﬁ%“iﬁﬁ@f’ﬁfxp@ﬁhﬁt’éigfﬁ?&ﬁﬂrm&ima@& Briefts 1760
like that;giscussackinidetrilslsewhere herginindQY aiausembRiisamswisaussetberon rsay be

combined with each other in appropriate combinations in connection with the system described herein.

Additiondiy, thesSRETIBRcbE dher orddPer SESSETR thE fIREARAS Hov? WagPdhed aih§/dPd8Scribed

flows progessingHmay Rerrpdified sNuhal sRRRIRRIIREE oF UHRES Yo iPus &sperIsiof the systpmtlescribed
herein may be implemented using software, hardware, a combination of software and tl}ard_ware

and/or otABF corhbitdia premarRetl S USSR havthdS RS HEREHER d et FESaRY Serforming

the desgrbed iwpctipns Seitwaseipniemsniatianssattbasysien deserhadhesein midy.inalude
executable code that is stored in a computer readable storage medjum and executed by one or more

process&FaMPHe EBhiifePHEadable SO TEgiuiie AT fe & BVPIRR AP ST Bom,

RAM, flashdmemerys RRARDIE-cORMESHSIoragR MG SHERaafPatld-R @i, aOMLREMMs atftash drive
and/or other drive with, for example, a universal serial bus (USB) interface, and/or any other

appPoprid¥® AL et MRIEIEATEEESHb At SREANEHP Bh WHICAS SEUFLIE SSARRRE 5 52 stored

and exeguieg Bt AiBFOSERROLIIheSYStREreArscHikadhsieR Rl he diseddneoRNgeivarwitioany
appropriate operating 10system. Other embodiments of the invention will be apparent to those
skilled irf¢F&SFt from a consideration of the specification or practice of the invention disclosed herein.
It is intended that the specification and examples be considered as exemplary only, with the true scope

and 15spirit of the invention being indjcated by the following clajms. What ig %Iaimeddis: I, A device for
obtaining a focGiEd had STUABEHBHAAAHSKYe an Imaging system 1550 according to an

15  embodiment of the system described herein that includes an objective 1552 disposed to
examine a specimen 1551' on a slide 1551. In an embodiment, focus positions may be pre-
determined through a prior slower rotation of the disk before image acquisition. Budgeting
as much as 20 seconds per slide for autofocus would make total scan time under 30 seconds
per slide -an order of magnitude faster than current state of the art systems. As a tray 1560, on

20  which the slide 1551 is disposed, rotates in direction 1561, the objective 1552 may make
undergo minute movements in the direction 1562 to be positioned at best focus as determined
according to the system described herein. Distinct antofocus values would not need to be set
for cach ficld of view 1553 but apply to distinct larger zones 1554 on the slide 1551, for
example 3 x 3 fields of view or subframes due to the larger spatial frequencies of slide warp

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

slide moves under the camera in its arc path.

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

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

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

the ficld of control systems to control a rotating disk to speeds within 1 part in 10,000,
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an objective lens disposed for examination of the specimen; a slow focusing stage coupled to the

objective lens, wherein the slow focusing stage controls movement of the objective lens; a dither
focus stage including a dither lens, wherein the dither focus stage moves the dither lens; a focus
sensor that provides focus information in accordance with light transmitted via the dither lens; at

least ongIRIREHICEHEOMRANERE TTAL UseS e iRcys infaumatian:ig, deieuninsaImealis.and.a fikst focus
position of the objective lens in accordance with the metric, wherein the at least one electrical
componéﬁ%‘sends position information to the slow focusing stage for moving the objective lens into the
first focus position; and an image sensor that captures an image of the specimen after the
objective lens is moved into the first focus position. 2. The device according to claim 1, further

comprising:  GsAkaHmGVInY segdtivndiBimbraibacrnds erspeded ik thidsoyThisvimy ftage, and

whegein fhe Aleasione Llael sl CRRMReRR L SR BIHAIS MRV e Ak Al S BOVINGSiages o 35 The
device according to claim 2, wherein the movement of the XY movm%stage Is phase locked with the

motion dFthE HHREEYE TS thAhT RiehaGrotHeBSPIHPESRIANT detrHBRSIH ehediaveriobish selg@fncludes a
voice-coihagtuaiad flaxuirg assgmbinthatmagves e dithanlansinerassiationsl watiPhebatsThe

device according to claim 1, wherein the dither lens is moved at a resonant frequency that is at least

60 Hz, atdineretPimaa(iddst sk emalibalsmpbRteusBs HEPB LR Tatio it sehehm at

least 60 Jagus calehialians Ber $eeeRH. mBstHRenHBMGR-AcRRIANOIIR Glaud dhavhareinfhe Jagis sensor
and the dither focus stg}g]e are set to operate bidirectionally, wherein the focus sensor produces the

foctfs infieEith BFPBES s U SRR TEWA BRiGRDTEPSHE LRSI R al BRSETEPRS ABHBRGT the dither
lens at thedesaRantHBAUSABY. 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.

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

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

advantageously avoided according to the system described herein.

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

1604 where the rotatable tray is moved into a slide scanning position with respect a scanning
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7. The device according to claim 1, wherein the metric includes at least one of: contrast information,
sharpness information, and chroma information. 8. The device according to claim 1, wherein the focus
information includes information for a plurality of zones of a focus window that is used during a focus
scan of the specimen. 9. The device according to claim 8, further comprising: an XY moving

stage, WhRI i Bie-SRAFIMeNE HSROSRY PBINE XY Baungsiaas Wheseln therkieast-angalectrical
component controls movement of the XY moving stage, and wherein the information from at least a

portion S¥tHE pRARRY brydadaitiatidedtn Hetursmhihy Ko tetrbiivi oty mERHePdEy caBserhe
device acsargiagl taskim&inuherainafiald of vemalihedatrsensondsifiltethingelatoniipa field of

view of the image sensor. 11. A method for obtaining a focused image of a specimen, comprising:

controllingRidheHERtIG08n UBRSEHNE IBIRS thdp &SP TeR &AM IBEGHTRT tHEEBECHNETR CBRIFERng

motion qﬁ@%&b%@ﬁamg ProvigiRenecsinfaimalion inasaBameeMthlighhbrasgitiashyiadhe dither
lens; using the focus information to determine a metric and determine a first focus position of the
objectivdIEHENE HCaiaErtelNith IR métiamasdfor caghdtidepoRifioriiftBHREmEA RS Ch<BE to move

the objegtivealgns o tharlirsto GusPesiiohobessthie prethegkaccarding drslaimol luiwherein the first

focus position is determined as a best focus position, and the method further comprising: capturing

an imagd iR Eh B driiedopiet e IASTs oS it HBEIRIR IR ISdsIoRaS 125 %F he
method &%ﬂ@%@iﬁﬁg&lllf Uthereampsisingn sgrtalling Mmaovementsabanni neVing stage on
which the specimen is disposed. ) i L
10  system and/or certain components thereof, are moved one increment in a radial direction of
the rotatable tray. After the step 1612, processing proceeds back to the step 1608. If, at the
test step 1610, it is determined that the area of interest on each slide has been scanned and
imaged, processing proceeds to a step 1614 where one or more mosaic images are created

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

15  complete.

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

20  element produced by a 20x 0.75 NA Plan Apo objective. This resolution element is about 0.5
micron at a wavelength of 500 nm. To obtain further sampling of this resolution element,
the tube lens in front of the imaging sensor may be changed. An approximate calculation for
computing the focal length of the tube lens given the objective lens (f tube lens=focal length
of tube lens in front of image sensor) is:

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

f tube lens = pix_object/pix_sensor ¥ 9 mm .

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

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

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

accomplished by mounting two or more tube lenses to a stage that shuttles in front of the
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14. The method according to claim 11, wherein the dither lens is moved at a resonant frequency that is
at least 60 Hz, and wherein at least 60 focus calculations are performed per second. 15. The method
according to claim 11, wherein the metric includes at least one of: sharpness information, contrast
information and chroma information. 16. The method according to claim 11, wherein the focus

informatjgp includasonfesmationfara-Rikr ity aizenesladeausirdanathatiziseddiripgia focus
scan of the specimen. 17. The method according to claim 16, further comprising:.  controlling

movemeRtEFa N heliiNesg Gilgediehindathbespabidies s soaes ssmerdrsthetinformation from at

least a portion of the plurality of zones is used in determining a speed of the XY moving stage. 18.
The method according to claim 16, wherein the movement of the XY moving stage is controlled to

provide forward ¥hd SaskivareratisiatiurEriinshig e e uptahionbliog Amagthbetar dofiining an

image of &-SRELIMENLEURBUAINER I ARNS NiNGem NARINBLIORLRRIaNG ROSHIRAING kg SPEigen at a
starting position having associated x and y coordinates; and %gerforming first processing in a single
traversab BieR SHiB0spayinet s raep rsedsing Il ddingetreldrhhinmsg? PBICEREARS: RISttty of

points, & foeLS; PRSIIMRISINGE HUNREENSIERGoted that other components in connection with the
system and techniques discussed herein, such as an on-the-fly focusing system, may also be

used with the illustrated optical doubling image system 1700. To achieve two or more object

10 pixel sizes, a plurality of tube lenses, e.g., a first tube lens 1740 and a second tube lens 1750,
may be provided in connection with the system described herein. A stage 1730 may shuttle

the first tube lens 1740 and the second tube lens 1750, respectively, in front of the imaging

sensor. In an embodiment, the stage 1730 may be a linearly actuated stage that moves in a
direction 1731, although it is noted that other types of stages and movement thereof may be

15  used in connection with the system described herein. A mirror assembly 1752 is shown with
respect to the second tube lens 1750 that may include one or more fold mirrors to adjust the

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

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

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

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

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

25  illustrated, the light path 1751 has been increased using one or more mirrors of the mirror
assembly 1752. In both figures, it is noted that the optical doubling image system 1700 may
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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acquiring, for each of said plurality of points, a frame in accordance with said focus position. 20. A
computer readable medium comprising code stored thereon for obtaining a focused image of a
specimen, according to any of claims 11 through 19. 21. A device for a microscope stage,
comprising: a moving stage block; and a base block that guides the moving stage block, wherein the

base blogfyingiddese adigkiagk beigstbsiyialyiatdidies or dediSECARERIONE RVIAGA

triangular shape, wherein the first block and the second block guide the moving stage block in a
translati§itarthreBttbRe I MHe Be\ics RS digHeSainP P Hh rsifeprntrdeniotk tha d YHE€Becond

block argsURBAIIRE:GR fRisethbRYSESORIAPRSEBIAIRAt %3 sthha1 AR VACSBRAAKIRAIIHAU 2. Wherein

the first block and the second block are made of glass. 24. The device according to claim 21, further
comprisfg§dium gush faee 6t BUHBRCRE MKt RIRHPESEE- ohth STHBWY Siadpdls stRagrdrassivBntact the

firstsblogk Anchtngisecend RlRck aherein theoRIRRA RIeMRRtHRRISRL 5&@9}{1@&& maving-slage block
, wner

in only the translational direction. 25. The device according to claim ein the button elements

are sphéviedifysefhped Shtt e HPINEHREAstdladbedrivioand(ne @ Bt S gtdhe iR Es2m N Berein at
least twq ghibe-RiuLality phOHUSR elprments atRRrangehe face.paciatheinp sachsidesline

triangular shape of the second block, and wherein at least one button of the plurality of button
elementSTCEHPARISHREMEEDRICR Bivl sraciablenedomay 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 skilled in the art from a
consideration of the specification or practice of the invention disclosed herein. It is intended
that the specification and examples be considered as exemplary only, with the true scope and

15  spirit of the invention being indicated by the following claims.
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27. The device according to claim 24, wherein positions of the plurality of button elements on the
moving stage block form a triangle. 28. The device according to claim 27, wherein each of the plurality
of button elements bears equal weight during stage motion. 29. The device according to claim 27,
wherein the moving stage block is shaped to have a center of gravity at a centroid of the triangle
formed by the positions of the plurality of button elements. 30. The device according to claim 21,
further compa(ﬁméi%gﬁgjlever arm assembly; and a flexural element having a first end rigidly
coupled to the cantilever assembly and a second end coupled to a center of mass location on the
moving stage block. 31. The device according to claim 30, wherein the cantilever arm assembly

includes @ %Bg{@y@f@mm@%%g‘g&qﬁﬂ%g m%ggmgﬁ,rggﬁﬁigiﬁgrzecirculating bearing design on a

rail. 32. The device according to claim 31, wherein driving of thé bearing block on the rail causes the
flexural elemen®foPRi5SHYS KBrediteatid Mbeirgrdratennbiic sBscimse: device according to claim 32,

wherein bending gufinesswhine: jexuipl@ler@alisRAlesIEAe, Mavith Sieak R asiulamstspand down
motions of the cantilever a%{ltﬁgg mbly. 34. The device according to claim 21, wherein the base block
|

forms anSHERIRBAHERSALY HCRiFEEY6 B8 pendicular to the translational direction of the moving
stage block. 35 ditleetifadeesapedrdingiie @ dithe? 1lewheteteireie atialitifo duysnigemisvesakided on the
order of ld's ngnometers. 36. A device for slide caching, comprising:
ither lels;
a focus sensor that provides focus information in accordance with light transmitted via
the dither lens;
at least one electrical component that uses the focus information to determine a metric
and a first focus position of the objective lens in accordance with the metric, wherein the at
least one electrical component sends position information to the slow focusing stage for
moving the objective lens into the first focus position; and

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

moved into the first focus position.

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

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

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

locked with the motion of the dither lens.

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

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

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

information to perform at least 60 focus calculations per second.
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a rack; a buffer; a slide handler that moves a first slide between the rack and the buffer; an XY
stage that moves a second slide in connection with a scan of the second slide, wherein at least one
function of the slide handler corresponding to the first slide is performed in parallel with at least one
function of the XY stage corresponding to the second slide. 37. The device according to claim 36,
wherein the slide handler moves the first slide and the second slide between the rack, the buffer and

the XY staogne3 ety Accaiing ‘itlaim 46 e Ribe Al hsnd i eyasalh at jeast

three degrees of freedom. 397 The device according to claim 36, wherein t tage includes a

slide pickightnenersmbidisvrionnidohsririboiones senyme )ydsesg shafpcuhinfuvsticacearding to claim
36, foth%@PﬁBﬁ{fﬁ&ﬂ@iW{gﬁ%ﬂ deyigbal imagesierfit! alideAre e RrGoRakslidg. 41. The

device according to claim 40, wherein the imaging device includes a focusing system and a camera
42. The dE3ABALEEIHIY to claim 40, wherein the focusing system includes a dynamic focusing
system. 43. The device according to claim 36, wherein the at least one function of the slide handler

performeg in.parallel with the at least one function of the. XY stage provides a time gain of at least
o6, aaT T HBTES AU 0T TR P I A TP CA I8 SR bickup nead
that inclusiésrattmas shmpreksdnfrechxioicad o chupdevifvenaniba vacuum pickup device.

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

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

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

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

determining a speed of the XY moving stage.

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

relation to a field of view of the image sensor.

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

focus position.

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

focus position.
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45. The device according to claim 36, wherein the buffer includes a plurality of buffer positions that
accept a plurality of slides. 46. The device according to claim 45, wherein at least one buffer position
of the buffer is a position used to capture a thumbnail image of a slide. 47. The device according to
claim 36, wherein the rack includes at least one main tray and a by-pass tray, wherein a slide disposed
in the by-pass tray is processed before any slide disposed in the at least one main tray. 58

RECTIFIED @ﬂ%&@g&%ﬁ]ﬁg é%lﬁlmﬁ%ﬂgg §H&%&§ﬁ@!”9’ comprising: providing a rack and a

buffer; moving a first slide between the rack and the buffer; moving a second slide into or out of the
buffer in conne&BBRANIEASYSMerttAE st Y Taslias SwERpsIvhidihg threinsndidésbetedeen the rack
and the buffer is performed in parallel with the scan of the second slide. 49. The method according to
claim 48, wherein the scan of the second slide includes a focusing operation and an image capture

operation +50NTRE ARG HHRE 9IRS Lhivhasinhe Lthahistnh SR et fif & 1SRABART parallel with the

scan of tegenonthalitleapleascss aline gaifidh at leastcdeuschicheinsthedassandingto claim 48,
wherein tsrég()%%an of the second slide includes a dynamic focusing operation.

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

information, contrast information and chroma information.

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

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

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

determining a speed of the XY moving stage.

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

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

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

focus position.

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

image of a specimen, according to any of claims 11 through 19.
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52. The method according to claim 48, wherein the buffer includes a plurality of buffer positions that
include at least one of: a camera buffer position and a return buffer position. 53. The method
according to claim 52, further comprising: capturing a 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 second slide is in the camera
buffer position. 54. A device for slide caching, comprising: a first rack; a second rack; a first XY

stage thap moyas ikl slide iR ¥ Rl B HIRiLgCk in connection with a scan of the first slide; and

a second XY stage that moves a second Slide into or out of the second rack in connection with a scan
of the second sRdBOVIRGFEARCRIRSKSEBAe function of the first XY stage corresponding to the first slide is

performed in pagajigl withieinaastiaaefiencdenolihe seeRNEROY:HAUCHRLERRAdiRRALR the second
slide. 55. The device according to claim 54, wherein the first rack and the second rack form parts of a

single rack. 56. The dAAEE B drigasstintghy disth#idomprising: an imaging device that images

the first slide and the segaoddtttek hdvihfie GRviedActapd]nohiediniie Sdstwheleindaeh of the first
3CY stage an(a gfe Is(ecocrﬂd Y stage i clqu?s Ja(l slide iclkup h?gd. 58. A device for slide scanning,
oc et ock 1n a transiationai direction.

comprisinsgson gui € moving stage a
22. The device according to claim 21, wherein the first block and the second block are

supported on raised bosses on a base plate.

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

of glass.

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

stage block in only the translational direction.

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

and made of thermoplastic.

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

face thereof.

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

on the moving stage block form a triangle.

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

equal weight during stage motion.
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a rotatable tray; at least one recess disposed in the rotatable tray, wherein the at least one recess
is sized to receive a slide, and wherein the at least one recess stabilizes the slide in a scanning
position as a result of rotation of the rotatable tray. 59. The device according to claim 58, wherein the
at least one recess includes a plurality of protrusions that stabilize the slide. 60. The device according
to claim 58, wherein the at least one recess includes a plurality of recesses disposed on a
circumfersgtia} (g, oLthe roratanie sy 6L Iheideyice atcording to claim o8 fyher comprising:

an imaging system, whereinatfeast one"'componen of the w%agﬁ*lg Systern hibves'if a radial direction
of the rotaeatiecd gyavisp atthestevide hdvortingltdwingd 181 thwipesétioth efahicplstaie admpanent of the
imaging systepmoves incrementally in the radial direction corresponding to one complete rotation of
the rotatable tray. 63. The device according to claim 58, wherein the at least one recess is sized to
receive a slide having a length that is greater than a width of the slide, and wherein the length of the
slide is orjg_ntpﬁieia@iggqgo%ggt{gr@mr}hglgq{g{ggl@&;F*ish@él_. The device according to claim 58,
wherein the at least gne recess is sized to receive a slide having a length that is greater than a width
of the slide, andFHEHSFHAEWAR AT #iéSide is oriented in a radial direction of the rotatable tray. 65.
A method for scafleing:PeidiclencRinpiisiirstisdasing theupliee i Bt easi one 18a8s iy ptatable tray;
rotating tgeecrotdata le tra%&/vherein the at least one recess is sized to receive a slide, and wherein the at
least one’fecess Stabizes tha STe iR e MR BSL s A R ELaRedY PSkation of the rotatable tray.

Q

31. The device according to claim 30, wherein the cantilever arm assembly includes a
cantilever arm coupled to a bearing block which runs via a recirculating bearing design on a

rail.

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

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

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

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

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

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

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

order of 150 nanometers.

36. A device for slide caching, comprising:

a rack;

a buffer;

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

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

in parallel with at least one function of the XY stage corresponding to the second slide.
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66. The method according to claim 65, wherein the at least one recess includes a plurality of
protrusions that stabilize the slide: 67. The method according to claim 65, wherein the at least one
recess includes a plurality of recesses disposed on a circumferential ring of the rotatable tray. 68. The
method according to claim 65, further comprising: providing an imaging system; and  moving at
least one component of the imaging system in a radial direction of the rotatable tray. 69. The method
according to claim 68, wherein the at least one component of the imaging system is moved
incrementally in the radial direction corresponding to one complete rotation of the rotatable tray. 70.

The method aggotdingJRClaigrdtR, Whss fsiheaiilnastReiRiasadss e dAQ deesiven slide having a
length that is greater,than a width of the slide, an ein the length of the slide is oriented in a radial
direction of th%e?g?é;}%é]fzg’?%w ?%ﬁé%ﬁ%’tdfgéé aggc%\éﬁgs%eélaim 65, wherein the at least one recess
is sized to receive a slide having a length that is greater than a width of the slide, and wherein the

width of the slige Thodienkestdordiaeialathi 86l MReriinR kntalaalB-aYves with at least three
degrees of freedom. |

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

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

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

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

system and a camera.

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

focusing system.

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

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

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

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

46. The device according to claim 45, wherein at least one buffer position of the buffer is a

position used fo capture a thumbnail image of a slide.

47. The device according to claim 36, wherein the rack includes at least one main tray and a
by-pass tray, wherein 2 slide disposed in the by-pass tray is processed before any slide

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

providing a rack and a buffer;

moving a first slide between the rack and the buffer;

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

with the scan of the second slide.

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

focusing operation and an image capture operation.

50. The method according to claim 48, wherein the moving of first slide in parallel with the

scan of the second slide provides a time gain of at least 10%.

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

dynamic focusing operation.

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

53. The method according to claim 52, further comprising:
capturing a thumbnail image of at least one of the first slide and the second shide when
the at least one of the first slide and the second slide is in the camera buffer position.

54. A device for slide caching, comprising:

a first rack;

a second rack;

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

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

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

of a single rack.

56. Thc. device according to claim 54, further comprising:

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

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

58. A device for slide scanning, comprising:

a rotatable tray; '

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

position as a result of rotation of the rotatable tray.

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

60. The device according to claim 58, wherein the at least one recess includes a plurality of

recesses disposed on a circumferential ring of the rotatable tray.

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

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

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

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

65. A method for scanning a slide, comprising:

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

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

rotation of the rotatable tray.

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

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

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

providing an imaging system; and

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

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

of the rotatable tray.

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

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

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