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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 temains 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 occwrring 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. .sl!de through the oqula_r lens of a microscope allows a diagnosis upon inspection of cell
characteristics or count of stained cells vs. unstained cells. Automated methods are desirable whereby
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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—dimensionﬁl grid laid on the top of a tissue section; and 2) in another pass, moving to
each focus point and acquire an image frame. For points between these best focus points, the
20 focus is interpolated. While this two step process may reduce or even eliminate out-of-focus

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

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

25  quality images at a high thronghput.

SUMMARY OF THE INVENTION
According to the system described herein, a device for obtaining a focused image of a
specimen inciudes 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 conirois
movement of the objective lens. A dither focus stage including a dither lens, and the dither
focus stage moves the dither lens. A focus sensor provides focus information in accordance
with light transmitted via the dither lens. At least one electrical component uses the focus

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



Accordingly, it would be desirable to provide a system that overcomes the significant problems
inherent in conventional imaging systems and efficiently provides focused, high 25quality images at a
high throughput. SUMMARY OF THE INVENTION . According to the system described herein, a
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20 | 4
According further to the system described herein, a method for obtaining a focused
image of a specimen is provided. The method includes controlling movement of an objective
lens disposed for examination of the specimen. Motion of a dither lens is controlled and focus
information is provided in accordance with light transmitted via the dither lens. The focus
5 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 is moved into the best focus position. The dither lens may be moved
30  at a resonant frequency that is at least 60 Hz, and at least 60 focus calculations may be
performed per second. The metric may include sharpness information, contrast information
and/or chroma information. The focus information may include information for a plurality of

sones of a focus window that is used during a focus scan of the specimen. Movement of an

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



25 information is used to determine a metric and deteiniine a first focus position of the objective lens in
accordance with the metric. Position information is sent that is used to move the objective lens into the
first focus position. The first focus position may be determined as a best focus position, and the
method may further include capturing an image of the specimen after the objective lens is moved into
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sharpness information, contrast information and/or chroma information. The focus infoiination may
include ADRHEEBATLEAIRAGNY WeRBHESaeRREEM i Rdow 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 m%\&be used in detelllining a speed

of the XY movift§Swee FREF SRS eHETiHeser brbimg Lidgaeihey By COMBIgPR BREREE forward

and backwasgitrensiational saapninemefihpanesimesisSAecerding fusthants thepsysierrdesaribed
herein, a method for obtaining an image of a specimen includes establishing a nominal focus plane.
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to {he syeandesstned heftinedncamndisicerinkladTediy Foseimprising 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 comprise code stored 15thereon for performing any one of more of
the processes dgsgribed Balow: BRIFFHESE RIBIHON QErdin EDRAMYING Seadable 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 comprise code stored

15  thereon for performing any one of more of the processes described below.



Embodiments of the system described herein will be explained in more detail herein based on the
figures of the drawings, which are briefly described as follows. FIG. | is a schematic illustration of an
imaging system of a scanning microscope 5 and/or other scanning device that may include various
component devices used in connection with digital pathology sample scanning and imaging according

to vario&%%&:ﬁ%@g}{?ﬁé@@&% & rein. FIG. 2 is a schematic illustration showing

an imaging deviseHnGIMAING ¥ foRUS SstarssaaBeItiRg 10 aneRhagiment of the system deseribed
herein. 10FIGS. 3A and 3B are schematic illustrations of an embodiment of the control system

showingPBS5 (i 6 Atesrey aldhs Aay neiutbispproprsrdeserind ss follpws, 4 is a schematic

illustration showiag thesdithendatiiz singaiadnose getaillaccerdingdo aneabediment abtogpsystem
described herein. FIGS. 5A-5E are schematic illustrations showing an iteration of the focusing

150peratiSHerLIEer SRt Eesiradmt et idpdheraious compengi dexicehbird i MHEHSHh of a plot
showingyhe gpminangwaveiamplefthadithenorrs.onticscandsharprgssdateainatiensrageording to

an embodiment of the system described herein. FIG. 6B is a schematic illustration showing a
plot of cAYSIAEIEESSHER §47s) values 20for a portion of the sine wave motion of the dither lens.

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

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

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

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

15  operations according to the system described herein.

FI1G. 6A is a schematic illustration of a plot showing the command waveform of the
dither focus optics and sharpness determinations according to an embodiment of the system
described herein.

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

20 fora 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.



FIGS. 7A and 7B are schematic illustrations showing focusing determinations and adjustments of a
specimen (tissue) according to an embodiment of the system described herein. FIG. 8is a
schematic illustration showing an example of a sharpness profile including a sharpness curve and

contrast ratio fQr. each sharpness response at multiple points. that are sampled by the.dither focusing
optics accordir%‘ﬁ) gﬁsearﬁﬁg?iﬂﬁtéﬂ i’%fﬁaeugi}sstgg H%s riﬁ}éaﬁ%?e?g.a i@ Ssﬁ%r\%gvépg ll.lcrlil% iofral control
loop blogksliagtam diwstratingusesof heicdotrastiiuhetipnete praruse at conltiplsignmtidiesrarol the

slow focus stage. FIG. 10.is a schematic illustration showi he foc indow bein oken u
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herein. 1@fi. 11 shows a graphical illustration of different sharpness values that may be obtained at

points in time in_an empodiment in.accordance with technigues herein. FIG. 12 is a flow diagram
showing on-thé}g'fgagﬁﬁo%é@%?ﬂﬁlﬁ%r‘fﬂﬁtg a‘?ﬁfﬁé’%f% ‘gﬁi C%é%%sﬁr&gp xuélsr%fl)ﬁ%é’e Conta

on according to an
embodimgriiehthepsysiesudestribeirareirohifs] 41 iddlododiagtage.showing processing at the slow
focus stage aC%cl)Egiq% tlg gnsc %ﬁg%f?:oi .ﬂﬁ‘ggig}lts eoS 1§1lfgemed?c§gsib\?fgngg\%e.néing 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 durihg scanning of a
specimen under examination according to an embodiment of the system described herein.
FIG. 13 is flow diagfam 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 berein 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. 14 is a fI_ow diagrqm showing image capture processing according to an embodiment of the
system descrlped hereln.. FIG. 15 is a schematic illustration showing an alternative arrangement for
focus processing according to an embodiment of the system described herein. 20FIG. 16 is a

schematic illustration showing an.alternative arr ement for focus processing according to another
embodiment of the §¥/3téH ﬁggfcﬁﬁga% ?an%ﬂ'géc $f§%‘ﬁoces pedconiadtod
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accordinge%n ERYSO AR IFS e gﬁgéea%%rein.

FIG. 24 is a schematic illustration showing a slide caching device according to
another emiﬁodimcnt 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. 28A-287 are schematic illustrations showing slide caching operations of the
slide caching device of FIGS 26 and 27 according to an embodiment of the 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 a 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.



FIG. 22A is a flow diagram showing slide caching processing according to an embodiment of the
system described herein in connection with a first slide. FIG. 22B is a flow diagram showing slide
caching processing according to an embodiment of the system described herein in connection with a

second slide. FIGS. 23A and 23B show timing diagrams using slide caching techniques according
to embodimentd 5t _%é%?é@%%ﬁ%ﬁ%&h %féf?ﬁﬁﬁ‘d‘%%?él‘s%ﬁﬂ&g S ﬁ&?ﬁ@gﬂ&?\/anous

embodimenieekite syptemedescaibrdihergiting akioeddia asahesiatienliisiaiien showing a slide
caching device according to another embodiment of the system descrjbed herein. 10FIG. ZP%A is a flow
b
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processing. FIG. 25B is a flow diagram showing slide caching processing in connection with a
secénd Eﬁffénaccording to an embodiment of the system described for the slide caching device 15

having two XY eempe g SiaaesfonRidemsacassing: an ifrdG@ng6ystensabamatig thusiration showing a
slide caching device according to another embodiment, of the system described herein. .  FIG. 27 is a
schemafiB RRISRSAbATSRe SRR sTrEPe R brist %HB%‘%%F@@HQ’%’&&F&‘@&%H%?%@%S%P%. 20FIGS.

28A-28) e sehematigdiustrations showing slide caching operations of the slide caching device of
FIGS 26 and 27 according to an.embodiment of the sysﬁerﬂ?%escribed herein. FIG. 29 is a
schematic illusfitiot SRARY SirBTAMITATSR SR APRSHIMIAR SIS St adrigabigREEmitting diode

(LEPR) ilwpinationassembbaasesr dinadearerabagdimatiabnf the system described herein.
F1G. 38 is a schematic illustration showing an optical doubling image system |
according to-an embodiment of the system described herein.
FIGS. 39A and 39B are schematic illustrations of the optical doubiing 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
hereiﬁ. It is also noted that the system described herein may be used in connection with
25  microscope slide scanning instrument archifectures 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 Slhide Scanning System and Methods,” which 1s
incorporated herein by reference, including features in connection with reconstituting an
image with a magnification without substantial loss of accuracy and displaying or storing the

30 reconstituted image.

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

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



FIG. 30 is a schematic illustration showing a more detailed view of an embodiment for a LED

illumination assembly according to the system described herein.

FIG. 31 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. 30FIG. 32 is ftchematicn%llustr. tion showing.a high
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time for capturing all the snapshots is less than the time required by a method using a stép of

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

The imaging device 100 may include an imaging sensor 110, such as a charge-
coupled device (CCD) and/or complimentary metal-oxide semiconductor (CMOS) image
sensor, that may be part of a camera 111 that captures digital pathology images. The
imaging sensor 110 may receive transmitted light from a microscope objective 120
transmitted via a tube lens 112, a beam splitter 114 and including other components of a
transmitted light microscope such as a condenser 116 and a light source 118 and/or other
appropriate optical components 119.  The microscope objective 120 may be infinity-
corrected. In one embodiment, the beam splitter 114 may provide for apportioning
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 dispesed 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
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

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 cach image snapshot as it is captured. As further

o : : . : starting
Sgi@ﬁwm@w@gamtﬁﬁ@igkﬂﬁiﬁf emRginghannspecimenrenihel didddmihe recess.
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FIG. 38 is a schematic illustration showing an optical doubling image system according to an
embodiment of the system described herein. FIGS. 39A and 39B are schematic illustrations of
the optical doubling image system showing the shuttling of the first tube lens and the second tube lens

in front of the image 15sensor according.to an embodiment of the system d i ein.
DETA|L@W@@Cﬁl%@él@lﬁﬁ%&‘h?@ggh %I‘:Bé%ﬁl ERerane B 10 ﬁéfgﬁ%gﬁl%sgt?raaﬁon of an
imagingrsygien,? ka seanfingsnierasceie, amdids dtdepandeming dedicedtalsniay inehstsnarious
component devices used in connectign 20 with di itz.l atholol%% samplg.gg 19@"?90&”%@1 igg
accordiﬁ&%?f&ﬁ’oﬂ@@%ﬁﬁaaiﬁ%n@oﬂﬁﬁ%y@@?ﬁ’gé} cﬁﬂot}e]al}?ere?r? PYhe imaging system SE%ay include
an imaging dgvigennithdasusing systamut QeasslideGiatfe aystefordGitasiide cashing tysieme30 and an
illumination system 40, among other component.systems 50, as, further discussed. in. detai ewhere
Perbin. 196760 BRSPSy BB TR g ol S Lo e

, may’be used in connection with
microscopg.slide eaningdnstaunantiasdbitectureltian thtefinigaes dorimajb oapg repstiteling and
magpnification as described in U.S. Patent App. Pub. No..2008/0240613 A} to,Diet l\, entitled
"Digital Wﬁ@r@sé@é@%ﬁ’&é%@kﬁ?ﬁ%@é’e?ﬁ%%ﬁmgt 5 si?W/vﬁcl’SHSis‘?ﬁa eo%éré?eglég(a}%%)bﬁerence,
including, featiyesi Ga0Nadiompithoresonstitutingramitnaiim with danagpeificatiarsovithout witbstantial
loss of accuracy and displaying_or storing the 30reconstituted jma FIG, 2] ! iC
iIIustrati6?9%%’6!%%d‘%’ﬁ“ﬁ‘nagﬁ?‘?ggfa%Wc@f%@?ﬁ%%t‘fggfrgzasﬁﬁéﬁg gn?grgg%p% élﬁg??[rg()c%er appropriate
imaging gysipihal duriees conporents ohaitoc ising thystenefofotaldmg fetegsed inage®ofsa tissue
sample 101 and/or other object disposed on % slig#elﬁcggrdineg tc% ?rgvse%rgb%g%%n&oaf yfh‘??&ﬁtd m
describetHere k0T hER O SRARIF S, SR HBESHBR G BHEIT b roviaas 151 datBrmining best focus for each
- snapshot, asa EraREN ishapmRemahicTvayde Kietet do asl"omths-fystooudifymahidevices

and techniques provided herein lead to significant reductions in,the time required,for foimi 5 digital
image oP8h Bt a3HMo S gy SR ¢H E’Syg}gﬂ%gg&%g% M maé%es@?@ﬁs%%ﬁ%&%v@%-step

ﬁséreln mtegr
approachffcenuentionalsystamstans essentialtyelithinatasdhe tienebjeqtiired 26r prexfdetisidg. The

system described herein provides creating g, digjtal.ima oﬁa ecimen on g microscope slide using
onJtﬁe-fl?%@@éﬁ@iﬁ@&&%&bﬁfﬁn@%ﬂ&b‘g ?Q]irg%‘&wzf?\%% %ﬁ?&%?olrmc%ggtuﬁ% ?Iﬁt%?e gr%igshots is
less than,thedimerreauikedity asmethodasiagaustep of ibnredetermingoabespaibts fbe 88t
SnapShom%r‘L(i)IEgtoStggg tijzrbr:%(;[p gxszgnap g,h %tg ‘speed of movement of the stage 130 in the Y direction.

In an embodiment, sharpness values may be computed by differencing contrast values of

neighboring pixels, squaring them and summing those values thether to form one score.

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

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

with components discussed elsewhere herein, a device for creating a digital image of a
specimen on a microscope slide includes: a micfoscope objective that is inﬁﬁity 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; ii) setting the dither fine focus stage to

10



The imaging device 100 may include an imaging sensor 110, such as a charge-coupled device (CCD)
and/or complimentary metal-oxide semiconductor (CMOS) image sensor, that may be part of a camera
111 that captures digital pathology images. The 15 imaging sensor 110 may receive transmitted light
from a microscope gbjectiye 120 transmitted via a tube lens 112, a beam.splitter 114 and.including
other co‘i‘n‘fbvc?ﬂéﬁ’ﬁ Tgiat aﬁ%ﬂ?ﬁ%’&%ﬁ’i%%ﬁo%c éoé%?lﬁgc 4 & én@g? f‘é‘ Ia‘frfllaaL gs?igcﬁp gg%’rce 118
and/or athevapgropiate epticalecomponenisdiid fhhatagetoseope bbjedtvec@hdiayeitefinfinity-

corrected.In one embodiment, the beam splitter,114 may provide for apportioning 20 approximately
70% of H1S T BESH LB E BRI B (UGS SEPLSP T 16 ARG PR SO an B

approxiaiely 30%direciedadongta. 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 Htéheaayceontiot omementafibéiRemidiessepenobieatived I20dm they diradtion to
focus an image of the tissue 101&?%&5 cagtured by Ih? ima e seﬁ]sor 110. The slow.lz:oggcsoin stage
140 may AR HHRTPENG/BIGRS 18T LRt Lt MOV the SRTET0sEope BBfecive P50. A
dither fogiiging Stagentidant & fastssentaetbniage ysediopeavidenfnsifocusingicontrd| tor the
on-fly-focusing accordjng, to me%tem escribed hereiﬂ;: In various embgdiments, the focug_sensor

160 may'SH B Pe NS & Yelfa3T 2 PORE GhieF fOCUSINg stage (?Léﬁalén%et?'ugl focug sensor
166provifleden-taesfly fdersing aceerding tdsbanpnskstyatues badmrtothenristriesthabarepapidly
calculated during the imaging process tq obtain g best focus for,each image snapshot.as it is captured.
s furt P GRS LSBLA PSR RSB P REHEIR, R o ET RO L o B TRl at

- frequengyaBsBotifhaosisiushidabmeatiomath aleiscindivieeridént ehendrexehedsvitteutaiennend flequency

practicable for the slower motion of the mjcroscope objective 120. Multiple measurements are taken by
the focuB S8R IBBET TS RREY gfiéﬂl W%&Sﬂﬂ%tﬁséﬁ% ovneg‘% & Tanye est%ie dither

& Fafge Of motioh o
focusingtstagR & Ihe fat uscalegisbissmnthedatsahaystenihéGapaiydntivderstbotonipsiog
controlling the focus sensor, an ditherin%; f?cus atas%? 1%0, a matster cggr(%k %ectroni%s tfor controlling
thelSlowH SR S RIGE T P e BRGSO SR E0R S0, LRG0 BB 08 1 GRS B S SHaRTA St an
embodiment of a system in accordance with techniques herein. The focus electronics and control

system 170 may be used to perform 10 sharpness calculations usjn t@\ei formation from the dither
focusing stage 156 artl AUTLEREF 1 B?"ﬁ’? Sh emabo%men{ g e do e((:i[}()mcq d

&8n pness values may be CaIcGIAEE Ver atieast a
portion afcasinuseidal cuvenckriinged Ryaltbricmmiemetit, Zhedscusleldctiohiesdnthgontnisystem

170 may then use the informatiqn, to determine the position for the best focus ima f the tissue and
commant $HESIGH Ilg" us stage Ol?’o?‘n(s)\:l}éei:ﬁaég%ig%sété%%%nolgjegﬁvéﬁ?% 5" gr%egsl?re *15°position
(alopg theedtmtis:sasahown) figs obiairing thenbedirfent stimalyewdudhgitheiimddingnprpdeskidEhe

contl e 10 Ty s selhe WO SRl speed e Ko sage 20 o

values mayderpgmpriad by tiffetencingicanirastssatuédotngighbobagupedels, sularisigubress and

' Summingcélhc% gti\(/)%lsqesf{l%g%ercg%\ig{i@ro 7 .Sr%(z)nge'receive information from the focus sensor 160
which is coupled to the FPGA 172 and microprocessor 173 and uwsed 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 clqck 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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20Various algorithms for determining sharpness values are further discussed elsewhere herein. In
various embodiments according to the system described herein, and in accordance with components
discussed elsewhere herein, a device for creating a digital image of a specimen on a microscope slide
includes: a microscope objective that is infinity corrected; a 25 beam splitter; a camera focusing lens; a
high-resolution camera; a sensor focus lens group; a dither focusing stage; a focusing sensor; a
focusing coarsenslew)siagesianddoptiselcatrgrics cifhe delideomal) aliy for poeelsimrirdbbjective

and capturing each snapshot through the camera without t edf rpre ﬁg;rgg[gp% facus point for
all snapRHtash BT RFRARE BRSOt ARt Wherein the tg(t;aé%ime ?%r capturing%l the

snapshetstigieasdhasdhnstimedtheeguiretcyy staysionts reeptifing arsteps ofvsre Branividg ffscus
points for each snapshot prior.to turing the snapshots. The syste [ C uter, controls
for:) d&tAMMIMG™ ?irgfal%c oﬁ the 15308 to establis %ler%lr%?i%%%ég@ﬁpﬁ%% t%{prﬁoving the
coarse igeussags gl e Watindia sange ahitoioritering HaProsy vaives; thy Positidriy the
tissue in x and y to start at a comer qQf .an area of.interest i setti ither fi sglage to
move, vAREFERY th itﬁ%‘ﬁ%ﬁ% § agg]f?s 3S%;ﬁnc %ﬁﬁ%ﬁo@g ?nbagst}é%qggg%\% |chr§1§§m§§§#tr%ls the velocity
-of the xy,stigE;siteammnandingite miage toTmoserfpben thianvesd wiljacelsnfeamet dhel/dhwipistoducing
a trigger signal to acquire a frame on the image, se nd trigg igh a pulse of
ot & SRR e A B Ig a R B Ao e o A oo et B ouide
computesimpiamentelBEdndiontieating &digitab impigelofize sfetinaivon hmivrascopdiende. The
method may include determining.a scan area isinga region.of t | ide;#hat includes
at least P8P BISH SHSCIMEARE ﬁ%n%%rgﬁsaféaérlp r%rg/ bgeo%'oﬁﬁgggéfeﬁ%%%@%ﬁ%ﬁﬂa%ihots. The
~'snapshaimneswbe sopicred 0siggnarmididsCope abjbetiigeahddichmeralentwhishifetds e
objective and mjcroscope and capturing e snapshat through t ted for
each snishBRI SRS HESY %#B?ép&g%%rlﬁ n}g?al\g flglcrﬁénp%%af?oﬁ?ga I%Eg%%}%?&(?o%%g&gaptu ring
the snapsREin1Y hedotatidrneaitaneapitiihgaaihtioe snabsHots by besiesdsthawcthtoviviethenihed by a
method requiring 15a step, of predetermining focus paints for eac lQr ring the
sndpshot&me SEF‘G?@E?S BJS(E egé9 %{?%sst%t%%ugi‘ %*npé’?ﬁg%ﬁir%‘éﬁ%%ﬁ‘];%%ﬁ% é%%é?joggigcs and
control systemrike ichsdiog faces lentinicsdbdctadontter Biosktile3meeoraglycoritheraldstronics

165. FIG. 3B is a schematic%lustr ion %g%ﬂgb&i@?m of the focus 20 electronics 161. In the
iIIustrateﬂf@rﬁﬁoldﬁﬂé?ﬂ?ﬁﬁeé BUE Bectonics f )1 mlay include appropriate electronics such as a

su_itably fast AID converter 171 and a field-programmable gate array (FPGA) 172 with a
e R el AR ettt 1
173@nd jysgshie B1Epuhshasdbesse-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 the system described herein may be
about 3 seconds to find the norﬁinal focus plane, 1.17 seconds per pass (25 passes), for a total
25 of 5+ 25 x (1.17 + 1) = 59.25 seconds (about 1 minute). Thisisa 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, ruﬁning the system bi-directionally would eliminate the retrace time saving about 25

seconds for a 20x scan resulting in a scan time of 35 seconds.
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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 contyql signals and information, as further discussed
elsewhere herdifbphid Ibpé‘ﬂefﬁ%gﬁ? §BEW9“§‘§%BEG§;Q% %eﬁlﬂﬁle‘%%utgn%g%%‘bsr ?%ﬁ,mélﬁ%ng other

infoimatjgn. Measusementsinihe lakshew acshamness crleulpiioms eheabdd xodtbpixelfraree can be

made in 18 microseconds, easily fast enough for suitable operation of the system described herein. In
an emb&IRRERATIF K 86 ?@%‘Oﬁﬁ&%ﬁ%lﬁd%oﬁqﬁ%w&ﬂ?m&%ﬁm £ 640 x 32

strip, asduuthgedlisgussed elsewhere herein. The scanning microscope may acquire either a 1D
or 2D array of pixels including contrast information, and/or intensity information in RGB or some other
color space as further discussed elsewhere herein. The system finds best focus points over a large

field, for 5 exampple @NsA.0laRsHsHsle 2B M on oo Masyi rhs messiat systefusisampledfeilscene
produced by a 20x, 0.75 NA microscog%e) objective Wf'ﬁ? $ CCD array. G}Pée the NA of ltr%& ob&ective and
& c BIHE

condens€Feings o sRndERgthdtt HE$S AEE B oftis Watern i Bout 0.5

micron. {feisampladiis resrldiaemelementekiheNyguisidieguency oecnixalsize B1h® ahjgct is about
0.25 micron. For a 4 Mpixel camera (e.g., a 10 Dalsa Falcon 4M30/60), rénning a(t)l:%g fpi%v)\ggh a pixel

size of 723 WikDF e REGHTCatRM FOHHEBhREt ROHESTh g cHRE AT ol
Theseforgnneffame b 2882 k{28 dnaheavearianiaieahalt hp88Im x4 32emmiaighe akjeist, which
equates to about 910 frames for a typical tissue, section defined a x 15 mm in area, The
system Gé%ﬁﬁ’é&f‘ﬂiér%‘fﬁq%@%sﬁ%ﬁéru?%e@%%%ﬁ%@g%ﬁi‘?gg%th B%E}%taﬁnr%n%l%n is

- much lowerdhanibe 4 efams size detbenehiastd fasiaticasis, eusrin behispedeat Geenigreater
distances and most of the focus adjustment is made toécorr ct for tilts. Thefg tilts are en%: ly in the

range oftEEhtoRiRedenpét rdHEd Y APTHEEE L FiTe T YA o ! o FPER ARG systems

(e.9., a Riolpagenadngar Gorandsysiena) 20 isiahbyichidpiiutesdan preikoanandseshitdal20x 15
mm x 15 mm field and about 15 minutes for a 40x scan op 15 m?’r .15 mm fiﬁl . The ?i@ gai X 15 mm
fieltPis sEXIRBA Uy tRenAG 3B RIS D6 phsils SFHBREa AT aglﬁtré“ﬁ%é} e &0 |%})with al

sec retragg.time. Thedisasbiingan Using s iechnigueraccarding e thmsysterd dessripetbemsin may be
about 5 seconds to find the nominal focus plane, 1,17 seconds per,pass (25 ses), for a total 25 of 5
o (SPFE) o5b F5 S Oh BB § il TS AU SHETABHo T b gD BE
conventignal @ppraachesOthenembedinenisiohthe sysiemis dasesibed! ereinondaygaltessauen faster

focus times, but a limitation may occur.on the amount of light neede(d5 for short illumination times to
avoid matEh BiPBEEIHHUIGIEE A, BN GCHETESiIRY TR TEHESBEce 118, which may be an LED

, !ig%source as further discussed glsewhere herein, to 30 allow high peak illumination can mitigate this
i cortrol syol RS B TR A Y SYTT B B R W8 B S race
time savigalo Wb giSe s ds- o Ry $aen iestlingan esseandimeTok3moeognatss may be
' monitored with a suitable high bandwidth (e.g., > 1 kHz) position sensor 155, such as a
capacitive sensor or eddy current sensor, to provide feedback to the céntroi 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 mum 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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It should be noted that the components used in connection with the focus electronics and control
system 170 may also more generally be referred to as electrical components used to perform a variety
of different functions in connection with embodiments of the techniques described herein. 5 FIG. 4

is a schematic illustration_showing the dither focus stage,150 in more detail accordipg to an
embodiment ofithe §yefeiitt Q8B e o OFAR aﬁlﬁé% ?6%5]% 2‘?%%&%@8%‘?53 MeiuC eggttgﬁ%ﬁlésr focusing
lens 153 shabmay, Be Reyes dheeaion mareatatershbiradusutthasyoice deitdotddtarspand which
may be mounted into a rigid housing 153. In an 10 embodiment theklé@ m% e a«gl?r%%tic lens
having EWWH&QF?%%\‘}?%% FE BRI IR AR agduafgielemidle EAMGNd SEehtRc,
NT32-323 gltginatively nihe slitherfocusinadensd S onayt Hecgoasiitictha fromiplasticrasphgric and
shaped such that the weight of the lens is reduced (extremely low-mass). A flexure structure 154 may
be AttachcHaaeRoRGHPOREME TR ARIFSHECHEY to a rigid ground point and may allow only

translational 15 motion of the dither focusing lens 151, for example, small distances of about 600-1000

microns. In an embodiment, the flexure structure 154 may be§o;t1%structed of an a C}i)rag)(li]i_zzrlﬁtieastainIess.
steel sheets, off BBEERWO10%tAIGR ifStHE ARG T BB S it 2 T Bariifkage. The flexure 154

may be designgd{iam aaitahle spingsteslatanvaiking siress ik ffosdtitskatigue lihir¢fdotor of 5

- below) to operate over many cycles. 20 bea? moving ass of the dither {ocusig%(l)ef\lrgl?nliiﬁlZ and
flexure THI¢HEPHEMSREPIS BROSIHE ST 6T HL GriitoPS Hrt R e RaRe s Tesonance. The
MQyng massnayhe mopitoed wiksastitabletighcnanswitthe(Bagein, 1 Happositnsenseor 155,
such as a capacitive sensor or eddy curre_nt(i\ensor,\)t?% grovide feedback to tt%ﬁ: ck?nttr gésntgsm 170
(see 25 RIS 25 oor BCANTBRE T AP A RIBIE A B E GG S HSa IR AF RS S Capacitive SeHE0r 5 mm
2805 prohg,withya dyikhizBangwisksitbimemimedsurefsaniiange aag 7 danareteridsotpion suitable

for this application. The dither focus and control system, s represented by functionality included
in elemeRt DPGIMAYRESRS HOAAD IR EHRE mﬁqa%oeut%% prisy ARE R

S gilttlgnaaﬁ’réscrl e qus?range.

The dithgsfegussanchaonieohsystern maycieirandettdmiown S0 Wain-cbntratied esciiaorsirteits.
When operated in resonance the dither focusir&g s\gns 151 may be d.ri\é%gli% low, cnlllrgent diss{ilgating low

power irfiestBia Kikei s cEdPe SaEmE Lisiy FBRPEIHTEEEA g &) Setiator the

average qUHE MR He B8Rz ikan 18am vandmaned dissipatediemmyehe dessohdie Sdwfocus It is
noted that other types of motion of the dither. Ienﬁéand other t)éges of a%uato%s %52&%@@/@% used in
connectigdfith rio@@%rﬂ%ﬂﬁﬁeﬁ%@lﬁtﬂﬁ‘eg% Fn SFESCFibEer nEHE., of examplé. plezoslectric

actuatorg JpayBedusedasihe acivateisdbdadd Foihgorifiegatiorodfsigeatitherdepssitiay e motion
at other than resonant frequencies that regwains indegende t % g}e motionﬁf the migrosc objective

120,  TRHESERROPISEILE I RetiebeSh St P LEREBr RIS A8 85 e may hEThETuded th an
emppdiment in acsRIRRABWIER Beppigues hestiherniay piadisstigedbticlo astsevhgaetvesdither

focusing lens is positioned (e.g. with respect to_the sine waye. or cycle corresponding to
grepositio%ing of the éic%oscope o%?ectlve 1% at eg, N Fadns %osmon. P 9

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

of about 30 frames/sec. Since the dither focus stage 150 and XY moving stage 130 may be
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10 the movements of the lens). As 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 sine wave

position as indicated by the sensor 155. The position as indicated tgg ensor 5? may be used by
the conﬁ?BP%ﬂé@%d@%fiﬁwt@%“téﬁgﬁléﬁnaﬁiﬁ%ﬁ?fa}éblgl%' ent FOFth&%TowW Tocusing stage

140. ForgxamplenincangisFbiodirmanaille madement  te micteseopetibjecfive 12( mayehe
controlled by a slow stepper motor of the slow focus sﬁage 140. Th osirii}(f;n indi ?1'73% b}/ 'gi\éa sensor
155 may HeTaseune s e Aot dpB NG BrREUHESEM S Ve A SHERART Bh poRAMg cantrol
signal(sy) o Resitionthermiar orsape.ebiertive ikl ar Fhesidfoms qigsition iving Ddireations. The
control signaéleg)’i 20may be transmitted to the stepper motor of ift\?e d w focus sqtage 140 t%guse any
nec%ssa??‘?é&%M%V&%ﬁéaﬁ‘ﬁé%%b%‘ﬁ@%ﬁfe&ﬁ/goﬂf)%ﬂﬁé é’f %%ﬁ%pﬁ'ggl iSh? VRS 5A-5E
are schepatic divsiationsshgéns an dieraiansf thedepusingripasatiarkaccodinigiadhe 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. @0 thgatY Pavishsiage 13Gunthiledibeufacdi scharntienacacmpeifoimea. dnabexample,

the dither focusing stage 150 may move the dither Igns at a desired figﬁ uenc suctgras {5 "_1'12 or more
(e.g., 8OHEed GOR FFed HAGHFRROIS R SR AL LTS tR &P B BSTHIZN?E, tgrgﬁ P RSO S B rein may

alsgyopegale 39 withdhe ditherens mevingat aslowsr foeduericyueesiion sy decarding frarapplicable

circumstances. The XY moving stage 130 may be commanded to move, e.g,, in the Y direction, from
frame to@&fééé?#‘ﬁraﬁ?@}‘%yeﬁgﬁ%gy‘g #7d é‘tg@%’ﬁ%qﬁgs %ﬁ%ﬁﬁﬁgﬁa%%"’% %8\/%03? & %lggéstant of 13

- mm/sec yhighafor 320%.abirctiereomasponds te anmaedfusiiahe aienafafidti3tnirppaésisace. Since the

dither focus stage 150 and XY moving stage 130 may be phase locked, the dit er{ocus stage 150
and senSEPEEH M HySHiaRe BT LA HY pEr Bdbh i o%ﬁ%%?— &cfishamy ’(‘r%ading on
the up apg dewr-motion of the sine wave) 120 focus points per second or 4 focus points per frame.
For a frame height of 1728 pixels, this equates to a focus point every 432 pixels or for the 20x
objettive every 108 microns. 5Since the XY moving stage 130 is moving, the focus point should be

captured in a very;shasperetohtinec fnadanme 33titseedablassihinkaemitfocvardsiondn the

scene minimal. In various embodiments, as further %;%:}?ied elsepwhqerée herei bthis. ajp may be
stored afefaisees BlanaripbidiaTsE R dih S LHEEGE BESRicH br e RSt RIS 85 & ofdtion

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 o be nionitored, beginning in

FIG. 5A.

25 Thel 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 kIz. 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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10 may not be used and the last focus point is used for the focus position of the active frame. With a

dither frequency of 60 Hz and a frame rate of 30 frames per second the focus point is taken at a

position no more than 1/4 of a frame from the center of the snapped frame. Generally, tissue heights
- do not change enough in 1/4 of a frame to make this focus point inaccurate. 15 A first focus point

may be FB{HRBFIPIE 16E0dQFRRYEBIER PRSTHSM HaF TBEhLishFY ShaeRTShiSepmRBa & erifexample,

the refergreeplang bl max he-geiermined bydniiplonaviagtheinicestope abjactveel 2@, using
the slow focus stage 140, through the entire Z range say +1/-1 mm and monitoring sharpness values.

Once theleBtdpsHE StpEaNkHd 0% RBARiRHloRRE e PO WERPREWESHIEN e ifOEeF ¥ {88t at a
corner, apgionptherRarticwardesaionktherren ahibteresicanthlesdither foousingpsiagendSo is set

to move, and/or otherwise movement of the dither focusing stage 150 continugs to be monitored,

beginnirRfihfpres Bpegechife eftkher ata el dpgest 96 BajBhsiRthBrizedBodmERePEIGBRSR the

control system 04598, E |G e2bahichmay AlsehrusediaronmEeatiomyythaoniraling theavelocity of
the XY moving stage 130. For example, if the dither focus stage 150 were to move through a 0.6
minimetép?ﬂf?eﬁéam@ Al &siRb bsrhrbloN B8E MetE dﬂ?iﬁ’é‘%ﬁt%’/é%’f@oé’félgjt@%se the

SiNUSOIdi AN PFe-INGRE FHRGE SRRIBSTaRIdInE GalasteRdRbrameh thedosusS0IRBERAVEs, aRR. 7 msec
period. In FIGS. 53-5D the dither focusigﬁ stage 150 moves the dither lens in_a sinusoidal motion and

focus safPpEss P e aBhE AR dgh 2 AR o BFIRESIn(RBRIdPadrbe Rl hthBles would
be {gkenthaiefors 8 ¥RMbaaRMSECRY plRdale 9, 3 kHz.

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

15  the example of FIGS. 5A-5E:
T = 16.67 msec, /*period of the dither lens sinusoid if the lens resonates at 60 Hz */
F = 300 pm, /* positive range of focus values */
N=3§, /* nmumber of focus points obtained iﬁ the period E */
At =330 psec, /* focus point samples obtained every 330 usec */
20 E=2.67msec, /* the period over which the N focus points are obtained */
Af=1.06 pm at center of focus travel. /* step size of focus curve */
Therefore with this duty cycle of 32%, 8.48 um (8 x 1.06 ym = 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:
"~ 2F7

z=Fcos [z;rr[g-—;-— + AT = i‘]%}

EQUATION 1

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

the Genie M640-1/3 640 x480 Monochrome camera. The Genie M640-1/3 will operate at
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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 information is
used to convey the position at which highest sharpness is computed, i.e. the best focus, to the slower

stepper motor of the slow focus stage As.shown in EIG. 5E, the focus.stage 140 is
command ¥ f FGRE T mgéé?%eogk%%%%%%?g‘fﬂﬁ@ 5t ?8&?]% ?(‘)%sﬁiglﬁra(ﬁlhssz%t%cﬁ%n?ﬁotion
range 1%?‘);1@ simedorthadimageaensarid ficapidifedhephestdedusimsgel 18 ak thentiwea of
interest of the tissue 101. In an embodiment, the image sensor, 110 e triggered, e.g. by the
control §\}’é‘[‘étrﬁ'i?‘ﬁ,‘%’%ﬁéﬁ%(ﬂ?ﬁﬁtim%@%#té‘??%ﬁ@%ﬁﬁ@%r%%% Oﬁnﬁ\éé{?%ﬁ‘ttﬁé{gﬁﬁ{}rﬁiﬁé motion.
The XY mawngxstagsylQuneuesdedite siex dtamfesdhecy dinatanaiion g therdithesdansttaihe dither

focus stage 150 continues, and focusing gperations of FIGS. 5A-5E are repeated. S I
e bo EARENGE APATORAR b dOb SO SOREh e (R b hiom iy e

schematig usiration efa plak 208nshowing shelcepmmandawavefonmasitie Hither facusidpisesland

sharpness determinations according to an embodiment of the system described herein. |
embodirABRP ARt it Mted didtuetisy iﬁ;ﬁ%ﬁéﬁﬁéﬁt i@h%emﬁ%%%}aﬁ? %T]qssﬁrquigz T=

16.67 mggerdiperiad péshe dithesdrim sinsndia if ihedensiestnaiesiading e ik sf306omakt positive
range of focus values */ N = 8,/* number of focus points obtained in the period E / Ail.= 330 usec, /*

focus poTHESnIHIBE BERAEU AT FEBAIRBE ™0 E = 2.67 msec, /* the period over which the N focus

poits are obtained */

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

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

| referring to a definite tissue point of the specimen. In the example of illustration 250, a

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

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

30

It should be noted that the system described herein provides significant advantages
over conventional systems, such as those described in U.S. Patent No. 7,576,307 and
7,518,642, which are incorporated herein by reference, in which the entire microscope

objective is moved through focus in a sinusoid or triangular pattern. The system provided
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Af = 1.06 um at center of focus travel. /* step size of focus curve */ Therefore with this duty cycle of
32%, 8:48 pm (8_ x 1.06 um = 8.48 um) is sampled through focus processing. 25FIG. 6B is a schematic
illustration showing a plot 210 of calculated sharpness (Zs) values for a portion of the sine wave

motion of the dither lens shown in the plot 21Q. The position (z) for each focus plane sampled as a
functomeTacH FOTTIRSEIv by BOATI GNP DR T P EHOATIEN PYERES B

accompanying stage that are heavy (especially if other objectives are added via a turret) and
cannot be moved at the higher ﬁequencies 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 imposed by the microscope objective.
The focus data may be taken at high rates, as described herein, to minimize scene variation
when computing sharpness. By minimizing scene variation, the system described herein
reduces discontinuities in the sharpness metric as the system moves in and out of focus while
the tissue is moving under the microscope objective. In conventional systems, such

10  discontinuities add noise to the best focus calculation.

FIG. 8 is a schematic illustration 300 showing an example of a sharpness profile,
produced from moving through focus positions, including a sharpness curve and contrast
ratio for each sharpﬁess %esponse at multiple points that are sampled by the dither focusing

15  optics according to an embodiment of the system described herein. Plot 310 shows dither lens
amplitude in micrometers in the x-axis and sharpness units along the y-axis. As illustrated,
the dither lens motion may be centered at representative points A, B, C, D and E; however, is
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-e. Based thereon, a contrast

| 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 éne 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

fhe 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.
Rased 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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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 3,000 frame/sec at a frame size
of 640 x 32. The pixel size on the CCD array is 7.4 mjcrons. At the 5.? magnification be ween the
RisniOs &

object and foc&pldhehewe fodrchnnali SRRl ARm R usotiaEs®

HE'BI5 et

ou%h some

averaging.af,abpui-A6:0Riesbainels (ribpsizfocus pbelinal: etswrfeaulisiens hgh shatialsequency

contrast change is preserved to obtain 5good focus information. In an embodi

st focus

A ! t, the b
positionoﬁié’}ﬁﬁﬁ‘aél%i%ﬁ%é@@é&é‘?dﬁﬁgt% {RES Tl P tﬁ@%%%ﬁ@@%&%@%gg}gggpfﬁ 910. In
additiong| amhodimentsuitisatshibatathanianes celcatasionsmanek teshninues mapkeadsef to

determine the best focus position according to other metrics, includjng the use of a c%%Hast
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sHBWing
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' scribed herein. In . 7TA, illustration is a view of the specimen shown in approximat
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- movemegtofthe XY 1Aquing stegie dafdiscusaaihRretimfredttavessaboinpassdvrntieapecimen in
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In the example of illustration 250', a
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25

30

corrects the slow focus motor which acts (at functional block 358) to keep the scene in focus.
It should be noted that an embodiment may adjust the position of the microscope objective
120 in accordance with a minimum or threshold amount of movement. Thus, suck an

embodiment may avoid making adjustments smaller than the threshold.

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
described herein. A first subset of the zones may be within a snapshot n and a second subset
of zones is within snapshot n + 1. For example, Zones 2, 3, 4, 5 are within the image frame
404 snapped at time t1. Zones 6 and 7 may be completely within the next image frame to be
snapped as the XY moving stage 130 traverses from bottom to top in the figure and/or Zones
0 and 1 may be completely within the next image frame to be snapped as the stage 1.30
fraverses from fop to bottom of the figure. Focus positions 0, 1, 2, and 3 may be used to
extrapolate the best focus position for the next snapped frame at position 0*. Coverage of the
tissue may be established, for example, by executing a serpentine pattern traversing the

complete area of interest.

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

19
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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
calculatfbHBas AP bE PeFE MR IPPORTECHEN Witk MHeCSirisHh PERge kﬁ’i‘n@éc}‘h ﬁ?cﬁévg? Bhows a
schematigillistration 260.shewing aupletof therdrndsRasitirntihamitresgaperhiestivecis relation

to Y-axis position of the specimen being examined. The illustrated position 261ﬁgows the determined

positionsasAg itHe 02 A% Fo P Qdj IR MM FRRERHE BB VBeISE1D I58 AikYe HisTHIaHE % cording to
an embqdiment afihe.Systemdeseribadaaieim) 30 (s4olkshauld benemd thatdha systemagascribed

herein provides significant advantages over conventional systems, such as those described jn U.S.

Patént NB2 P56, BUPapeyo5 BRE 22 AReHER A HED tBBRtE s AYs, Ye L dmasCifRANEH e entire
microscope aRigaliyeis Vet iPHOR-iRRLA IR & RINUSRIskosHERNBda Patieimidhe syeemgorovided

herein is advantageous in that it is suitable for use with microscope oblg'gective abnd an accgmpanying

stage thBtHiBlREavyS e BEIARY fetHEro SieeTheteterddded Hard g et P At RaAIBEHetMBYed at the

higher fregnenciesdgssiRedinsing thesdithalsoptiesmEneshithardens daseshed besein maykhave an
adjusted mass (e.g., be made |;iﬁ%;élter, less glass) and the 5 imaging demand ?{Eﬁﬂ:h focuigfnsor are
less thash#apapeedsiPhB AN OSEB pB DbRCHVESHHBS dR & ey EtSKE At tighrates, as

de§5rib%qs@@r@dﬂaﬁqmiqg%@oﬁﬁ%a@yammawh@ycwmpmg@rme@m Byhetiniepizingfseene
variation, the system described herein reduces discontinuities in the sharpness metric as the system
moves idigid st BIFBEls while the tissue is moving under the microscope objective. In conventional
- systems, such 10discontinuities add noise to the best focus calculation. FIG. 8 is a schematic
illustration 300 showing an example of a sharpness profile, produced from %ing through focus

positions, includirijansivaspreiiccian ersh desnmay P TP EEL FUh SIpEs S REH SREPE M Atiple
points that,are.samelad by theiditeniesysing 15 pticsiageossing, ta asamphedimetiofibetsystem

described herein. Plot 310 shows dither lens amplitude in micrometers iné%ﬁ x-axis and sharpness

units alosricmrained i SRelIARIE A CombHIRde MB REFMBT0 THHRY DY A8 A APPSR MERGE points A,

B,C,D ?&daﬁ?zBR&eééﬁ{sﬂﬁ:}E@QE%%&H%%%@%EH@@Q&eﬁl@ﬁww&ﬁf@hﬁh&a}é@ﬁ}ﬁ@meﬂﬁaeam of
the points on the sharpness curve.. The sharpness response produced from the focu Egensr?%mo, for
a half 20&@9@1@@hﬁ%}ﬂw@ﬂ%ﬂﬁ%ﬁs%i&%g#?ﬁo%ﬁl%ﬁ et Rend Rt 4 §t dth-of the

points A8 C.rd: 306 E ifsboush respectvelndindhenplotaididaen Bagehibareomaronisast ratio for
each of the sharpness responses having a corresponding ong, of éh%poinﬁvE is computed according
to: Contrae Reh i BAnE SR DRAN RRRORHHY. EERrsBtrshtvifHE St function determined for
one of the points A-E (e.g., at whjch (E'tl@ﬂ?{larlgmotign ifiEﬁS]centered) and the corresponding one of

e

thezsharpness REBBRIESSEs BE0a-6 Thax Fepresehts fHel larGe8i sh¥hass value obtained from the

ittt o NI e A v
curve plendielanbepbsts! dontrastetitio valdsecoreopoasinged hessiomdntibe the dhhsigsg &k cording
tothe dit %%ngloving'aiong the y-axis, the system acquires sharpness information for all of the
7 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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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'. FIG. 9 shows a functignal control

g .
loop blo@fCBiagPARISsEannGEa iy (BB the oMt it ctich ¥y JrSETs RSP &igh&l ¥ control

the slow,fgeiss stage 149 HiskmaycbasrRaideisdipsaddisianeatioihiedatusBonttbarand may
represent the slide tilt or changing tissue surface heights, for example. FunctioEaI block 352 shows

generatiHIsF 9t pisess R b omienh ARt Half Ko BRTRRSE I HED 8P 138 and

communiceddo thadecta elpGiranics,ans captioheystam e0sdatnational hloek @b shawie
generation of a contrast number Ee.g., value of the contrast function) at the point the dither lens is

sarfiplingPrscudnd Hidan he SsehitibBrs valRp At /28 St D 67 PR TRT B FEE S duced at

an initial,step Where Residasunaues nreviesslyiestablishadtlie aiisighaldpraduceg flam this
comparison with appropriate applied gain K1 (at functional block 356) co%ects he slo fOleJ}? motor

which ast8Y e sestidRRislok B88s & RESTHOLE AN SRPRISUS. IRSHEHd bR NEte tHTARe bodiment

may adjgshihe PAsilonTal dhe-misl 9sep RRIDIREUE Arlkibassorsareanmily asnisimaumedihgeshold
amount of movement. Thus, such an embodiment may avoid making.adjustments ,sm%lgrt n the

~ thresholt. ¥ systeps deerribacs BREF At B IS RASIBTS MSWHE th & BicL L iMESW 46 2 D8R BFSken up

intezoNnes i SANRECHRNEh fogus A seastipaacaording: @-an L kedimant chipshsysiaay described
herein. In the illustrated embodiment, the focus window is subdivided into 8 zones é402' :.however,

fewer ortakeRethsat $05sBR BSIRIAJ B E St R BN WA RO LrReBhToRY HESEPHETHEHAOT A first

- subset of ihei2oReREaY PatRinarsRaRs Al nPast &-5e8gsuhss! alzpnes iswihio saepshot n +
1. For example, Zones 2, 3, 4, 5 are within the image frame 404 snapped at time tl. Zones 6 and 7

may be EBRERSHENAFHRIFN R RRAE FERB B LIS HRE-£L R R 41565 it ERe 38 % averses
from bottpmiadep.tethe figure and/or Zones 0 and 1 may be completely within the next image frame
to be snapped as the stage 130 25 traverses from top to bottom of the figure. Focus positions 0, 1, 2,
and>3 may be used to extrapolate the best focus position for the next snapped frame at position 0*.

Coverage of thedissigdpry ke astablished brexamplechy executing @ Teipeniine pauSsstsaversing
the complete area of interest. 30The rectangular window 404 of the ima&e sensor, may b?}fo ji)ented in
the diredifA’oniraBrsratrelSiaganan obdetr£24 OIUMA B?Si‘l:é%%é"g%f’éq &0 HRREEMSY é s aligned

with the Fectapguisriosus WRdew21 Phe-sizaobthe Rbjeekin heiage framendo6sisingie.g., a
Dalsa 4M30/60 CCD camera, is 0.588 mm x. 0.432 mm using a 30x ma n'ﬁication tube le s.dThe array
size may @ 28850k T4 rﬁ‘i’é?@ﬁ?%)ly%({l(ﬁ(ﬂ?r?)f?ﬁ}bsr&ﬂ%ﬁ.ﬁ?ﬁéﬁ‘fﬂtﬁ% the system described .

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

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

fps).

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

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

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

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

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

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

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

Cr=112xR~93.786 x G- 18214 xB _ | EQUATION 3B

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

based on Cg and Cr. (e.g., such as by adding Cg and Cg).
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frame's 406 wider dimension (0.588 mm) may be oriented perpendicular to the focus window 402 and
allows the minimum number of columns traversed over a section of tissue. The focus sensor is 0.05
mm X. 0.94 mm using a 5x magnification in the focus leg 406. The rectangular window 402 may be (32
X. 7.4 micron/5.0) x (640 x 7.4 micron/5.0). Therefore, the frame 5 402 of the focus sensor may be
about 2.2x taller than the frame 404 of the image sensor, and may be advantageously used in

connection with a fpok-ahgadifacusing techpigueiyvalvingtmultiplezonesoas fustlier Uscuased
elsewhere herein. Accordin(ge)to an embodiment of the system described herein, 120 best fg%cus

determiAGHHRS FAKY KR iFad® pefosaasig, \ﬂﬁtWaagP%gBhgggdc%%f&EBH%a}aésewg S8, resulting
in 8 Shaéﬁ.{%e%§%§o@@xh%w@m<@z\/ﬁ5@-ﬁ17@ 1Rmseceuahinnnr appraximatelrB2YdutyrayBledhran 8.3

msec half dither period of the dither lens motion. A sharpness metric for e %httﬁone may. be
i

coniputdefemRpE s SRR ERCo BToUHRg Re SORIELCRIAING i SelsRgiRgorhe U itiple

zones, theShapnssHmaiihmayhe theiam peddaoaarhpzonerpetrahioeghuiniexatple, such as
by adding all sharpness metrics for all zones considered at such a single point. An exampl l(of the
sharpnedsZviephieifbi far SHHBREsHAVRIFSELS @%ﬁ’i@f\‘f@%@h& &OBH%%OB? ® é)e?ﬁ%ri windowed

to a 6405432 5N, Q% 0 HinensioadbRd0Ré: ard epllmmbydinension el pdoAdimaevhere z is
the number of zones, sharpness for a zone may be represented by EQlfATIO]é 2: ZOSIng%_rgr Ss =
Er_i:172RUNEQUATORES Wi rd I IESHRtindge: HaRREEntBY Lofhs 16 Y aM!5 7GR %eness

meics and.Alagrihmsmanalsr-hanisadda canpestioncmthiinelisysiemvdesornad beinmére the XY
moving stage 130 is moving along the y-axis, the system acquires %Eglrineas information for all of the

Zones O<sslheprsedSImHIBNUD PTIERS dshabryddae Kiggdhen FERASHROEPSS the

- tissue seelioRisigts W VaRgiERmpUteg R SRRNeseshivel (Madrutnshaanassibging best
focus), by varying focus height, Zones 6 and 7, for example, may pravide information prior to moving

the nextHr&RHE ShafRerad bRk M5eSeTH2bE fhie T %%‘gﬂigﬁ%a?%?a}ag fBcUS R dngEs s dnticipated
by this lopk:aheadhstheistper thaQikay hauslaweddarmedrmereselaaalirpacrrinpoiisdghetter track

the height transition. 30 During the scanning process, it may be ad\éantag‘eous to determine
whEther R8sy SR then SRIBRABREMCa e Lp AENThFHREAR) (PEeasrkeraars (e d&f sy
computipg sharnessii4enssfand 7, for example, it is possible to predict if this transition is about

to

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 exiting 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 movemeﬁt over an area containing tissue is detected (e.g.,

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

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

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

axis value of the point and has a sharpness values represented by the Y axis value of the
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occur. While scanning the column, if Zones 6 and 7 show increased sharpness, the XY moving stage
- 130 may be commanded to slow down to create more closely spaced focus points on the tissue

boundary. If on the other hand a movement from high sharpness to low sharpness is detected, then it
may be determined that the scanner view is entering a white 5 space, and jt may be desirable to slow

down thEodkhge BlomeBt féatdmiBre ReYSEN RYHCEd Tt USIBHTHDR thutiestitcotiiahs. 5 Sfeas
where thgse,Hagsitiors SRMloacherstads deRismasbesorymaadagoamayatdigher constant

speeds to increase the total throughput of slide scanning. This method may allow for advantageously
fast scanning tissue. According to the system described herein, snapshots may be taken while :

focusing data iggellestad, 40 urthesmose alldasHs data @y hreopestedinadlirst seamaing stored

and snapshots may be taken at best focus points during a subsequent scan. An embodiment may use

contrastVai SRS F AR FHA T SEBIHAM AFFEF Bgitit S g be RLBINRAROSADPREss values

to detech¢hangesdn focumand @%@@@MM%%M@@ HaRsHRL NG AHEahaBassRMRIAIng tissue
or white space. 15 For example, for a 15 mm x 15 mm 20x scan, at the image frame size of 0.588

x 0.432 heihgtreraingd 26 dbm M S PR, BB EHIE M HedSE s W WA AGHE Falesf 30 fps
each COHHE&&&%@MQ@E@&% 2A885MMsRIGSARdINS Rb b A3 ARsORIRSiRse fhefacus sensor

160 computes 120 (or more) focus points per second, the system described 20 herein may obtain 4

focuses PEPTr MRSt IR e HREE IR IR ERFE0 s, HERr Rl TaltPof60 PRV Saf t#fes 15
seggnds.gRg2 esteehees lamadlafdogusas/ses diviseehhy 50 drsdr b arptheembodisneat, a color

camera may be used as the focus sensor 160 and a 25 chroma metric may be determined

alternativei}} RBFErsiERsitRINANy RSIFESERErHESsCOnhESImanie. Bordrammpidiely Dardiisdoversion of

the 640 % 48Qi5zeRic BRMEr & ey ResHitabldeRd asibefRCURSSNBOHIdRARLOHINEdasthisa
embodiment. The chroma metric may be described as colorfulness relative to the brightness of a

similarly ittt a8 hrearres Rl oM 45 AR (ED INSHONB IS AHRI g cLiroia OIS BEBinear

combinaio i3, G FOREAISY eGHHISSich B IR BN (4203 1G] 3PREQGUATION 3A CR
=112 x R - 93.786 x G-18.214 x BEQUATION 3B Note for R=G=B, CB = CR =0, A value for C,

repfeseriiAgrEgl khibenaystisay GeAdedmmiel bathe JHeReshtriaogs, wanaEwl 458iRG cB and

CR). contrast, chroma and/or other appropriate measures as further discussed elsewhere herein.

After the step 508, processing proceeds to step 510 where a best focus position is

determined for position of a microscope objective used in connection with an mmage sensor to

20  capture an image according to the system described herein. After the step 510, processing
proceeds to a step 512 where a control signal concerning the best focus position 1s sent o a

slow focus stage controlling the position (Z-axis) of the microscope objective. Step 512 also

may include sending a trigger signal to the camera (e.g., image sensor) to capture an image of

the specimen portion under the objective. The trigger 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 1s 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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As the XY moving stage 130 is moving along the y axis, the focus sensor 160 may acquire color (R, G,
B) information, as in a bright field microscope. It is desirable as the stage is moving to know how the
tissue section heights are varying. The use of RGB color information may be used, as with the contrast

technique, to determine whether the system is transitioning from a white space (no tissue) to a colorful
space (t‘i’%l%"dé)l.t%%Wﬁ%@?ﬁ’ﬂa%ﬁ%dﬁggeés%l% f?o%&ig?‘heple\wﬂgcb%ss% %é; £ B?gg%&eff this
transitiogds ahesEstaneceuk icfanexappies veotiitieichr ifmarisdeiegtadnthen@adanid it tiay be
recognized that nq tissue boundaries are apploa hiH%. However, while scan&i(ril%ﬁ e focus.column, if

Zones S TE B1IR6\FITERS SREHRAR S TRET BEUSBRISPHE SR eAh s 8% Bown to

create mogs&lNsaly spaced focus points on the tissue boundary. If on the other hand a movement
from high chrom a to low chroma is detected, then it may be determined that the scanner is entering a
whife space, and it may be desirable to slow down the stage 130 to create more closely spaced focus

points on the tisgte oA difpaiaas Wese the pedransiionsidosiot docus stheelfstagnd 80 may be

commanded to move at higher constant spe to.increase the | throughput of slide scanning. In
connect®nSRBe iRt &b n%@%e%%gf%s‘at §?%tid§\}aa}u%t§1? ﬁgl*o%?‘ghéﬂg’rﬁg%w\s/a tﬁgg’%ﬁa&ete?mine
when thgfiglg10f Yiewtion Upeorminte tReTE(8)iss ehiaringat@xtingeatslidec2onrasawithitissugnal
process%\éariations, may be made. For exampleg \ghen.entering 3351 area ghttissue ag?rpnwgite space
(.., betibeM st aPeky) AHBVEIE PPV i FRRABITNES e AUEFEERG4NE S mber 8f focus
poiffs obiainRMay flsehinereasse2 Whensdewingudbile spasep s ah atesckbtdew fissuessamples,

movement in the Y direction may be increased and  fewer.focus points determined until movement
over an %f?‘lé’étédil??ai?ﬁﬁﬁlﬂ%ﬁg dRYEEtEaRe .&?%@ﬁcﬁcggréﬁ?%ﬁ?e% ({esm%of?éjrrﬁs?ﬁ%?pness

esg Séﬁ%ma an
- values). AfieF I Hbshows@raphicdrikisdationoiditiasesnttshfprdssy dives dhatfonay degobtained
at points in time in an embodiment in .a(é;g\?fa e with tech#;gigjes he(ein. TQ&%%%@B&QQQ&% includes
a curve FEACHHESEOITRG T hAR Y Veg‘&%l ll!iee.%?? pP g CCSsInE P
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 and/or other instruction that triggers processing to capture an image
of a specimen under microscopic examination. In various embodiments, the trigger signal
20 may be received from a control system that controls triggering of the image sensor image
capture processing after a specific number of cycles of motion 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 receive another

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

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

sensor may have a frame field of view (FOV) 602 that may be tilted or otherwise positioned
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30 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 amgd(olitu erepr sef\r&led bX the X axis gﬂlue jgﬁ]t\pe point

and has'® $REAAEES ARl e RIBrEBSHRIARY B3 RIS AT Y Bois  ElSment 485 In the bottom
portion 464 reperapS i fitieoWaidhe seidshgnaeshydivesiobained es lépresantdel in portion

462 for the illustrated data points, FIG, 12 is a flow diagram 500, s ing on-the-fly foc rocessing
during SRS 01 Qhobl i R S eR I LLE RIS (5 A LSt ot Bl e

describeg herginy Atadstesr 502, 2 noorinabfesusmlanthevieterétioaplarithenfrye Beenmhet for the
specimen being examined. After the step.502, pr[%f ss\%rhgg%rg)ceed to ?step 5%4 Wgﬁo%igither lens,
accardinfa e BgsteRl SRRy DR HE EMCTE e ts thobe a8 PaPiclAF ESoRant frequihicy. After the
step 504:proGRSing PrOGeads R a:steRbOthwlhbiecthe X¥emnddduiagecisdO feomnRDUes)o move at

a particular speed. It is noted that the order of steps 504 and 506, as.with other steps of t
processHf iR 6888t HehsinVathy B %bﬁﬁ@%%%%ﬁﬁ%‘g’iina%go‘%gﬁéléuwtfﬁ%eﬂgégrsnyesstgrr?h Jescribed

herein. Afteuthesien&R6r pracessing pigesadsoted sieptz08nuizerasisarpfreascaloMatidfsaor focus

points with respect to the specimen being examined are performed in connection, with. the motion (e.g.,
sinusoidAieBRHBARROP AN 1% t&BEBr%lirig %?ﬁéﬁgys%?ﬁ%eg%%segl %%re?n?%ﬁrel %hvi#ﬁer?egs%%lculations

maphinclyge vse Mk cRRtEas b Chipmataieias athefeappisridienme dbres ms ftiotsed, disQssed
elsewhere herein. After the step 508, processing proceeds to step 510 where g.best,fogus position
e BRn e 81 Loz

is deterrfTRaIOIPEHEI BIAPTRLAPE BRI S8E HeowARES mage

With aénplmage sensor to 20
 capture ghimage Peevringliodhe systertdascibad hestinl#ftetibedstbpShtciractssWgiproceeds
to a step 512 where a control signal concerning the best f%cusg#s@%%|§dsenqttggs%glsov¥)w§ stage

controllinBetfEBEsition £22akis )6 tHE MRS STeobfEivee 780 may ihditide sending a

trigger signad 19 4be\camens (@8- oiftage Bafbon) iesaptuneranchende)of the thpecimdnipertidre under
the objective, The trigger sig:nal mag b contrar!g;%ﬁlal causing 25 c%qture of.the igna et(t))y th image
seriSor stRpEedsdhe & Akt 'ﬂfe i MBS EE8s (S 08 A5 Tatktel th TRPHer lens
movemepihAftenibe Sier5i8vsotesainghpraserdsicha tesiksteptbd 4oanereathisviiafenminéd whether
the speed of the XY moving stage, holding,é{gkee ecimen lflndertscan, should be adjusted. The
determirHeH AR B hEHa R SESTaNg T8 gg%g%mﬁ?é%eos%lilﬁg“{%’chniques 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 progé&§§01§%l§§é‘%li%1ﬁ/# e gggéds PIhesE r#&%%“s?a%%ﬁ%%ﬁ}ﬁ%ﬁ%g \fter the step
516,00ro¢essiRg My oaReaEhack mntiestepthlnkinatietesystep Hidribis! deteriminetsthattho

s Tistadtn 283 e YoV 2829 PRIGALT 1048 ASS FRRBERTIRGPEAFSHRL 2 1o
image sensor is shown. The frame FOV 632 of the tilted sensor may be used to acquire focus
information on the forward pass across the tissue. In the backward pass the imaging sensor
snaps frames while the focus stage adjusts using the prior forward pass focus data. If one

25  wanted to take focus data at every image frame skipping intermediate positions 0, 1, 2, 3 in
the prior method, the XY moving stage could move 4x the speed in the forward pass given
the high rate of focus point acquisition. For example, for a 15 mm x 15 mm at 20x, a column
of data is 35 frames. Since the focus data is acquired at 120 points per second, the forward

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

30  columns in this example is 26, therefore the focus portion can be done in 26 x 0.3 or 7.6
seconds. The image acquisition at 30 fps is about 32 seconds. Thus the focus portion of the
total scan time is only 20%, which is efficient. Further, if focus were allowed to skip every

other frame, the focus portion of the scan time would further drop substantially.
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where itis determined 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 processi t the slgw focus stage ording to an embodiment of the
system describeé H@t@ﬂsw R #%@H%%EF}%%%%%%@%E gfgése,sgﬁlgt %%%‘%Fogo%gspggﬁﬁgﬁ ?é?gﬁb%]long the
Z-axis) ghaHpiosceReohiratives retdivetha fenitrof signal avithantahwaticerfatiaciustirgrapposition of
the microscope objective that is examinjng a 10 specimen. After the step 532, processing.proceeds to
a step FSHAGHREROIHRERY 3k LOsPAgY %%5%11? gﬁéﬂ&i&%e tﬁ%%gn%%ggo%%tc%?&%%l %%c%nrding to

the systesmriessribach ipsaintAfick tbelsiepesd4d, processing proceeds to a waiting step 536 where the
slow focus stage waits 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 embodimentf she system desedbgckhareihe Alidestery 5bacantinage Rensgoofta pahers receives
a trigger signal and/or other instruction that triggers, processing to capture an | e %pﬁ)cimen
under nfi@r W%Q%Yﬁéﬁ“ﬁﬁl fﬁsygﬁo@st%?ﬁ%%ﬁq%%ﬁé f’ﬂ}]ég?ri%agcg{r saflg%ecarlaﬁ‘éwrr}%%/ ?)Zjogécélved from a
control syatesdhatcrntielsiriggating efdhei in@gmizensar magé bagtsiepiotessing aftebatspecific
number of cycles of motion of a dither lens used in focus processing according to the s
describ&j]-h%‘ﬁéﬁﬁ?ﬁé}f@ﬁ?%ﬁ%@’yg?h@maa‘éﬁﬁgigf?élrﬁ?g%?%g ?g\l}?éle%&gﬁg%%gsﬁﬁ%%aézﬁé%r- on the
XY, gnoving Strge:dinae, emibodinasi the Rositieriadiysdrasibjebesa RehishdinclinehcEnsbder Model
No. T1000-10A. After the step 552, 25 processing proceeds to a step 554, where the image sensor
captured€ifilimage. 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 technigues referenced, herein.
After the step é@&‘?‘[ﬁ‘@@é@%ﬂ"br%@é%‘&?s%sglg?éﬁ%gﬁﬁlﬁe\sﬁé f'??exilnr*ll géasné}nggra\?\%)l %ﬁ?c%?gglel?ve
another 3Qidgo@sssigial hivter heystepsblit: pitaeskirgoprygeersiadl toXhensiepB62m arcklG. 15 is a
schematic illustration 600 showing an_alternative arrangement,for focus processing according to an
emBodirREMIGHARE %t@?ﬁed‘él&?ﬁt?@dth%r‘é‘fﬁ?%%ﬁl%%%aefg&gs%ﬁsﬁ%? mé?/cﬁg?fe%efrg?ﬁgq?ﬁgd of view
(FOV) 6@z dhat mambeltitedrenathervisedpagdiinaedndoitiagendiyshart & gwatFosubstaptialy equal to

the width of the imaging sensor frame FOV. 604, As described herein window may be tilted in the
directionﬁgi‘tr%\‘iear.%%#\g&e{mﬁ%%ﬂ%eff’é’ﬂﬁgqy&\ﬁ@&f Bﬁﬁreoﬁ%ﬁetgﬂdn N a{krj]%-xrg?at%%?to 45

OCUS sensor may
degreessitighnyuldifiang arstiestive viditi obQ:8deaFOT: 8.0.66 mithat dhelobfdor(tissie). The
frame FOV 604 of

jUis e

20

In connection with operations of the system described herein, digital images may be
obtained by mo*}ing 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 1x or 2x magnification. If a barcode is present on the slide label the barcode
may be decoded and attached to the slide image at this step. After the step 702, processing
proceeds to a step 704 where the tissue may be found on the slide using standard image
processing tools. The tissue may be bounded to narrow the scan region to a given area of

interest. After the step 704, processing proceeds to a step 706 where an XY coordinate
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5 the imaging sensor may have an effective width of 0.588 mm, therefore, as the XY moving stage
holding the tissue moves under the objective, the titled focus sensor frame FOV 602 sees the edges of
the swath observed by the image sensor. In the view, multiple frames of the tilted focus sensor are
shown superimposed on the jmage sensor frame FOVY 604 at intel'géeﬁdiate gositions at timesgo, 1,2

t

and 3. FOEEFRIBMIL HHiF Etaiceh RPRNRE PO T 0 HAHARR TR ddPO BT IHaceht RETES in the

focus cqlum@efoouspRsitions & ko andSRiatusestbextapaledeathedutat foand Nosjtiomgor the
next snapped frame at_position 0*. The scan time for this method V%Jéd be similar to the methods

describdeF &hseirasabpaih [OThR Hede s SrAHE T A TYRGE % SHED AR R EHOHEr look

ahead, iprifais $a98-2oC0%ne(@aARME2) k25008 semerthertite dfaeushsansy TeRopeamisa g2% into
the next frame to be 15 acquired, the framé%FOV 602 of tg? t(%ed ficgs sensor, being oblique with
respect RAhEPAREHE CeAsHRan® FBTSE SLRERR TR Qe GRS SUGEsPOr e SRSIPSWRA which -

may be agyaptagealsIRARIM SAIRS IR avitleeddr tecusdfeimationhdr|foid.islnisahesdatic
illustration 650 showing an alternative arrangement for. focus 20 processing according to another
embodirehPeFTREapstely BEStrmed hErehoT REN S RSPHBHE80" ?H%"%’Qﬂ]i%t V 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 infainiation on the forward a?&gcgg%s the tissue. In the

a

backward passfi& b5 g sEHEoPUTEFRaMES WRAEhE YR &8 E?s%giﬁﬂ HEPRGSr forward
pass focssidata I prngirasantad eotakecfoopsdiiniat Reentdimnage fiamerskippjne idiarmediate
positions 0, 1, 2, 3 in the prior method, the XY moving stage could move74z>1<t e speed in the forward
pass givaieteHidiTte ot fBEUbpSIRP J&&uﬁ%ﬁ?&ﬁs}ﬁ%rpé‘?(‘é%ﬁ%ﬁetf)fé‘r%eﬁs HnTREE BAAISOR, a

. column gflatads AnEamespinae heotasts daiadsedequitettatsid0 Peinthgerisacdadtinctbrward et
pass can be executed in 0.3 seconds (35 frames/120 focus points per second).. The number of 30

columns'TRSHE ERafRHFE ierob, Gheriatit fIRS s SBRAGH RHA FRSHe iff I8k FeoPP eSS nds. The

image ageiisiionah 3:fp3 18 alnut IRSEOORES: Mhusdherfotusuparticie O thediotal's¢anctions is only
20%, which is efficient. Further, if focus werif %Ilowed to, skip evz%oth r frame ige focus$ortion of
thet2carPAETRE IR HRHEFRIRGH S, BEENy SISWATTE AGKEIR that 7 oftfer ShBSamRERESSTRE focus

strip of the,fecusRRSSI AR AL PESItionadial eiherdpcationsiwitbierthiadictdnhvientandeatather

orientations, to sample adjacent columns of data to provide additional look ahead. informatign that may
be used HEBHMIEEBFEWiHi ARy AN RRaeEiTBE hBYT RS SPE P‘Pﬁ%‘“’ﬁ%{%&v?ﬁcdogég] hsed

e conveying the

slide maytrpeat thehestdaeyspoisspeaducethanvibe fomlsdrddravgdthicespact théhosesproduced
on the backward travel. For.a 20x 0.75 NA_%bée tive where the depth of focfys is 0. rrluicrolné it would
be desirdBRETAFEPEET £ ABBE S AT S GEE afe B TR tRa  HEEE T TEroR ©

foryard/hagkwaidseneat@biliRample, 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 systern 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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10and, accordingly, this requirement is technically feasible, as further discussed elsewhere herein.
~In an embodiment, a tissue 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. 15 Resolutions

are dependent on the numerical aperture (NA) of the objective, the coupling medium to the slide, the
NA of tHEC RS BREFihe IAUEIBRGTR O F TP ol EIGIIARIRE eﬁs6§3?, %S?aﬁ(évﬁﬁ ﬁﬁ?&%ﬁé pe

objectivg;plan-aAnashramahdRian AR BRI i eantight(332:nn) thehtateral resaloiivngabthe
microscope is about 0.2 urn with a depth of focus of 0.5 UM. 20 In cqonnection with, operations of

the systBhEaRSdBERthEIRH TRGRET HIsEehiny HalbBSaHEa B FRIDITT a-initaes foty ot via a line

scan sepseirphé Biasay pHeryhe aeakohinienasthand arsepbiing thedideshliek ofrvirwsor frames
or tiles together to form a mosaic. It is desirable that the mosaic appear seamless \élith no visible stitch,

focls orPstEadithdessrm aneskas tHlase R Ra AR SRS BTG RIS ORI is a flow
diagram,£0Q.s NOYKIRG PHISASSING, 18 AEEHARS aresRisHinage Hii issueona/slideadearaingity an
embodiment of the system described herein. At a step 702, a thumbnail image of the slide may be
acquireéf‘agﬁé’]l‘l’ﬁ]?nbnail 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 stafd&rd!fmisige i?gé%%%%?n’é TSBRICPENGSEHE A HE TS ARG tHY ST region to

a giyen goea(efnterestidiesdhersiesr TAXrogessingcprangeeds i astepithtnvberaasyXi¥coordinate
system may be attached to a plane of the tissue. After the step 7086, processing may proceed to a step

708 wheleseRehiisre f6CuSTHEIME A BEGurRSed APV gMarseisNa "’v%‘ﬁﬁcﬁ%@%’ t¥ue and
- best focyg ayPe determinsshseiathe fesustachmyuansuclsasoneramore Githerofislytedusing

techniq‘ueelgegéﬁgl%siggeienl,s %\{\éhggc?s?égig"{a%geé(}g enf?ztigpbzogs’e%oigeggg%ction with features and
techniques discussed elsewhere herein, including, for example, fanctioning in connection

15  with the XY moving stage 130 discussed with respect to the on-the-fly focusing techniques.
The precision stage 800 may include a stiff base block 810 where a flat block 812 of glass 1s
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 8§14 with a triangular cross-section is supported on raised bosses. The

20 glass blocks 812, 814 may be adhesively bonded to the base block 810 with a semi-rigid
epoxy which does not strain the glass blocks. The glass biocks 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 empiéycd as a material for the glass blocks 812, 8_14. Other appropriate

types of glass may also be used in connection with the system described herein. A cut-out

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

~ The two glass blocks 812, 814 may be used as smooth and straight rails or ways to

guide a moving stage block 820. The moving stage block 820 may include hard plastic
spherical shaped buttons (e.g., 5 buttons) that contact the glass blocks, as illustrated at

30  positions 82la-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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5 may proceed to 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 step 712 where the microschgg 10 objective is positioned at the best focus position in

accordaheevamh e nrisshnifuienarsduseishe alone Ao RE AT R85 TPIS BrEct SBigSroceeds
to a stepyddduibers ahiagsls gollgsigdndfienthastend h RregRARIY Prasesdade a teskstep 716

where it is detelmined whether an entire area of interest has been scanned and imaged. If not, then
processitpdERetsasosEigpy o8 findrashetrvesiddetitblds mastibedesniiinakiarrd/ siopiafections

15 accorging to the techniques discussed elsewhere herein. After the step 718, processing proceeds
back to thé step 708. If at the test step 716, it is determined that an entire area of interest has been
scahned and imaged, then processing proceeds to a step 720 where the collected image frames are

stitched or othegyyige poinhinad iogetheslocieale hemesaic INAGRA8EliNG IR e, SYSIeRY

described herein and using techniques discussed elsewhere 20 herein (referring, for example, to U.S.

Patent AppaTP grbRéNp0 81 hrostymafescrieedidsryvoshradas sy %%l@téh???éi HBt&PEhat other
approprigie seausnessiBanalsadeused itmeormnectionvibsihsmsysiemdeseribadibareinoacquire

one or-more mosaic images. For advantageous operation of the system described herein, z positional

repeatalsiigresdimy iR chtamiay 4o sxeeHear tdtaepinoirddssémn e Bkt b adiviag error in
retysning;iR.the 7 @osition byiisifocks matekiseasiymeeritailethBystemn & GRLEMOS) and

in the adjacent columns of a line scan system. For the resolutions mentioned above at 60x, a z peak

repeataliiep gHanshore 2lpa SoskndiietbF ofId8E e Sithnte, AN QucPRsHS PSRy Seaalds
accordingly;he, shifaRishfos athes ahipctivas cRUSH asitbamdMmandier BRtaxwbiestyeselude fgeording

further to the system described herein, various embodiments for a slide stage system including an XY

stage ar€TrsvRIBelte S patedisdightivieshbnl adpianssrie mudhs spner AN iBorBERHIRI the
features @@&?W%@J%M@W%B%@Qﬁé@@giﬂ@s‘t'f@&uﬁ(f%ﬁ@ﬁtﬂ%@@iﬁt%ln IANGHdInGntor

example, functioning as the XY moving stage 130 discussed elsewhere herein in connection with

onXhe-flgadtabitg meningueEsrasdud tBcarrBiriscHite fiaasts S<Sunmehavscereda Hedbati

elsewherg hgrein ah &% SRS MRY gikigecr stiff base block. The base block may include a flat block
of glass supported onraised 5 bosses and a second block of glass having a triangular cross-section

supported on raised bosses. The two blocks may be used as smooth and straight rails or ways to
guide a movingretaga:Rlagkk 1o 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 nést 832 Witﬁ an auxiliary mechanism. A stiff cantilever arm 840 supports and
rigidly clamps the end of small diameter flexural rod 842 that may be made of a high fatigue
strength steel. In one example, this diameter may be (.7 mm. The other end of the rod
flexure 842 may be attached to the centroid location 826 on the moving stage §20. The
cantilever arm 840 may be attached to a bearing block 850 which may run via a recirculating
25  bearing design on a hardened stee] 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
compaﬁies, 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 is a stiffness

opposing a force orthogonal to plane of the moving stage in the z direction). This effectively
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FIG. 18 is a schematic illustration showing an implementation of a precision stage 10 800 (e.g.,ayY -
stage portion) of an XY stage according to an embodiment of the system described herein. For
example, the precision stage 800 may achieve z peak repeatability on the order of 150 nhanometers or

less over a 25 mm x 50 mm area. As further discussed elsewhere herein, tkﬁgrgcision ?i %%800 may
be usediiabiindesioR WikEredtgre L1t tSMifaBs dRcIe88Y BI98RMer&thersin SHANk t& r

example; S4RGHANING IAA08RHANCLS Witheiht XXomeving stage 130 discussed with respect to the
on-the-fly focusing techniques. The precision stage 800 may include a stiff base block 810 where a flat

block 812 of glass is supported on raised bosses. The spacing of these bosses are such that the sag,

due to the weight of theupracision stage 300 -okihr 8lesebliacky andbasinplaspRpatisategninimized.
A second block of glass 814 with a triangular cross-section is suogpforte &#lﬂ:%'&sged 0 ses.‘gge 20

glass biSORs &EeriBad AeEShEHRIFEERR BBAYE B the BRYEnsIotkes1 ei2figid 8B6xy which

does nopsirRigthe glassRiReks:.ofibesolasalonks,8 k@l thenaybie steaight wodkpslishesisawane or two
waves of light at 500 nm A material of low thermal expansion; such as Zerodur, rPay E&%Tr?éoyed as a

materialfehihedgMas HbEKE BIDE SO RKabHY obfinfe RIPROBIGRELRE M0 B8

connectign, with:the systemm descrbed harein o ui-auE25% 8 nagialie tlgluxramdimiciogeope
condenser to illuminate the tissue on the slide. The two glass Ioﬁseil?ﬁgm may be used as
_ smooth SSRGS ST QAT FUIHE ORI Stag8 BIdO8302T R A %nga%%oﬁfbo& 820 may

inclyde hardwplastigsahsricalshapriupensHegec bialieasiihat eontastibieglass 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:gt; othesiissmoplasiicbinnsonlés sthaldbrcastagdithestien BQR-Bdaling
Technology Company, UK may be used and cast into the shape_of the contact guttons of

approxintRRanL s Fiom e BT éﬁ%ﬁ@éﬁ?ﬁ@ﬁtﬁﬁéﬂ%ﬁ%%?&tﬁ%&%’ﬁ& Sene DEsic button

and polished glass seuidbrias e aaTResERIRHDUE hiayhendRsiabla teeainidiusity eliguid
lubricant to save on instrument maintenance. In an embodiment, a coefficient of frictions between 0.1

and0.15hasayPircFeiitpachisoas Yarnsgoamss she Xritaee 260 ALY FoRPY e g il ws of

the movipg.stage hlask820acqaiding 3o anenoodinestokthelsystan describetheieimehawing the
spherically shaped buttons 822a-e that contact the glass blocks 810, 812 at the_positions 821a-e. The

buttons ERYIE ARENYSICRTIRSHIB keg P U WTEIES SN AP SHANELY 1 e ttiSRL BB Hifan the

driving 1Q.direstionn(¥inFaeRxampleptwamiasticchutionsdnayrfacesrebnotieritesonthet Sides of the,
triangular shape glass block 814 (i.e. 4 buttons 822b-e) and one plastic bkjtt nfBZLﬁ%a?'leﬁositioned to
contact tReECHESI BRI Y *ﬁé%ﬁﬁﬁﬁﬁ% 5ck's }E%Vﬁsmsg & SPRATe PBIE8%B24 to be

lightoweightes and shapeshia piut thescanintueberayiR alithecantidtiatihe iangedomiad by the
position of plastic support buttons 822a-e. In this manner, . .
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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15each of the plastic buttons 822a-e at the corners of the triangle 828 may have equal weight at all
times during motion of the stage 800. Referring back to FIG. 18, a slide 801 is clamped via a

spring loaded arm 830 in the slide nest 832. The slide 801 may be manually placed in the nest 832
and/or robotically 20 placed in the nest 832 with an auxiliary mechanism. A stiff C{gtilever_ arm 840

supportSesirEBigidNeeiass Heke AaB s P driie fcheXl rIdst Y dHRPRES HEMARSPE high

fatigue giEenath steel,dn ARGISSARAISotinARMEISs AYDE AKBRY B Rilkaleensbid the red flexure
842 may be attached to the centroid location 826 on the moving stzé%: 820. The cantilever arm 840

may be eadmiet eion e e daBUNTHRST AaPTRRNGh d REEIatIAG BEbRAIHY SN a

hardeneg, steelrail 857 Adegdisaraw assemblyA54marde;atanbeddo sheheaning lackife0 and the
lead screw assembly 854 may be rotated by a stepper mator 856. Suitable companents for the

elefmentdrouhpabisvd hiayHeohAieE BSFOYR BEvRSHFdonBaas csiif 45 WM d5iicPhe lead

screw agsgmily 86 glt;'wgﬁﬁggqugtr;ggegggpﬁgﬁg@glgje rail 852 which pulls or pushes the moving
stage block 820 via the rod flexure 842. 3 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 stifffiess opRQESIRGa {Rﬁ%%mﬁﬁﬁlé@cséﬁaf afhsIPeURcRIR0R InchermditactianyeThip
effectively isolates the moving stage block 820 from up down motions of the bearin aIk&lock,
850/cantiboticdlniedo wrodscdifey BesrrricndidBrprat arisy %a%%eﬁﬁ%ﬁém@gﬁnﬂg Ertisig to

gegetry in design of ihe-Pregision 1808b.800 Aascsibacbarain sininizrs uamedsRe-fognmoving

stage block 820 which would produce small rocking motions. Additionally, since the moving stage
block 82¢hesmstedbRsrragrhEs b nIsTHY SaYS BIRaRIgP6HaE PRSI e sEshIRY) Bifess than
- 150 nangjpeer, pepk safficiention seRANNC.ALE0X maaiification. Binsatbe edxpandiiDoigpthe most

stringent, other lower magnifications such as 20x and 40x high NA objectives also show 10suitable

performamescsifsiar iy tHepdgo Ahedspesih s shder ERCHddheide. 1t 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), () and (f) for another slide, as further discussed in detail herein. In
various embodiments, the overlapping of steps (a), (b) and (c) 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 stide 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 siides. 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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FIG. 20 shows an implementation of an entire XY compound stage 900 according to the precision
stage features discussed herein and including a Y stage 920, an X stage 940 and a base plate 960
according to an embodiment of the system described herein. In this case, a 15 base block for the Y
stage 920 becomes the X stage 940 that is a moving stage in the X direction. A base block for the X

stage 940uBttHaB e dstsriedonitharriay sacedtendl eyt conycHHEY WrhBand L5880
provideg;fge [RRRAARIINIY g Leliection ertharrdesnt 869 Rapemeiekanddenaatakibiieson the

order of 1-2 microns (or less) in the X and Y directions according to the system described herein. If the

stages iR fioetineidsderdss vropder (08-sEhresidrolo aderplatrs d 008 Y RSAZIONS B

Gloucesfershire, FHnalands SubaMiKIan ArOURRGRSAse-ashis ableircoooding de dhewysirmldescribed
herein. The stage design accordin t%$e§ystem described herein may be superior to spherical
‘ﬂ%{t X

bea¥ing SappormaatBiRg Stagey il aihE JEEGIAY 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 causk ridstesiseatmsiedmatibhe AMhbeiomitbe Rttt et HibdimantiaRe 98 herein is
the costgilie,siage-Jheasaalements wilke.siandarapRing and polishingdeshniguesiand are not

overly expensive. The bearing 30block and lead screw assembly do not need to he partiﬁula ly high

quality inlifetiges st erdrilr d6 ke MoRRE SRR (FUm CRe LB RRFRIBER 15 CORBEF g further

to the systemuslasaiBedherain ibis Aduaatagenusde raducs ARiaTathaNds e HBINEE SRk times
during the scanning of digital pathology slides. In clinical settings, a desirable work flow is 10 place a

rack of siifieshintiem YSbbieasithe Bea iHin ST BB EL SHELeE SKEE BBRAd Lot AN tPthe™Bddtem to

-scan theglidas, isidesirable fhatne visesiptanentian e needed until all slides are scanned. The
batch size may include multiple slides (e.g., 160 slides) and the time to scan all slides is called the

batch time. The slide 5throughput is the number of slides per hour processed. The cycle time is the
time between 1, 4, embodiment, a compound XY stage 1013 may include a stage plate 1014 that

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 diséussed 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 pickup head 1012 described above. The pickup head 1016

20  may use a mechanical device and/or a vacuum device to pick up a slide.

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 101 7 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. Whﬂe this processing is being executed, the slide loader/unloader 1008 may pick up
another slide (e.g., siide 1001), obtain the thumbnail view of the siide 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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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 image of the slide 10 tissue area and label; (c) calculate an area of interest bounding the

slide tissue; (d) pre-scan the bounded tissue area to find a regular array of best f ed paints on the
tissue; @%céwr@fﬂégwla@em%Ré%#ﬁ%%&%%@@%ﬁé@esgiﬁﬁ/iﬂﬂésﬁg Zﬁg}’ériﬁﬁg ?%%%%ressed
output |mﬂgg@¥(§{ev@%43&; ﬁ@geggglgqgggbm@ﬁgiﬁ@eﬁgady for next slide. It is noted that step (d)
may not be necessary if dynamic focusing or "on-the-fly" focusing is performed according 15to the

system described herein, and in which scanning/image acquisition time may, accordingly, be reduced

as a result of usg.ofithe Padhafik eI tacNiaUes o heThermysiesvidastuidanarsiskmgy further

involve eliminating or significantly shortening the time to execute steps (a), (b), () a A di
to VariotReetHE8 ditent@d e gﬁ%t%ﬁedg%?iﬁ’é@ Hg?e??ffiﬁwégﬁkgﬁgrqg méé}“ﬁeg]a\%‘éo?ﬁb éﬁ?&? ,Cl?orr "

example Ry, HSIAgA CACHOGCROCRhWAREE abeve-noted stes kdéPlnlehandI(@)danonestide are

overlapped In time with steps (d), (e) and (f) for another slide, as further discussed in detail herein. In
Various eARBBRRRALSH (He SULHASPIRG B SIS (i 185 SHEP(BFIOF N0 SIERENGHFPLLED RS and ()

ffif a”?tgﬁé(ibﬁﬁgﬁg?ﬁyfﬂlieyi@@@ﬁ?&% @fié@%cllz5%§g @tﬁﬂe@&?@ (qqm RRsedderatayisiboy2avlerein
steps (a), and (c) for one slide are not overlapped with steps (d), (e) and (1) for another slide. FIG.
2lisa Wf&ﬁﬂl%ﬂéﬁﬁéﬁ%ﬁ%ﬁ%@%ﬁ63%?&5%&\)?@89[%@ SEUHEfing 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 yacuum . X .
The slide caching techniques according to the system described herein provide

advantageous time savings. For example, in a system at a 20x 15 mm x 15 mm field, the
pickup time is about 25 seconds, the thumbnail acquisition is about 10 seconds, the pre-scan
time is about 30 seconds and the scan time is 90 seconds. The output file generation is done
15  concurrently with the scanning process and may add about 5 seconds. The deposit of the
slide is about 20 seconds. Adding all of these times together indicates a 180 second cycle
time. The XY compound stage still needs time to pick up and deposit the scanned slide
which may account for about 10 seconds. Accordingly, the reduction in scan time is
therefore about 1—(180—'55+ 10)/180 = 25%. For systems using dynamic focus techniques,
20  such as on-the-fly focusing as further discussed elsewhere herein, the prescan time may be
eliminated, and with high data rate cameras the times not associated with pickup and deposit
may reduce to 20-30 seconds. The reduction in scan time in using slide caching in this case

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

25 FIG. 22A 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,
tﬁe first slide is picked up from a slide rack. After the step 1102, processing proceeds to a
step 1104 where a thumbnail image is obtained and/or other thumbnail processing, that may
include determining an area of interest of tissue on the slide, is performed for the first shide.
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 1s
picked up from the slide buffer. Afier 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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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 py a rotating lead. screw 1006. Motor counts be detected with a
rotary efRGBEFED0PBhITH rtB’EFi?ﬁ%“ﬁ%%%r%?ﬁ%f’f% SEol rp8§ﬁﬁ%:¢aﬁ/¥lﬁ@9- ettioh. The

elemenig 24005 sRaysCampristha Moving.assermbiyigaterred ierasha slide [bederfunientter 1008.

The slide loader/unloader. 1008 may also_move on a motarized bearing car Qr block 1009 in the x
directioREAF 10 £ RICh 2IBHE T SIS eI ATIORIS TOBS T EoUR I bOthaS, ST v

directiong.| 2, ploRpSRatiRace:slide ankile stikheldrerfisespickipficias 190Romaeheigosititmed under
a low-resolution camera 1011 to optain the thumbnail view or overview_ image, of. th slideéissue area
ancPlabeM &g ROV E: RERSESSIBE PEYF Bl ﬁi%‘??péﬂﬁ%ﬁ%?%h?p%%&glfﬁ ’S.Sté% e be
executegharddbeslida feplReetinta Beppaitenion @ shitplbuifeih@ihethe shid€ibubiadcl 012 may
include two (or more) buffer slots or positions 1018a, 1018b, and is shown including a slide 1017 in
buffer position 1018a. In an embodiment, a compound XY stage 1013 may include a stage plate 1014
that 15 moves indhedRdisection afideadich igmbunted Wideptaititdlirdbaismgvasdadihg todinection.

The XY stage 1013 may have features and functionality similar 1g that disqussed elsewhere herein,
includinG B LiRRE ¢ Séﬂﬁgg’d}qu?éﬂef‘)%ﬁ’ﬁd&% GRBoY* S%ﬁgg%l@ﬁiﬁdgﬁh% R e %Eplate

104¢ may fuethpeinglude; e adeionatisdidR pickagraat 20 heaif he piekumivdah TaiGicayithe similar

o he pickup head 1012 descioed gbove. The pdsw 1220 A01R R4 ey ee A BER T SRhgovce

rack. After the step 1102, processing proceeds to a step 1124 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 second slide. After the step 1124, processing
15 proceeds to a step 1126 where thé second slide is deposited into a shide buffer. After the step
1126, processing proceeds to a step 1128 where the second slide is picked up 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 shde 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 éxampie, 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 shde

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

34



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/tmloader, 1008 may pick up,another slide (e.g., slide 1001), obtain the
thumbndiPeticotAe SHder 1 HERHEM B ERRSr ‘i(gﬁi, ﬁ%?&fb%@?ﬂ%sgﬁb%et%@gﬁwggee%ﬁlfy position
1018b infhgesticke: yufifer )l Ot tishiowe salpemagicaliyt by otted lisiept 08 KoMibaivscannipglitngompleted

on the preceding slide (slide 1017), the slide pickup head 1016 gof the XY compound stage 1013 may
place thERsHfeSTeAr SHARIG M ISR ﬁxﬂa@é’ﬂﬂﬂgp{i]&ﬁ eHatRdRE §FFH)8 @%g)ﬁ%?ﬂfqrom the

buffer pegition, 0B atdsnaadydar scar. fisetdapoune XXnstageplHlS0maydneeoistanegular
back and forth scanéj]gttern under a high-resolution optical system m'croscopeqo rhd camera

: ptic
1019 10 BB AL REBISH NIRRT Bl EA RS TR E R CERth JESHIREd B

- techniquesfiscusseth sisswbase hareinidt isfurthaenates tukmoavemenisparsislidesisglediians of the
compound XY stage 1013 and/or the slide loader/unloader 1008 may be controlled by one or more -

process@rEsAndRtoTEgRant rrRndsites desge &8 1008 may move to the buffer position 1018a
and pick up 5 the slide 1017 and deposit the slide 1017 into the slide rack 1003. This slide 1017 has
completed all of the steps enumerated above. The slide loader/ er 100 ma%/ then continue to

nloa
pick up and loall!Sotht Eidelitio s HaU 1L HEFFFD U EAE é]\‘/%‘ﬁﬁfﬁ USRS e slide
1093 to the-aliskimek QAXhRrogessinp s ddahdescribadiabanainmayeninigyunitatisiges that are

in the slide rack 1003 have been scanned 10 . The slide caching techniques according to the
system JEECHBTHOERBIS AL S AR ISRt Sings. For example, in a system at a 20x 15
+mm x 15 mm field, the pickup time is about 25 seconds, the thumbnail acquisition is about 10 seconds,

the pre-scan time is about 30 seconds and the scan time is 90 seconds. The output file generation is
done 15 concuftEhtly ithais GsHiming Siagess hint gﬁ&%ﬂ&“ﬁ%}ﬁ g‘s‘fé&t?ﬁcfs?*ﬁ@% S6Ritof the

slide is aheyt 26, seeondsiiAddingirllef these hines thgelhndndiikdes B 28R saroneeyshadioie. The
XY compound stage still needs time to pick up and depgsit the s¢canned slide which may ﬁlgsunt for
0=

abdit 1(PRBESHACIAL AONUTGRAdh & r SR RAR St RFIETI R SHER RESS SRS Y80 881F 8
'25%. FopgystemscHRing dyaapisfocuaderinig uise 2ALks tolnaimanihegdyplocusing, akfosinas

discussed elsewhere herein, the prescan time may be eliminated, and with high data rate cameras the
times not KSR RE G pHokYB %ﬁﬁ“d%ﬁgg Py TEGiE16- 2628088 f#ﬁ%? 8‘1@33&%@%’50%

time in ugipgstide GaehimgeinuifRCasel MRy ReiaRoud - (15-5Bde1EES = AO%ILIRGFRHIEL,22A ima flow

diagram gig{ggdisrggr\g\gqgeséygect?&@ rflgr %g?ﬁgsstlrrggeg %%&r:gérs]i éon?ar;/ be approximately 150 seconds.
. _ _ . . | _

FIG. 23B shows the timing diagram 1160 for a scenaric in which an on-the-fly
focusing technique is used (no pre-scan). The timing diagram shows the timing for three
slides (Slides 1, 2 and 3} over a span of approximately 150 seconds in connection with
performing slide moving and scanning steps using slide caching including pickup of a slide
25  from a slide rack, thumbnail image processing, depositing slides in the buffer, pickup from
the buffer, scanning slides and outputting files, depositing into the buffer and depositing into

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

may be approximately 50 seconds.

30 FIG. 24 is a schematic illustration showing a slide caching device 1200 according to
another embodiment of the system described herein. In the illustrated embodiment, no bﬁffer
is required, and pickup, thumbnail and deposit times may be eliminated from the cycle time
usin‘g 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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embodiment of the system described herein in connection with a first slide. At a step 1102, the first
slide is picked up from a slide rack. After the step 1102, processing proceeds to a step 1104 where a
thumbnail image is obtained and/or other thumbnail processing, that may include determining an area

of interest of tissue on the slide, is performed for the first slide. 3Q .After the step 1104, pr sing
proceedi48a 5311758 WABRA YRS ST STSREGED IS IREY S ihgﬁﬂffgﬁhﬁﬁ%ﬁﬁéﬁgﬁoﬁ 06,

processingpasredade f3tep A8 whesedbe firstshids isepieiatbupifontddecslide kufferi2Atter the
step 1108 processing proceeds to a step 1110 where the first slide is scalg ed. and irg‘gq%%%according

to techn smeenAabflsiaek Hed BasPeRUMIER REAS f ¥ HSte@ehdem vafibuRe ifents the

scanning ARAINA0IRG, teehnifLes MaydRchdrdresreaBRa ot UsinghshpFiandiaddsitg dynamic
focusing techniques, such as an on-the-fly focusing techpique. After th stegg]?%épg ce ir%g
8 AHEF thEStep 1112,

proGeedand fhstspeond slidreradhd Aldt Bie T6iaRgBERAY 10 (RETERgS 18% tep
processing RGaedsiera steml ibd whgre fistslidensopiakedkup deamdbrdskdgaifer05ANRs. the step

1114, processing proceeds to a step 1116 where the first slide is deposited in the slide rack. After the

step 11 TEahroédheirhde Bskplett wittle BT he fifst Qids ComRapion 5B ol 858w 1120

showingglide ceshingPracessipshaseoplinaloan enbedinenicohthesysterideseioadyheren in
connection with a second slide. As discussed 10 further herein, varioys st of the flow diagram 1120
may be peffotetrmpaaralsiagih stihs! 8f the Mo HEgianT f@@?ﬂ?ﬁ %ﬁlﬁ?ﬁ?@%&é@ﬁ%slide is

pickgd ug. fromyaslide; pGk. Afisnihessiandl 102 JaecessingtapecEEs o pateptihddwhiian
thumbnail image Is obtained and/or other thumbnail processingﬁéhat may include determjning an area
i

of intereSenhaatiewhdsmoshdenssonsithaaatiettide cJREsSITRCARS B SRPR 6 sing

proceedg{o s%éiﬁﬁdélﬁﬁewh&@&%@gg%e shidr islenasitashintaeasiide byfide Adter the-siep 1126,
processing proceeds to a step 1128 where the second slide is picked.up from the slide buffer. After the

step 1128180 a8d g Bho deurangl £atefepeh e Hh S SEISHH LIRS HRRL (P& o TR
according.ta teehnigursiike-ihas brthansdisaussed sisewhesechvediettis noted that in various

embodiments the scanning and imaging techniques may include pre- 20 scanning focusing steps
andfor using dynamic focusing techniques, such as an on-the-fly focusing technique. After the step

1130 processingjprosegds to asienidddz W ihevsagondisligrlismdeposiednp thecslidechiuffer. After
the step 1132, processing proceeds to a step 1134 where second indeﬁ%[(iic ed up.from t%e slide

buffer. AfétReER pHd8acHsERE G ORRRGS S b1 DI RS Bbridsfife "’ YEPosited in

the slide JagkcAfterihe steR2abE3G RIDeRssNGistampleteswith. respeeide thexsabertslitide I
accordance with an embodiment of the system descri%ed herein address(%]n slide c?gin\% steps of the

flow diagfaPickSOURVEATRSsHE To-the HHEr ShEIE' FRal Ber PEMSTIRY By F K &itfith {0 parallel
‘withghe siepsahtieilomdiagiamsldefonitbrespact wriheldl seadrd slidetsp arzibe, tprediitegcycle
time. For example, the steps 1122, 1124, 1126 of the flow '%gﬁgm 1120 for t%e secon sI.ideée.g., the
steps in EEPRFEEAGA WKDItKkIGg (T Th E'e dUshE &l ﬁ%ﬁ’f‘?’ﬁ(ﬁjie AR BRSi TSR 5Eessing

and depagitingdheusarendsslidemsthenstidadraffer) may medapawih theistepsibl@@ndtthand 1112
of the flow diagram 1100 with respect to the first slide (e.g., the stepfs in connection W'}h picking up the
‘first sligescanning and imaging techniques may include ‘pré-scanning focusing steps and/or using
dynamic focusing techniques, such as an on-the-fly focusing technique. After the step 1256,
25  processing proceeds to a step 1258 where the first slide is deposited back into the slide rack.

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

FIG. 258 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 1s
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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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#%g: first shde T|me galn [5{[“‘5 tg(;/rg%(;;%c 2 bgégﬁ%a{ﬂgﬁlgoﬁfecgégug&to@&& séagg slide

process erein compare proce s5ing one slide
at a timgpavith @ﬁﬁigtl@p@dxgﬁiriscm@s@b&hmmg:gtb&c}aapentsm}hhd}yyﬁtammgdetémqmqueéfd@scnbed

herein. FIGS, 23A and 23B show timin dlag ing slide ca tech ing 10to
embod|ﬁli‘éﬁ@%ﬂﬁ?@s@@&?ﬁ%’@s@?ﬂfg%ﬁé@eﬁ%ﬁﬁ ﬁustru}tilng‘;9 t‘?}n?esg%ﬂnﬁg%cco% ?1 %%gjcra%{ﬁs
embodiments ok systenndeschiberhansip, probdGiR3A sbmpwmmnmmgmmem@mor the
scenario_in which a pre-scan step is used. The timing diagram shows the timing for three slides (Slides
1, 25anoF§§%ver a span of 15 approximately 300 seconds in connection with performing slide
processing steps using slide caching including pickup of a slide from a slide rack, thumbnail image

processing, depositing slides in the buffer, the buffer, pre-scannin nn|n es and
outputting flles?%@ﬁf)%ﬁﬂ?@cﬁwfﬁl%%ﬁﬁé Fﬁa‘ Fepd %ﬂ SintS or{ln%iésl8 ?e) r(gc%f R u‘g(?[rgt% ﬁ#gn
embodimenineeykle time fomtide fustratso pmmeﬂsmg ﬂtnﬁﬁﬁae @qdprnmpnh@qb;ri@@sédund@. 20
FIG. 23B: shows the tlmlng diagra 6Q for.a scenarl Q} onal%l ddo%usu gac jque is
used (néljste-Sednne Eé‘”{'fff‘nﬂ’g V&l t%epumlng ﬂree Stdes ( ST 5'and 3) over a

spag of mmgm@éaw;a@rsee@mmyewnﬁﬁmrmtmpemmﬂmgp@melmavm@?armu@d@ﬁﬁlﬁg steps
using slide cachlng includ ng kup fa I|d 25 from a sli ack thumbnall im ing,
depositifff SfgaLd r?ll]ﬁlg iP gs}%@anﬁgl% Hliads Bnd o ou%pgttlngsf'?%é9 c?e%posmng

“into the bpffes AR sm@qalgngdmlﬁge@wcktmesﬁum@mdmazmermasmmmmmtet@@nmsme for
the illustrated processin e roxi 0 sec nds. 3 El IS aschema |IIu tion
showing ﬁrﬁ?&%ﬁh g&@ 8@%%63%38? § g 7510 Ao énrné?n 0 |men€ o‘f}ﬁ%g gys%er;ﬁé 9
herein. Indheidlsstsated:Braeastimeat, byodaliferds ceqitedo Andipickuppthmbnail anﬂ:@ibp@stt tlmes '
g/ be eliminated from the cycle time using the slide caching device 1200. The slide caching device

ﬁkfél%%ef% R¥ 8 tfd stages 1210, 1220 which operate independently. Each of the XY
compound

FIG. 26 is a schematic illustration showing a slide caching dovice 1300 according to
another embodiment of the system described herein. The slide caching device 1300 may
include a slide rack configured as a carousel 1310, a slide handler 1320, a buffer 1330 and an

20 XY stage 1340. The carousel 1310 may include one or more positions 1312, 1312, 1312"1n
ﬁhich- slides, such as slide 1301, may placed before and/or after being imaged by an imaging
device 1350 that may have features and functionality like that discussed elsewhere herein.
The positions 1312, 1312, 1312" are shown as an array of 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, 13 12', 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
handier 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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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 desgcribed herei e first.slide rack 1211 5 and the second
e radk T o TR A5 GRGHR RO B e T oL  BRSlEo
may Serye ﬁﬁé‘ﬁh@ 82011380 pRY Rt stagas Rl thaAOnkgeh gitthedstifitheatid: B2ddrdiR20 may

serve slides to its companion XY compound stage 1210, 1220 wjth a corresponding pick ead. One
microscBiSd GHIE S A ABse ey ¥Rk BTHlxéggﬁapgﬁW&Zbgﬁéé%ﬁl?f%%f%‘dﬁg? X Hr#f) e, while

one of the kY GaBROLIEStaEas 0 1839, hlaghdt2hay iBsaamnnidgassiideitite Hth2rofe b 3ilge 1220)

is performing its 51ickup, thumbnail ar%iiggeﬁ%o it functionsgvith arﬁ%erfslide. These anictigqg may be
ovetappidsvitith et SRRy e n%,?ﬁgg&%l T miay be determined By thesscan time of
a slide, angiskup, thurimnaiandidaposit sirses arehirerefore eliminated from the cycle time according
to the illustrated embodiment of the system described herein. 15 FIG. 25A is a flow diagram 1250

showing slide caching processing in connection with a first slide according to an embodiment of the
system describgd; form; slide-saghingilevies havingiwe A thempesrd siagés éorashidezplocessing. At a
step 1252, the first slide is picked up from a slide rack. A he step 1252, processi roceeds to a
step 12@@Whe@?@%‘%ﬂﬁ?ﬁ%ﬂgﬁkﬁrﬁ[{ggﬁ%ﬁ%gpfﬂ%?ﬁwggé nr?ﬁgi}%gtes%&g% R?tﬁ%’h%gs"?%%? 354,
PragessingHPIaEeas sisvanstan 1aGemhernaithadidsstieleds Seatmed Antimaged decarsingio

techniques like that further discussed els]ewhered]eretin. thi 1riote% that inr\{c%i us el tib di(é}]ggts the
scanningEriREEink (LA URE FREANE B o edithi g 0k I ynamic

focusmréu@feps and/or us?n%
- focusing,taghnigues.sughemaniol: theidly fnsising tactniyuetAftenthesittm 1256,c26prodessing

proceeds to a step 1258 where the first slide is deposited.back intq the slide rack. After the. step 1258,
processiyliErtomiete Chtr e gsectittithe fﬁ's?’sﬁapg% %%%%SO%? &% ’d#:garénn@ 4B O%‘I‘%Wing
slide cachingqo¢essing in earinectine widye pedebdsslitizadcanyng 1a"amanibdditagntstidive system
described for a slide caching device 30 having two XY compo ncksi es.for slide pr ing, At a
stepp 12791 ffﬂa%‘é@%rf&rs‘ﬁ’éaéqglﬁiéi?é&’ﬁﬁeagﬂﬁ?%%ﬁ%tglya‘&{ﬂ tilel!lret g ef:);Qf fg?ﬁ?rﬁ%%gggﬁégt%gr%ceeds to
a step 1274 whaterthenthumbnabareeesshnishperfbunke: ohdhemseceintb shidesAftbo thelstepal 274,
processing proceeds to a step 1276 Wheré%ége second Is,:{lf ig S ar}lfnﬁ?aa&]gmjrpn%gelgs% cor 1i(§1e(;| to
techniqueETiREXHA RSP SR E SO BRI 1t 18idted that ThVariou

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 of the user tray 1314 and/or inserting the slide into

20 one of the positions 1314a.b of the user tray 1314, may act to trigger a by-pass mode in which

a slide from the user tray 1314 is processed instead of the next slide from the wedge positions

of the carouse] 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 iike that which
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embodiments the scanning and imaging techniques may include pre-scanning focusing steps and/or
using dynamic focusing techniques, such as an on-the-fly focusing technique. After the step 1276,
processing proceeds to a step 1278 where the second slide is deposited back into the slide rack. After

the step 1278, processing is complete with respect to.the second.5slide a dance with an
embodirfsA SRSyt RMESHibdh F@iH‘iPR%oi%ﬁ%g%f’dbeE% %%@?%Ee%’& BP%EE% 1%%60%38@% 1250
concernig thesdinstsslige Mmaybepesiaenedy the slide caching device in parallel with the steps of the

flow diagram 1270 concerning the 10 second slide in order to reduce cycle time. For example, the
steps 1272, 1274 and 1278 for the second slide (e.g., pickup, thumbnail processing and deposit) may

- overlap the stepi4256 oA therfissé Slitlerte Baarningénmegiigotiie fimhstige)pandaicefelisa, such

that the times for pickup, thumbnailaorocessing and deposit ar%e#minateféﬁrom the cycle ?‘ﬁ The
cyche tinfde AbBrEiAg b i dORP O FHEPSLRS HR i SPAPSHHB HE %éyt%egh%% iment 150f
the systameslestieddiesain an edrbodidfeis arschiavalirilltisiaiionshedingdrstidaiadehineadevice

1300 according to another embodiment of the system described herein. The slide caching device 1300
may inclHSP L PR My trelh s SR SABTRE L9t 6 o SR AR 20 A B 10525

and an 20
XY stagevk3dh wihesGaeossahinl Sndaipielk dpesneoas ndeedesitions: | dduds 1at, 3hdién avhich

slides, such as slide 1301, may placed before and/or after.being imaged by. an.imagin vice 1350
that P WK EHEARNGE s s B 2 DS b SO AT Hertie T e et
1312, 131" @rarshande asaReakay Shwrdges R4l Bweadghslandyas fithafddiscussedtelsewhere
herein, the carousel 1310 may have a height such that multiple 25, slide positions extend below each
of the tqu%VQPWEH&&ngﬁib@f@i‘f Vi i%ﬁ%?ﬁaﬁgsrle%ﬁow #R8ie 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 ?a%]mscié\@getween&%o itions 1322a:d to
move slides aribHgAhe BSRStS IS f SERLT LS 3D WA I AYEERGY 3H1"E SERRE ffer 1330
may inclyde imwinlehulamesiions1:332: 13345 63ee buffemgositienyl382gmabbsdesighaidd as a
return buffer position 1332 in which slidegwgeincﬂ?é%ﬂjm rom tte imagi}n%gg\ﬂ&ge. 1350, via the XY
stabe 13ARAPIB SR A DEFRBBMTIS RS By e &idfe RERIRP ALY BELEEHE S ousel
1310. Anptherdbuffey pRSKiTNsii384 nay becdemsgnaiod ashatchmelddfier posiin:d8adsiandhich a
slide that is to be sent to_the imaging deyice 1350 may first haye a thumhnail image captured of the
slide ac&ﬁ%ﬁ@%%%%ﬁﬁﬁ%gﬁ%g&}é‘i%g) & %ﬁ‘@?@lﬁ‘gﬁé’lﬁnﬂﬁ%?ga %?ﬁ Bhgﬁalzqrﬁgaé%&e the slide is
capturedsaisthfieameda:nuter. pRRliaRd3Bdvingalide sial bantieyed0 a-pesitionlidda anttie XY
e o e B RO o el T e SR dRer 350 B BRAIN L 20 R ARgoreing 1
20  of the 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 siide 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. 28] shows that the
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- FIG. 27 is a schematic illustration showing another view of the slide caching device 1300. The
components of the slide caching device 1300 may have functionality to operate 10 with various
movements and with multiple degrees of freedom of movement. For example, the carousel 1310 may
be rotatable in a direction 1311 and may inglude multiple slide .positions 131 %] t i eight
postion A 56 S (BT SRR o e R e e .
an embggisnent, the multplessligepoditots t3d2aadieeadh birthepradgedositatstiasiidea 812, 1312
- may include positions 15 for 40 slides, for. example, pasitione idistantly within th i of the
carousett e GAmEr AR SRsiian i Ag @&gbu&%?ﬂe Rt c#e%?%ﬁtﬁeo?ﬁélg %ér\ghls%lglﬁéﬁirg may also
include g usgr ay&alA having@redr mpedstid étpasitionsidida, bathwhidsassdr ahaydnsert a slide
to be imaged in addition to other slides in the carousel 1310. Inetgraclséilorn SOfeatStl(i)daenif%%ﬁQﬁlHl er tray
1354, fHOBREFRSIR TKin S LB RaTHER ey N A INAISF Thserting the Slide into 20 one of the
positiongi i34 4ad, Gl thesyser fiayd3ldimaytentdoiriggeny epdsdemioderied/lyitheastidarirom the
user tray 1314 is processed instead qf the next %Iide from th Wedgg&?sjtions of the carousel 1310.

The arnthEassstdr e St HBHEHE %3 R SHORH IRVIRG Bt fesk

5 1. .
ving a et three cFegrees 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 justable
in a direction 1§2%@6ﬁg§ﬁ3%m %’iﬁ%ﬁ%%‘fé’i%ﬁ%s S?b%sﬁéﬂgﬁgég% “of the g%sgﬁggeﬁ%lo.
Adglitionallys dheoarm;ilid 22 eavexseadindiineatiothiB2te apphicsidetion witivisatiigiandsumdading
slides from the carousel 1310, the buffer 30 1330.and the XY stage 1340. Inan e ' it is
advantaé’@&%sté’?rmﬁn%}’f&emé%@gﬁ&%‘?{?ﬂﬁaﬁﬁ%%‘r’n\v? trﬁ%f@?ﬁﬁﬁ?o?ﬁﬁnﬁé%@%ﬁi&%istances
traverseg sy dha1apmidaR RAdesgiteihandscd320 Priotder feamininoz & dldad itimemeficharside

caching device 1300, as further discussedggﬁlow. Moveme%ts of thg{gﬁégysel 13&%&!%%%@ dler
led,

1320, arlekhe PRt SR BPRO AR TRURAE 08 BSOS V& control system like that

which digeussadBlsewhess Resche. tHilsralsn noted tbatyilaneprbotimensctive bufteti1830i#nd the XY

stage 1340 may be at the same height. FIGS. 28A-28J are schematic, illustrations i |de
cadfing B%?é’}%ﬁdﬁ%%‘ﬂ%’i@%’%iiﬁ@@%gﬁ&?{&?&“&?ﬁ&@ﬁ"gﬂg 57 géglg%ﬁg%{)mal%@rgb% %néent of the

* system drsirbRIQRIRIBuACerdiggito anleplbediment:thendide openatiensmidtussedibereif minimize

dead times of the system, that is, the times during slide pickup and transfer ope .8915 ?@99 not
overlap W%Iid‘é@@éﬁﬁﬁ@aﬁ@ﬁﬁ%&?ﬂ@o %’r%i!%%gr?g. %g St%%%g ?ﬁ%@%ﬁilﬁeg,%@xam% e,la} park time
‘Where the X¥tage 348 foeyes tadepositonstdlattwathe stideheardtery1 §20itetkopitkatiptié slide.
Other Coggggi%tlodqgagiovgﬁggegmoef qullggv% E\{}IlqgrtQﬁusrlﬁgfa‘g?)rtlhes}g%grgg while maintaining the

| 20 advémtages of K6hler illumination.

FIG. 29 is a schematic illustration showing an illumination system 1400 for
illuminating a slide 1401 using a light-emitting diode (LED} illumination assembly 1402
according to an embodiment of the system déscribed 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 s transmitted via a mirror
1404 énd/or other appropriate optical components {0 a condenser 1406. The condenser 1406
may be a condenser having a suitable working distance (e.g., at least 28 mm) to accommodate
any tequired 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 numeﬁcal 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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position of the buffer 1330 and reloading the XY stage 1340 with a slide. FIG. 28A begins the
illustrated sequence in which a slide 2 is currently being scanned and imaged at the imaging device
1350. Slides 1, 3 and 4 are waiting to be scanned and 15 imaged in the carousel 1310, and the slide

handler 1320 is in the positjon for h%@}/ingS delivered the,slid 5 tolgé? XY gftgt el3 (% Ig}l(%%m 1%8 shows

that the ¥Hitle FRERBIBE 1350 TBESES ARG FRSEERGR BPIoRT tASext e (Shide™ 10 e €éaAnead and

imaged opkilgi sliclen 2 Gensinue sty be agarhes ¥idsimegelid & BcHBE shbursdhatriiie Slideihandler

1320 transports slide 3 to the camer bufferipgéiltion 1334, of t%()a géffer. 1330 in order for a thumbnail
e S

image t3BEIBR&Ie GO E BB SRS R4S Rt hdler 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 S into position to be
uni@aded is an Eahipi @P&?&&Pﬂﬁwé?%ﬁﬁn@ﬁéﬁﬁéw ?36%1&354530?% ’psousclt?lo%’ t%L%régﬁgr)lloaded
with the glide 2myaitingiheneonite: beayrjeaded sandeslided whitingttarhé naattdsehdnindeXY stage

1340 is ay le of park time. __FIG. 28E shows that the slide 2 is.t teg by the slid
nandlcr ASPOFHEI WS EGE SO0 et T B £33 QPG B 13301 TR T hanler

1320 thegrpreseeds OHbe posiian e pickeup thaislites! #oMoite sameranbaffeppdgitiend3s:. FIG. 30

28F shows that the slide 3 is picked up from the camera Quffer position 1334 and unlogded onto the
XY stag€°PSaBsEIG $BG gh%ﬁgﬁqﬂf%@@f e@q acﬁ?laé'n%ﬁ bceolﬂ 1S Wlﬁ‘ X a%ulsslgging

8C cahned while' $idé
pickyip framphhgsretwdubienpasitiotiad 240 thetstidenhanabni31Be EHEs@Bb siothas thidrtiee slide 2

is returned to its position in the carousel 13 the slid ndler 1310 that yot nd.moves
translatiéﬁ?ﬁfl;?‘?d’fﬁ@e&%tﬂ?@?;bgﬁﬁgﬁb%%ﬁﬂ%\gﬁﬁoa%t S o (Rt tais] ngr-t%?l%&:enéo?f’es t(r)gtr?slationally
- 'to the propex po&ijiamig @jg&@ﬁgﬁiid@%ﬂ@ﬁtﬁb&@@d@mlmfe)mzvﬁlﬁxpgﬁnbshmagaitﬁmﬁide handler
1310 transparts.and unloads the slide_1. at the camera huff osition where, the th ail image of
slide 1 idBbEmERREHHTIE'S i 'Iﬁi}ﬁr %ﬁk}%té‘ﬁ?goi%nﬁég?%ﬁ%%%éi}%%@, gﬂ%@?ﬁ%m

discussegahaxerinddg:onnection with the illustrated sequencing, may be performed with respect to any
remaining slides (e.g., slide 4) on the carousel 1310 and/or for any user slides inserted by the user into
theltiser tray 1314 to initiate the by-pass mode operation discussed herein. According further to the
system describgdeseianss iminatiobesyustantoniastsskel TigA0ocahaddibnlvih onicrdscolige

embodiments that are applicable to yvarjous te 2@1 ues,and features of the system descri herein. It
is known! %4t W%&%M?ﬁfﬁ%m g Ier?ihﬁr%liﬁ% |gﬁﬁ81rnlla?ﬁgthq ield mﬁcrgolggo?o%&mimary

features@fKeblesilumidaiiothargdidadididnigmericnd apevitré antalcabfilliminsioraseribih
a2 A R "t R R R HE QISR IR e FRfe O
20  diaphragm 1424, may be adjusted to image the light from the LED 1420 onto the plane of the
slide 1401 so that the field diaphragm 1424 may control-the area of the slide 1401 that is

illuminated.

Since an image sensor acquires frames while a Y stage containing a shide 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 pixe! (0.250 micron/pixel) blur, the LED 1420 may be pulsed to be on for 10
microseconds. The LED light pulse may be triggered by a master clock locked to the dither

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

30  elsewhere herein,

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

and corresponding to the features described herein with respect to the LED illumination
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15 varying magnification, field of view and numerical aperture. Kohler illumination offers desirable
results but may require multiple components which occupy a significant volume of space. Accordingly,
various embodiments of the system described herein further provide features and techniques for

advantageous jllumination in microscopy applications that avoid [ fg"I advant of known

Kohler iﬁﬁ?ﬁ%@ﬁoh@%te@ﬁéﬂﬂ?@ﬁ%ﬁ%ﬁ%@ 8 H4EURE &gﬁﬁoﬂ r&ﬂﬁﬁﬁ%%atli%gnif WG, 29is a
schematie;ilustratianms hpwingrandiivwination eystemtd 40 far ibominaiing wislidehtdQlrusing a '
light-emitting diode (LED) illumination assembly 1402 according to an embodiment of the system
describ USRS OTHENSERS I GRTRATSA 25 H&embly 1402 may have various features according to

multiple embodiments as further discussed herein. Light from the LED illumination assembly 1402 is

transmitted via a mirrgr 1404 and/or qther, appropriate optical compqnents to a condenser 1406. The
condlenser 140B!fhay bels éoﬁ&léﬂgé?%a\kﬁﬂrﬁt%taﬁtﬁg kifiy c?fg?i?% €57 afledst® B8 M) to

accommpgiaienamviedWred Werking.oistanee akamnbly stage 4408jiag furthesdiscissad @sewhere

herein. 30 In an embodiment, the condenser m e condenser SG03.0701 manufactured by Motic
having & PSSR ATSIR M B8 %@ﬁ?fe?@?%%@%i %ﬁtd@sa?ﬁ El g’éﬁfg %ﬂ%cafgﬁﬁ%/agm that

controlsthgnymericalaparirsiganeangle) aldight thist illnmpinates theckpapimets paihesslide 1402.
The slide 1401 may be disposed on the XY stage 1408 und icroscope ahjectiye 1410. The LED
iIIuminaﬂéﬁ”&é@%}‘n%ﬁ/‘fﬁéf‘mﬁ‘f‘ﬁglﬁﬁﬁlfﬂtc St \?&ﬂtiﬁgﬁaﬁn%% %gﬁ%oﬁéﬁdﬁﬁggﬁgfgﬁnen on
the glide,d4Qihlinglugtingofak exarsplepeigraieipirdelationdeaovendsatof 462X Y/ gipgeyilide
caching and/or dynamic focusing, accordi the features and techniques of the sys cribed
orein ST 2R NI SHETARi 35 Ao I e e FED A0 & B Gh-Rite LoD, a
lens 1422 thatmaay hesusetyastoxollactosalamenbahs ansadissiatie s Jielddisphragmidi24 that
may control the area of illumination on the slide 1401. The mitt'tr:{ggsn&irface of the.L%D 1420 %ay be

imaged By A ot SRt A5t 4 40 o A4 38 OPRE AHRRES hupil

1406a meyooelgadasatarivwit ok MA7adostingikOcidpheagiitd406IEDf thededndensesd 40B8hd he lens
1422 may be chosen to collect a large fraction oéé;&%g%g%t o?f the LED 1420 and also to focus an
I .

imade ot 1485 BABG oA YR RARH I Bt {FR%on IR P ZOB R
approprigig Inagnifieatiangosthat hedmage @iniherddaDahd02:filisitheranerntany ohivetNAiad]usting

ofthe LB B HE T T L e R e SRS LAGLB THE mAIEFination
on the slidgsl40tpayihetepRriradad buthesfield dispbragm W64 mou ke d: iRihe- Ay Htadnination
S e, part mmer ST S Y TR3F PR .00 ROMEI T RO P
20 stack tube lens by Thor Labs. The tube lens 1463 may be a P50D or PSLG tube lens by Thor
Labs. Other washer 1468 and screw components 1469 may be used, where appropriate, to

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

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

25 for high speed slide scanniﬁg 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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20 diaphragm 1424, may be adjusted to image the light from the LED 1420 onto the plane of the slide
1{101 SO that the field diaphragm 1424 may control the area of the slide 1401 that is illuminated.
Since an image sensor acquires frames while a Y stage containing a slide is moving, 25the LED 1420

may be pulsed on and off (e.g., strobed) tQ allow very high brightness.oyver a short time. For example,
for 2 SUATIIG 2SN SRR o AR RCFRTE AN oL RO o350 MR bneel) bl
the LEDHk42% may/bspilsed iocherendier $0tmigrosesnngsathedchiightdistsesadayl imstriggered by a
master clock locked to the dither  lens resonant frequency in accordance with the focus system and
techniqﬂi@‘é@mﬁ?@rﬂﬁmaﬁ@é‘kewhere 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 descrihed.herein with respec he LED.
illufination adS&BE E40CIEMARD ?Fbﬁ%ﬁ‘&’b%ﬁ & ?Po‘??tao?qé FLEBTAS ,eé’ﬁ)‘é%égﬁigsz, and a

fiz!d dt ia@&;@ﬁmgl&%ﬁéﬁﬁ%%mzwim RSRGGEED andibedRertichavitnpthenstiitiuratstgport and
adjustment components 5. 5F]G. 31 is.a schematic illustration showin loded vi f
specific%Iéfﬁ%ﬁk&?@ﬁ&%ﬁ@ﬁ@qﬂurﬁﬁgﬁﬁﬁlg@%ég ﬂ@éa’nél% er&r%ﬁ%%glei(%t RO Fih

_ | _ 0 an‘embodiant of the
ﬁlyste_m ??%B@Q &ﬁﬁ%ﬁ%&ﬁ%ﬁ%ﬁgﬁtp@ﬁi@ﬂadﬂmﬁmﬁkﬁﬁm dissussedrinight céSpectle the LED
illumination assembly 1402. An adapter 1451, mount 1452, clamp 1453, and mount 1454 may be used
to securbl) InanAtRAdSSERA bh FED TAE SRS CESSI tﬁ)ﬁﬁﬁ@%ass%sl(émr@ fﬂ@@%]gﬂlg

SO as to be
segyrelyipasiienes withcerpasticadensy IMbaatpprapiidteseseivandivdshenbansfideentor
1456-1461 may be further used to secure and mount the LED i"umin%ﬁiorifg%%mbl}(x 402", In various

embodirfemeIent hers 18581055, B Y dmiddBe b ASESH R AR TE SN o bright

- white LED;bavieg amoptical @uipsiefid:H0 lirenaandfiong dife ohd 002 hduts and/onay duitable
LED made by Luxeon. The . . . ) .
used, as appropriate, in connection with the system described herein, and the orientation and
configuration of the recesses 1514a-n and may be appropriately modified. A slide may be
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 1516¢ and two lock holes 1516a and 1516b
which may engage with a drive which rotates the slide holder 1510 at high speed aroﬁnd axis
1518 in rotational direction 1519. The tray 1512 may be placed into a low profile drawer,

20  shown representationally as 1502, that may retract the tray 1512 into the device 1500.

FIG. 33 is a schematic illustration showing a recess 1520 on a tray of the high speed
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 slide 1501 to be
substantially strain-free. A cutout 1523 allows a finger hold to place and extract the slide
1501 from the recess 1520 by an operator. Centripetal accelerations, shown schematically by
arrows 1521, produced by the slide holder 1510/tray 1512 as it revolves around the axis 1518

30 may apply a small holding force to the slide 1501 to keep the slide 1501 in place while
imaging occurs. The holding force may be designed to be at least 0.1 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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15 lens 1462 may be an MG 9P6mm, 12mm OD (outer diameter) lens. A tube lens component 1463,
adapter 1464, stack tube lens component and retaining ring 1467 may be used to position and mount
the lens 1462 with respect to the adjustable field diaphragm component 1465. The adjustable field

diaphragm component 1465 may.be a Ring-Acti ate%lri f?i pa JW y D by Thor
Labs. THECSEEIRT iR R ‘1?28@ ﬁ?é?et%oglg%%iil $ gc% L?&E eﬁn%%%l %ﬁér a s.glr%g%u%g%ens 1463
may bea P50D or P5LG tube lens by Thor Labs. Other washer 1468 and screw components 1469
may be used, where appropriate, to further secure and mount elements of the LED illumination
assembly 1402". According further to the system described herein, devices and techniques are

provided 25 fordiighispees sliseseamingiordigital patholgoysipplitidbiskacoordingussaddrious
embodiments of the system described, herein. In an bodiment, a slide holder for. y
micPoscBfahfas IR e X W%etﬁg% ?%3?3‘7&2 R OEY %ﬁ;z S?rlér%geégsg%go?ig?g in the tray
in which.pagh feeasslisadaptediiecre deivdi deslitie placetheTee sses gy dispd$86 irsuimfbrdntially in
the tray. The tray may include a.centr indle hole and lock hqle in the holes
adaptecttBBick TR5GhRe %Sﬁ%aag ér)io’ta?é g)t(%ngl?'l{]esg?esd%ajgo‘gﬁ aar?aé %@%ﬁg?t%?%%%%éy. The
recessegimayhereaedsas Mitlédal distvtangMarasitmnsyinthegdraysTihéSHc b mahhave
semi-circular protrusions to touch the slide but not over train,the slide ther wigg. the slide
to be sUBSERHTA SISIRSTE. FREY gé) eecgs n?élyq% sg?h%vﬁe%rﬁ:L%’o%}%etﬁﬁtagﬁo%?/gsﬁglr{\%kﬁhcl)fllge to place
angoextracidbecrsliel fivenitiae tecess bighrfraperatos, Mudarious etebdbamdi fthmelidgechbider, and
operation thereof, may be used in connectjon with the features and t ' i Isewhere
hereinf&?‘%‘ﬂ@ﬁa@lﬁ&%éﬁwgﬁéQ i esgﬁregﬁgllcﬁﬁ%gtg%%ns 'g&/{linr%ﬁéu' %%%%%%%? %%gscanning
- device 1fA0mEsasdiRgioRN @ibodimerTief thegysteystdestitfechine beim ghdlymaybied ed in
connection-with digital pathology .imaging. A slide hol 1510 may include.a tra | cesses
1514a,bPHIREHELE "g%l‘gg %slf?i%??sg% QSRS e%%??alCS?“g%%’fgsr Fﬁ]‘éﬁﬁﬁl?ajﬁég g;célelslz,
and the gggpesesol&riipal tidy-dachehe sizkot finkotckaidtisle @50 ixiFhtheraylinh #2iis1$0 iHustated as a
circular disk and may be manufactured to hoJd a desired number slides. Fot: 10l¢h 16
slidgs, thOYs s B HELEY régéﬁp%x%}rg{aetaeaty PFinehes e iéﬁmeléet(g’. ﬁg ?{sl n tﬁ%ﬁ&? Oé}ﬁé‘i:l
configurafiars, ghslkdespied efthegizevahd stapetohtoé fayinay beiused cas approsriategs im
connection with the syst scribed herein, and the grientatio configurati f esses
' 1514a—nﬂé?18pi'ﬁ§91§ér-5§§g¢lé’jr% V‘?n%giﬁe&(f? R% slﬁﬁ%elﬂ?n%f/; Seafggéjég)d %%gg% gr%%gggslﬂl?)glgfag-n of the
tray 15120 suehr@as siehplagingiof shide. 1 50itiontheTiec dssuk5dda, reand thectragrsitd meagugeuptaced into

b s S YA AP s
1519 at bighspaedaisnehiods E51B imatationahtivdietdry Mtﬁemlmﬁbﬂﬂéé%d into a
ow profie drawer, 20shown epresertaionlly a3 102,031 MRYEHESHIF RYehP1L2 nto the device
An illumination system 1540 may be placed below the revolving tray 1502 and
include a light source 1542, such as a high brightness white LED, one or more optical path
25 components such as a mirror 1544, and a condenser 1546, similar to illumination components
discussed elsewhere herein. In an embodiment, the condenser and imaging paths of the
microscope may be connected together and move as a rigid body, such a direction 1541 of
movement of the illumination system 1540 is in the same direction as the radial direction
1531a of the imaging system 1530. In the focus direction 1531b, the imaging path may be
30  decoupled from the condenser path, such that the one or more components of the imaging

system 1530 may include independent movement in the focus direction 1531b to execute

high speed focus moves.
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FIG. 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
Siide 1501, thefdbly Shoting e aHe 0T H b e S AT SR B S E R C1855 BAYs a finger

hold to plagaandexiaptihe tdelROLsiomihe 1eersmLpebinyaniopesataie Serinpetan the
accelerations, shown schematicall?\]/%by arrows 1521, produced by the sli(g; Ea(é))k%er 1510/ray 1512 as it
[

revolvedeiintPile akRe 158580 tdyWbbist e riNhBIES 8 toeusd 801 6% & e slide

1501 in plagpmiiilgrinaging 2ecursadhetividingdercedvay bendesignredian asiEmsicdctdyg initially
by rotating the tray 1512 at rates greater than 100 rpm to register the slide 1501 against the
senfi-ciré e pRART SRR FSs RIS H s tHESE RS TRH s e gilerdd SR ForRe rae FARYSE reduced

consistep:withimagingates of thersystesndikethalcHistussed wlseuder lderein] Aklowertrigtes, even
a slight holding force would stabilize the slide 1501 agaiést the protrt@ions 1122a—c.£€ﬁgarring again to
FIG. 32,12 Ricrides pR i ain GTepetensYBSE (IRe that AHEFUSBE LR FE S OSHMPE M- &% may be

disposed ahovgdhgdietaiinrgitiant B idmageyaieasiabihe Gietiniaredtial tRgutdibyghereithe slides
are placed. The imaging system 1530 may include a high NA microscope ohjective 1532, for example

0.75 NASRRRS [508e S orRIRGSIISIARER shdRterhisdididonss 18P ERG & SHENBESE Mray

image seRsombsie plasetatiherappreogiiatedisiansentaisagaiybebieisi onliheslide 4b&Lto the
image sensor 1536. The 10 image sensor 1536 may have a high fr%m rate, such as greater than 100
frames/S8CREBPRLARTSIECThe HisfyRBEREES TEYQ i RS EBICDAISY AdiEsna e Enera

- operating, ak-dQRFramne Ire ¢ the RQWivalart Tha magifgesyste st Ay bechgidly Mabated to a
2- axis mgatorized drive which may be constructed from ,crgm onents such as DC motors (%r: tepper

motors, BafCoPRAE St aSaHBAS ineal Y ROBCBAR AU18, tHE rSMRy Res PTAHPE PMbVe the

imaging sysiern Liaaeor aloleast AR GamporRenithese off radiadly gl stabimovesiianexample 1
mm steps with a resolution of 10 micron to image one or more rings.on the spitnrging trgy 1512 below.

ThéSothdP RENHRRS A4 S HIQ % BES I SO SOTF SN AP FTIo s tBS FBHIRYF I Wt s eBIERiBREEB 1 micron. .

The focusaxigimay HRIGOANIURiadiRaxactie MOVES] al ghspeadafor exaopiamxecutinga small
move in a few milliseconds, Movement 20 of the microscope objective, 1534 may, be cgntrolled by a

control STEEBRP AR A8 HESESIN LA e CHBIT RHEH A LS Hi SPEEE S RS PHTBETY ike TRSE d¥cussed
elsewhegecb@r@iRtion o MAdlisninaiipnosysiase L40mabbedinseeinglandtie reieivindstyk602 and

include a light sgurce 1542, such as a high brightness white LED, one or more optical path 25
componéh %&F&?ﬁsﬁqﬂﬁéjﬁ@@?‘é’ﬁd}ﬁt&ﬁ& dagfis gl éﬂ'}ﬁgﬁg‘/’rﬂérﬁhéﬁfﬂo Otptiiehts

disgyisseg-alsewhgegbarsin. 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 focys giregtiapid 53ih thajmagiedopatiaMaask b€ 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 altemmative arrangement of
slides on a rotating slide holder according fo another embodiment of the system desp@bed
herein. FIG. 35A shows a tray 1512' with recesses 1514' configured such that the lbnger
dimension of the slide 1501 is oriented along the fadius 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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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. FIG. 34 is a schematic illustration showing an imaging path starting at a first radial position

with res ctt he 0l fori ans C|men 1501’ on the slid 0 1520. The
recess TR0 s S50 otndER I AL O STt T h b SISO ATE0Y Images
may bemewm(ﬁom&amesn@ggmﬁam&m@vaccmmgismmimagmmmuréweﬁmqé@s
discussed elsewhere herein. As n, image are ¢ tur r a row of fra es 1525) for
each snbsef%fﬁ%@%ﬁd‘é |6%°Fi%ig5)§y {e %ﬁl 81°fn§{ gg é?}r & %ﬁﬁévfn%é%%g gyrgtgeum fgg%sAfter one
Complet@lﬂe\tﬁwmeﬁmtmwla thetradiakpdsitiarf obtiamagty systerw!isBOtis imgragnented to

capture images for another r fram sfor ach slide. Each frame is Wir th Jfat
tempordiRFIT LR ‘§ éshé BT Cftijg ? Ht Baton & Q‘%e%ﬁf me#%ﬁy ge%lant to

fiimination may
allow supfushorTiexpesidl gsesTiiase EXposesTpayhenn & 3ine flamershieferw 10 daeethfevsdhundred

microseconds. The process is continued until the entire area of intergst for ach sli n lide
holder 1@?@?@%@@5 Iﬁ BhiR BRIt e E%B%c Rent, proces%sfl?ng ot Ee & eaoﬁ dad e

& Collected images into a
mosaic inagelef AR ares ainierestianuirtscsaitabledryaniraton 15 nectidismtand/Seidsage

tagging to corre tI correlate the It| e rows o, fame between the multlp lid rotated
on the tr&’}"?f%)i R’é'\%lfg &ﬁ%]lf) %Sg?ﬁa*?éfc% eg If%ﬁ%? 1(te)a(“exhsse o fa%?)liﬁ‘ég%é%%ggg?o
coficelategapidted praagrsctiarpepropesistide, mh(secth&iamemmﬂmetfﬁezwlwmmgfgmge tiles

may be addressed by stitchin are and can be transformed to view Ioglst
‘would uﬂ&?e?ﬁ%mﬁt\%l??%w éeﬁﬁﬁt‘f ﬂz QASHESTERR Iéré%%%gemcm S egf?l %’)?a?nﬁ&i%%{\’/vngggt?ay in the

- form of digleeds13.2 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 wouldmeeddase émﬁfﬁe@tﬁdﬁimmbamglaaMagiﬁgmmkﬁéﬂwa@m tnaugh not to

limit acquisition time, 20, complete r. voI would be suffi |ent t0| el e he disk. This
wotdd 088%}?%“8%?% 36 é%%‘n &or %%1%56 e { & every ssg:go%%s&%é gS%SSA and
35B are gghematicidsiations Shevwdngidn ]&Iﬁernémlm ambngﬁnmentﬁoﬁshd:esmnna rodatrgnstide holder

accordln to another embodiment fthe S e ein. FIG. 35A sho S g 2" with
recesse fj?glﬁmgf}rmg{]} %B&?rtﬁ e 7foﬁaglé)rn di menscklilé)srl%j of fﬁ %aegiélﬁﬁlsshgr%nteg 4 eﬁ% the radius
of the digk-shaped dayelbdd fﬂ;@.tsﬂﬂiat&ﬁ‘ mdifeationdifd ShdkethisaberdigtirationdenGie ssﬁhv@eéS(e g., 30

slides) r%ae¥ gﬁd%n aFQ %rder 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 autofocus values would not need to be set

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

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

slide moves under the camera in its arc path.

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

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

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

the field of control systems to control a rotating disk to speeds within 1 part in 10,000,
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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 rotatign 1524’ over which the image.5 processing is perfarmed,is shown for collection
of imagéﬁ‘?&?%ﬁ@ ?%%'Wﬂlfé‘%ﬁfc?ﬁ? nnf%éig;“‘]%gur% 5‘88% |oﬁ°éq‘%ﬂ%%n$%%‘?ﬁ%°\gy%% 71530 is

incremegiigd to in length-wise increments of the slides to capture images for successive rows of
frames for each slide. In an example, for a 15 mm x 15 mm active area and assuming a 25% overlap
between fields. Twenty fields would need to be incremented along the radial axis. Again, 20
revolutions at GzERdHRITY WO Wk revite e ihpta e aging: ik 200 Aeednol thutslis Mbieetfictent
scanning given the orientatjon of the slides and therefore throughput would.increase to one slide every
567 e QTS B AR RN TGRSIAUIBP SHH 6 8 AR S SR SE BB S 1o an 15

embodimentahibessy siamibe sosibeddlerein ifiatonalpd asatcobjtedvect BhRdindodéch tcobxamine a
specimen 1551’ on a slide, 1551. In an embodiment, facus itions may be predetermined through a
prior slofPEY G ?t%ékd?&'%tfd?é‘qﬁﬁ@% a@qﬁ?&’fﬁ%ﬁ%@%%%&ingeggﬁ 485 %ggfzgﬁg(ésper slide
for autofigeimmoaith make 1ot stigns tims Badee30cansnrddiper slide adudkdenefimaghitddehfaster
than current state of the art systems. As a trag/ %fg‘go’ on 20 which thels ide 1C155]ﬂ}lfs dis%posed, rotates in
directiorFA%81 S B SEHRS 1 Ty RSk SRR AR ROSTE M D& AN R B SS EBB2 to be
posifione;atbrstiantis asmdetarmisedraacatging dorthesysienvdeShrbe thberein doistintt agofocus

values would not need to be set for each field of view 1553 but apply to distinct larger zones 1554 on
s SIHTDEEY RO SRR, Do TP S AT LTI A R A D A S 16 o o

- slide wapnREy eégissadhickaessobbesasiofoeuge akipssiionldibeinieepatatedeapgyingiiesidocus
while slide moves under the camera i&lits arc§) th. Alternatively, a dynamic focusing technique,

such as %ﬁ%ﬁ?@-‘#@‘?&ﬁ%ﬁ%éﬁ%ﬁﬁg YBURBEC Eisewhere 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 th? o] -the-fléégwas{n along
fir it |

withPthe high spagt LN AL NRIE ST ERRHEERY Yo s0Enk RO R of is well
within thgifiel¢h gl sandial sy skersmicaaanicoha tiofatirfyidiskaigesphe dyudthideb ppiridrhd@;0esallowing

open loop sampling of each image without relying on rotational feedback of the disk. Gengrally, a
low resoﬂ?ﬁo??%ﬁ]bana}ff?mfg@g?s B ésanofni.]hghﬁ'dé%ﬁ?gﬁgﬁené%%%%ﬁﬁgﬁg% Bﬁnsnéﬁ?ﬁagfup a low
resolutiofp&aeretarovien an pnbuiathpoditerinb theptisieaomis adltodtiterfare witdhedtigitsehelution

microscope just described For extremely high volume applications the disk format lends jtself to robotic
handlingc.;? msil-gbﬁn]a‘fi rWAPEIFEEBS %ﬁ?d%ﬁ%e%a‘?{rﬁg (née} RIS SRUEVE fléaugeéd 0 ﬁqé%/aeoaisks from
a badfer skaekioldhadwgh spaed seannisgaite ice skdetbenpliostitechnolfigies mosiisesthedskde under

the microscope , . : .
a varrx)tageously 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 fof the lab.
30 - |
FIG. 37 is a flow diagram 1600 showing high speed shide 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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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 progucts.. 15Most systems also require clamping mechanisms or, spri old-do to hold the
slide in c@“&gﬂ}%séﬁéeﬁop%{gﬁ “58 %egt%%éﬁop fﬁg%t%g%ﬁ%gesﬁgf}e%%%ﬁrglgéév 8%%\{%%8% not
require afhpldrdewpineshanistidrdhat shiisotatdndionatiba credtes dethtripstabbieceleratisaswhich
pushes the slide jnto a pre-determined.lqcation in.a recess cut into the, disk., T.his makes _construction
of the sl?&Bqﬁ‘Bﬁﬁ%fr éqmﬁﬁe?cgﬁg %Fgergﬁ}gﬁ?et.ol N ada |8n%,h§ éh 2 %I%%%S\}\ifﬁ(si ﬁ%%gWgrB"S?‘s?ﬁain the
slide complicatingtaptDfocusprecasgesarddrerad vantagedusiyravibic od adogrsisgio dagisystem

Sﬁjgri'?ﬁgl hereirr}?i]%pg ,Cur(;tcf?hn;g és,ég{stemis r(lgve r@g%ﬁlsge(?dgn%f %—%Qéngt%% ot %}%girqwm d’:lCtiVG‘ area per

ﬁ%" eintallow the same active area to sca neﬁnﬁ%%r 3025
secondsofeithe exampleguitinadrabove fidanry fatheldyylidssdiook trecafcfmtel Gk glidtsito 200

slides per day. With these high rates of jmage acquisition an ppgerator could w. hrough a daily
inventorV@Féﬁ&egarﬁ'aﬁ%%ﬂ&#fclﬁﬁ?ng%% fg& &t %slfle%g of %aair% %16[856 nsl%gd #ﬁgg&( (éi&(%se,gga{?c%de
reading deterficiaus. Whishall onsefasteatimefdnesuit andeedhahdedbedbnontstbr they [hix Bén  FIG,
37 is a flow diagram 1600 showing high speed slide scanning using a rotatable tray, according to an
embodiWBﬁﬂ]é& dg];%(/:m?(e&%grégﬁ?cﬁ%n%tgﬁofgff&ggi&es%)ref%’(t)?ciat\g %‘Eﬁc)){l}%é{a%gén of the
rotgsable fsaym Afterdhecsian ¢683oneosebsinghroeeadsdd anstepitbdaiihereatie!rdtatetite thy is
moved into a slide scanni osition with respect a scanning .and i ing syst fter thg step
1604, pAUERUHE b o O R HErS SO e S e e
-discussegsabryel he, mtationohtited dkatahle dray chisesaeniripelnkiatcdsabtioy oarthel slides to
maintain the slides in a.desired ima in;egosii]%%%fr the step 1606 roceslsin é)roce%%a to a step

1608 whEHSHe RIS SRR EISture D RO,

S
ages, according t%l%]% ema and te cﬁrﬁrc?’ues élescribed
herein apgHipgiudinggdynamiccisabingrtachniguesidoearalide§ fémebdoropaltl $ligeoorssng is
circumferential ring of the rotatable tray. After the step 1608, processing proceeds to a test step 1610
whEte it {BBtE¥mined whether a desired area of interest on each slide on the rotatable tray has been
scanned and imaged. If not, then processing proceeds to a step 1612 where the imaging

According further to the system described herein, an optical doubling device and
technique may be provided and used in comnection 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 résolution 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 thehobject 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

48



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
11610, 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 mosai¢ images. are created correspanding to
the aro® TR BTN AP M B T A Bl R, RED Rt
Accordipgfythertothersystendesesibadiberaia path dptiedl chauipliang device pwgtiwchnique 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 Ang objegliveschBisarRsalutivnpie Rientisoho vl &indedriat anagyealangth 00800 nm.
To obtain further sampling of this resglution element, the fube lens i, front of [ ing sensor may
be EhantRsPT ARG DB B IgtisherSY 6m [ﬁ?ﬁﬁﬁ%&ﬁ?&ﬁen%ﬁi &ﬂ*ﬁ‘éﬁtﬁ%ﬁg‘ﬁé the
objectivgJens(f tabedensmivesd lenaihdef dubedans dnfrertelimagel serbemis:Rbdpix obgrEoEpixel size
on CCD or CMOS image sensor pix_object= pixel gi e on_object or tissue f tube lens =

pix_objebtihasdsrenPeheRit g obthiia PikePels e Ruwiaed EBRESFRSTRIEE Falcon
4AM30/6Q#dr3thiictanigansaipixet thedecallengthelinenuile Rosshosidiem abaytl&bemm. For a
pixel size at the object of 0.125 micron, the focal length of the tube lens should be about ?32 mm. It
may be BEr iR e diRRFrisS VRIS AU R W DR RS D it gé%(i ahd TR L B BT d by

MauNting; P RfeRIQrpiiviaJarsesdassiaga thafishuiieslimfromehilde: imagihubenser.1@oen the
different path lengths associated with each_new focal Jen

S, ass , h, fold mirrc%s will aﬁggeed t bﬁ added to
fold the FHEh POrPRHRASH B RESHOS BRBitHYH S e S SETP S ST R i F&RSiO fr SHBIHG U optical
- doublingin#ge syséaehd 7080 and the second tube lens 1750, respectively, in front of the imaging
sénsbr. 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 398 are schematic illustrations of the opﬁcal 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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5 according to an embodiment of the system described herein. The optical doubling image system

- 1700 may include an image sensor 1710 of a camera 1711 and a microscope objective 1720 as
described elsewhere herein. It is noted that other components in connection with the system and
techniques discussed herein, such 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 pixel sizes, a plurality of
tube lengd iendwardiendopathsAcarad il R CREYsE Rt eher9Birsma g ;ﬁ?&ﬁﬁ%ﬁlﬁ’ﬁdconnection
with the gysiems descilsdhgsaine Aestapallitatimnay Sufteibedifriubatens 474Q andethe second
tube lens 1750, respectively, in front of th%imag'n%;gnsor. %Jan embog,it{nent,dthﬁ st _O(_%e 1730 may be
a linearhf i A Bl @MAHBTR STRA IS SIGR 151 SRR HNEL THAF oM EPEPes of stages
and movemenhthedesf-ommaiis ncuseshdrecapbestion With dhesysteradibéeibestheneiiiuiA mirror
assembly 1752 js shown with respectto t tube.lens 1750 that.may include one or-more fold
mirrdrs té %ﬂ%“’tﬁ%ﬁi@%‘fl‘ﬁ%ﬁfﬁr%}? geée}%%%c{%%gﬂiéﬁ%}i%gl tooqfhgollr%#gqg)aeggxen glcé)%fg)lrgg%lGS. 39A
and 39B raedischamatic (RO RGO hE Ot caf abubiing dndag e Ssényo ity B9 ehuwileg the
shuttling of the first Lé%f 0 e ' I sensor 1710
accordina o' aﬁlfse%%o w%ﬁegr]l ort é%%g?gkrﬁ %ﬁ%ﬁ&%ﬁ%@%ﬁ%&%ﬁ%@vﬂ%ﬁ%ﬁﬁgu for the
first tubedeARITAE Positored MHSHPETHRbIneRss SEnsHF LP1W GAkKESSHEE D730 FR$C89B shows a
light pathri /51 Jerthe segendiiube lens LESQafter beinashittiednnironbeidhe:imagesenpsory 1710
via the stage 1730. As illustrated, the light path 1751 has been increased using one or more mirrors of
the ¥irrof8$8&mbly 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, 30Various embaodjments discussed herein may, be combined,with. each other in
appropriate co "ﬁ?&ﬁ’&??&‘#?ﬂf&‘*ﬁéc%ﬁ“ Wﬁ%g ne“élsﬁs it i’q(é“rsmc??i%{’e}%l Sgrse%@e/i:ﬁ%i |§ﬁ5ﬁ§/{°fﬁ Eome
instancesptkiatdenaff steppdni fretflowchasatsico Hiagramsoantifdoseseiived fioiw iprogidsing may be
modified,.where a iate. Further i [ rej be
implemeFltf%%&ﬁes?Rg%g(f‘%%g}?ezfnﬁaﬁﬁﬁgﬁggg%%grﬁ%%et%?ﬁ%fg E%%v@?ﬁaﬂ?%%?ﬁe% §1 /%?M&her
computesnimipleithendnionbtisecndesfebbyithoifg avérdedemted features and performing the
described functions. Software implementations of the system described herein may include executable
code that is stored in a computer readable storage medium and executed by one or more processors.
The computer readable storage medium 5 may include a computer hard drive, ROM, RAM, flash
memory, portable computer storage media such as a CD-ROM, a DVD-ROM, a flash drive and/or
other drive with, for example, a universal serial bus (USB) interface, and/or any other appropriate
tangible storage medium or computer memory on which executable code may be stored and executed
by a processor. The system described herein may be used in connection with any appropriate
operating 10system. 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 15spirit of
the invention being indicated by the following claims.
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What is claimed is: I. A device for obtaining a focused image of a specimen, comprising: 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 informatjon in accordance with light transmitted via the dither lens;  at least one
electrical coMPoREATIAEUses 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 infQratink. e he slaw ;qg&{ggag@{i@ggffggp@gﬂgggcmfﬁgg}%@tive lens into the first focus
position; and  an ig'nagée sensor thaé???pture,s an im&?e of the specimen after the objective lens is
moved into the fifgt $OEHS HSEHON * 2 THe HEVIEE Hclordifhy 18°&aim 1, further comprising: ~ an XY
moving stage, whelleinftisesigetimenvigdispbsetion thisnsywkreinthsshyelogntngsierein the at least
one electricakaempensiheontiolsmavemant of the XY moving stage. 3. The device according to

claim 2, wherein (he Joyeent of (e, XY AANA S 4E S RIPIRIOHES Yifh iR gon of the dither
dither lens;
a focus sensor that provides focus information in accordance with light transmitted via
the dither lens;
at least one electrical ;zomponent that uses the focus information 1o 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 1, further comprising: ‘
an XY moﬁng stage, wherein the specimen is disposed on the XY moving stage, and

whergin 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 transiational motion.
5. The device according to claim 1, wherein the dither lens is moved at a resonant frequency

that is at least 60 He, 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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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 pféésgcond. 6. The device according to claim 1, wherein the focus sensor and the dither

6 5 G BRA A O nENT A P nenfor aaddbndiicn fathiciet e focus information

focus stage’a
on both an spptanpedtvinl portionibi aisinustidfrayefommpoddhenietonuefthendiibeniens at the resonant

frequency. e slexios.acpaisingo siaimal. Whereindhe melic Aelgigs, AL leash.one of: contrast

information, shaa%g%ess information, and chroma information. 8. The device according to claim 1,
wherein thé To¢ts midrmation 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 movingratagecviiesriming SRecimemnis disprsed ARIthe XY moyingsiage,vherein the at least
one electricz{’l} compon%nt contrrglos maveme gh(r)f the XY moving stage, and wherein the information

from at leas gnﬁigrlﬁghs oafr?ﬁﬁ:essdurariiiﬁ"/ngf1 Zones %mﬁs%f rirflial;i%‘i‘ermining 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 vievg oftB@dmage:sensoh ckimA, methadderebiaiming A Jesusedinageaha spgcimen,
comprising; £ plll'u%g mO\f%rrpent of an o '(;(ftive ée(ps disposed for egé mination of the specimen,;

controlling MotioR of & Aither [ens: - providing focus INFGrmanen i fecor hitaith light transmitted

via the dither lens; using the focus information to determine a metric and determine a first focus
position of theTobjecitvedansig aatarmanteswitbofhieimgtric; and
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:
dom:roliing rhovement of an objective lens disposed for examination of the spéc imen;
controlling motion of a dither lens;
providing focus information in accordance with light transmitted via the dither lens;
using the focus information to determine & 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 2
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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sending position information that is used to move the objective lens into the first focus position. 12.
The method according to claim 11, wherein the first focus position is determined as a best focus
position, and the method further comprising:  capturing an image of the specimen after the objective
lens is moved into the best focus position. 13. The method according to claim 11, further comprising:
controlling moyement of an XY moving stage on which the specimen is disposed. 14. The method
according th'c ﬁ‘ﬁ‘l""ﬂgo\ﬂ/ﬁ‘é’f’éﬂﬂ%@ et | %ﬁ% THOUREEEE A resonant frequency that is at least 60 Hz,
and wherein at |eastr6l:fp ous wadotitdtio XS anevpey form ed erlsespetinkb id ¢iepmethod according to
claim 11, wherein the metric includes at least one of: sharpness information, contrast information and
chroma |nf rm |on 1 The method .according to cla%}rjigll wherein the focus information includes

iinformation ?or APRAIRSFIERRY SEIY UEARHRE tHaT e PRSI scan of the specimen.
17. The méthmf&&éhﬁtdwg }matlﬁ]ﬁiﬂ&ldwhh@mmmléﬂ*@cus caaittiotivgerpotementeof an XY moving
stage on whighdhe 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 t?én%‘l@tféﬁhﬁééﬁwﬁn@ tsfdlaimspetihsesin the ﬂ)&fmemb@ﬁmtémamngfmﬁe of a specimen

comprisinginformation, 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 isusedin

determining z speed of the XY moving stage,

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

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

19. A method for oblaining 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 e any of claims 1] through 19.
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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; acquiring, for each of said plurality of points, a frame in accordance with aid focus position.
20. A computer readable medium comprisingB8dB4fdred thereon for obtaining a focused image of a
specimen, according to any of claims 11 through 19. ABSTRACT IMAGING SYSTEM AND
TECHNIQUES Systems and techniques for an optical scanning microscope and/or other
appropriate imaging system includes components for scanning and collecting focused images of a

tissue ample and/or other objegidispeeedomaslidsy hedeouringssystem described herein provides
for determining best focus for each snapshot as a snapshot is captured, which may be referred to as

"on-the-fly focusing." The devices and techniques provided herein lead to significant reductions in the
time required for forming a digital image of an area in a pathology slide and provide for the creation of -

high quality digitakimages @ffoﬁzﬁ@@él e A igh tbiakighpubEigse @id/or other appropriate
imaging system includegs components for scanning and collecting focused images of z% tissue
sample and/or othgr object disposed on a slide. The focusing system described herein
provides for determining best focus for each snapshot as a snapshot is captured, which may
be referred to as "on-the-fly focusing.” The devices and techniques provided herein lead to
significant redﬁctions in the time required for forming a digital image éf an area in a
pathology slide and provide for the creation of high quality digital images of a specimen at

high throughput.

Figure 2
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