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ABSTRACT

System and techniques for an optical scanning microscope and/or other appropriate
imaging system includes components for scanning and collecting focused images of a tissue
sample and/or other 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 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 digital images of a specimen at

high throughput.
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IMAGING SYSTEM AND TECHNIQUES

RELATED APPLICATIONS

This application claims priority to: U.S. Provisional App. No. 61/367,341, filed July
23, 2010, entitled "On-the-Fly Focusing Sensor;" U.S. Provisional App. No. 61/299,231, filed
January 28, 2010, entitled "Slide Caching in a Slide Scanning Microscope;" U.S. Provisional
Application No. 61/261,251, filed November 13, 2009, entitled "Scanning Microscope Slide
Stage;" U.S. Provisional App. No. 61/256,228, filed October 29, 2009, entitled "High Speed
Slide Scanning System for Digital Pathology;" and to U.S. Provisional App. No. 61/252,995,
filed October 19, 2009, entitled "On-the-Fly Focusing Systems and Techniques for Scanning

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

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

techniques for obtaining and capturing images.

BACKGROUND OF THE INVENTION

Molecular imaging identification of changes in the cellular structures indicative of
disease remains a key to the better understanding in medicinal science. Micréscopy
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.

There have been advances in confocal microscopy that have unraveled many of the
secrets occurring within the cell and the transcriptional and translational level changes can be
detected using fluorescence markers. The advantage of the confocal approach results from the
capability to image individual optical sections at high resolution in sequence through the
specimen. However, there remains a need for systems and methods for digital processing of
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
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slide through the ocular 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 digital images are collected, viewed on high resolution monitors and may be shared
and archived for later use. It is advantageous that the digitization process be accomplished

efficiently at a high throughput and with high resolution and high quality images.

In conventional virtual microscopy systems, imaging techniques can produce
individual images that may be significantly out of focus over much of the image.
Conventional imaging systems are restricted to a single focal distance for each individual
snapshot taken by a camera, thus, each of these "fields of view" has areas that are out of focus
when the subject specimen being scanned does not have a uniform surface. At the high
magnification levels employed in virtual microscopy, specimens with a uniform surface are

extremely rare.

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

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

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

quality images at a high throughput.

SUMMARY OF THE INVENTION

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

information to determine a metric and a first focus position of the objective lens in
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accordance with the metric, wherein the electrical component sends position information to
the slow focusing stage for moving the objective lens into the first focus position. An image
sensor captures an image of the specimen after the objective lens is moved into the first focus
position. An XY moving stage may be included, the specimen being disposed on the XY
moving stage, and in which the electrical component controls movement of the XY moving
stage. The movement of the XY moving stage may be phase locked with the motion of the
dither lens. The dither focus stage may include a voice-coil actuated flexured assembly that
moves the dither lens in a translational motion. The dither lens may be moved at a resonant
frequency that is at least 60 Hz, and wherein the electrical component uses the focus
information to perform at least 60 focus calculations per second. The focus sensor and the
dither focus stage may be set to operate bidirectionally, in which the focus sensor produces
the focus information on both an up and down portion of a sinusoid waveform of the motion
of the dither lens at the resonant frequency. The metric may include contrast information,
sharpness information, and/or chroma information. The focus information may include
information for a plurality of zones of a focus window that is used during a focus scan of the
specimen. The electrical component may control 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. A field of view of the focus sensor may be

tilted in relation to a field of view of the image sensor.

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

XY moving stage on which the specimen is disposed may be controlled, and the information
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from at least a portion of the plurality of zones may be used in determining a speed of the XY
moving stage. The movement of the XY moving stage may be controlled to provide forward

and backward translational scanning of the specimen.

According further to the system described herein, a method for obtaining an image of
a specimen includes establishing a nominal focus plane. The specimen is positioned at a
starting position having associated x and y coordinates. First processing is performed in a
single traversal over said specimen. The first processing includes 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.

According further to the system described herein, a computer readable medium
comprising code stored thereon for obtaining a focused image of a specimen according to any
of the above-noted steps. Further, a computer readable medium may comprise code stored

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

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

cantilever assembly and a second end coupled to a center of mass location on the moving
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stage block. The cantilever arm assembly may include a cantilever arm coupled to a bearing
block which runs via a recirculating bearing design on a rail. Driving of the bearing block on
the rail may cause the flexural element to apply a force to the moving stage block. Bending
stiffness of the flexural element may isolate the moving stage block from up and down
motions of the cantilever arm assembly. The base block may form another moving stage in a
direction perpendicular to the translational direction of the moving stage block. Repeatability
in motion may be provided on the order of 150 nanometers. The repeatability in motion may

be orthogonal to the moving stage and base block translational directions.

According further to the system described herein, a device for slide caching includes a
rack, a buffer, a slide handler that moves a first slide between the rack and the buffer, and an
XY stage. The XY stage moves a second slide in connection with a scan of the second slide,
and at least one function of the slide handler corresponding to the first slide is performed in
parallel with at least one function of the XY stage corresponding to the second slide. The
slide handler may move the first slide and the second slide between the rack, the buffer and
the XY stage and may move with at least three degrees of freedom. The XY stage may
include a slide pickup head that moves slides from the buffer to the XY stage. An imaging
device may image the first slide and the second slide, and may include a focusing system and
a camera. The focusing system may include a dynamic focusing system. The function of the
slide handler performed in parallel with the function of the XY stage may provide a time gain
of at least 10%. The slide handler may include a slide pickup head that include a mechanical
pickup device and/or a vacuum pickup device. The buffer may include a plurality of buffer
positions that accept a plurality of slides. At least one buffer position of the buffer may be a
position used to capture a thumbnail image of a slide. The rack may include at least one main
tray and a by-pass tray, and a slide disposed in the by-pass tray is processed before any slide

disposed in the main tray.

According further to the system described herein, a method for slide caching includes
providing a rack and a buffer. A first slide is moved between the rack and the buffer. A
second slide is moved into or out of the buffer in connection with a scan of the second slide.
Moving the first slide between the rack and the buffer may be performed in parallel with the
scan of the second slide. The scan of the second slide may include a focusing operation and
an image capture operation. The moving of first slide in parallel with the scan of the second

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



2013205437 26 Apr 2013

25

30

WO 2011/049608 PCT/US2010/002772

dynamic focusing operation. The buffer may include a plurality of buffer positions that
include at least one of: a camera buffer position and a return buffer position. The method
may further include capturing a thumbnail image of the first slide and/or the second slide

when the first slide and/or the second slide is in the camera buffer position.

According further to the system described herein, a device for slide caching includes a
first rack, a second rack, a first XY stage and a second XY stage. The first XY stage moves a
first slide into or out of the first rack in connection with a scan of the first slide. The second
XY stage moves a second slide into or out of the second rack in connection with a scan of the
second slide. At least one function of the first XY stage corresponding to the first slide is
performed in parallel with at least one function of the second XY stage corresponding to the
second slide. The first rack and the second rack may form parts of a single rack. An imaging
device may image the first slide and the second slide. Each of the first XY stage and the

second XY stage may include a slide pickup head.

According further to the system described herein, a device for slide scanning includes
a rotatable tray and at least one recess disposed in the rotatable tray. The recess is sized to
receive a slide, and the recess stabilizes the slide in a scanning position as a result of rotation
of the rotatable tray. The recess may include a plurality of protrusions that stabilize the slide
and may include a plurality of recesses disposed on a circumferential ring of the rotatable
tray. An imaging system may be included, and at least one component of the imaging system
moves in a radial direction of the rotatable tray. The component of the imaging system may
move incrementally in the radial direction corresponding to one complete rotation of the
rotatable tray. The recess may be sized to receive a slide having a length that is greater than a
width of the slide, and the length of the slide may be oriented in a radial direction of the
rotatable tray. The recess may be sized to receive a slide having a length that is greater than a
width of the slide, and the width of the slide may be oriented in a radial direction of the

rotatable tray.

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

protrusions that stabilize the slide and may include a plurality of recesses disposed on a
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circumferential ring of the rotatable tray. The method may further include providing an
imaging system and moving at least one component of the imaging system in a radial
direction of the rotatable tray. The component of the imaging system may be moved
incrementally in the radial direction corresponding to one complete rotation of the rotatable
tray. The recess may be sized to receive a slide having a length that is greater than a width of
the slide, and wherein the length of the slide is oriented in a radial direction of the rotatable
tray. The recess may be sized to receive a slide having a length that is greater than a width of
the slide, and wherein the width of the slide is oriented in a radial direction of the rotatable

tray.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

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

FIGS. 5A-5E are schematic illustrations showing an iteration of the focusing
operations according to the system described herein.

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

FIG. 6B is a schematic illustration showing a plot of calculated shafpness (Zs) values
for a portion of the sine wave motion of the dither lens.

FIGS. 7A and 7B are schematic illustrations showing focusing determinations and
adjustments of a specimen (tissue) according to -an embodiment of the system described

herein.
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FIG. 8 is a schematic illustration showing an example of a sharpness profile including
a sharpness curve and contrast ratio for each sharpness response at multiple points that are
sampled by the dither focusing optics according to an embodiment of the system described
herein.

FIG. 9 shows a functional control loop block diagram illustrating use of the contrast
function to produce a control signal to control the slow focus stage.

| FIG. 10 is a schematic illustration showing the focus window being broken up into

zones in connection with focus processing according to an embodiment of the system
described herein.

FIG. 11 shows a graphical illustration of different sharpness values that may be
obtained at points in time in an embodiment in accordance with techniques herein.

FIG. 12 is a flow diagram showing on-the-fly focus processing during scanning of a
specimen under examination according to an embodiment of the system described herein.

FIG. 13 is flow diagram showing processing at the slow focus stage according to an
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.

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
(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 stége according to an embodiment of the system described herein

FIG. 20 shows an implementation of an entire XY compound stage according to the
precision stage features discussed herein and including a Y stage, an X stage and a base plate
according to an embodiment of the system described herein.

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

embodiment of the system described herein.
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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 embodiments of the system described herein and illustrating time savings according to
various embodiments of the system described herein.

FIG. 24 is a schematic illustration showing a slide caching device according to
another embodiment of the system described herein.

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
having two XY compound stages for slide processing.

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

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

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

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
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.

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.
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FIG. 34 is a schematic illustration showing an imaging path starting at a first radial
position with respect to the slide for imaging an specimen on the slide in the recess.

FIGS. 35A and 35B are schematic illustrations showing an alternative arrangement of
slides on a rotating slide holder according to another embodiment of the system described
herein.

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

FIG. 37 is a flow diagram showing high speed slide scanning using a rotatable tray
according to an embodiment of the system described herein.

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

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

reconstituted image.

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

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

10
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disposed on a slide according to an embodiment of the system described herein. 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 reductions in the time required for forming a
digital image of an area in a pathology slide. The system described herein integrates steps of
the two-step approach of conventional systems and essentially eliminates the time required
for pre-focusing. The system described herein provides creating a digital image of a specimen
on a microscope slide using on-the-fly processing for capturing snapshots in which the total
time for capturing all the snapshots is less than the time required by a method using a step 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 disposed on an XY
moving stage 130 that may be moved in X and Y directions and which may be controlled as
further discussed elsewhere herein. A slow focusing stage 140 may control movement of the
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 each image snapshot as it is captured. As further

11
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discussed in detail elsewhere herein, the dither focusing stage 150 may be moved at a
frequency, e.g., in a sinusoidal motion, that is indépendent of and exceeds the movement
frequency practicable for the slower motion of the microscope objective 120. Multiple
measurements are taken by the focus sensor 160 of focus information for views of the tissue
over the range of motion of the dither focusing stage 150. The focus electronics and control
system 170 may include electronics for controlling the focus sensor and dithering focus stage
150, a master clock, electronics for controlling the slow focus stage 140 (Z direction), X-Y
moving stage 130, and other components of an embodiment of a system in accordance with
techniques herein. The focus electronics and control system 170 may be used to perform
sharpness calculations using the information from the dither focusing stage 150 and focus
sensor 160. The sharpness values may be calculated over at least a portion of a sinusoidal
curve defined by dither movement. The focus electronics and control system 170 may then
use the information to determine the position for the best focus image of the tissue and
command the slow focus stage 140 to move the microscope objective 120 to a desired
position (along the Z-axis, as shown) for obtaining the best focus image during the imaging
process. The control system 170 may also use the information to control the speed of the XY
moving stage 120, for example, the 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 together to form one score.

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

In various embodiments according to the system described hérein, 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
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
required by a system requiring a step of predetermining focus points for each snapshot prior
to capturing the snapshots. The system may include computer controls for: i) determining a
first focus point on the tissue to establish a nominal focus plane by moving the coarse focus
stage through the entire z range and monitoring sharpness values; ii) positioning the tissue in

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

12
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move, wherein the dither focus stage is synchronized to a master clock which also controls
the velocity of the xy stage; iv) commanding the stage to move from frame to adjacent frame,
and/or v) producing a trigger signal to acquire a frame on the image sensor and trigger a light

source to create a pulse of light.

Further, according to another embodiment, the system described herein may provide
computer-implemented method for creating a digital image of a specimen on a microscope
slide. The method may include determining a scan area comprising a region of the
microscope slide that includes at least a portion of the specimen. The scan area may be
divided into a plurality snapshots. The snapshots may be captured using a microscope
objective and a camera, in which focusing the objective and microscope and capturing each
snapshot through the camera fnay be conducted for each snapshot without the need for
predetermining a focus point for all snapshots prior to capturing the snapshots. The total
time for capturing all the snapshots may be less than the time required by a method requiring

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

FIG. 3A is a schematic illustration of an embodiment of the focus electronics and
control system 170 including focus electronics 161, a master clock 163 and stage control
electronics 165. FIG. 3B is a schematic illustration of an embodiment of the focus
electronics 161. In the illustrated embodiment, the focus electronics 161 may include
appropriate electronics such as a suitably fast A/D converter 171 and a field-programmable
gate array (FPGA) 172 with a microprocessor 173 that may be used to make sharpness
calculations. The A/D converter 171 may receive information from the focus sensor 160
which is coupled to the FPGA 172 and microprocessor 173 and used to output sharpness
information. The master clock included in 170 may supply the master clock signal to the
focus electronics 161, stage control electronics 165, and other components of the system.
The stage control electronics 165 may generate control signals used to control the slow focus
stage 140, X-Y moving stage 130, dither focusing stage 150, and/or other control signals and
information, as further discussed elsewhere herein. The FPGA 172 may supply a clock signal
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.

13
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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
example on a glass slide 25 mm x 50 mm. Many commercial systems sample the scene
produced by a 20x, 0.75 NA microscope objective with a CCD array. Given the NA of the
objective and condenser of 0.75 and wavelength of 500 nm the lateral resolution of the
optical system is about 0.5 micron. To sample this resolution element at the Nyquist
frequency, the pixel size at the object is about 0.25 micron. For a 4 Mpixel camera (e.g., a
Dalsa Falcon 4M30/60), running at 30 fps, with a pixel size of 7.4 micron the magnification
from the object to the imaging camera is 7.4/0.25 = 30x. Therefore, one frame at 2352 x 1728
may cover an area of 0.588mm x 0.432mm at the object, which equates to about 910 frames
for a typical tissue section defined as 15 mm x 15 mm in area. The system described herein is
desirably used where tissue spatial variation in the focus dimension is much lower than the
frame size at the object. Variations in focus, in practice, occur over greater distances and
most of the focus adjustment is made to correct for tilts. These tilts are generally in the range

of 0.5 - 1 micron per frame dimension at the object.

Time to result for current scanning systems (e.g., a Biolmagene iScan Coreo system)
is about 3.5 minutes for pre-scan and scan of a 20x 15 mm x 15 mm field and about 15
minutes for a 40x scan on 15 mm x 15 mm field. The 15 mm x 15 mm field is scanned by
running 35 frames in 26 passes. The scans may be done uni-directionally with a 1 sec retrace
time. The time to scan using a technique according to the system described herein may be
about 5 seconds to find the nominal focus plane, 1.17 seconds per pass (25 passes), for a total
of 5+25x (1.17 + 1) = 59.25 seconds (about 1 minute). This is a considerable time savings
over conventional approaches. Other embodiments of the systems described herein may allow
even faster focus times, but a limitation may occur on the amount of light needed for short
illumination times to avoid motion blur on continuous scan. Pulsing or strobing the light
source 118, which may be an LED light source as further discussed elsewhere herein, to
allow high peak illumination can mitigate this issue. In an'embodiment, the pulsing of the
light source 118 may be controlled by the focus electronics and control system 170. In
addition, running the system bi-directionally would eliminate the retrace time saving about 25

seconds for a 20x scan resulting in a scan time of 35 seconds.

14



2013205437 26 Apr 2013

25

30

WO 2011/049608 PCT/US2010/002772

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.

FIG. 4 is a schematic illustration showing the dither focus stage 150 in more detail
according to an embodiment of the system described herein. The dither focus stage 150 may
include a dither focusing lens 151 that may be moved by one or more actuators 152a,b, such
as voice coil actuators, and which may be mounted into a rigid housing 153. In an
embodiment, the lens may be achromatic lens having a 50 mm focal length, as is
commercially available, see for example Edmund Scientific, NT32-323. Alternatively, the
dither focusing lens 151 may be constructed from plastic, aspheric and shaped such that the
weight of the lens is reduced (extremely low-mass). A flexure structure 154 may be attached
to the rigid housing 153 and attached to a rigid ground point and may allow only translational
motion of the dither focusing lens 151, for example, small distances of about 600-1000
microns. In an embodiment, the flexure structure 154 may be constructed of an appropriate
stainless steel sheets, of about 0.010” thick in the bending direction and form a four-bar
linkage. The flexure 154 may be designed from a suitable spring steel at a working stress far

from its fatigue limit (factor of 5 below) to operate over many cycles.

The moving mass of the dither focusing lens 151 and flexure 154 may be designed to
provide about a 60 Hz or more first mechanical resonance. The moving mass may be
monitored with a suitable high bandwidth (e.g., > 1 kHz) position sensor 155, such as a
capacitive sensor or eddy current sensor, to provide feedback to the control system 170 (see
FIG. 2). For example, KLA Tencor’s ADE di\/'ision manufactures a capacitive sensor 5 mm
2805 probe with a 1 kHz bandwidth, 1 mm measurement range, and 77 nanometer resolution
suitable for this application. The dither focus and control system, such as represented by
functionality included in element 170, may keep the amplitude of the dither focusing lens 151
to a prescribed focus range. The dither focus and control system may rely on well known
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 LAO8-10 (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 is noted that other types of motion of the dither lens and other types of actuators
152a,b may be used in connection with various embodiments of the system described herein.
For example, piezoelectric actuators may be used as the actuators 152a,b. Further, the motion
of the dither lens may be motion at other than resonant frequencies that remains independent

of the motion of the microscope objective 120.

The sensor 155, such as the capacitive sensor noted above as may be included in an
embodiment in accordance with techniques herein, may provide feedback as to where the
dither focusing lens is positioned (e.g. with respect to the sine wave or cycle corresponding to
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 by the
sensor 155 may be used by the control electronics of 170 to determine an appropriate
adjustment for the slow focusing stage 140. For example, in one embodiment, the movement
of the microscope objective 120 may be controlled by a slow stepper motor of the slow focus
stage 140. The position 'indicated by the sensor 155 may be used to determine a
corresponding amount of movement (and corresponding control signal(s)) to position the
microscope objective 120 at a best focus position in the Z direction. The control signal(s)
may be transmitted to the stepper motor of the slow focus stage 140 to cause any necessary

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

FIGS. 5A-5E are schematic illustrations showing an iteration of the focusing
operations according to the system described herein. The figures show the image sensor 110,
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
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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phase locked, the dither focus stage 150 and sensor 160 may make 60 focus calculations per
second, or functioning bi-directionally (reading on the up and down 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 objective every 108 microns.
Since the XY moving stage 130 is moving, the focus point should be captured in a very short

period of time, for example 330 psec (or less), to keep the variation in the scene minimal.

In various embodiments, as further discussed elsewhere herein, this data may be
stored and used to extrapolate the next frame’s focus position or, alternatively, extrapolation
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.

A first focus point may be found on the tissue to establish the nominal focus plane or
reference plane 101'. For example, the reference plane 101' may be determined by initially
moving the microscope objective 120, using the slow focus stage 140, through the entire Z
range say +1/-1 mm and monitoring sharpness values. Once the reference plane 101’ is
found, the tissue 101 may be positioned in X and Y to start at a corner, and/or other particular
location, of the area of interest, and the dither focusing stage 150 is set to move, and/or
otherwise movement of the dither focusing stage 150 continues to be monitored, beginning in

FIG. 5A.

The dither focus stage 150 may be synchronized to a master clock in the control
system 170 (see FIG. 2) which may also be used in connection with controlling the velocity
of the XY moving stage 130. For example, if the dither focus stage 150 were to move through
a 0.6 millimeter p-v (peak to valley) sinusoidal motion at 60 Hertz, assuming an 32% duty
cycle to use the sinusoid’s more linear range, 8 points could be collected through the focus
range over an 2.7 msec period. In FIGS. 5B-5D the dither focusing stage 150 moves the
dither lens in a sinusoidal motion and focus samples are taken along through at least a portion
of the sinusoidal curve. Focus samples would be taken therefore every 330 psec or at a rate of
3 kHz. With a magnification of 5.5x between the object and the focus sensor 160, a motion at

the dither lens of 0.6 mm p-v equates to a 20 micron p-v motion at the objective lens. This
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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 140. As shown in FIG. 5E, the
slow focus stage 140 is commanded to move the microscope objective 120 to the best focus
position (illustrated by motion range 120") in time for the image sensor 110 to capture the
best focus image 110 of the area of interest of the tissue 101. In an embodiment, the image
sensor 110 may be triggered, e.g. by the control system 170, to snapshot an image after a
specific number of cycles of the dither lens motion. The XY moving stage 130 moves to the
next frame, the cyclical motion of the dither lens in the dither focus stage 150 continues, and
focusing operations of FIGS. 5A-5E are repeated. Sharpness values may be calculated at a

rate that does not bottleneck the process, e.g., 3 kHz.

FIG. 6A is a schematic illustration of a plot 200 showing the command waveform of
the dither focus optics and sharpness determinations according to an embodiment of the
system described herein. In an embodiment based on the times discussed in connection with
the example of FIGS. SA-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 =38, /* number of focus points obtained in the period E */

At =330 psec, /* focus point samples obtained every 330 psec */

E =2.67 msec, /* the period over which the N focus points are obtained */

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

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

focus processing.

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

z = Fcos [Zn [(T;ZE) + At e i] %] EQUATION 1

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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3,000 frame/sec at a frame size of 640 x 32. The pixel size on the CCD array is 7.4 microns.
At the 5.5x magnification between the object and focus plane, one focus pixel is equivalent to
about 1.3 micron at the object. Though some averaging of about 16 object pixels (4x4) per
focus pixel may occur, sufficient high spatial frequency contrast change is preserved to obtain
good focus information. In an embodiment, the best focus position may be determined
according to the peak value of the sharpness calculations plot 210. In additional
embodiments, it is noted that other focus calculations and techniques may be used to
determine the best focus position according to other metrics, including the use of a contrast

metric, as further discussed elsewhere herein.

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

 movement of the XY moving stage 130 discussed herein. One traversal or pass over the

specimen in connection with movement of the specimen along the Y-axis (e.g., according to
movement of the XY stage) is illustrated in 250. Illustration 250' is an enlarged version of
one portion of the illustration 250.  One frame of the illustration 250" is designated dtp,
referring to a definite tissue point of the specimen. In the example of illustration 250', a
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 illustrafed 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
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.

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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herein is advantageous in that it is suitable for use with microscope objective and an
accompanying stage that are heavy (especially if other objectives are added via a turret) and
cannot be moved at the higher frequencies described using the dither optics. The dither lens
described herein may have an adjusted mass (e.g., be made lighter, less glass) and the
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

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 sharpness response at multiple points that are sampled by the dither focusing
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
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 one of the points A-E (e.g., at which dither lens motion is
centered) and the corresponding one of the sharpness response curves 310a-e, max represents
the largest sharpness value obtained from the sharpness response curve and min represents
the smallest sharpness value obtained from the sharpness response curve. The resulting
contrast function plot 320 is shown below the sharpness curve plot 310 and plots contrast
ratio values corresponding to movement of the dither lens according to the dither lens
amplitude. The minimum of the contrast function in the plot 320 is the best focus position.
Based on the contrast function and best focus position determination, a control signal may be
generated that is used to control the slow focus stage 140 to move the microscope objective

120 into the best focus position before the image sensor 110 captures the image 110'".
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FIG. 9 shows a functional control loop block diagram 350 illustrating use of the
contrast function to produce a control signal to control the slow focus stage 140. Uy may be
considered as a disturbance to the focus control loop and may represent the slide tilt or
changing tissue surface heights, for example. Functional block 352 shows generation of
sharpness vector information that may be generated by the focus sensor 160 énd
communicated to the focus electronics and control system 170. Functional block 354 shows
generation of a contrast number (e.g., value of the contrast function) at the point the dither
lens is sampling focus. This contrast number is compared to a set point or reference value
(Ref) produced at an initial step where beSt focus was previously established The error signal
produced from this comparison with appropriate applied gain K; (at functional block 356)
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, such 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 130
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 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
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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
402 of the focus sensor may be about 2.2x taller than the frame 404 of the image sensor, and
may be advantageously used in connection with a look-ahead focusing technique involving
multiple zones, as further discussed elsewhere herein. According to an embodiment of the
system described herein, 120 best focus determinations may be made per second, with a
sharpness calculation made every 333 usec, resulting in 8 sharpnesses calculated over 2.67
msec equal to an approximately 32% duty cycle for an 8.3 msec half dither period of the

dither lens motion.

A sharpness metric for each zone may be computed and stored. When computing a

sharpness metric for a single focus point using multiple zones, the sharpness metric may be

" determined for each zone and combined, for example, such as by adding all sharpness metrics

for all zones considered at such-a single point. An example of the sharpness computation per
zone is shown in EQUATION 2 (e.g., based on use of a camera windowed to a 640 x 32
strip). For row i, dimension n up to 32, and column j, dimension m up to 640/z, where z is the

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

Sharpness = 2{1;012}25"‘1 [(Ii' i~ j+k)2 ] EQUATION 2

where k is an integer between or equal to 1 and 5. Other sharpness metrics and algorithms
may also be used in connection with the system described herein. As the XY moving stage
130 is moving along the y-axis, the system acquires sharpness information for all of the
Zones 0-7 in the focus window 402. It is desirable as the stage 130 is moving to know how
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.
During the scanning process, it may be advantageous to determine whether the system

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

sharpness, in Zones 6 and 7, for example, it is possible to predict if this transition is about to
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occur. While scanning the column, if Zones 6 and 7 show increased sharpness, the XY
moving stage 130 may be commanded to slow down to create more closely spaced focus
points on the tissue boundary. If on the other hand a movement from high sharpness to low
sharpness is detected, then it may be determined that the scanner view is entering a white
space, and it may be desirable to slow down the stage 130 to create more closely spaced focus
points on the tissue boundary. In areas where these transitions do not occur, the stage 130
may be commanded to move at higher constant speeds to increase the total throughput of
slide scanning. This method may allow for advantageously fast scanning tissue. According
to the system described herein, snapshots may be taken while focusing data is collected.
Furthermore, all focus data may be collected in a first scan and stored and snapshots may be
taken at best focus points during a subsequent scan. An embodiment may use contrast ratio or
function values in a manner similar to that as described herein with sharpness values to detect
changes in focus and accordingly determine transitions into, or out, of areas containing tissue

or white space.

For example, for a 15 mm x 15 mm 20x scan, at the image frame size of 0.588 x
0.432 mm, there are 26 columns of data, each column has 35 frames. At an imaging rate of 30
fps each column is traversed in 1.2 seconds or a scan time of about 30 seconds. Since the
focus sensor 160 computes 120 (or more) focus points per second, the system described
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
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,
B color measures:

Cg=-37.797 xR - 74.203xG + 112 x B EQUATION 3A
Cr=112%xR-93.786 x G- 18.214 xB EQUATION 3B
Note for R=G=B, Cp = Cr =0. A value for C, representing total chroma, may be determined

based on Cg and Ck. (e.g., such as by adding Cg and CR).
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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 (tissue). By computing chroma
in Zones 6 and 7, for example, it is possible to predict if this transition is about to occur. If,
for example, very little chroma is detected, then C=0 and it may be recognized that no tissue
boundaries are approaching. However, while scanning the focus column, if Zones 6 and 7
show increased chroma, then the 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 chroma to low chroma is detected, then it may be determined that the scanner is entering
a white space, and it may be desirable to slow down the stage 130 to create more closely
spaced focus points on the tissue boundary. In areas where these transitions do not occur, the
stage 130 may be commanded to move at higher constant speeds to increase the total

throughput of slide scanning.

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

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 accordan