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(57) ABSTRACT 

A method and system for creating a digital, virtual slide 
having optimum image quality characteristics. Multiple 
regions of a physical slide are identi?ed as Well as at least tWo 
focus Z-positions Z1, and Z2. Each region of the physical slide 
is scanned (imaged) at the ?rst Z position, so as to produce a 
?rst set of digital images of each de?ned region. Each region 
of the physical slide is also scanned (imaged) at the second Z 
position, so as to produce a second set of digital images of 
each de?ned region. Each image of each set is evaluated 
against a focus quality metric and, for each region, either the 
?rst or second image, corresponding to that region, is selected 
that exhibits a focus quality metric corresponding to a desired 
focus quality. These images are then merged into a digital 
virtual slide. Additional focus Z-positions may be included, 
and the multiple Z-positions may be scanned seriatim, 
sequentially, and/ or in overlapping fashion. 
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SYSTEM AND METHOD FOR CREATING 
MAGNIFIED IMAGES OF A MICROSCOPE 

SLIDE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of application Ser. 
No. 11/211,405, ?ledAug. 25,2005,Which claims the bene?t 
of US. Provisional Application No. 60/605,835, ?led Aug. 
31, 2004, and US. Provisional Application No. 60/609,961, 
?led Sep. 15, 2004, each of Which are hereby fully incorpo 
rated herein by reference. 

FIELD 

[0002] The invention relates generally to a system and 
method for obtaining image data for use in creating virtual 
microscope slides, and more particularly, to a method and 
system for obtaining magni?ed images of a microscope slide. 

BACKGROUND 

[0003] A virtual microscope slide typically comprises digi 
tal data representing a magni?ed image of a microscope slide. 
Because the virtual slide is in digital form, it can be stored on 
a medium, such as in a computer memory, and can be trans 
mitted over a communication network, such as the Internet, 
an intranet, etc., to a vieWer at a remote location. 
[0004] Virtual slides offer signi?cant advantages over tra 
ditional microscope slides. In some cases, a virtual slide can 
enable a physician to render a diagnosis more quickly, con 
veniently and economically than is possible using traditional 
microscope slides. For example, a virtual slide may be made 
available to a remote user, such as a specialist in a remote 
location, over a communication link, enabling the physician 
to consult With the specialist and arrive at a more comprehen 
sive diagnosis Without the normally attendant delays associ 
ated With consultation. Alternatively, the virtual slide can be 
stored in digital form inde?nitely, for later vieWing at the 
convenience of the physician or specialist. 
[0005] Typically, a virtual slide is generated by positioning 
a microscope slide (Which contains a sample for Which a 
magni?ed image is desired) under a microscope objective 
lens, capturing one or more images covering all, or a portion, 
of the slide, and then combining the images to create a single, 
integrated, digital image of the slide. It is often desirable to 
divide a slide into multiple regions and generate a separate 
image for each region. This is because, in many cases, an 
entire slide is often larger than the ?eld of vieW of a high 
poWer objective lens (a 20x objective, for example) and mul 
tiple images must be obtained in order to render the entire 
slide image at the desired 20>< magni?cation. Additionally, 
the surfaces of many tissue types are uneven and contain local 
variations that make it dif?cult to capture an in-focus image of 
an entire slide using a ?xed vertical, or Z-position. As used 
herein, the term Z-position refers the coordinate value of the 
Z-axis of a Cartesian coordinate system. The x and y axes lie 
in the plane in Which the stage resides. Accordingly, existing 
techniques typically obtain multiple images representing 
various regions on a slide, and combine the multiple images 
into an integrated image of the entire slide. 
[0006] One current technique for capturing digital images 
of a microscopic slide is knoWn as the start/stop acquisition 
method. According to this technique, multiple target points 
on a slide are designated for examination. A high-poWer 
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objective lens (a 20x objective, for example) is positioned 
over the slide. At each target point, the Z-position is varied and 
images are captured from multiple Z-positions. The images 
are then examined to determine a desired-focus position. If 
one of the images obtained during the focusing operation is 
determined to be suf?ciently in focus, it is selected as the 
desired-focus image for the respective target point on the 
slide. If none of the images is in-focus, the images are ana 
lyZed to determine a desired-focus position, the objective lens 
is moved to the desired-focus position, and a neW image is 
captured. In some cases, a ?rst sequence of images does not 
provide su?icient information to determine a desired focus 
position. In such event, it may be necessary to capture a 
second sequence of images Within a narroWed range of Z-po 
sitions before a desired-focus image is acquired. The multiple 
desired focus images (one for each target point) obtained in 
this manner may be combined to create a virtual slide. 

[0007] Another approach used to generate in-focus images 
for developing a virtual slide includes examining the micro 
scope slide to generate a focal map, Which is an estimated 
focus surface created by focusing a (high-poWer) scanning 
objective lens on a limited number of points on the slide. 
Then, a scanning operation is performed based on the focal 
map. Current techniques construct focal maps by determining 
desired-focus information for a limited number of points on a 
slide. For example, such systems may select from 10 to 20 
target points on a slide and use a high-poWer objective lens to 
perform a focus operation at each target point in order to 
determine a desired-focus position. The information obtained 
for those target points is often used to estimate desired-focus 
information for any unexamined points on the slide. 

[0008] Existing start/ stop acquisition systems, as described 
above, are relatively sloW because the microscope objective 
lens is often required to perform multiple focus-capture 
operations for each designated target point on the micro 
scopic slide. In addition, the ?eld of vieW of high-poWer 
objective lenses is necessarily limited; therefore, the number 
of points for Which desired focus information is directly 
obtained may represent a relatively small portion of the entire 
slide. Existing techniques for constructing focal maps also 
have several disadvantages. First, as described above, the use 
of a high-poWer objective lens to obtain desired-focus data for 
a given target point is relatively sloW. Second, generating a 
focal map from a limited number of points on the slide can 
create inaccuracies in the resulting focal map. Tissue on a 
slide often does not have a uniform, smooth surface. Indeed, 
many tissue surfaces contain variations that vary across small 
distances (termed ?eld-to-?eld variation). If a point on the 
surface of the tissue that has a defect or a signi?cant local 
variation is selected as a target point for obtaining focus 
information, the local deviation can affect estimated values 
for desired-focus positions throughout the entire focal map. 
Intra-?eld variations can also cause focus information to be 
inaccurate. Even When the focus information is accurate, the 
mechanical nature of the microscope apparatus can cause a 
scan to produce an out-of-focus image due to mechanical 
problems; such as small motions or vibrations of the appara 
tus, incorrect calibration, etc. This is particularly true in the 
case of high-poWer objective lens scanning. 
[0009] In yet another technique, multiple regions are 
de?ned on a microscope slide, and a focal map containing 
focus information for each region is generated. For each 
region, a plurality of Z-positions are determined based on the 
focus information in the focal map. For each region, at least 



US 2009/0074284 A1 

one image is captured from each of the associated Z-positions. 
An image of each region having a desired focus quality is 
selected, and the selected images are combined to generate a 
virtual slide. 

BRIEF SUMMARY 

[0010] The invention is directed, generally, to a microscopy 
system for scanning physical sample slides, the physical 
slides moveable through a microscope optical ?eld of vieW 
and focusable through a Z position, and relates particularly to 
a method for creating a digital, virtual slide having optimum 
image quality characteristics. The method comprises the 
identi?cation of multiple regions for each physical slide and 
the de?nition of at least tWo focus Z positions Z1, and Z2. Each 
region of the physical slide is scanned (imaged) at the ?rst Z 
position, so as to produce a ?rst set of digital images of each 
de?ned region. Each region of the physical slide is also 
scanned (imaged) at the second Z position, so as to produce a 
second set of digital images of each de?ned region. Each 
image of each set is evaluated against a focus quality metric 
and, for each region, either the ?rst or second image, corre 
sponding to that region, is selected that exhibits a focus qual 
ity metric corresponding to a desired focus quality. 
[0011] In a particular aspect of the invention, the scanning 
steps are performed sequentially for each de?ned region, each 
region being imaged at the ?rst Z position Z1 and then at the 
second Z position Z2. Alternatively, the scanning steps are 
performed seriatim for all de?ned regions, all de?ned regions 
being imaged sequentially at the ?rst Z position Z1 and then 
imaged sequentially at the second Z position Z2. 
[0012] In yet another novel aspect, the Z position focus 
de?ning step further comprises the steps of determining a 
nominal in-focus Z position for a sample slide, adjusting the 
nominal Z position, in a ?rst direction, by a ?rst Z position 
off-set, adjusting the nominal Z position, in an opposite direc 
tion, by a second Z position off-set, and de?ning the ?rst and 
second adjusted Z positions as the tWo focus Z positions Z1, 
and Z2. The nominal in-focus Z position for a sample slide 
may be determined from a focus map, or may be determined 
empirically. Additionally, the ?rst Z position off-set may be 
equal or unequal to the second Z position off-set, and may, 
therefore, be either larger or smaller than the second Z posi 
tion off-set. Speci?cally, the ?rst and second offsets are suit 
ably Within a depth of ?eld of an objective lens of the micros 
copy system. 
[0013] In a further aspect of the invention, the scanning 
steps are performed simultaneously for each de?ned region, 
each region being imaged at the ?rst Z position Z1 and at the 
second Z position Z2 simultaneously. The method suitably 
entails providing a plurality of digital imaging devices, the 
plurality coupled to the microscopy system so as to capture 
multiple images of the optical ?eld of vieW, the images dif 
fering from one another by their focus Z positions. A portion 
of the physical slide, presented to the optical ?eld of vieW, is 
simultaneously images by all the devices of the plurality. 
[0014] Suitably, each of the plurality of digital imaging 
devices captures an image of the same portion of the physical 
slide. Alternatively, the ?eld of vieW of each of the plurality of 
digital imaging devices is disposed along a translational 
direction such that each of the plurality of digital imaging 
devices captures an image of a next, sequential portion of the 
physical slide. The microscopy system translates the physical 
slide along the ?eld of vieW of the imaging devices a distance 
corresponding to a de?ned portion of an imaging device ?eld 
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of vieW. Speci?cally, an imaging device may have a ?eld of 
vieW With a Width dimension W; the microscopy system 
translates the physical slide a distance W/2, so as to generate 
multiple sequential images overlapping one another by W/2. 
[0015] Yet a further aspect of the invention is characteriZed 
in a microscopy system of the type in Which physical material 
sample slides are supported for vieWing and image capture, 
the physical slides moveable through a microscope optical 
?eld of vieW and focusable through a Z position. A method for 
creating a digital, virtual slide having optimum image quality 
characteristics comprises de?ning multiple regions for each 
physical slide. The physical slide is scanned (imaged) at a ?rst 
Z position, so as to produce a ?rst set of digital images of each 
de?ned region having a ?rst focus quality metric. The physi 
cal slide is scanned (imaged) at a second Z position, so as to 
produce a second set digital images of each de?ned region 
having a second focus quality metric. Each image of each set 
is evaluated against a focus quality metric, and, for each 
region, either the ?rst or second image, corresponding to that 
region, having a focus quality metric corresponding to a 
desired focus quality is selected. The selected one of each set 
of images is identi?ed as the chosen image of a corresponding 
region, and the identi?ed regional images are merged into a 
composite image, the composite image de?ning the virtual 
slide. 
[0016] Characteristically, the focus quality metric evalua 
tion step is performed by application softWare residing on a 
control processor. The control processor evaluates the focus 
quality metric evaluation by measuring an image character 
istic selected from the group consisting of overall image 
entropy, image texture energy, image contrast, and feature 
edge sharpness. 
[0017] In a microscopy system of the type in Which physi 
cal material sample slides are supported for vieWing and 
image capture, the physical slides moveable through a micro 
scope optical ?eld of vieW along x and y positions and focus 
able through a Z position, another aspect of the invention is 
implemented as a method for creating a digital, virtual slide 
having optimum image quality characteristics. The method 
comprises de?ning multiple regions for each physical slide, 
each region having an area characteriZed at least by a Width 
dimension W. An image of a ?rst de?ned region is captured, 
Wherein the microscope is positioned, relative to the physical 
slide, at a ?rst Z position Z1. The physical slide is moved along 
a translational axis through the microscope optical ?eld of 
vieW a distance equal to one-half a regional Width dimension 
(W/2). The position of the microscope is adjusted to a second 
Z position Z2 and an image of the physical slide so presented 
to the optical ?eld of vieW is captured. 
[0018] The physical slide is again moved in the same direc 
tion along the translational axis through the microscope opti 
cal ?eld of vieW a distance equal to one-half a regional Width 
dimension (W/2), and the Z position of the microscope is 
returned to the ?rst Z position Z1. An image of a second 
de?ned region is captured, Wherein the microscope is posi 
tioned at the ?rst Z position Z1, and the steps of adjusting, 
capturing, moving W/ 2, returning, capturing and moving W/ 2 
are repeated until the physical slide is fully scanned. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] These and other features, aspects, and advantages of 
the present invention Will be more apparent When considered 
in connection With the folloWing speci?cation, appended 
claims and accompanying draWings, Wherein: 
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[0020] FIG. 1 is a simpli?ed block diagram ofan example 
of an imaging system that may be used to obtain images of a 
microscope slide, in accordance with an embodiment; 
[0021] FIG. 2 is a ?owchart of an example ofa method for 
generating images of a microscope slide, in accordance with 
an embodiment; 
[0022] FIG. 3 is a ?owchart of an example of a method for 
using an area sensor to obtain images of a microscope slide, in 
accordance with an embodiment; 
[0023] FIG. 4 is a ?owchart of an example ofa method for 
using an inter-frame capture interval to capture images of a 
microscope slide, in accordance with an embodiment; 
[0024] FIG. 5 is an example ofa top view ofa microscope 
slide on which four regions are de?ned, in accordance with an 

embodiment; 
[0025] FIG. 6 is a cross-sectional view of a microscope 
slide and several positions from which a microscope objective 
lens may capture images of the slide, in accordance with an 
embodiment; 
[0026] FIG. 7 is a block diagram of a dual-camera imaging 
system that may be used to obtain images of a microscope 
slide, in accordance with an embodiment; 
[0027] FIG. 8 is a ?owchart of an example of a method for 
using a multiple-camera apparatus to obtain images of a 
microscope slide, in accordance with an embodiment; 
[0028] FIG. 9 is a ?owchart of an example of a method for 
using a multi plane focal surface to generate images of a 
microscope slide, in accordance with an embodiment; and 
[0029] FIG. 10 is a ?owchart ofan example ofa method for 
using a line sensor to obtain images of a microscope slide, in 
accordance with an embodiment. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0030] A virtual microscope slide typically comprises digi 
tal data representing a magni?ed image of all, or a portion of, 
a microscope slide. Because the virtual slide is in digital form, 
it can easily be stored on a digital storage medium, such as in 
the form of an image ?le in a computer memory, or on a disk 
drive, a CD ROM, or the like, and can easily be transmitted as 
a digital ?le over a communication network, such as the 
Internet, an intranet, etc., to a suitable viewer at a remote 
location. 
[0031] The various embodiments, described herein, pro 
vide improved systems and methods for obtaining in-focus 
images of desired portions of a microscope slide and further 
provide improved systems and methods for combining the 
in-focus images in order to create a complete virtual slide. In 
one aspect of a an exemplary embodiment of the invention, 
multiple regions of a microscope slide are de?ned, multiple 
images of each region are captured and, for each de?ned 
region, an image having a desired focus quality is selected 
from the multiplicity of captured images. The selected images 
are merged, on a region-by-region basis, to generate a virtual 
slide. 
[0032] In the exemplary embodiment, multiple regions on a 
microscope slide are de?ned. These might be de?ned in terms 
of particular, sequential areas of the slide, such as sequential 
stripes, a mosaic pattern of de?ned squares or rectangles, or 
some similar designation. A plurality of z-positions are deter 
mined and the designated areas of the microscope slide are 
scanned from each z-position. During each scan, at least one 
image of each de?ned region is obtained. As a result, multiple 
images of each de?ned region are generated (each image 
representing a different z-position). For each region, the asso 
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ciated set of z-position images is examined and a particular 
one of the z-position images, that one having a desired focus 
quality, is selected. 
[0033] The selected regional images are then combined in 
order to generate a complete virtual slide. As mentioned 
above, the actual regional selection technique is not particu 
larly germane to practice of the invention. Indeed, an area 
scanner or a line scanner, operating in a horizontal or vertical 
raster-scan mode, vector scan, or the like, may be used to 
determine the multiple regions. The particular scan technique 
is not important, so long as slide scanning is performed along 
a known, reproducible path, and the de?ned slide areas are 
index able for eventual recombination. 
[0034] In an alternative exemplary embodiment, multiple 
regions are again de?ned on a microscope slide. An image of 
a ?rst region on the microscope slide is captured from a ?rst 
z-position. The microscope objective lens is then moved 
along the z-axis to a second z-position and along the x axis to 
a position encompassing one or more points located in the 
?rst region and one or more points in a second de?ned region. 
A multi-region image is captured from the second z-position, 
which might be considered as a partial overlap of the ?rst and 
second regions. The microscope objective lens is then moved 
along the z-axis back to the ?rst z-position and in the x-di 
rection to a position above the second ?eld. An image of the 
second region is then captured from the ?rst z-position. This 
procedure is repeated to capture multiple images of a desired 
number of regions on the microscope slide, with each region 
portion being represented by at least two z-position images. 
[0035] With regard now to the ?gures, FIG. 1 is a simpli?ed 
block diagram of an imaging system, identi?ed generally at 
100, that may be used to obtain suitable magni?ed images of 
a microscope slide, in accordance with practice of the prin 
ciples of the invention. The system 100 suitably comprises a 
motorized microscopy system 10, a camera or image acqui 
sition system 11, and a control processor 20. 
[0036] The motorized microscopy system 10 includes a 
microscope 12, such as a laboratory or research grade micro 
scope, in turn comprising at least one rotatable objective 
turret 18. In accord with accepted practice, the objective turret 
might be provided as a single, double, triple, quadruple or 
quintuple inverted objective turret. As such, each turret com 
prises at least one objective lens 19 mounted in conventional 
fashion on the turret. The microscopy system 10 further 
includes a computer controlled microscope stage 14, which 
supports a slide 21. The microscope stage 14 is movable in the 
x, y, and z directions and is robotically controllable by 
mechanically coupling x, y, and z translation motors to the 
stage platform through a control system, referred to herein as 
x, y control 16 and z control 17. A suitable illumination source 
(not shown) is disposed beneath stage 14 and is also capable 
of translational movement beneath the stage in order to shift 
the apparent illumination source with respect to a specimen 
on the microscope stage 14. Both the translational motion of 
stage 14 and the intensity of the illumination source are con 
trollable by a software program operating as a software or 
?rmware program application on a control processor 20, for 
example. A condenser lens (not shown) collects light pro 
duced by the illumination source and directs it toward the 
sample. 
[0037] Rotation of the objective turret 18 moves a desired 
one of perhaps multiple objective lenses 19 into the optical 
path of the microscope such that a magni?ed image of the 
specimen is generated. In the exemplary embodiment of FIG. 



US 2009/0074284 A1 

1, tWo objective lenses 19 are provided. For purposes of 
illustration, it Will be assumed that these objectives include a 
4x objective lens and a 20x objective lens. Examples of 
robotically controlled microscopy systems suitable for use in 
connection With the present invention include the Olympus 
BX microscope system equipped With a Prior HIOI remotely 
controllable stage. The Olympus BX microscope system is 
manufactured and sold by Olympus America Inc., Melville, 
N.Y. The Prior HIOl stage is manufactured and sold by Prior 
Scienti?c Inc., Rockland, Mass. Other similar computerized 
stages may be used, such as those manufactured and sold by 
Ludl Electronics Products Ltd., HaWthorne, N.Y. 
[0038] If the objective turret 18 of the microscope is a 
multiple objective system, and is populated With multiple 
objective lenses 19, a focus/ objective control system 15, com 
prising a robotically controllable motor and motor driver 
combination, coupled to the objective turret may be suitably 
provided in order to rotate the turret to bring various desired 
objective lenses 19 into the optical path. Upon receipt of an 
appropriate movement command signal, the focus/ objective 
control system 15 directs the motor to rotate the turret Within 
a rotatable frame, thereby moving a different objective lens 
19 into the optical path of the microscope system. 
[0039] In one example, the x, y control 16 comprises 
motors for controlling stage 14 in the x, y, and Z directions, 
along With appropriate motor driver circuitry for actuating the 
motors. As used herein, the x and y directions refer to vectors 
in the plane in Which the stage 14 resides. The mechanical 
apparatus and electronic control circuitry for effecting stage 
movement are preferably implemented to include some form 
of open or closed-loop motor positioning servo system such 
that stage 14 can be either positioned With great precision, or 
its translational movement can be determined very accurately 
in the x, y, and Z directions. Instead of, or along With, con 
trolling movement of the stage 14 in the x-y plane, the micro 
scope 12 itself may be moved in the x-y plane. In this alter 
native embodiment, the microscope translational motion is 
controlled or its position is determinable to the same degree of 
accuracy and With substantially the same positioning appara 
tus as the stage 14. 

[0040] When x, y control 16 is con?gured to operate in a 
closed-loop fashion, position feedback information can be 
recovered from the motor itself, or from optical position 
encoders or laser interferometer position encoders, if 
enhanced precision is desired. Closed-loop servo control of 
stage motion alloWs the stage position to be determined With 
great accuracy and insures that translation commands are 
responded to With high precision, as is Well understood by 
those having skill in the motion control arts. Thus, a com 
mand to translate the stage 50 microns in the positive x 
direction Will result in the stage 14 moving precisely 50 
microns in +x direction, at least to the mechanical resolution 
limits of the motor system. 

[0041] If the microscopy system is con?gured to operate in 
a semi-closed-loop or open-loop fashion, stage control is not 
dependent on feedback per se, but it is at least necessary to 
precisely de?ne Where the motors controlling the stage Were 
told to go. For example, typical stepper motors Will provide 
translational motion as a series of “steps” depending on a 
“direction” and “number of steps” command. So long as the 
translational movement per “step” is calibrated (or is other 
Wise determined or knoWn) a movement command Will result 
in the stage moving a knoWn (or computed) distance, in the 
commanded direction. It only remains to save a record of the 
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motion commands, along With a starting point, in order to 
determine the “present position” of the microscope stage. 
[0042] A camera system 11 includes a main camera 22 and 
control electronics 24 as depicted in the exemplary embodi 
ment of FIG. 1 . Although a single main camera 22 is depicted, 
a plurality of main cameras may be suitably provided, as 
discussed in greater detail beloW. Position encoders may be 
coupled to the stage motors, or to the stage itself and are 
adapted to transmit signals indicating the position of stage 14 
to either the main camera 22, or its control electronics 24. 
This arrangement enables the camera(s) to capture images at 
desired predetermined positions, even While stage 14 is in 
continuous motion. For example, the position encoders may 
monitor the distance traversed by stage 14 (or movement 
commands, in the case of an open loop or semi-closed loop 
system) and transmit a predetermined signal every 5 microns 
of stage travel. Main camera 22 may be con?gured to capture 
an image in response to a set or a subset of such electrical 
signals received from the positioning feedback devices, 
Which may be rotary or linear scale encoders, for example, 
thereby producing images of a microscope slide at regular 
intervals. 

[0043] In one particular example, a linear encoder, 
mounted along the scan axis of the slide provides absolute 
positioning feedback to the control system to generate accu 
rate periodic signals for image capture. These periodic signals 
act as external triggers to the camera for high speed consistent 
sectional image capture. This exemplary embodiment over 
comes many positioning error issues, such as following errors 
(the difference of position from the electrically commanded 
position to the actual mechanical response of the positioning 
system to the commanded position) associated With the true 
transformation of electrical control signals to the actual 
mechanical position of the slide relative to the image plane of 
the camera. This exemplary embodiment may also safeguard 
against the periodic degradation of the mechanical hardWare 
caused by the repeated use of lead screWs, loose couplings, 
friction, environmental issues, and the like. 
[0044] Alternatively, the main camera 22 may be con?g 
ured to capture images at regular time intervals, or based on 
pulses transmitted to the motors. For example, control pulses 
sent to a stepper or a linear motor may be used. These could be 
raW transistor-transistor logic (TTL) signal pulses or ampli 
?ed control pulses fed through an electronic counter circuitry 
generating an absolute or relative output pulse to trigger the 
camera for image capture, for example. A TTL step and direct 
signal, generated through a stepper controller pulse generator, 
as described above, may be fed back through the encoder 
feedback channel to the controller. In this arrangement, the 
integrated real time ‘pulse counter’ counts pulses to generate 
a periodic pulsed output for the camera. This technique may 
be used in conjunction With motor directional signal output as 
an input to the controller for bi-directional or uni-directional 
output trigger pulse control to capture images based on the 
direction of motion. Alternatively, clockWise and counter 
clockWise operating modes may be used for motor control 
and to feed the directional pulses back to the controller for 
periodic camera triggering synchronized With motion. 
[0045] In one aspect of the invention, focusing is performed 
by causing small excursions of the stage 14, in the Z direction, 
under control of corresponding Z control circuitry 17. 
Because the amount of relative motion during focusing is 
signi?cantly smaller than the amount of relative motion dur 
ing gross Z translational movements, the focus circuitry 17 



US 2009/0074284 A1 

may comprise a micro-stepping motor controlled by appro 
priate motor driver circuitry Which operates in parallel With a 
Z axis stage translation motor. The Z axis stage translation 
motor could, therefore, be provided With a more gross 
response characteristic such that it Would be able to accom 
modate vertical optical sectioning of a specimen, i.e., vieWing 
a specimen on various horizontal planes vertically disposed 
therethrough, While the focusing motor accommodates the 
micro-motions required to adequately focus each image 
plane. 
[0046] In an alternative embodiment, focusing may be per 
formed by causing small excursions of the objective turret 18 
in the Z direction, under control of focus/objective control 
system 15. For example, a pieZo transducer may perform 
focusing by causing small excursions of objective turret 18 
and its corresponding objective lense(es) 19 in the Z direction 
in response to signals received from a pieZo ampli?er. 
[0047] Main camera 22 is preferably a high resolution, 
color, digital camera operating at a high-resolution and a high 
data rate. In the exemplary embodiment, a JAI CV-M7CL+ 
camera is contemplated for use, hoWever, other cameras of 
comparable quality and resolution may also be used Within 
the scope of the invention. Images captured by main camera 
22 are directed via control electronics 24, such as a camer 
alink card, to control processor 20. As is Well knoWn by those 
having skill in the art, a cameralink card interfaces With 
digital cameras supporting the particular protocol and physi 
cal interface. Other protocols and physical interfaces are also 
contemplated in the context of the invention, and the particu 
lar interface described is not to be taken as limiting in any 
Way. 
[0048] The control processor 20, Which may be imple 
mented as a small platform computer system, such as an 
IBM-type x86 personal computer system, provides the data 
processing and platform capabilities for hosting an applica 
tion softWare program suitable for developing the necessary 
command and control signals for operating the microscope 
system. Control processor 20 includes specialiZed softWare 
or circuitry capable of performing image processing func 
tions. For example, control processor 20 may perform image 
analysis and obtain measurements of contrast, entropy, sharp 
ness, etc. Control processor 20 may also contain specialiZed 
softWare or circuitry capable of manipulating and combining 
digital images. The control processor 20 is able to receive and 
interpret commands issued by a system user on a conven 
tional input device, such as a mouse or a keyboard, and is 
further able to convert user de?ned commands into signals 
appropriate for manipulating the various components of the 
microscope system. 
[0049] The control processor 20 is typically coupled to the 
microscopy system 100 through an interface (not shoWn), 
such as a serial interface, a Peripheral Component Intercon 
nect (PCI) interface, or anyone of a number of alternative 
coupling interfaces, Which, in turn, de?nes a system interface 
to Which the various control electronics operating the micro 
scope system are connected. 

[0050] Many of the existing techniques used for capturing 
magni?ed images of a microscope slide, guide a scanning 
objective lens based on focus information that is obtained 
prior to the scanning operation and stored in a focal map, for 
example. In some cases, such focus information is quite inac 
curate due to intra-?eld variations present on the surface of 
the sample, for example. Even When the focus information is 
accurate, the mechanical nature of the microscope apparatus 
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can cause the scan to produce an out-of-focus image due to 
mechanical irregularities, such as small motions or vibrations 
of the apparatus, incorrect calibration, or the like. 
[0051] The present invention provides an improved system 
and method for obtaining images of a microscope slide. In 
one aspect of the invention, multiple regions of a microscope 
slide are de?ned, multiple “candidate” images of each region 
are captured, and, for each region, an image having a desired 
focus quality is selected. The selected images are merged to 
generate a virtual slide. Capturing multiple images of a 
respective region on the microscope slide to produce a set of 
“candidate” images compensates for uncertainty associated 
With focus information determined a priori for the region. 
[0052] FIG. 2 is a ?owchart of an exemplary method for 
generating images of a microscope slide, in accordance With 
principles of the invention. The microscope slide, containing 
a sample for Which one or more magni?ed images are desired, 
is placed on a microscope stage. Referring to FIG. 1, the 
microscope slide 21 may be placed on robotically controlled 
sample stage 14 of microscope portion 10. At Step 410, mul 
tiple regions are de?ned on the microscope slide, as shoWn in 
FIG. 5 and described further beloW. If a virtual slide repre 
senting the entire microscope slide 21 is desired, the entire 
slide is divided into regions. Alternatively, a selected portion 
(or portions) of the microscope slide 21, containing one or 
more areas of interest, may be divided into regions. In one 
embodiment, the microscope slide may be divided into 
regions having the same dimensions as the ?eld of vieW of the 
microscope objective lens; hoWever, in other embodiments, 
regions may be de?ned to have other dimensions. 
[0053] At Step 420, for each region, multiple images, each 
representing a different Z-position of the microscope objec 
tive, are captured. In one exemplary embodiment, for each 
region, a ?rst image representing a ?rst Z position, and a 
second image representing a second Z-position, may be gen 
erated. In other exemplary embodiments, images represent 
ing more than tWo Z-postions may be captured, Z-position 
may be controlled by adjusting the Z-position of computer 
controlled stage 14; alternatively, Z position may be con 
trolled by adjusting the position of the objective turret 18 and 
objective lens 19. In alternative embodiments, other methods 
for controlling Z-position may be employed. 
[0054] At Step 430, the images associated With each region 
are examined, and, at step 440, an image having a desired 
focus quality is selected for each region. The image may be 
selected by the control processor 20 or by an operator, for 
example. The selected images constitute a set of images cov 
ering the desired portion(s) of the microscope slide. At step 
450, the selected images are merged to create a virtual slide. 

Area Sensor 

[0055] In one example, an area sensor may be employed 
With a single-camera apparatus, such as that shoWn in FIG. 1, 
to obtain images of a microscope slide. For example, camera 
22 may contain an area sensor. In this embodiment, multiple 
regions on a microscope slide are de?ned. A plurality of 
Z-positions are determined, and the microscope slide is 
scanned from each Z-position. During each scan, at least one 
image of each de?ned region is obtained. As a result, multiple 
images of each de?ned region are generated (each image 
representing a different Z-position). For each region, the asso 
ciated set of images is examined and an image having a 
desired focus quality is selected. The selected images are 
combined to generate a virtual slide. 



US 2009/0074284 A1 

[0056] For example, tWo Z-positions may be selected and 
the microscope slide 21 may be scanned at various x-posi 
tions across at least a portion of the slide from each Z-position. 
These Z-positions may be selected using a variety of tech 
niques. For example, the ?rst Z-position may be based on the 
estimated in-focus Z-position from a focus map, plus a ?xed 
offset. The second Z position may be based on the estimated 
in-focus Z-position from the focus map, minus a second ?xed 
offset. The second ?xed offset mayor may not be equal to the 
?rst ?xed offset. 
[0057] The offsets may be selected in several Ways. In one 
case, the offsets may be a percentage of the depth of ?eld of 
the scanning objective 19. For example, if the scanning obj ec 
tive 19 has a depth of ?eld of 2 microns, the offset may be 50% 
of the depth of ?eld (1 micron). A larger percentage may be 
used if the accuracy of the estimated focus position is deemed 
to be loW. In that case, 80% of the depth of ?eld could be used, 
for example. 
[0058] As mentioned above, the value the offsets may be 
different. They may depend on the likelihood of error in focus 
in each direction, for example. 
[0059] As the errors are more likely in the negative Z direc 
tion than the positive Z direction, then the offset for Z may be 
50% and 80% of the depth of ?eld of the scanning objective 
for offset-1 and offset-2, respectively. 
[0060] FIG. 3 is a ?owchart of an example ofa method for 
using an area sensor to obtain images of a microscope slide, in 
accordance With the invention. A microscope slide (such as 
slide 21, of FIG. 1) containing a sample for Which one or more 
magni?ed images are desired, is placed on a microscope 
stage, such as on robotically controlled sample stage 14 of 
microscopy system 100. At Step 505, multiple regions on the 
slide are de?ned. Generally, it is preferable to de?ne regions 
to be as large as possible While avoiding intra-region focus 
variations. In one embodiment, regions are de?ned empiri 
cally; hoWever, other approaches may be used. In an illustra 
tive embodiment, the microscope slide 21 may be divided into 
regions having dimensions corresponding to the ?eld of vieW 
of the microscope objective lens 19 (a selected one of obj ec 
tive lenses 19, for example); hoWever, in other embodiments, 
regions may be de?ned to have other dimensions. 
[0061] At Step 510, a ?rst scan of the microscope slide is 
performed from a ?rst Z-position Z1, and camera 22 captures 
a ?rst image of each de?ned region on the slide. At Step 520, 
the de?ned regions on the microscope slide are scanned from 
a second Z-position Z2 and camera 22 captures a second image 
of each de?ned region. In this particular embodiment, Z-po 
sitions Z1 and Z2 are selected from a predetermined optimum 
focal position, such as a desired-focus position value stored in 
a focal map With offsets applied as previously described. For 
example, the focus map may indicate that a Z-position of 30 
um (micrometers or microns) is the best in-focus Z-position. 
A ?rst offset of 1 micron may be added to this focus map Z 
position such that it is equal to 31 (Z1:fOC11S map Z position+ 
offset1:30+l:3l). A second offset of 0.9 microns may be 
subtracted from the focus map Z-position to produce the value 
for Z2 equal to 29.1 (Z2 focus map Z position—offset2:30—0. 
9:291). It should be additionally noted that, While in this 
example the de?ned regions on the slide are scanned from tWo 
Z-positions, in alternative embodiments, the slide may be 
scanned from any number of (but at least tWo) Z-positions. 
[0062] A set of images of a respective de?ned region (each 
image representing a different Z position) is referred to as a 
“stack” of images. In one example, each stack comprises only 
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tWo imagesia ?rst image and a second image of the associ 
ated region. HoWever, in other embodiments, a stack may 
comprise more than tWo images of a particular region. For 
example, the microscope slide may be scanned from three, 
four, or more Z-positions, resulting in stacks comprising as 
many images as the number of Z-positions scanned from. 

[0063] At Step 530, control processor 20 examines the ?rst 
and second images associated With each de?ned region on the 
microscope slide. At Step 560, an image of each region hav 
ing a desired focus quality is selected. Values of focus quality 
may be obtained using a variety of techniques knoWn in the 
art. In one embodiment, one or more image processing tech 
niques may be applied to each image in a stack to obtain, from 
each image, one or more measurements of focus quality. By 
Way of example, a measure of overall entropy may be 
obtained for each micro image and used as a measure of focus 
quality. A measure of overall entropy for a micro-image may 
be obtained by compressing an image and measuring the 
volume of data in the compressed image, for example. In 
another example, a measure of texture energy may be 
obtained for each respective micro-image to obtain a value 
representing the focus quality of the image. In yet another 
example, a contrast measurement may be obtained for each 
respective image. 
[0064] Alternatively, edge detection techniques may be 
applied to an image to obtain a value for sharpness. Other 
values relating to focus quality may also be measured. The 
measurements of focus quality thus obtained are analyZed to 
determine a desired-focus value for each region. For example, 
in one embodiment, the stack of images associated With a 
region is examined, an image having a maximum texture 
energy measurement is selected as the desired image, and a 
Z-position associated With the desired image is selected as the 
desired focus value. Alternatively, a curve ?tting algorithm 
may be applied to the various measurements of focus quality 
pertaining to a respective micro-region and a desired-focus 
value for the region may be estimated. Other estimation tech 
niques may also be used. 
[0065] The set of images selected at Step 560 (one image 
for each de?ned region) constitutes a collection of images 
depicting each of the de?ned regions at a desired focus qual 
ity. At Step 570, control processor 20 merges the selected 
images to generate a virtual slide. Anyone of a number of 
knoWn techniques may be used to combine the selected 
images to produce a virtual slide, such as stitching softWare. 

[0066] In an additional exemplary embodiment, each 
de?ned region on the microscope slide may be further divided 
(or sub-divided) into micro-regions. For example, in the illus 
trative embodiment discussed above, each de?ned region on 
the microscope slide may be divided into four “micro-re 
gions,” for example. Similarly, the ?rst and second Z-position 
images associated With each respective region are divided 
into four micro-images corresponding to the micro-regions 
on the slide. A set of Z-position micro-images corresponding 
to a respective micro-region on the microscope slide is 
referred to as a stack of micro-images. 

[0067] In the illustrative example given above, each stack 
Would suitably include tWo Z-position micro -images. Accord 
ingly, for each de?ned micro-region on the microscope slide, 
the corresponding stack of micro-images is examined, and a 
micro-image having a desired focus quality is selected. 
Selected micro-images are merged to create a virtual slide 
representing the de?ned regions. 
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[0068] It should be noted that although, in this particular 
example, each de?ned region is divided into four micro 
regions, in other embodiments, the de?ned regions on the 
microscope slide may be divided into less than four, or more 
than four, micro-regions, and the images of each de?ned 
region may similarly be divided into a corresponding number 
of micro-images. The actual number of micro-regions and 
associated micro-images is not, therefore, to be taken as lim 
iting, but rather as illustrating the operation of the methodol 
ogy of the invention. 

Using Interframe Capture Interval 

[0069] During scanning, the mechanical nature of a micro 
scope apparatus imposes an upper limit on the image capture 
rate. Because the microscope objective lens 19 (or, in some 
embodiments, the microscope stage 14) must physically 
move from one region to another during a scanning operation, 
a delay typically occurs after an image of one region is cap 
tured and before an image of the next region can be captured. 
The delay associated With this mechanical motion is referred 
to as the “interframe capture interval” and is associated With 
the mechanical and operational characteristics of a particular 
microscope apparatus. 
[0070] In an aspect of the invention, one or more images of 
the microscope slide 14 are captured during the interframe 
capture interval, thereby increasing the rate of image capture. 
In one example, an image is captured of a ?rst de?ned region 
from a ?rst x-position and Z-position. Before an image of a 
second de?ned region is captured at the second x-position, the 
microscope objective lens 19 must be adjusted to that second 
x-position. As the x-position of the objective lens 19 is 
adjusted, the Z-position of the microscope objective lens is 
also adjusted to a second Z-position and an image is captured 
of a desired area on the slide 14 from the second Z-position, 
during the interframe capture interval, before the second 
x-position is reached. 
[0071] The image captured from the second Z-position may 
include portions of the ?rst and/ or the second regions, in What 
might be termed a quasi-overlapping fashion. After the image 
is captured from the second Z-position, the adjustment to the 
next x-position of the objective lens 19 proceeds until the 
objective lens is positioned over the second de?ned region. 
MeanWhile, the Z-position of the objective lens 19 is re 
adjusted to the ?rst Z-position and an image of the second 
de?ned region is captured. It should be noted that although, in 
this discussion, both the Z-position and the x-position are 
adjusted by changing the position of the microscope objective 
turret 18 and objective lens 19, the Z-position and x-position 
may be adjusted by moving the microscope slide 21, or by 
other methods. 
[0072] The technique outlined above may be implemented 
repeatedly to obtain, for multiple regions on a microscope 
slide 21, a ?rst image of each region from a ?rst Z-position and 
a second image of each region from a second Z-position. In 
this regard, FIG. 4 is an illustrative ?owchart of an example of 
a method for using an interframe capture interval to capture 
images of multiple regions on a microscope slide, in accord 
With principles of the invention. 
[0073] In FIG. 4, at Step 310, multiple regions are de?ned 
on the microscope slide. In this example, each of the regions 
is de?ned to have the same dimensions as the ?eld of vieW of 
the microscope objective lens 19. In particular, each region 
has a Width (in the x-direction) equal to the Width W of the 
?eld of vieW of the objective lens 19. By Way of illustration, 

Mar. 19, 2009 

FIG. 5 illustrates a top, plan vieW of an exemplary microscope 
slide 722 on Which four regions 726-729 are de?ned. As 
illustrated, regions 726-729 exhibit Widths W (in the x-direc 
tion). 
[0074] Referring again to FIG. 4, at Step 315, tWo Z-posi 
tions Z1 and Z2 are selected. In one example, Z1 and Z2 are 
selected based on a predetermined optimum focal position. 
These Z-positions may be selected using a variety of tech 
niques, as previously described above. One selection method 
might employ the estimated in-focus Z-position from a focus 
map plus a ?xed offset for the ?rst Z position and the estimated 
in-focus Z position from the focus map minus a second ?xed 
offset for the second Z position. At Step 320, processor 20 
causes the x:y position of the microscope objective turret 18 
and selected objective lens 19 to be adjusted to position the 
objective lens 19 above a point (0, y0) located on a ?rst edge 
of the microscope slide. In this example, the y-value y0 may 
be selected to represent the midpoint of an edge of a selected 
one of the de?ned regions on the microscope slide. Referring 
to the illustrative example of the slide depicted in FIG. 5, the 
microscope objective lens 19 is positioned overpoint P, Which 
in this instance is located at the midpoint of an edge of region 
726. 

[0075] At Step 325, control processor 20 causes the micro 
scope objective lens 19 to be moved along the Z-axis to 
Z-position Z1. It should be noted that in this position, one-half 
of the ?eld of vieW of the objective lens 19 captures a portion 
of de?ned region 726 on the microscope slide 722, and the 
other half of the ?eld of vieW of the objective lens captures an 
area beyond the edge of the slide. This initial position of the 
microscope objective lens 19 is represented by position 864 in 
FIG. 6, Which illustrates a cross-sectional vieW of microscope 
slide 722 and several positions from Which a microscope 
objective may capture images of the slide. At step 330, cam 
era 22 captures an image. 

[0076] In accordance With this particular embodiment, the 
microscope objective lens 19 is moved along the x-axis 
toWard the opposite edge (the “second edge”) of microscope 
slide 722, passing over each de?ned region in turn. Mean 
While, the Z-position of the microscope objective lens 19 
alternates betWeen Z1 and Z2, resulting in a Zig-Zag motion 
such as that shoWn in FIG. 6. This motion alloWs the micro 
scope objective to capture a complete image of each de?ned 
region from Z-position Z2 (from position 866, for example), 
and, in addition, to capture from Z-position Z1 images cover 
ing portions of multiple regions (from positions 864, 868, for 
example). 
[0077] Accordingly, at Step 335 (starting from position 
864), the x-coordinate of the microscope objective lens 19 is 
adjusted by +(W/2) i.e., in the positive direction by one half 
the Width of a region, and the microscope objective lens is 
also moved along the Z-axis to Z2. Preferably, the movement 
of the objective lens 19 along the x-axis and its movement 
along the Z-axis are performed in an integrated fashion such 
that the objective lens 19 moves smoothly from position 864 
to position 866. The resulting position is represented, for 
example, by position 866 in FIG. 6. The ?eld of vieW of the 
microscope objective lens 19 noW captures de?ned region 
726 in its entirety. At Step 345 (of FIG. 4), the image is 
captured. As indicated by block 350, if the center of the ?eld 
of vieW of the microscope objective lens 19 is located beyond 
the second edge of the microscope slide 722, the routine 
comes to an end. In this instance, the objective has not yet 
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reached the second edge of the microscope slide; therefore, 
the routine proceeds to Step 355. 
[0078] At Step 355, the x-coordinate of the microscope 
objective lens 19 is again adjusted by +(W/2), and the Z-co 
ordinate of the microscope objective lens is adjusted to Z1. 
The resulting position of the microscope obj ective lens 19 is 
represented by position 868 shoWn in FIG. 6, for example. In 
this position, the ?eld of vieW of the microscope objective 
lens captures portions of regions 726 and 727. At Step 370, an 
image is again captured. As indicated by block 380, if the 
center of the ?eld of vieW of the microscope objective lens 19 
is located beyond the second edge of microscope slide 722, 
the routine comes to an end, otherWise the routine returns to 
Step 335, and additional images are obtained. The routine can 
be repeated multiple times for multiple scan roWs if the area 
of interest requires more than one scan roW. While the illus 
trative slide 722 of FIG. 5 depicts one scan roW, it Will be Well 
understood by those having skill in the art that it may com 
prise multiple roWs, as Well. 
[0079] The routine described above and outlined in FIG. 4, 
referred to as the “zigzag technique,” produces a set of 
images containing tWo images of every point in de?ned 
regions 726-729, including one image of the point captured 
from Z-position Z1, and a second image of the point captured 
from Z-position Z2. In one example, the images captured from 
Z-position Z2 (from position 866, for example) correspond to 
the de?ned regions 726-729. The images captured from Z-po 
sition Z1 (from positions 864, 868, for example) do not cor 
respond to the de?ned regions; hoWever, processor 20 may 
apply image processing techniques (software registration, for 
example) to these images to produce images corresponding to 
regions 726-729. Processor 20 examines the resulting images 
of each de?ned region, and, for each region, selects an image 
having a desired focus quality, in a manner similar to those 
described above. The selected images are subsequently 
merged to create a virtual slide. 

[0080] It Will be appreciated by those having skill in the art 
that the above routine may, as previously described, use the 
estimated in-focus Z-position from a focus map plus a ?xed 
offset for the ?rst Z1 position. The second, Z2 position, could 
be computed as the estimated in-focus Z-position from a focus 
map minus a second ?xed offset that may or may not have the 
same value as the ?rst ?xed offset. In accordance With this 
method for determining Z1 and Z2, the actual values for Z1 and 
Z2 may change With each movement of the objective turret 18 
and the objective lens 19, While the offsets may remain the 
same. This occurs since the estimated in-focus Z-position may 
change With each x:y coordinate position in accordance With 
the focus map’s predicted best in-focus Z-position for that x:y 
coordinate. Referring once again to FIG. 4, at Step 315, Z1 
and Z2 Would initially be computed. Then, at Step 335, Z1 and 
Z2 Would be recomputed utiliZing the estimated in-focus 
Z-position for the x:y position W/ 2, y0). The values for Z1 and 
Z2 Would also be recomputed at Step 355 Where the subse 
quent x:y position Would be (W, y0). The process of recom 
puting Z1 and Z2 Would necessarily continue With each 
change in x:y position. 
[0081] It should be noted that the methodologies described 
above and represented in FIGS. 4-6 represent only certain 
exemplary embodiments of the use of the Zig-Zag technique to 
scan a microscope slide. In other examples, the microscope 
objective lens 19 may folloW other paths. For example, a third 
Z-position, Z3, can be de?ned as an intermediary position 
falling betWeen Z1 and Z2, or as a ?rm third position falling 
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above Z2, or beloW Z1 . As a result of the additional Z-position, 
the amount by Which the x-coordinate of the microscope 
objective lens is adjusted, Would be varied. An example of 
such a change Would be the use of step siZes of W/ 3 instead of 
W/2. This Would result in adjustment to the x-coordinate at 
each step changing, such as at Step 335 and +(W/3) at Step 
355. Concurrently, at Step 355 the Z move Would be to posi 
tion Z3 rather than to Z1 . After Step 380 but before a repetition 
of Step 335, there Would be an additional step comprising 
moving microscope objective in the x-direction by +(W/3) 
and in Z-direction to Z1. 
[0082] The result of this addition Would be images from 
three focal planes. Numerous bene?ts may be obtained by 
having images from three focal planes instead of tWo, such as 
the ability to add estimation about the optimum Z-position for 
capturing the best focusing imaged. With focus information 
from three images, complex curve ?tting techniques, such as 
a Gaussian curve ?t, can be implemented. The curve ?t Would 
then predict the Z-position for best absolute focus. If this 
Z-position did not include any of the three Z-positions actually 
captured, the predicted best focus could then be used by 
softWare to determine if a rescan of the roW is necessary. This 
rescan could then use the predicted focus for determining neW 
optimal Z position values for Z1, Z2 and Z3 such that the 
predicted best focus image Would be captured by at least one 
ofthe images Z1, Z2, and Z3. 

Area Sensor 

Multiple Cameras 

[0083] In an alternative embodiment of the invention, area 
sensors may be used in a multiple-camera apparatus to simul 
taneously or sequentially capture images of one or more 
de?ned regions on a microscope slide. Using multiple cam 
eras may increase the image capture rate for a given number 
of de?ned regions on a microscope slide. In this regard, FIG. 
7 is a simpli?ed block diagram of a dual-camera microscopy 
imaging system 100' that may be used to obtain images of a 
microscope slide 21, in accordance With the present inven 
tion, Wherein the camera system 11' suitably comprises tWo 
cameras 22A and 22B. Other components of FIG. 7, common 
to the microscopy system 100 of FIG. 1 are commonly num 
bered for convenience of reference. 
[0084] Each of the tWo cameras 22A and 22B includes an 
area sensor. Cameras 22A and 22B are con?gured to simul 
taneously capture multiple images of a respective region on a 
microscope slide 21 in a single scan pass. In one particular 
example, cameras 22A and 22B are positioned at different 
distances from the objective lens 19 of microscope 12. 
Accordingly, When cameras 22A and 22B pass over a respec 
tive de?ned region on the microscope slide 21, tWo images of 
the region are captured, each associated With a different focal 
plane. It should be noted that in alternative embodiments, 
more than tWo cameras may be employed. It is a relatively 
simple matter to divide the optical image seen by an objective 
into multiple paths and direct each path to a corresponding 
camera. Necessarily, each camera Would be positioned at a 
different, but Well knoWn or calibrated focal distance from the 
slide (or objective), such that the difference in camera posi 
tioning Would result in an effective focal distance (or Z-posi 
tion) difference. 
[0085] FIG. 8 is a ?owchart of an example of a method for 
using a multiple-camera apparatus, as in FIG. 7, to obtain 
images of a microscope slide, in accordance With the inven 
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tion. At Step 805, multiple regions on the microscope slide are 
de?ned, as described above in connection With prior exem 
plary embodiments. At Step 820, a scan of the microscope 
slide is performed. Because camera 22A and camera 22B are 
positioned at different distances from the objective lens 19, 
the scan produces tWo different images of each de?ned 
region. 
[0086] At Step 830, for each de?ned region on the micro 
scope slide, the tWo images are examined for focus quality as 
Was described previously. An image having a desired focus 
quality is selected, in Step 860. At Step 870, the selected 
images are merged to generate a virtual slide. 
[0087] In an alternative embodiment, the zigzag tech 
nique, described With reference to FIG. 4, may be employed 
With the dual-camera imaging system 100' shoWn in FIG. 7, in 
order to increase the image capture rate and obtain a greater 
number of images during each scan of the microscope slide 
21. In this example, tWo Z-positions may be selected for each 
camera and the zigzag technique may be utiliZed to generate 
four images of each de?ned region in a single scan operation. 
[0088] In yet another example, cameras 22A and 22B may 
each be positioned at the same distance from the objective 
lens, but offset in a translational direction (typically offset in 
the x-direction) a knoWn or calibrated amount. In this case, 
image captures are performed alternately by cameras 22A 
and 22B, making it possible to move the microscope appara 
tus at a higher scan speed. 

Multi Plane Focal Surface 

[0089] In yet another embodiment, multiple regions are 
de?ned on a microscope slide and a focal surface containing 
one or more desired-focus values for each de?ned region is 
generated. For each de?ned region, multiple Z-positions are 
selected based on the desired-focus values stored in the focal 
surface. One or more images of each region are captured from 
each of the associated Z-positions, and an image of each 
region having a desired focus quality is selected. The selected 
images are merged to create a virtual slide. 
[0090] FIG. 9 is a ?owchart of an example of a method for 
using a focal surface to generate images of a microscope 
slide, in accordance With this particular embodiment. At Step 
1010, multiple regions are de?ned on a microscope slide, as 
previously described. At Step 1020, a focal surface containing 
one or more desired-focus values for each of the de?ned 
regions, is generated. A desired-focus value represents a Z-po 
sition from Which a given microscope objective may capture 
an in-focus image of a respective region on the microscope 
slide. In one example, the focal surface may be generated 
using a ?rst microscope objective lens 19 having a ?rst mag 
ni?cation, such as 4x, and scanning (described in Step 1040 
beloW) may be performed using a second microscope obj ec 
tive lens 19 having a second magni?cation, such as 20x. In 
this embodiment, the focal surface is adjusted prior to scan 
ning based on characteristics of the second microscope obj ec 
tive. 
[0091] Referring again to FIG. 9, at Step 1030, the control 
processor 20 uses the information contained in the focal sur 
face to determine multiple Z-positions for each de?ned 
region, each representing a Z-position from Which an image of 
the region is to be captured. For example, three Z-positions 
may be selected for each de?ned region: a ?rst Z-position 
equal to the desired-focus value indicated in the focal surface, 
a second Z-position equal to the desired-focus value plus a 
predetermined offset, and a third Z-position equal to the 
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desired-focus value minus the predetermined offset. At Step 
1040, the de?ned regions are scanned multiple times, once 
from each of the selected Z-positions, to produce multiple 
images of each region. In the illustrated embodiment 
described above, scanning is performed using a second 
microscope objective 19 having a second magni?cation 
Which is preferably higher than the ?rst magni?cation. At 
Step 1050, processor 20 examines the images corresponding 
to each respective region for image quality. An image of each 
region, having a desired focus quality, is then selected in Step 
1060. Processor 20 merges the selected images to generate a 
virtual slide, in Step 1070. 

Line Sensor 

[0092] In yet another alternative embodiment, a camera 22 
containing a line sensor, Which detects image information 
along only one dimension, may be employed to obtain images 
of a microscope slide 21, in accord With the exemplary 
microscopy system 100 ofFIG. 1. In this regard, FIG. 10 is an 
exemplary ?owchart of a method for using a line sensor to 
obtain images of a microscope slide, in accordance With this 
alternative exemplary embodiment. At Step 610, a selected 
line on the microscope slide is scanned from a ?rst Z-position 
Z1, producing a ?rst image of the line. At Step 620, the 
selected line is scanned from a second Z-position Z2, produc 
ing a second image of the line. 
[0093] At Step 630, multiple regions Within the line are 
de?ned. Generally, it is preferable to de?ne regions to be as 
large as possible While avoiding intra-region focus variations. 
In one embodiment, regions are de?ned empirically. At Step 
640, the ?rst image and the second image are divided into 
mini-images corresponding to the de?ned regions of the line. 
A set of mini-images corresponding to a respective region of 
the line is referred to as “stack” of mini-images. At Step 650, 
for each de?ned region of the line, the corresponding stack of 
mini-images is examined and, at Step 660, a mini-image 
having a desired focus quality is selected. As indicated by 
block 670, Step 610 may be repeated one or more times to 
obtain magni?ed images of all or a portion of the microscope 
slide. The selected mini-images are merged to generate a 
virtual slide in Step 680. It should also be understood that 
multiple line sensors may also be employed With a multiple 
camera apparatus to increase the image capture rate. For 
example, the dual-camera system 100' of FIG. 7 may be used 
in combination With line sensors for further enhancement of 
the image capture rate. 
[0094] The imaging systems of FIGS. 1 and 7 are disclosed 
herein in a form in Which various functions are performed by 
discrete functional blocks. HoWever, many of these functions 
could be embodied in an arrangement in Which the functions 
of one or more of those blocks are realiZed, for example, by 
one or more appropriately programmed processors. Addition 
ally, the various imaging systems and methodologies have 
been described in separate fashion, in order to clearly delin 
eate certain novel features thereof. It should be understood by 
those having skill in the art that many of the techniques and 
apparatus may be combined and/or substituted for one 
another Without impacting the utility of the invention. It 
should be further understood that the various motions and 
axes described above Were described With axis notations of 
convenience and are not meant to imply speci?c directions or 
aspects in space. Translations of an objective lens might be 
implemented by stage motion, turret motion, or motion of the 
microscope head itself. HoW motion is accomplished is 
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immaterial, so long as the motion is With respect to an index 
position on a slide and is characteriZable, measurable and 
repeatable. 
[0095] The foregoing, therefore, merely illustrates the prin 
ciples of the invention. It Will thus be appreciated that those 
skilled in the art Will be able to devise numerous other 
arrangements Which embody the principles of the invention 
and are thus Within its spirit and scope. The embodiments 
described above and depicted in the ?gures are not meant to 
be limiting, but rather illustrative of the invention Which is to 
be limited only by the appended claims. 

What is claimed is: 
1. A method of creating a digital virtual microscope slide 

comprising: 
providing a microscopy system comprising a microscope, 

a digital imaging device, and a computer-controlled 
microscope stage; 

providing a physical microscope slide; 
de?ning multiple regions for the physical microscope 

slide; 
de?ning a plurality of focus positions; 
scanning each of the multiple regions at each of the plural 

ity of focus positions using the microscopy system to 
produce a plurality of sets of digital images for each 
region, each set of digital images corresponding to a 
separate one of the focus positions; 

evaluating each digital image of each set against a focus 
quality metric; and 

selecting one digital image for each region from one of the 
pluraity of sets of digital images for that region, the 
selected digital image having a focus quality metric 
corresponding to a desired focus quality. 

2. The method of claim 1, Wherein the regions are scanned 
by imaging each region at each of the plurality of focus 
positions before the next region is scanned. 

3. The method of claim 1, Wherein the regions are scanned 
by imaging all of the regions, seriatim, at each of the focus 
positions. 

4. The method of claim 1, further comprising determining 
a nominal in-focus position for a sample slide adjusting the 
nominal in-focus position in a ?rst direction by a ?rst off-set, 
adjusting the nominal in-focus position in an opposite direc 
tion by a second off-set, and de?ning the ?rst off-set and the 
second off-set as focus positions in the plurality of focus 
positions. 

5. The method of claim 4, further comprising determining 
the nominal in-focus position from a focus map. 

6. The method of claim 4, Wherein the ?rst off-set is 
unequal to the second off-set. 

7. The method of claim 1, Wherein more than one of the 
regions is scanned simultaneously. 

8. The method of claim 1, Wherein the microscopy system 
comprises a plurality of digital image devices arranged to 
capture multiple images of an optical ?eld of vieW of the 
microscope, each of the digital image devices set at a separate 
one of the plurality of focus positions, and Wherein the 
method further comprises simultaneously imaging a portion 
of the physical microscope slide presented to the optical ?eld 
of vieW. 

9. The method of claim 8, Wherein each of the plurality of 
digital imaging devices captures an image of the same portion 
of the physical microscope slide. 
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10. The method of claim 8, Wherein the digital imaging 
devices are disposed such that each of the plurality of digital 
imaging devices captures an image of separate portions of the 
physical slide. 

11. A microscopy system for creating a digital virtual 
microscope slide from a physical microscope slide, the sys 
tem comprising: 

a microscope; 
at least one digital imaging device, 
a motoriZed microscope stage; and 
a computer controllably coupled With the microscope, at 

least one digital imaging device, and motoriZed micro 
scope stage, the computer programmed With an algo 
rithm to: 

scan each of a plurality of regions of the physical micro 
scope slide at a plurality of focus positions for each 
region, thereby producing a plurality of sets of digital 
images for each region, each set of digital images 
corresponding to a separate one of the focus positions; 

evaluate each digital image of each set against a focus 
quality metric; and 

select one digital image for each region from one of the 
plurality of sets of digital images for that region, the 
selected digital image having a focus quality metric 
corresponding to a desired focus quality. 

12. The system of claim 11, Wherein the regions are 
scanned according to the algorithm by imaging each region at 
each of the plurality of focus positions before the next region 
is scanned. 

13. The system of claim 11, Wherein the regions are 
scanned according to the algorithm by imaging all of the 
regions, seriatim, at each of the focus positions. 

14. The system of claim 11, Wherein the algorithm further 
comprises determining a nominal in-focus position for a 
sample slide, adjusting the nominal in-focus position in a ?rst 
direction by a ?rst off-set, adjusting the nominal in-focus 
position in an opposite direction by a second off-set, and 
de?ning the ?rst off-set and the second off-set as focus posi 
tions in the plurality of focus positions. 

15. The system of claim 11, Wherein further comprising a 
plurality of digital image devices arranged to capture multiple 
images of an optical ?eld of vieW of the microscope, each of 
the digital image devices set at a separate one of the plurality 
of focus positions, and Wherein the algorithm further com 
prises simultaneously imaging a portion of the physical 
microscope slide presented to the optical ?eld of vieW. 

16. The system of claim 15, Wherein each of the plurality of 
digital imaging devices captures an image of the same portion 
of the physical microscope slide. 

17. The system of claim 15, Wherein the digital imaging 
devices are disposed such that each of the plurality of digital 
imaging devices captures an image of separate portions of the 
physical slide. 

18. A method of creating a digital virtual microscope slide 
comprising: 

providing a microscopy system comprising a microscope 
and a digital imaging device; 

providing a physical microscope slide; 
de?ning multiple regions of the physical microscope slide; 
scanning the physical microscope slide at a ?rst focus 

position using the microscopy system to produce a ?rst 
set of digital images of each de?ned region; 
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scanning the physical microscope slide at a second focus 
position using the microscopy system to produce a sec 
ond set of digital images of each de?ned region; 

evaluating each image of the ?rst set of digital images and 
each image of the second set of digital images against a 
focus quality metric; 

selecting one image having a focus quality metric corre 
sponding to a desired focus quality for each region from 
either the ?rs set of digital images or the second set of 
digital images; and 

merging the selected images into a composite image, the 
composite image de?ning the virtual slide. 

19. The method of claim 18, Wherein the focus quality 
metric evaluation step is performed by measuring an image 
characteristic selected from the group consisting of overall 
image entropy, image texture energy, image contrast, and 
feature edge sharpness. 

20. A microscopy system for creating a digital virtual 
microscope slide from a physical microscope slide, the sys 
tem comprising: 
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a microscope; 
at least one digital imaging device, and 
a computer programmed With an algorithm to: 

de?ne multiple regions for the physical microscope 
slide; 

capture, for each de?ned region, a set of images, each 
image of the set characteriZed by a different focus 
position from other images of the set; 

evaluating each image of each set against a focus quality 
metric; selecting, for each region, a particular one of 
the set of images corresponding to that region having 
a focus quality metric corresponding to a desired 
focus quality; 

identifying the selected ones of each set of images as the 
chosen image of a corresponding region; and 

merging the identi?ed regional images into a composite 
image, the composite image de?ning the digital vir 
tual microscope slide. 

* * * * * 


