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(57) ABSTRACT 

The present disclosure includes systems and techniques 
relating to intelligently directed segmentation analysis for 
automated microscope systems. In general, in one imple 
mentation, the technique includes obtaining an image of at 
least a portion of a scan region including a biological 
specimen, partitioning the obtained image into Zelles, deter 
mining one or more parameters of the Zelles, performing a 
cluster analysis on the one or more parameters of the Zelles, 
differentiating tissue of greater interest from tissue of lesser 
interest in the obtained image based on the cluster analysis 
and based on a test being performed for the biological 
specimen, and storing more information for the tissue of 
greater interest than information for the tissue of lesser 
interest. The cluster analysis can be a multivariate statistical 
cluster analysis, and the Zelles can be test-dependent Zelles 
(e.g., having dimensions defined according to the test being 
performed for the biological specimen). 
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SYSTEM FOR AND METHOD OF 
INTELLIGENTLY DIRECTED SEGMENTATION 
ANALYSIS FOR AUTOMATED MICROSCOPE 

SYSTEMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of the priority of 
U.S. Provisional Application Ser. No. 60/705,096, filed Aug. 
2, 2005 and entitled, System for and Method of Intelligently 
Directed Segmentation Analysis for Automated Microscope 
Systems. 

TECHNICAL FIELD 

0002 The present application relates to acquiring and 
analyzing digital images viewed through a computer-con 
trolled automated microscope. Such as using a computer 
controlled automated microscope in an analysis of biological 
specimens. 

BACKGROUND 

0003. The microscopic examination of tissue or tissue 
components is a common and valuable practice in both 
medicine and biology. Such procedures typically rely on the 
visual appearance of the tissue which is often enhanced by 
the use of specialized stains that bind to certain tissue 
components, foreign bodies, or the products of cellular 
processes. 

0004 With the advent of computer technology, it has now 
become possible to automate many of the manual examina 
tion procedures by using a computer-controlled microscope 
to image a microscope slide, digitize the images, and place 
them into the memory of a computer for Subsequent analy 
sis, display, and storage. 
0005 Most automated microscope imaging systems do 
not have the ability to predict in advance what a pathologist 
or user may determine is interesting or important on a slide 
containing a biological sample. Current automated systems, 
therefore, capture and store high-quality, images of the 
entire microscope slide. Using a high-power objective. Such 
as a 60X or 100X objective, the field of view is quite small 
relative to the overall area of the biological sample. There 
fore, the system takes many images to cover the entire area 
of the microscope slide. Each high-power image requires 
significant storage capacity. A database of information and 
images of an entire microscope slide can quickly begin to 
overwhelm available resources. In addition, only a fraction 
of the information and images saved may be of any interest 
or be used by a pathologist or other user in making a 
diagnostic evaluation. The remaining information and 
images may be of little to no value. 
0006 Improving automated imaging systems depends on 
the ability of the system to automate portions of the tissue 
examination process that would otherwise be manually 
performed by a pathologist or other user. This, in turn, relies 
on the ability of the system to identify not only the sample 
on the slide from other content, but to distinguish, without 
operator intervention, those portions of the sample necessary 
for making a diagnostic evaluation from those portions that 
are not needed. A high magnification image can be stored for 
each confirmed object of interest. The images are then 
available for retrieval by a pathologist to review for final 
diagnostic evaluation. 
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0007 One current method of minimizing the storage 
capacity requirements of an automated microscope imaging 
system is to use image compression techniques. An imaging 
system captures high-power images of the entire microscope 
slide and each image is then compressed in order to reduce 
its storage capacity requirements. However, most compres 
sion techniques in use today utilize compression algorithms 
that are lossy and thus do not perfectly recreate the original 
image, i.e., the image suffers some distortion during the 
compression algorithms encoding and decoding process. 
0008 U.S. patent application Ser. No. 2003-0163031, 
entitled, Method and System for Providing Centralized 
Anatomic Pathology Services, describes a method of pro 
viding centralized anatomic pathology services. A master 
storage, such as a database, of pathology information is 
maintained, the storage being accessible by pathologists 
associated with any regional laboratory via a communica 
tions link. Tissue samples requiring pathology processing 
are collected from a medical entity located in a first geo 
graphic region by a regional pathology laboratory. The tissue 
is processed, and a tissue slide is created. A digital, diag 
nostic quality image of the tissue slide is created and stored 
in the master storage. A pathologist, who may be remotely 
located with respect to the first geographic region, is pro 
vided with access to the stored diagnostic image via the 
communications link, to enable diagnosis by the pathologist 
without physical possession of the slide. The digital, diag 
nostic quality image may be compressed before it is stored 
in the master storage. The diagnosis may be a primary or a 
secondary diagnosis. In the case of a secondary or Supple 
mental diagnosis, the pathologist is provided with access to 
any prior analysis and annotations, stored in the master 
storage, relating to the diagnostic image. 
0009. The 031 patent application, using wavelet com 
pression, provides a means to optimize image storage capac 
ity at the master storage location and transmission time 
across a communications link to a remote location. How 
ever, the wavelet compression method of the 031 patent 
application utilizes a lossy compression algorithm, whereby 
the compressed/decompressed image is different from the 
original digital image. These differences, though they may 
be subtle, could inhibit a pathologist from making an accu 
rate diagnostic evaluation. 

0010 U.S. Pat. No. 6,272,235, entitled, Method and 
Apparatus for Creating a Virtual Microscope Slide, 
describes a method and apparatus for constructing a virtual 
microscope slide made up of digitally scanned images from 
a microscope specimen. The digitally scanned images are 
arranged in a tiled format convenient for viewing without a 
microscope, and for transferring the tiled images for viewing 
by another at a remote location. Several original microscope 
views at a low magnification are digitized and stored as 
digitized images coherently seamed together to-provide an 
overall virtual, macro image of the specimen at a lower 
resolution. Several original microscope views at higher 
magnifications are digitized and stored as digitized images 
coherently seamed together to provide virtual micro images 
at higher resolution. A data structure is formed with these 
virtual macro and micro digitized images along with their 
mapping coordinates. Preferably, a generic viewing program 
is also provided in the data structure that allows remote users 
to manipulate and interpret the tiled images on the user's 
monitor. Also, the data structure is formed with significantly 
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compressed data so as to be transmitted over low bandwidth 
channels, such as the Internet, without loss of resolution that 
would interfere with the analysis at a remotely-located 
pathologist receiving the data structure over the Internet. 
The preferred interactive program allows the pathologist to 
scroll and view neighboring image areas of interest. A 
marker on the macro image indicates to the user the location 
of the micro image and assists the user in selecting areas 
from the macro image to be viewed at higher resolution and 
magnification. 
0011 While the 235 patent provides a means to selec 
tively capture digital images at high magnification, rather 
than image the entire microscope slide using a high power 
objective, it relies on the user of the apparatus to manually 
select a region of interest for high magnification digital 
imaging. A user examines the macro image or original 
specimen for significant details. Typically, the user will 
highlight with a marking pen the areas to be viewed at higher 
magnification. The user then changes the magnification to a 
higher power objective, moves the microscope slide to bring 
the selected region into view, and begins to capture images 
of the selected region. 
0012 U.S. Pat. No. 5,978.498, entitled, Apparatus for 
Automated Identification of Cell Groupings on a Biological 
Specimen, describes the detection of cellular aggregates 
within cytologic samples. An image analysis system with an 
image gathering system includes a camera, a motion con 
troller, an illumination system and an interface; the system 
obtains images of cell groupings. The image gathering 
system is constructed for gathering image data of a specimen 
mounted on a slide and is coupled to a data processing 
system. Image data is transferred from the image gathering 
system to the data processing system. The data processing 
system obtains objects of interest. A four step process finds 
cellular aggregates. The first step is acquisition of an image 
for analysis. The second step is extraction of image features. 
The third step is classification of the image to determine if 
any potential cellular aggregates may exist in the image. The 
fourth step is segmentation of objects which includes the 
Substeps of detecting and locating potential cellular aggre 
gates. 

SUMMARY 

0013 The present disclosure includes systems and tech 
niques relating to intelligently directed segmentation analy 
sis for automated microscope systems. Implementations of 
the systems and techniques described here may occur in 
hardware, firmware, software or combinations thereof, and 
may include computer program instructions for causing a 
programmable machine to perform the operations described. 
0014. According to some implementations, an automated 
imaging system includes a microscope, a controller coupled 
with the microscope, and a display device coupled with the 
controller. The microscope can be a computer-controlled 
microscope electrically connected to the controller and 
including a barcode reader, a camera, a serial interface, one 
or more sensors, on or more motors, a light Source, a turret, 
and a data interface. The controller can be configured to 
operate the microscope autonomously, to present image data 
on the display device, and to perform a cluster analysis 
operation. 
0.015 The method of performing the cluster analysis 
operation can include setting operating parameters, perform 
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ing a silhouette Scan, calculating Zelle parameters, perform 
ing cluster analysis on a set of Zelle parameters, segmenting 
the Zelles into groups, determining which resulting groups 
are valuable and which are not, determining how many 
high-power images to capture of each valuable cluster, 
capturing high-power images, and storing the images and 
associated data. The method can further include codifying 
knowledge derived from user interaction with the system, 
where this codifying can include displaying a low-magnifi 
cation image, selecting a region to view at high-magnifica 
tion, determining whether an image has been captured and 
stored of the selected location, displaying a high-magnifi 
cation image of the selected location if it exists, or indicating 
the location of the most similar image that has been captured 
and stored, displaying the high-magnification image if the 
alternative location is acceptable, capturing and displaying a 
high-magnification image of the originally selected location 
if the alternative location is not acceptable, and storing 
attributes and parameters of the high-magnification image to 
build a knowledge-base that optimizes future use of the 
automated microscope imaging system. 

0016. According to further implementations, various 
methods of analyzing image data can be effected in a system, 
apparatus or article including a machine-readable medium 
storing instructions operable to cause one or more machines 
to perform operations of the method. For example, an 
apparatus can include an interface configured to connect 
with a microscope, and a controller configured to send 
signals through the interface to operate the microscope and 
to perform the operations of a method. The interface can 
include a serial interface and a data interface, and the 
controller can be a special-purpose or conventional com 
puter. 

0017. The method can include obtaining an image of at 
least a portion of a scan region including a biological 
specimen, differentiating tissue of greater interest from 
tissue of lesser interest in the image based on a test being 
performed for the biological specimen and based on a cluster 
analysis of data from the image, and storing information for 
the tissue of greater interest, which falls in the scan region. 
The differentiating can include defining Subimages in the 
image based on the test being performed for the biological 
specimen, determining one or more parameters of the Sub 
images, performing the cluster analysis on the one or more 
parameters of the Subimages, and identifying one or more 
areas in the Subimages based on results of the cluster 
analysis, the one or more areas including the tissue of greater 
interest. 

0018. Obtaining the image can include performing a 
silhouette Scan. The information storing can include retain 
ing high resolution data for the tissue of greater interest, and 
discarding high resolution data for the tissue of lesser 
interest. 

0019. The defining subimages can include specifying 
Subimage dimensions based on the test being performed for 
the biological specimen. The determining can include deter 
mining multiple parameters of the Subimages, and the per 
forming can include performing a multivariate statistical 
cluster analysis on the multiple parameters. The identifying 
can include selecting a proper Subset of resulting clusters 
based on operating parameters set for the test being per 
formed for the biological specimen. The method can further 
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include obtaining one or more higher magnification images 
of the biological specimen in the one or more areas of the 
Subimages, and the information storing can include Saving 
the one or more higher magnification images. 

0020. The method can include obtaining one or more 
higher magnification image samples of a cluster until a 
predefined number of samples meeting a specified criteria 
have been obtained for the cluster. The method can include 
obtaining a higher magnification image sample of a cluster, 
the information storing can include saving the higher mag 
nification image sample along with a lower magnification 
image of the cluster and information linking the higher 
magnification image sample with the lower magnification 
image. Such that the higher magnification image sample is 
returned in response to a request for a high power image of 
a region in the lower magnification image, wherein the 
region does not overlap with the higher magnification image 
sample but is statistically similar to the higher magnification 
image sample according to the cluster. Obtaining the higher 
magnification image sample can include obtaining multiple 
samples covering representative members of the cluster, and 
the information storing can include saving the samples, the 
lower magnification image and the linking information in a 
single file for distribution. 

0021. The method (which can be realized in a system, 
apparatus or article) can include obtaining an image of at 
least a portion of a scan region including a biological 
specimen, Subdividing the obtained image into a plurality of 
Subimages, wherein the Subdividing is based on a test being 
performed for the biological specimen, generating a deriva 
tive image wherein image units of the derivative image are 
derived from respective ones the Subimages, performing an 
automated analysis of the derivative image to identify one or 
more areas of interest for the test, and storing information 
for the one or more areas of interest, which fall in the at least 
a portion of the scan region. Performing the automated 
analysis can include performing a multivariate statistical 
cluster analysis, and grouping quadrants of the obtained 
image based on results of the multivariate statistical cluster 
analysis and the test being performed for the biological 
specimen. Subdividing the obtained image can include 
specifying Subimage dimensions based on the test being 
performed for the biological specimen. 

0022. The grouping can form groups of quadrants, and 
the performing the automated analysis can include selecting 
a proper Subset of the groups based on the test being 
performed for the biological specimen to identify the one or 
more areas of interest. The grouping can form groups of 
quadrants, the performing the automated analysis can 
include determining a number of sample locations covering 
representative members of the groups based on the test, and 
the information storing can include Saving lower magnifi 
cation image data for the groups and higher magnification 
image data for the sample locations. 

0023 The method can include returning, in response to a 
request for a high power image of a first region in the lower 
magnification image data, at least a portion of the higher 
magnification image data corresponding to a second region 
with similar characteristics to the first region according to 
the multivariate statistical cluster analysis. The can further 
include updating a knowledge-base according to user input 
provided with respect to the at least a portion of the higher 
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magnification image data returned, wherein the updated 
knowledge-base affects future applications of the multivari 
ate statistical cluster analysis for the test. 
0024. The method (which can be realized in a system, 
apparatus or article) can include obtaining an image of at 
least a portion of a scan region including a biological 
specimen, partitioning the obtained image into Zelles, deter 
mining one or more parameters of the Zelles, performing a 
cluster analysis on the one or more parameters of the Zelles, 
differentiating tissue of greater interest from tissue of lesser 
interest in the obtained image based on the cluster analysis 
and based on a test being performed for the biological 
specimen, and storing more information for the tissue of 
greater interest than information for the tissue of lesser 
interest. The cluster analysis can include a multivariate 
statistical cluster analysis, and the Zelles can include test 
dependent Zelles. The method can include segmenting the 
Zelles into clusters exhibiting similar characteristics among 
a portion of the one or more parameters determined to best 
cluster the Zelles according to the cluster analysis. The 
method can further include determining which clusters con 
tain Zelles that most likely contain content that is valuable to 
a pathologist in making a diagnostic evaluation. 
0025 The method can include determining how many 
high-power images of Zelles to retain for each cluster based 
on a knowledge-base codifying previous test experience. 
The method can include capturing the high-power images of 
Zelles, analyzing the captured high-power images to deter 
mine if they meet specified criteria, and terminating the 
capturing once a sufficient number of high-power images 
have been acquired for the test according to the determining 
how many high-power images of Zelles to retain. 
0026. The method can include presenting on a display 
device, in response to a request for a high power image of 
a first region, at least a portion of one or more of the 
high-power images, the at least a portion corresponding to a 
second region with similar characteristics to the first region 
according to the cluster analysis. Furthermore, the method 
can include updating the knowledge-base according to user 
input, wherein the updated knowledge-base affects future 
applications of the cluster analysis for the test. 
0027. One or more of the following advantages may be 
provided. A pathologist can be provided for viewing, in 
order to make an accurate assessment of a tissue sample or 
other specimen, one or more appropriate high-power, undis 
torted images. Images need not be compressed using lossy 
compression algorithms as only the most relevant portions 
of a slide can be scanned at high resolution as needed. Rapid 
data collection and reduced need for processing power in the 
automated microscope system can be realized. Digital 
images can be rapidly captured and stored, while minimiz 
ing Storage requirements, yet preserving the quality of the 
original image. 

0028. The stored images on an automated microscope 
system allow a pathologist or other user to automate the 
process of finding, focusing, and viewing a specimen on a 
microscope slide. The typical process involves looking at the 
slide at a low magnification to determine where on the slide 
interesting samples are located, moving the slide Such that 
an interesting area is centered in the field of view, increasing 
the power of the objective, and viewing the sample at a 
higher power to confirm it is of genuine interest and to make 
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a diagnosis. An automated microscope system according to 
the present disclosure may determine where a specimen of 
interest lies on a microscope slide and also determine what 
portions of that specimen a pathologist or other user may 
find interesting. This can result in significant savings in 
processing time and image storage requirements as high 
power images of every location on a microscope slide need 
not be captured and saved. 
0029. In many cases, the area of interest on a slide 
represents only a fraction of the entire sample. The present 
systems and techniques can be used to predict what areas of 
a microscope slide a pathologist may need to view, and to 
capture and store digital images of only those locations. An 
automated system can quickly identify and capture digital 
images of only those areas a pathologist or other user may 
need to view under higher magnification in order to com 
plete a diagnosis, which can result in significant processing 
and storage efficiencies. In particular, the present systems 
and techniques can be used to minimize the storage require 
ments of digital microscopic images in Such a way that the 
quality of the images is maintained, to minimize the acqui 
sition time of digital microscopic images at high magnifi 
cation objectives, and to identify areas of interest on a 
microscope slide to capture and store images at a high 
magnification objective. 

0030) Details of one or more embodiments are set forth in 
the accompanying drawings and the description below. 
Other features and advantages may be apparent from the 
description and drawings, and from the claims. 

DRAWING DESCRIPTIONS 

0031. These and other aspects will now be described in 
detail with reference to the following drawings. 
0032 FIG. 1 is a block diagram showing a microscope 
imaging system, according to some implementations. 

0033 FIGS. 2A and 2B show an expanded view of 
interesting and non-interesting regions of a microscope slide 
including area partitioning, according to some implementa 
tions. 

0034 FIG. 3 is a flow diagram of a method of performing 
a cluster analysis operation that can serve to optimize image 
data acquisition time and data storage, according to some 
implementations. 

0035 FIG. 4 shows segmentation of Zelles across two 
variables and segmentation of data into discrete groups or 
clusters, according to Some implementations. 
0.036 FIG. 5 is a flow diagram of a method of codifying 
knowledge that can serve to optimize image data acquisition 
time and data storage, according to Some implementations. 

DETAILED DESCRIPTION 

0037. The systems and techniques described here relate 
to capturing and storing digital images for use with a 
computer-controlled automated microscope imaging sys 
tem. A method can include analyzing a low-magnification 
image of the entire microscope slide to identify areas of 
interest. Next, quadrants that exhibit similar characteristics 
can be grouped together. Images of a Subset of quadrants 
from each group can then be captured and stored at high 
magnification. In this manner, the data acquisition time and 
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the image data storage requirements can be optimized, while 
still satisfying the needs of the pathologist or other user. 
0038 FIG. 1 illustrates a high-level functional diagram of 
a microscope imaging system 100. Microscope imaging 
system 100 is representative of a generalized imaging sys 
tem suitable for use with the optimized image acquisition 
techniques described in detail in connection with FIGS. 2-5. 
Microscope imaging system 100 includes a microscope 110 
that is electrically connected to a controller 112 that has a 
display device 114. Controller 112 is representative of any 
special-purpose or conventional computer, such as a desk 
top, laptop, or host computer. Controller 112 can be loaded 
with the appropriate Software for controlling microscope 
imaging system 100. Such as Software for running image 
processing algorithms and image analysis algorithms. Dis 
play device 114 can be any special-purpose or conventional 
display device (e.g., a computer monitor) that outputs 
graphical images to a user. 
0039 Microscope 110 is a computer-controlled micro 
Scope Suitable for use in an automated imaging system. An 
example of microscope 110 is a ChromaVision Automated 
Cellular Imaging System (ACIS). Microscope 110 can fur 
ther include a barcode reader 116, a camera 118, a serial 
interface 120, one or more sensors 122, one or more motors 
124, a light source 126, a turret 128, and a data interface 130. 
0040 Barcode reader 116 is a standard barcode reader 
capable of detecting an identifier upon, in the example of 
microscope imaging System 100, a standard microscope 
slide (not shown). Camera 118 is a digital camera that has 
selectable resolution capabilities. Camera 118 is mounted 
upon turret 128 of microscope 110, such that its aperture is 
aligned with the field of view (FOV) of any lens associated 
with turret 128. Barcode reader 116 and camera 118 can feed 
electrical inputs of serial interface 120, which facilitates a 
serial communication link between these elements and con 
troller 112. For example, serial interface 120 can provide a 
USB (Universal Serial Bus) connection to controller 112. 
Furthermore, camera 118 can provide a direct video output 
connect to a video card (not shown) within controller 112 
that gathers the image data from camera 118 for processing. 
0041) Sensors 122 include, but are not limited to, position 
sensors, temperature sensors, and light intensity sensors or 
optical encoders. Motors 124 can be conventional servomo 
tors associated with the motion control of microscope 110. 
Such as for rotating the appropriately powered lens within 
the optical path of microscope 110, for adjusting focus, or 
for controlling an automated microscope stage (not shown). 
Light source 126 can be any suitable light source for 
appropriately illuminating the FOV of microscope 110, such 
that the creation of a digital image of that FOV is possible. 
Turret 128 can be a conventional motor-driven microscope 
turret, upon which is mounted a set of lenses of varying 
power that may be rotated into the optical path of micro 
scope 110. Turret 128 is also suitably controlled to provide 
the desired focus. Sensors 122, motors 124, light source 126, 
and turret 128 can feed electrical inputs of data interface 
130. Data interface 130 can be a conventional system driver 
card, which facilitates a data communication link between 
these elements and a motion control card (not shown) within 
controller 112. 

0042 Although specific functions of microscope imaging 
system 100 are further described in reference to FIGS. 2 
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through 5, the generalized operation of microscope imaging 
system 100 is described in reference to FIG. 1, as follows. 
A continuous Supply of standard microscope slides that have 
a biological sample deposited thereon is fed to the auto 
mated microscope stage of microscope 110 via an in-feed 
stage and, Subsequently, is positioned in the FOV of micro 
scope 110. Additionally, during the transition from the 
in-feed stage of microscope imaging system 100 to the 
microscope stage of microscope 110, the identifier (ID) of 
the target microscope slide is read by barcode reader 116. 
The target slide is Subsequently scanned at various resolu 
tions and magnifications, based on image-processing algo 
rithms and image analysis algorithms executed by controller 
112. Upon completion of the image scan operation, the slide 
is transferred out of microscope imaging system 100 via an 
out-feed stage (not shown), the slide ID and image data for 
that particular slide is transmitted to controller 112 and 
stored in memory, and the motion control system moves the 
next target slide into the FOV of microscope 110. 

0043. This process automatically repeats for each micro 
Scope slide that is automatically fed into microscope imag 
ing system 100. It is noted that microscope imaging system 
100 operates autonomously, i.e., a clinician can initiate 
microscope imaging system 100 and microscope imaging 
system 100 can subsequently operate automatically without 
human intervention, so long as a Supply of microscope slides 
is available at its in-feed stage and no system errors occur. 
At any time, however, a clinician may view and/or manipu 
late the digital image of any given slide via controller 112 
and display device 114 for the inspection and analysis of any 
given specimen, as is well known in anatomic pathology. 
This is possible because controller 112 can reconstruct the 
image by using the image data associated with the contigu 
ous FOVS and the image registration information. 

0044 FIG. 2A illustrates an expanded view of a micro 
Scope slide 200 and specimen resulting from microscope 
imaging system 100 having performed a silhouette Scan 
operation, as detailed in U.S. patent application Ser. No. 
10/413,493 (U.S. Pub. No. 2004-0202357 A1), filed Apr. 11, 
2003, and entitled, Silhouette Image Acquisition, which is 
hereby incorporated by reference. FIG. 2A illustrates that 
microscope slide 200 can be partitioned into an array of 
contiguous segments or Zelles 210 covering the entire area 
of microscope slide 200. The area of each Zelle 210 can be 
defined by the power (i.e., magnification) setting of micro 
scope 110. Those skilled in the art will appreciate that a 
microscopic FOV reduces very Substantially as the magni 
fication increases. Zelles 210 may overlap slightly or abut. 
Overlap may be useful to ensure that no region is missed due 
to mechanical inaccuracies in the X, Y stage of microscope 
110, and depending upon the Smallness of the expected 
target. Zelles 210 can be representative of the FOVs, in 
which low magnification and resolution are used; thus, 
operation time and the amount of Stored image data can be 
minimized. Additionally, a low-power lens has a greater 
depth of focus, so that microscope 110 can search for tissue 
without having to refocus. The low-power lens of micro 
Scope 110 can be focused at either a best-guess Z-plane or a 
Z-plane derived from microscope calibration. Moreover, the 
present systems and techniques can employ the focusing 
systems and techniques described in U.S. Patent Application 
No. TO BE DETERMINED, filed MONTH DAY, YEAR, 
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and entitled, System for Method of Focusing for Automated 
Microscope Systems, which is hereby incorporated by ref 
CCC. 

0045 Any Zelle 210 found to have specimen content can 
be classified as interesting and mapped as a logical 1. By 
contrast, any Zelle 210 found to have no specimen content 
can be classified as non-interesting and mapped as a logical 
0. In this manner, a silhouette of the specimen, i.e., a sample 
230, is formed, as shown in FIG. 2A, thereby creating what 
is effectively a low-resolution image that may be processed 
using standard image-processing algorithms. An image table 
can be generated that represents the low-resolution image of 
sample 230. 
0046 Parameters are set depending on the test and appli 
cation for analyzing each Zelle 210 and determining whether 
there is anything of interest in each Zelle 210. A statistical 
algorithm (e.g., a multivariate statistical cluster analysis) can 
be run to determine whether there is anything of interest in 
each Zelle 210. The classification of areas of interest can be 
uniquely peculiar to each particular application (test). For 
example, a priority may be set for blue stain, red stain, any 
speck of tissue, or specifically a large Volume of tissue to be 
classified as interesting. Consequently, the biological 
requirements of each particular test determine what is of 
interest and, thus, determine the parameters. Therefore, each 
Zelle 210 can be analyzed using predetermined parameters 
for a particular test using associated algorithms that deter 
mine whether what is found in each Zelle 210 matches the 
predetermined criteria and is therefore classified as interest 
ing. 
0047 Microscope slide 200 can be further partitioned. 
Statistically, based upon the entire area of a particular Zelle 
210, there may be very little material of interest within Zelle 
210. One way to handle this is to arbitrarily subdivide each 
Zelle 210 into yet Smaller regions using data processing. As 
an example, FIG. 2A illustrates that each Zelle 210 can be 
further partitioned into an array of contiguous minor-Zelles 
220, thereby forming an array of minor-Zelles 220 covering 
the entire area of microscope slide 200. 
0048 Like Zelles 210, the interestingness of these yet 
Smaller minor-Zelles 220 can be assessed via image-process 
ing algorithms and image analysis algorithms. This can be 
done in preparation for a future operation of collecting and 
saving a series of higher magnification images, as only the 
interesting regions may need be examined at a higher 
magnification. Although not a requirement, minor-Zelles 220 
may be designed to match the anticipated FOVs of the 
higher power images of later phases of operation. The size 
of minor-Zelles 220 and whether minor-Zelles 220 match up 
with the anticipated FOVs of the higher power images can 
be adjustable system parameters. 
0049. Using image-processing algorithms and image 
analysis algorithms (which can be executed by controller 
112) minor-Zelles 220 found to have specimen content can 
be classified as interesting and mapped as a logical 1. By 
contrast, any minor-Zelles 220 found to have no specimen 
content can be classified as non-interesting and mapped as a 
logical 0. In this manner, a yet more precise silhouette of 
sample 230 can be formed, thereby creating a slightly 
higher-resolution image that may be processed using stan 
dard image-processing algorithms. It is further understood 
that silhouette scan could continue to process microscope 
slide 200 further into yet smaller minor Zelles. 
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0050. In general, any acquired image (whether it be a 
single FOV image or a composite image Stitched together 
from multiple FOVs) can be subdivided into a plurality of 
Subimages based on the test being currently performed for 
the biological specimen 230. The dimensions of the subim 
ages can be specified by the parameters of the test. For 
example, the test can specify a size for the Zelles used in the 
cluster analysis described below, and these test-dependent 
Zelles 240 can be arranged to fully cover the specimen 230 
based on the minor Zelles 220 found in the silhouette scan 
(as shown in FIGS. 2A and 2B). Thus, the size of the Zelles 
and whether the Zelles match up with the anticipated FOVs 
for later image acquisition are adjustable system parameters, 
which can depend on the test being run. Likewise, the 
test-dependent Zelles can be used to derive a new image 250 
that may be processed using various image-processing algo 
rithms; standard image-processing algorithms, such as those 
that dilate, erode, or assess whether pixels of an image are 
isolated or connected, can be run on the derivative image 
250. Thus, the Zelles can be understood as source data for 
pixels of a new image to be processed, and the pixels of this 
new image indicate certain characteristics of the tissue in the 
corresponding Zelles as determined by the derivation pro 
cedure. 

0051. After image tables are generated, the image data 
associated with non-interesting regions may be discarded, 
thereby optimizing the storage space requirements upon 
controller 112. Furthermore, after image tables are gener 
ated, microscope imaging system 100 may perform any 
image-processing and analysis algorithm as desired. For 
example, microscope imaging system 100 can determine 
whether microscope slide 200 contains a valid sample 230 or 
whether sample 230 meets distribution expectations, and so 
O. 

0.052 FIG. 3 illustrates a flow diagram of a method 300 
for performing intelligent, directed segmentation that opti 
mizes image data acquisition time and image data storage 
requirements. By first forming groups of Zelles with similar 
characteristics and then imaging (or retaining) only a few 
representative Zelles of each group, the data acquisition time 
and image data storage requirements can be significantly 
improved. 

0053 At 305, operating parameters can be set. Micro 
Scope imaging system 100 can set operating parameters that 
are used to enhance the operation of Subsequent operations 
and improve the confidence of the resulting clusters or 
groupings. Operating parameters can include functions, con 
stants or inputs, which can be derived from rules-of-thumb 
that are based upon prior knowledge and attributes of the 
microscope slide 220, cover slip 240, or sample 230. For 
example, parameters may include the expected specimen 
color, size, features, or distribution, and may also be related 
to the test being run. Parameters may also include the 
thickness of microscope slide 200 or of sample 230. oper 
ating parameters can be derived by associating prior knowl 
edge data already stored within microscope imaging system 
100 with a unique identifier on microscope slide 200, such 
as a barcode. In addition, a user may manually enter addi 
tional information or parameters directly via a graphical user 
interface designed for accepting operating parameters to 
microscope imaging system 100. Operating parameters may 
also be derived from a knowledge base that is continuously 
updated. As the knowledge base grows, the system learns 
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from previous results and improves the operation of Subse 
quent tests. The system can thus become more efficient and 
the results can be more accurate over time. The process of 
updating the knowledge base is described in further detail 
below in connection with FIG. 5. 

0054 At 310, a silhouette scan can be performed. Micro 
Scope imaging system 100 can differentiate interesting VS. 
non-interesting tissue (e.g., fat tissue versus stroma based on 
color and texture, or tumor versus no tumor based on color 
and texture) in areas (e.g., Zelles 210, 220 or 240) in a 
high-resolution, low-magnification image. Microscope slide 
200 (or just the portions of the slide 200 that contain tissue) 
can be partitioned into an array of contiguous segments, or 
Zelles, that cover the entire area. The area of each Zelle can 
be defined by the power (i.e., magnification) setting of 
microscope 110, by the test being performed, or a combi 
nation of these. The X, Y coordinates of each Zelle can be 
captured and stored in the memory of microscope imaging 
system 100. The interesting Zelles are those that have a 
higher probability of containing the biological specimen. 
These Zelles have one or more statistics or parameters that 
have exceeded a specified threshold. 
0055. At 315, Zelle parameters can be calculated. Micro 
Scope imaging system 100 can collect and calculate data for 
each interesting Zelle. Stored in the memory of microscope 
imaging system 100, the data can be associated with a 
particular Zelle from which it came. Data or parameters 
collected on an interesting Zelle may include location coor 
dinates, lightness and darkness, color, variation in the color, 
edginess, variation/standard deviation of power of the pixel 
values (brightness), different colors represented and ratios of 
colors, number of non-white pixels, number of nuclei, or 
average size of nuclei. 
0056. At 320, a cluster analysis can be performed. Micro 
Scope imaging system 100 can analyze the parameters 
calculated at 315 from each Zelle to determine how well a 
particular parameter-is able to cluster the Zelles. A cluster is 
a group of Zelles that exhibit similar characteristics in a 
particular parameter or set of parameters. For example, FIG. 
4 depicts a two-dimensional plot of segmenting data 400, 
which is representative of sample data analyzed across the 
two-dimensional brightness-color space. For the purposes of 
simplicity, the data is depicted only in the two-dimensional 
space. However, in practice, Zelles may be analyzed in a 3+ 
multi-dimensional space, wherein each dimension corre 
sponds to one of the parameters calculated at 315. In FIG.4, 
each Zelle has a score corresponding to its average bright 
ness and a score corresponding to its average color. If one 
were to analyze the Zelles by only the brightness parameter, 
it would be readily apparent that the Zelles are uniformly 
distributed across a broad range. No discernable groups 
would be evident. If the Zelles were analyzed by only the 
color parameter, two groups could be recognized. One group 
would contain the Zelles of a Cluster I in FIG. 4 and another 
group would contain the Zelles of Clusters II and III in FIG. 
4. By analyzing the data across both the brightness and color 
dimensions together, three discrete clusters are evident, as 
indicate in FIG. 4. A cluster analysis algorithm can take into 
account a parameter's ability to cluster the data on its own 
as well as with other variables. The results of the cluster 
analysis allow microscope imaging system 100 to determine 
which parameters are able to cluster the data and which 
parameters provide no helpful cluster information. Operat 
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ing parameters set at 305 can provide to microscope imaging 
system 100, in advance, the Zelle parameters expected to 
best cluster Zelles for a particular specimen type or diag 
nostic test, further optimizing the efficiency of microscope 
imaging system 100. Those parameters that are not able to 
provide any meaningful information can be ignored, which 
can further improving the efficiency and speed of the pro 
cessing. 

0057. At 325, the data can be segmented. Microscope 
imaging system 100 can form groups or clusters of Zelles 
exhibiting similar characteristics among those parameters 
determined at 320 to best cluster the data. For example, FIG. 
4 depicts sample data segmented by brightness and color. 
Three clusters are readily identifiable. Cluster II includes 
those Zelles that are very bright but contain very little color; 
Cluster I includes those Zelles that are not quite as bright but 
have quite a bit more color; and Cluster III includes those 
Zelles that are neither bright nor contain much color. This 
example, for the purposes of simplicity, shows Zelles seg 
mented in the two-dimensional brightness-color space. 
However, in practice, Zelles may be segmented in the 
n-dimensional space, where n is the number of parameters 
determined at 320 to be useful in creating clusters. 

0.058 At 330, a determination can be made as to which 
clusters are valuable and which are not. Microscope imaging 
system 100 can use operating parameters set at 305 to 
determine which clusters contain Zelles that most likely 
contain content that is valuable to a pathologist in making a 
diagnostic evaluation. There may be several clusters formed 
as a result of the data segmentation at 325. One or more of 
these clusters may not contain any valuable information a 
pathologist needs in analyzing sample 230. However, one or 
more other clusters may contain Zelles critical to analyzing 
sample 230 and making an accurate diagnostic evaluation. 
Working with only those clusters determined to contain 
valuable content allows data acquisition time and image data 
storage requirements to be optimized, while still satisfying 
the needs of the pathologist or other user. The knowledge 
base, further explained in method 500, can assist microscope 
imaging system 100 in determining, in advance, which 
clusters most likely contain valuable content. It is further 
understood that if little or no a priori knowledge is available 
as operating parameters, microscope imaging system 100 
can determine that all clusters are valuable by default. 

0059) At 335, a determination can be made as to how 
many high-power images of each cluster to capture. Using 
operating parameters at 305, microscope imaging system 
100 can determine how many high-power images of Zelles 
to capture from each valuable cluster as determined at 330. 
By capturing and storing images of only a sample of Zelles 
that fall into one of the identified clusters, method 300 can 
reduce the image storage capacity requirements, increase the 
speed and efficiency of the process, and ensure high-power 
images are available for the interesting areas a pathologist is 
likely to want to view. In some embodiments, microscope 
imaging system 100 determines the number of high-power 
images to capture based partly on the digital image storage 
capacity of the system. In some embodiments, microscope 
imaging system 100 determines the number of high-power 
images to capture based on the knowledge-base and previ 
ous experience capturing images of similar specimen types 
or diagnostic tests. 
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0060. At 340, high-power images can be captured. 
Microscope imaging system 100 can capture digital images 
of Zelles belonging to clusters containing valuable content, 
as determined at 330. This can be done in an order corre 
sponding to a ranking of Zelles in the clusters, which ranking 
can be based on statistical characterization of the Zelles in 
view of the test being performed (e.g., the percentage of 
different stain colors, the number of identifiable objects, 
such as cell nuclei, the ratio of the number of cell nuclei of 
one color versus another, etc.). Moreover, the high-power 
digital image capture can involve additional automated 
analysis of the captured high resolution images to determine 
if they meet specified criteria (e.g., the number of chromo 
Somes in a cell nuclei), and the image capture can then 
terminate once a sufficient number of high-power images 
have been acquired for the test (e.g., the operating param 
eters can specify the number of criteria-meeting samples to 
acquire at high power, Such as one hundred cells having a 
specified number of deoxyribonucleic acid (DNA) probe 
attachments to the nucleus in the case of a fluorescence in 
situ hybridization (FISH) test). 

0061. At 345, acquired images can be stored. The high 
power power images can be saved for future viewing in the 
memory of microscope imaging system 100. Associated 
with each stored image can be data related to the coordinates 
and parameters of the Zelles pictured in the digital image. 

0062 FIG. 5 shows a flow diagram of method 500 of 
codifying the knowledge gained from a pathologists expe 
rience of manually identifying regions of a biological speci 
men that need to be viewed at higher magnification and are 
essential in making a diagnostic evaluation. This codified 
knowledge, or knowledge-base, can be used to set operating 
parameters at 305 of method 300 and can be used to 
optimize the ability of microscope imaging system 100 to 
perform many of the operations of method 300. In particular, 
a knowledge-base can be used to improve the ability of 
microscope imaging system 100 to identify parameters at 
320 of method 300 that are best able to form groups or 
clusters of Zelles with similar characteristics. A knowledge 
base can also be used to improve the ability of microscope 
imaging system 100 to differentiate between the resulting 
clusters, as at 330 of method 300, and identify those clusters 
that are valuable from those that do not contain any useful 
information. This differentiation can involve differentiating 
diagnostically valuable tissue from non-diagnostically valu 
able tissue for the given test. 
0063 At 505, a low-magnification image can be dis 
played. Microscope imaging system 100 can display a 
reconstructed image of microscope slide 200 and sample 
230 on display device 114. At 510, an area can be selected 
for viewing at high-magnification. A pathologist or other 
expert can view the image on display device 114 and select 
a particular region to view under higher magnification. The 
choice of what region to select is based on the experience of 
the pathologist having viewed and diagnosed many similar 
specimens in the past. The pathologist has the ability to 
quickly recognize an area on a low-magnification image that 
contains valuable content necessary to perform a diagnostic 
evaluation. 

0064. At 515, a check is made as to whether there is an 
image stored of the selected location. The microscope imag 
ing system 100 can determine whether a high-power image 
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of or including the location selected at 510 was previously 
captured and stored in the memory of microscope imaging 
system 100 at 340 of method 300. If so, the high magnifi 
cation image can be displayed at 520. The microscope 
imaging system 100 can display the high-power image 
selected at 510 on display device 114. 
0065. If a high-power image of the selected location was 
not previously captured and stored, the most similar stored 
image available can be determined at 525. The microscope 
imaging system 100 can determine which high-power image 
previously captured and stored in the memory of microscope 
imaging system 100 at 340 of method 300 is most similar to 
or exhibits the closest characteristics of the region selected 
at 510. The alternative image can be of a Zelle from the same 
cluster as a Zelle from the region originally selected by the 
pathologist, but may not necessarily be located near to the 
region originally selected by the pathologist. 
0066. At 530, a determination can be made as to whether 
the location of the alternative image is acceptable. The 
microscope imaging system 100 can indicate to the user the 
location upon microscope slide 200 where there exists a 
digital image previously captured and stored in the memory 
of microscope imaging system 100 that is most similar to or 
exhibits the closest characteristics of the region selected at 
510. The pathologist or other user can be prompted to 
indicate whether this alternative region will suffice in mak 
ing their diagnostic evaluation. If so, the alternative high 
magnification image can be displayed at 535. The micro 
scope imaging system 100 can display the alternative high 
power image proposed at 530 on display device 114. 
0067. If the alterative image is not acceptable, a high 
magnification image of the originally selected location can 
be captured at 540. The microscope imaging system 100 can 
move microscope slide 200 to the coordinates of the region 
selected at 510 and capture a high-power image of that 
location and/or display the location live to the user. At 545, 
the new high-magnification image can be displayed. The 
microscope imaging system 100 can display the high-power 
image captured at 540 on display device 114. 
0068. At 550, Zelle parameters of the selected image can 
be stored in the knowledge base. The microscope imaging 
system 100 can store in its memory the information and 
parameters related to those regions as determined and 
selected by the pathologist to be useful in making a specific 
diagnostic evaluation on a particular sample 230. Micro 
Scope imaging system can determine which parameters, 
combination of parameters, and value ranges form clusters 
that contain only those Zelles located in the region(s) 
selected by the pathologist. By having an expert identify the 
areas of microscope slide 200 that are critical to making an 
effective diagnostic evaluation, and then determining what 
the common characteristics are of those locations, micro 
Scope imaging system 100 can learn how to automate the 
process of identifying those areas on microscope slide 200 
that a pathologist needs to view at high-power in order to 
make a diagnosis for similar specimen types and for similar 
diagnostic tests. This information can then be used on 
similar diagnostic tests and specimen types in the future to 
make more accurate assessments as to the characteristics of 
valuable content and which parameters form meaningful 
clusters. The knowledge-base feeds back to the operating 
parameters for use in future tests as described at 305 of 
method 300. 
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0069. The processes described above, and all of the 
functional operations described in this specification, can be 
implemented in electronic circuitry, or in computer hard 
ware, firmware, software, or in combinations of them, Such 
as the structural means disclosed in this specification and 
structural equivalents thereof, including potentially a pro 
gram (stored in a machine-readable medium) operable to 
cause one or more programmable machines including pro 
cessor(s) (e.g., a computer) to perform the operations 
described. It will be appreciated that the order of operations 
presented is shown only for the purpose of clarity in this 
description. No particular order may be required for these 
operations to achieve desirable results, and various opera 
tions can occur simultaneously. For example, the logic flows 
depicted in FIGS. 3 and 5 do not require the particular order 
shown, sequential order, or that all operations illustrated be 
performed, to achieve desirable results. In certain imple 
mentations, multitasking and parallel processing may be 
preferable. 
0070 The various implementations described above have 
been presented by way of example only, and not limitation. 
Thus, the principles, elements and features described may be 
employed in varied and numerous implementations, and 
various modifications may be made to the described embodi 
ments without departing from the spirit and scope of the 
invention. Accordingly, other embodiments are within the 
Scope of the following claims. 

What is claimed is: 
1. An article comprising a machine-readable medium 

storing instructions operable to cause one or more machines 
to perform operations comprising: 

processing an image of at least a portion of a scan region 
including a biological specimen, said processing 
including differentiating tissue of greater interest from 
tissue of lesser interest in the image based on a test 
being performed for the biological specimen and based 
on a cluster analysis of data from the image; and 

storing information for the tissue of greater interest, 
which falls in the scan region. 

2. The article of claim 1, wherein the differentiating 
comprises: 

defining Subimages in the image based on the test being 
performed for the biological specimen; 

determining one or more parameters of the Subimages; 
performing the cluster analysis on the one or more param 

eters of the Subimages; and 
identifying one or more areas in the Subimages based on 

results of the cluster analysis, the one or more areas 
including the tissue of greater interest. 

3. The article of claim 2, wherein the defining subimages 
comprises specifying Subimage dimensions based on the test 
being performed for the biological specimen. 

4. The article of claim 2, wherein the determining com 
prises determining multiple parameters of the Subimages, 
and the performing comprises performing a multivariate 
statistical cluster analysis on the multiple parameters. 

5. The article of claim 2, wherein the identifying com 
prises selecting a proper Subset of resulting clusters based on 
operating parameters set for the test being performed for the 
biological specimen. 
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6. The article of claim 2, wherein the operations further 
comprise obtaining one or more higher magnification 
images of the biological specimen in the one or more areas 
of the Subimages, and the information storing comprises 
saving the one or more higher magnification images. 

7. The article of claim 2, wherein the operations further 
comprise obtaining one or more higher magnification image 
samples of a cluster until a predefined number of Samples 
meeting a specified criteria have been obtained for the 
cluster. 

8. The article of claim 2, wherein the operations further 
comprise obtaining a higher magnification image sample of 
a cluster, the information storing comprises saving the 
higher magnification image sample along with a lower 
magnification image of the cluster and information linking 
the higher magnification image sample with the lower 
magnification image. Such that the higher magnification 
image sample is returned in response to a request for a high 
power image of a region in the lower magnification image, 
wherein the region does not overlap with the higher mag 
nification image sample but is statistically similar to the 
higher magnification image sample according to the cluster. 

9. The article of claim 8, wherein the obtaining the higher 
magnification image sample comprises obtaining multiple 
samples covering representative members of the cluster, and 
the information storing comprises saving the samples, the 
lower magnification image and the linking information in a 
single file for distribution. 

10. The article of claim 1, the operations further com 
prising obtaining the image by performing a silhouette Scan. 

11. The article of claim 1, wherein the information storing 
comprises retaining high resolution data for the tissue of 
greater interest, and discarding high resolution data for the 
tissue of lesser interest. 

12. A method comprising: 
obtaining an image of at least a portion of a scan region 

including a biological specimen; 
Subdividing the obtained image into a plurality of Subim 

ages, wherein the Subdividing is based on a test being 
performed for the biological specimen; 

generating a derivative image wherein image units of the 
derivative image are derived from respective ones the 
Subimages; 

performing an automated analysis of the derivative image 
to identify one or more areas of interest for the test; and 

storing information for the one or more areas of interest, 
which fall in the at least a portion of the scan region. 

13. The method of claim 12, wherein the performing the 
automated analysis comprises: 

performing a multivariate statistical cluster analysis; and 
grouping quadrants of the obtained image based on results 

of the multivariate statistical cluster analysis and the 
test being performed for the biological specimen. 

14. The method of claim 13, wherein the subdividing the 
obtained image comprises specifying Subimage dimensions 
based on the test being performed for the biological speci 
C. 

15. The method of claim 13, wherein the grouping forms 
groups of quadrants, and the performing the automated 
analysis further comprises selecting a proper Subset of the 
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groups based on the test being performed for the biological 
specimen to identify the one or more areas of interest. 

16. The method of claim 13, wherein the grouping forms 
groups of quadrants, the performing the automated analysis 
further comprises determining a number of sample locations 
covering representative members of the groups based on the 
test, and the information storing comprises saving lower 
magnification image data for the groups and higher magni 
fication image data for the sample locations. 

17. The method of claim 13, further comprising returning, 
in response to a request for a high power image of a first 
region in the lower magnification image data, at least a 
portion of the higher magnification image data correspond 
ing to a second region with similar characteristics to the first 
region according to the multivariate statistical cluster analy 
S1S. 

18. The method of claim 17, further comprising updating 
a knowledge-base according to user input provided with 
respect to the at least a portion of the higher magnification 
image data returned, wherein the updated knowledge-base 
affects future applications of the multivariate statistical 
cluster analysis for the test. 

19. An automated imaging system comprising: 
a microscope; 
a controller coupled with the microscope; and 
a display device coupled with the controller; 
wherein the controller is configured to operate the micro 

Scope autonomously, to present image data on the 
display device, and to perform operations including: 

obtaining an image of at least a portion of a scan region 
including a biological specimen; 

partitioning the obtained image into Zelles; 
determining one or more parameters of the Zelles; 
performing a cluster analysis on the one or more param 

eters of the Zelles; 
differentiating tissue of greater interest from tissue of 

lesser interest in the obtained image based on the 
cluster analysis and based on a test being performed for 
the biological specimen; and 

storing more information for the tissue of greater interest 
than information for the tissue of lesser interest. 

20. The system of claim 19, wherein the cluster analysis 
comprises a multivariate statistical cluster analysis, and the 
Zelles comprise test-dependent Zelles. 

21. The system of claim 19, wherein the operations further 
include segmenting the Zelles into clusters exhibiting similar 
characteristics among a portion of the one or more param 
eters determined to best cluster the Zelles according to the 
cluster analysis. 

22. The system of claim 21, wherein the operations further 
include determining which clusters contain Zelles that most 
likely contain content that is valuable to a pathologist in 
making a diagnostic evaluation. 

23. The system of claim 21, wherein the operations further 
include determining how many high-power images of Zelles 
to retain for each cluster based on a knowledge-base codi 
fying previous test experience. 

24. The system of claim 23, wherein the operations further 
include capturing the high-power images of Zelles, analyZ 
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ing the captured high-power images to determine if they 
meet specified criteria, and terminating the capturing once a 
Sufficient number of high-power images have been acquired 
for the test according to the determining how many high 
power images of Zelles to retain. 

25. The system of claim 23, wherein the operations further 
include presenting on the display device, in response to a 
request for a high power image of a first region, at least a 
portion of one or more of the high-power images, the at least 
a portion corresponding to a second region with similar 
characteristics to the first region according to the cluster 
analysis. 

26. The system of claim 25, wherein the operations further 
include updating the knowledge-base according to user 
input, wherein the updated knowledge-base affects future 
applications of the cluster analysis for the test. 

27. An apparatus comprising: 
an interface configured to connect with a microscope; and 
a controller configured to send signals through the inter 

face to operate the microscope and to perform opera 
tions including: 

obtaining an image of at least a portion of a scan region 
including a biological specimen; 

partitioning the obtained image into Zelles; 
determining one or more parameters of the Zelles; 
performing a cluster analysis on the one or more param 

eters of the Zelles; 
differentiating tissue of greater interest from tissue of 

lesser interest in the obtained image based on the 
cluster analysis and based on a test being performed for 
the biological specimen; and 

storing more information for the tissue of greater interest 
than information for the tissue of lesser interest. 
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28. The apparatus of claim 27, wherein the cluster analy 
sis comprises a multivariate statistical cluster analysis, and 
the Zelles comprise test-dependent Zelles. 

29. The apparatus of claim 27, wherein the operations 
further include segmenting the Zelles into clusters exhibiting 
similar characteristics among a portion of the one or more 
parameters determined to best cluster the Zelles according to 
the cluster analysis. 

30. The apparatus of claim 29, wherein the operations 
further include determining which clusters contain Zelles 
that most likely contain content that is valuable to a patholo 
gist in making a diagnostic evaluation. 

31. The apparatus of claim 29, wherein the operations 
further include determining how many high-power images 
of Zelles to retain for each cluster based on a knowledge 
base codifying previous test experience. 

32. The apparatus of claim 31, wherein the operations 
further include capturing the high-power images of Zelles, 
analyzing the captured high-power images to determine if 
they meet specified criteria, and terminating the capturing 
once a sufficient number of high-power images have been 
acquired for the test according to the determining how many 
high-power images of Zelles to retain. 

33. The apparatus of claim 31, wherein the operations 
further include presenting on the display device, in response 
to a request for a high power image of a first region, at least 
a portion of one or more of the high-power images, the at 
least a portion corresponding to a second region with similar 
characteristics to the first region according to the cluster 
analysis. 

34. The apparatus of claim 33, wherein the operations 
further include updating the knowledge-base according to 
user input, wherein the updated knowledge-base affects 
future applications of the cluster analysis for the test. 


