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(57) ABSTRACT 

Systems and techniques to acquire image data. In general, in 
one implementation, the technique includes: acquiring 
image data for a plurality of areas of a Scan region. The 
technique may further include processing the image data to 
determine whether an area includes one or more desired 
features. The technique may further include designating an 
area as “interesting” if it includes a desired feature, and 
designating an area as non-interesting if it does not include 
the desired feature. The areas may be sub-divided one or 
more times, and Subdivisions may be analyzed to determine 
if they include a desired feature. 
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SILHOUETTE IMAGE ACQUISITION 

FIELD OF INVENTION 

0001. The present application describes systems and 
techniques relating to image data acquisition. 

BACKGROUND 

0002) Obtaining and analyzing images of materials plays 
an important role in many areas of technology. For example, 
the ability to obtain and analyze accurate images efficiently 
is important in the field of anatomic pathology. Anatomic 
pathology enables the diagnosis of physiological conditions 
Such as cancer, infectious disease and prenatal disorders 
through analysis of tissue samples. 
0.003 Typically, a biological specimen from a patient is 
obtained, imaged, and analyzed. The Specimen may be 
“stained using a material chosen to reveal the presence of 
one or more molecules. The Specimen may then be placed on 
a slide for viewing with a microscope. 
0004. An image of the sample may be obtained using a 
digital camera. In Some Systems, the Sample may be 
Scanned, and a Series of images may be obtained. The image 
data may then be analyzed. For example, an image may be 
analyzed to identify the presence of particular characteristic 
features of a particular disease, where the particular char 
acteristic features indicate the presence of or predisposition 
towards the disease. 

SUMMARY 

0005 Systems and techniques described herein may 
enable efficient and accurate image acquisition and proceSS 
ing. 

0006. In general, in one aspect, a method includes obtain 
ing an image of at least a portion of a Scan region, and 
analyzing the image to determine if the image includes a first 
desired feature. If the image includes the first desired 
feature, the method may include electronically dividing the 
image into a plurality of Subimages at the same magnifica 
tion and determining the presence or absence of a Second 
desired feature in each Subimage. The first desired feature 
and the Second desired feature may be the same or different. 
For example, the first desired feature may be the presence of 
at least a portion of a Sample in the Scan region. The method 
may include analyzing images and/or Subimages to deter 
mine the presence or absence of other features besides the 
first and Second desired features. 

0007. The image may be acquired at a first magnification, 
which may comprise a field of View Smaller than the Scan 
region. The plurality of Subimages may each comprise an 
area that is Substantially equal to the field of view of a higher 
magnification. The method may further include acquiring an 
image of an area of the Scan region including the Second 
desired feature at higher magnification. For example, one or 
more higher magnification images may be obtained, So that 
each Subimage including the Second desired feature is 
imaged at the higher magnification. 
0008. The scan region may be a microscope slide or a 
portion of a microscope slide. The microscope Slide may 
have a Sample thereon, or may have more than one Sample 
(e.g., a tissue array). The sample may be a biological Sample. 
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0009. The method may include storing an identifier for 
the image, as well as data associated with the identifier, 
where the data indicates the presence or absence of the first 
desired feature. The method may include Storing an identi 
fier for the Subimages, as well as data associated with the 
identifier, where the data indicates the presence or absence 
of the Second desired feature. 

0010. In general, in one aspect, a system includes an 
image acquisition System, which may include a camera 
and/or microScope. A data processor may be coupled with 
the image acquisition System. The data processor may 
receive image data from the image acquisition System, and 
may determine the presence or absence of a desired feature 
in the image. If the data processor determines the presence 
of the desired feature, the data processor may electronically 
divide the image data into a plurality of Subimage portions. 
The data processor may determine the presence or absence 
of the desired feature, another feature, or both in the plurality 
of Subimage portions. 

0011. In general, in another aspect, a method may include 
obtaining a first focal length at a first position comprising a 
Sample, obtaining a Second focal length at a Second position 
comprising a Sample furthest from the first position, and 
obtaining a third focal length at a third position comprising 
a Sample at a position furthest from the first and Second 
positions. The method may include generating a focal plane 
comprising the focal length of the first, Second, and third 
positions. 

0012 Details of one or more implementations 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 These and other aspects will now be described in 
detail with reference to the following drawings. 
0014 FIG. 1 shows a block diagram of a system that may 
be used to acquire image data. 
0015 FIG. 2 is a flowchart showing a process for acquir 
ing and analyzing image data for a plurality of areas. 

0016 FIG. 3 is a flowchart showing a process of acquir 
ing and analyzing image data for a plurality of Subdivisions. 

0017 FIG. 4 is a flowchart showing a process of acquir 
ing and analyzing image data for a region designated as 
interesting. 

0018 FIGS.5A and 5B show a system that may be used 
to acquire image data. 

0019 FIGS. 6A and 6B show a microscope subsystem 
for acquiring image data. 

0020 FIG. 7 shows a slide including a scan region. 
0021 FIG. 8 shows an expanded view of a scan region. 

0022 FIG. 9 shows another expanded view of a scan 
region. 

0023 FIG. 10 shows a FIND silhouette. 
0024 FIG. 11 shows a SCAN silhouette. 



US 2004/0202357 A1 

0.025 FIG. 12 illustrates a method of performing a sil 
houette Scan operation. 
0026. Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

0027. The systems and techniques described herein relate 
to image acquisition. For example, the Systems and tech 
niques provide for efficient and accurate imaging and analy 
sis of materials. Such as biological Samples. 
0028. The challenges of obtaining and processing images 
are interconnected. In order to accurately determine the 
characteristics of a Sample, at least a portion of the Sample 
may need to be viewed or analyzed at high resolution. 
However, high resolution images are generally very large 
data files. If the entire Sample were to be imaged and image 
data Stored at high resolution, the data Storage and analysis 
challenge may be greater than the ability of an available data 
processing System. For example, a digital representation of 
an entire microScope Slide obtained using a high power lens 
may include 100 to 400 Separate images. Obtaining, Storing, 
and analyzing Such a large number of digital images may be 
prohibitive in many applications. 

0029. A number of approaches may be used to meet these 
challenges. In Some Systems, a user views a low resolution 
image of, for example, a microScope Slide. The user then 
defines an area of interest on the slide (e.g., the outline of a 
tissue sample) to be imaged at higher resolution. Thus, a 
high resolution image of the entire Slide is not necessary. 
However, these Systems require Substantial user involve 
ment and may also require that the user be trained to 
recognize areas of interest. 
0.030. Other approaches include using data compression 
methods to reduce the size of the Stored image files and to 
ease the task of analysis. However, the data compression 
methods used may decrease the accuracy of the data and, 
although they may reduce the size of the data files appre 
ciably, may not do So adequately while retaining the desired 
image quality. 

0031 FIG. 1 shows a system 100 that may be used to 
acquire image data, according to various implementations. A 
microScope 110, Such as an optical microScope, receives a 
Sample holder with a Scan region, where the Scan regions 
includes a Sample to be imaged. For example, a Slide input 
120 may provide one or more microscope Slides including 
(for example) a tissue sample to microscope 110. Micro 
scope 110 may also be coupled with a slide output 130 to 
receive slides that have been processed. 
0032. An image acquisition system 140, which includes 
a digital camera or other image data acquisition element, is 
coupled with microscope 110. Microscope 110 and image 
acquisition System 140 may be coupled with one or more 
data processing Systems. Such as a data processor 150. A 
display 160 may be coupled with data processor 150 and/or 
image acquisition System 140, for providing a Visual display 
of an image and/or image data. Note that the elements of 
FIG. 1 are shown separately; however, some or all of them 
may be integrated. For example, Slide input 120 and slide 
output 130 may be integrated with microscope 110 rather 
than Separate. 
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0033 FIG. 2 shows a method 200 for acquiring image 
data using a system such as system 100 of FIG. 1. A sample 
holder with a scan region is provided to a microscope (210). 
For example, the Sample holder may be a microScope Slide, 
while the Scan region may be an area of the microscope Slide 
in which a sample (e.g., a tissue specimen) may be found. In 
another example, the Sample holder may be a microScope 
Slide, while the Scan region may include an array of Speci 
mens (Such as an array of tissue samples). 
0034) Image data for a plurality of areas in the scan 
region may be acquired (220). Image data for a particular 
area may be processed to determine if the particular area 
includes a desired feature (230, 240). If the particular area 
includes a desired feature, the area is designated as “inter 
esting” (250). If the particular area does not include a 
desired feature, the area is designated as “non-interesting 
(260). The coordinates (e.g., x-y coordinates) of “interest 
ing” areas may be Stored for later review and/or processing. 
Method 200 may include processing the image data for each 
of the plurality of imaged areas, and designating each of the 
areas as either interesting or non-interesting. 

0035. The plurality of areas may form an array covering 
the Scan region. A first Silhouette including the interesting 
areas of the array may be formed. The first silhouette forms 
a low-resolution image of the Sample in the Scan region. For 
example, when the Sample holder is a microScope Slide with 
a specimen on the Scan region of the Slide, the Scan region 
may be divided into an array of areas, and each area that 
includes at least a portion of the Specimen will be deemed 
“interesting” and thus included in the first silhouette. 

0036) Data associated with the first silhouette may be 
Stored in a memory Such as a memory included in data 
processor 150. For example, the memory may store a table 
including an identifier for each location, where each inter 
esting location is designated as a logical 1, and each non 
interesting location is designated as a logical 0. 
0037. The system may scan all the areas; for example, by 
Scanning acroSS each of the rows or columns of the array in 
turn. In Some implementations, the System may Scan fewer 
than all areas. For example, if the Specimen is a contiguous 
tissue Sample on a Slide, the System may find a portion of the 
boundary of the tissue sample, and may use this information 
to Scan only Some of the areas. 
0038. In some implementations, the areas in the first 
Silhouette may be imaged at higher resolution to obtain 
desired information about the Sample in the Scan region. 
That is, the interesting regions (those that include the desired 
feature) may be imaged using a higher magnification setting 
of a microscope, and the Subsequent image data may be 
compressed and Stored. However, this may be inefficient 
(since the interesting areas may include only a small portion 
of the sample) and may require significant data storage and 
data analysis. Therefore, in other implementations, the inter 
esting areas of the Scan region may be Sub-divided and the 
System may determine which Subdivisions include one or 
more desired features. FIG. 3 shows a method 300 that may 
be used to Subdivide the areas of the Scan region. 
0039. An interesting area, identified at block 250, may be 
subdivided into a plurality of Subdivisions (310). The image 
data (e.g., a portion of the image data acquired in block 220) 
for the particular Subdivision may then be processed to 
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determine if the particular Subdivision includes a desired 
feature (320,330). If the particular subdivision includes the 
desired feature, it may be designated as “interesting” (340). 
If the particular subdivision does not include the desired 
feature, it may be designated as “non-interesting” (350). The 
coordinates of “interesting” subdivisions can be stored for 
later review and/or processing at a higher magnification. In 
one aspect, a Subdivision (also termed “minor-Zelle') area is 
approximately equal to the field of View of a higher power 
objective of a microScope. In Some implementations, each of 
the Subdivisions may be analyzed; in others, less than all 
Subdivisions are analyzed. 
0040 Method 300 may be used to form a second silhou 
ette of higher resolution than the first silhouette. That is, the 
Second Silhouette more clearly defines the region in which 
the sample is located (or in which a different desired feature 
is present). As with the first Silhouette, in Some implemen 
tations, the interesting Subdivisions in the Second Silhouette 
may be imaged at higher magnification to obtain desired 
information about the Sample in the Scan region. In Some 
implementations, additional Subdivisions may be desired, 
where each Subdivision Step generates a higher resolution 
Silhouette than the previous Step. 
0041 FIG. 4 shows a method 400 that may be used to 
image a Silhouette, where the areas, Subdivisions, etc. of the 
Silhouette are referred to generally as regions. That is, if the 
Silhouette is a first Silhouette, the regions correspond to the 
areas discussed above, if the Silhouette is a Second Silhou 
ette, the regions correspond to the Sub-divisions discussed 
above, if the Silhouette is a third silhouette, the regions 
correspond to Sub-Sub-divisions, and So on. 
0.042 An image of a first region is acquired (410). The 
image may be processed using one or more image proceSS 
ing algorithms (420). The image may also be analyzed using 
one or more image analysis algorithms (430). In Some 
implementations, method 400 is repeated for all interesting 
regions in the Silhouette. In others, fewer than all interesting 
regions may be imaged. For example, if a tissue Sample is 
being analyzed to determine the presence of a particular 
feature Such as the presence of a marker for a particular 
disease, method 400 may be repeated until the presence of 
the feature is detected or until all of the regions of the 
Silhouette have been imaged. 
0043 FIGS. 5-12 below show exemplary systems and 
techniques that may be used in Some implementations. For 
explanatory purposes, FIGS. 5-12 describe image acquisi 
tion and processing in terms of four phases (a FIND phase, 
a FOCUS phase, a SCAN phase, and a COLLECT phase). 
Further information may be found in a number of references, 
Such as U.S. Pat. Nos. 6,546,123; 6,518,554; 6,445,817; 
6,418,236; 6,404,916; 6,330,349; 6,215,892; and 6,151,405, 
which are incorporated by reference. 
0044 FIGS. 5A and 5B show a system 500 for image 
acquisition and processing. System 500 includes a micro 
scope subsystem 510, which is coupled with a controller 512 
and a display device 514. System 500 may include, for 
example, a Chromavision ACISTM system or other appro 
priate system. Controller 512 may be included in a computer 
Such as a desktop, laptop, or host computer, or may be 
implemented differently (e.g., as a unit integrated with 
microscope subsystem 510). Controller 512 may control 
System 500 using, for example, image processing algorithms 
and image analysis algorithms. 
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0045 Microscope subsystem 510 includes a barcode 
reader 516, a camera 518, a serial interface 520, one or more 
sensors 522, one or more motors 524, a light source 526, a 
turret 528, and a data interface 530. Barcode reader 516 may 
be a standard barcode reader to detect a barcode identifier for 
the Sample. In Some implementations, a Sample barcode may 
be positioned on a Sample slide in an area separate from a 
Scan region. Camera 518 may be a digital camera with 
selectable resolution capabilities. For example, camera 518 
may be a charge-coupled device (CCD) camera. Camera 518 
may be mounted on a turret 528 of microscope subsystem 
510, such that its aperture is aligned with the field of view 
(FOV) of a lens associated with turret 528. An interface such 
as Serial interface 520 may facilitate communication among 
barcode reader 516, camera 518, and controller 512. 
0046. In an implementation, interface 520 is a serial 
interface providing a USB coupling between controller 512 
and camera 518. Camera 518 may provide a direct video 
output connect to a video card within control 512 that 
gathers the image data from camera 518 for processing. 
0047. Sensors 522 may include, for example, position 
Sensors, temperature Sensors, light intensity Sensors, optical 
encoders, or other sensors. Motors 524 may be servomotors, 
and may provide motion control of microScope Subsystem 
510. For example, motors 524 may be used to rotate an 
appropriate lens within the optical path of the microScope, 
may be used to adjust focus (e.g., by changing a distance 
between a sample Surface and optical elements), may be 
used to move an automated X-Y Stage (not shown), or may 
provide different or additional functionality in system 500. 
0048 Light source 526 may be any suitable light source 
for appropriately illuminating the FOV of an objective of the 
microScope Such that the creation of a digital image of that 
FOV is possible. Turret 528 may be a motor-driven micro 
Scope turret upon which is mounted a set of lenses of varying 
power that may be rotated into the optical path of the 
microscope. Turret 528 may also be suitably controlled to 
provide a desired focus. 
0049 Sensors 522, motors 524, light source 526, and 
turret 528 may feed electrical inputs of data interface 530. 
Data interface 530 may be a system driver card to facilitate 
a data communication link between Sensors 522, motors 
524, light source 526, turret 528, and a motion control card 
within controller 512. 

0050 System 500 may operate as follows. A microscope 
slide (referred to as a “target slide') may be fed into an 
automated X-Y stage of microscope subsystem 510 via an 
in-feed stage 592, and subsequently positioned in the FOV 
of the microScope. During the transition from the in-feed 
stage of system 500 to the X-Y stage of microscope Sub 
system 510, the identifier of the target microscope slide may 
be read by barcode reader 516. 
0051. The target slide may then be scanned at various 
resolutions and magnifications based upon image-proceSS 
ing algorithms and image analysis algorithms executed by 
controller 512. For example, the techniques described below 
may be used to acquire image data at various magnifications 
of the microscope. 
0052. After the image scan operation, the slide may be 
transferred out of system 500 via an out-feed stage 594. The 
Slide identifier and image data may be transmitted to con 
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troller 512 to be stored in one or more memories. The motion 
control system may then move another slide into the FOV of 
the microScope. 
0053. The process may automatically repeat for each 
slide that is provided to system 500. In an implementation, 
the imaging process is initiated when one or more slides are 
provided to the in-feed Stage and continues without user 
intervention until no more slides are available at the in-feed 
Stage, and as long as no System errors occur. However, a user 
(e.g., a clinician) may view and/or manipulate the digital 
image of one or more Slides via controller 512 and display 
device 514 for the inspection and analysis of a Sample. 
0054 FIGS. 6A and 6B show a microscope subsystem 
600 that may be used in some implementations. A similar 
microScope Subsystem and method of operation is more 
fully described in pending U.S. Patent Application Serial 
No. 60/450,824, filed Feb. 27, 2003, which is hereby incor 
porated by reference. 
0055 FIG. 6A shows a plan view of a microscope 
Subsystem 600. Shown is slide carrier unloading assembly 
634 and unloading platform 636 which in conjunction with 
slide carrier output hopper 618 function to receive slide 
carriers which have been analyzed. Vibration isolation 
mounts 640, shown in further detail in FIG. 6B, are pro 
vided to isolate the microscope subsystem 600 from 
mechanical Shock and vibration that can occur in a typical 
laboratory environment. In addition to external Sources of 
vibration, the high-speed operation of the X-Y stage 638 can 
induce vibration into the microscope subsystem 600. Such 
Sources of Vibration can be isolated from the electro-optical 
Subsystems to avoid any undesirable effects on image qual 
ity. The isolation mounts 640 comprise a spring 64.0a and 
piston 640b (see FIG. 6B) submerged in a high viscosity 
Silicon gel which is enclosed in an elastomer membrane 
bonded to a casing to achieve damping factors on the order 
of about 17 to 20%. Other dampening devices are known in 
the art and may be substituted or combined with the damp 
ening device provided herein. Oculars 620 are shown in 
FIGS. 6A and 6B, however, their presence is an optional 
feature. The oculars 620 may be absent without departing 
from the advantages or functionality of the System. 

0056 FIG.7 shows a slide 700 (e.g., a conventional glass 
microscope slide), which may be used Some implementa 
tions. Oriented at one end of slide 700 is a barcode region 
710 including an identifier such as a barcode sticker. Slide 
700 further includes a scan region 712 Surrounded by a 
non-Scan region 714, where Scan region 712 includes a 
sample 716 to be imaged. Sample 716 may be any target 
Specimen, Such as a tissue sample resulting from a needle 
biopsy. Non-Scan region 714 may include an area along the 
edge of slide 700. 
0057 FIG. 8 shows an expanded view of a scan region 
such as region 712 of slide 700. During a FIND phase, scan 
region 712 is partitioned into an array of contiguous Seg 
ments, referred to as Zelles 810. Note that this is not 
generally a physical partition, but rather a logical Segmen 
tation of Scan region 712 to be used for imaging Scan region 
712. The area of the Zelles 810 may be determined by the 
power (i.e., magnification) setting of the microscope. For 
example, as the magnification is increased, the FOV of the 
microscope decreases, so that each Zelle 810 is smaller for 
greater magnifications. 
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0058. In some implementations, Zelles 810 may be 
defined So that there is Some overlap. If there is no overlap 
in the Zelles 810, inaccuracies in the X-Y stage of the 
microScope may cause Some region of the Sample to be 
missed in the imaging. Overlap of images may not be 
necessary where the digital Spacing between pixels is finer 
than the optical resolution of an objective lens of the 
microScope and/or wherein the movement of the X-Y Stage 
has an error of movement leSS than the optical resolution of 
the objective lens (see, e.g., U.S. Pat. No. 6,272,235, which 
is incorporated herein by reference). Although this may be 
acceptable for Some implementations, it may not in others. 
For example, when the desired Sample feature is Small, the 
missed region may lead to undesirable inaccuracy in imag 
ing results. 
0059) During the FIND phase, Zelles 810 may be deter 
mined by the FOV of the microscope at generally low 
magnification and resolution. Therefore, the FIND phase 
results in a relatively Small Scan time and amount of Stored 
image data. Further, Since low-power lenses have a greater 
depth of focus than higher-power lenses, re-focusing may be 
unnecessary. For example, a low-power lens of the micro 
scope of FIG. 5 may be focused at either a best-guess plane 
or a plane derived from microscope calibration during the 
FIND phase of operation. Optionally, a separate low-reso 
lution, wide FOV camera may be used during the FIND 
phase of operation. 
0060. During the FIND phase, image processing algo 
rithms and image analysis algorithms may be executed by 
controller 512 to determine any regions of slide 700 having 
content worthwhile for reexamination at a higher magnifi 
cation during a Subsequent COLLECT phase of operation. 
0061 More specifically, a Zelle 810 found to have speci 
men content is classified as “interesting” and may be 
mapped as a logical “1.” By contrast, any Zelle 810 found to 
have no specimen content is classified as “non-interesting 
and may be mapped as a logical "0.” In this manner, a 
silhouette of the specimen (i.e. sample 716) is formed. The 
“interesting” Zelles thus form a low-resolution image that 
may be processed using image processing algorithms. An 
image table may be generated that represents the low 
resolution image of sample 716 that results from the FIND 
phase of operation. 
0062 Parameters applicable to the particular sample 
being imaged are provided. The parameters are then used to 
determine whether a particular Zelle 810 is interesting or 
non-interesting. For example, in a particular Sample, a Zelle 
may be interesting if it includes blue Stain, red Stain, any 
Speck of tissue, a plurality of tissues in a micro-tissue array, 
or a large Volume of tissue. Therefore, one or more param 
eters that indicate the presence of blue Stain, red Stain, any 
Speck of tissue, a plurality of tissues in a micro-tissue array, 
or a large Volume of tissue may be provided to analyze the 
image. 

0063 A statistical algorithm may be used to determine 
whether a particular Zelle 810 is interesting or non-interest 
ing. That is, an image of each Zelle 810 is obtained and 
analyzed using a Statistical algorithm to determine if the 
Zelle 810 includes one or more of the applicable parameters. 
Using the statistical algorithm, Zelles 810 that include even 
a Small Segment of interest may be identified. At the same 
time, substantial analysis of empty Zelles 810 is avoided. 
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0.064 FIG. 9 shows another expanded view of scan 
region 712 of slide 700. In order to obtain better information 
about the location of sample 716 in scan region 712, one or 
more Zelles 810 may be partitioned into a plurality of 
minor-Zelles 910. Minor Zelles 910 may allow sample 716 or 
one or more features of sample 716 to be more precisely 
located in scan region 712. Referring again to FIG. 8, some 
Zelles 810 include a large amount of sample 716, while 
others include only a Small amount. By defining minor 
Zelles 910, areas of Zelles 810 not including sample 716 may 
be identified and disregarded in Subsequent actions. 
0065. The minor-Zelles 910 may be imaged, and image 
processing and image analysis algorithms may be used to 
designate particular minor-Zelles 910 as “interesting” or 
“non-interesting.” Interesting minor-Zelles 910 may be 
mapped as a logical “1,” while non-interesting minor-Zelles 
910 may be mapped as a logical “0.” One or more image 
tables may be generated, including information as to 
whether minor-Zelles 910 are uninteresting or interesting. 
Note that the same and/or different parameters may be used 
to determine whether a particular minor-Zelle is interesting 
or non-interesting. The image data associated with “non 
interesting” regions may be discarded, thereby decreasing 
the Storage Space requirements. Image-processing and/or 
image analysis algorithms may be used. For example, algo 
rithms may be used to determine whether microscope slide 
700 contains a valid sample 716 or whether sample 716 
meets distribution expectations. 
0.066 FIG. 10 shows a FIND silhouette 1000, which is 
mapping of minor-Zelles 910 designated as either a logical 
1 or 0 for those Zelles 810 designated as a logical 1. The 
mapping forms a higher resolution Silhouette of Sample 716. 
0067 FIG. 11 shows a SCAN silhouette 1100 of scan 
Zelles 1110. SCAN Silhouette 1100 is a “content-is-interest 
ing silhouette that is captured and analyzed in the SCAN 
phase of operation. FIG. 11 illustrates that the level of 
“interesting” regions is more finely defined by SCAN sil 
houette 1100 than by FIND silhouette 1000. 
0068. As a result of the SCAN phase, further image data 
asSociated with “non-interesting” regions may be discarded, 
thus further optimizing image data Storage upon controller 
512. In general, SCAN silhouette 1100 of sample 716 can 
Still be thought of as a very coarse demagnified image, in 
which each scan-Zelle 1110 can be thought of as a pixel with 
a 0 or 1 value. An image table may be generated that 
represents the image of sample 716 that results from the 
SCAN phase of operation. Subsequently, Standard image 
processing operations Such as erosion, dilation, and hole 
filling or more complex algorithms Such as image Segmen 
tation algorithms may be performed. 
0069. Additionally, criteria other than “interesting” or 
“non-interesting may be used to analyze image data. For 
example, in the FOCUS phase of operation, knowing the 
Status of each Scan-Zelle 1110 provides microScope imaging 
system 500 with knowledge of where to focus, e.g., micro 
Scope imaging System 500 can focus on regions known to 
have tissue. This is required when using a high-power lens 
with a lesser depth of focus in the SCAN or COLLECT 
phase of operation as compared with a low-power lens used 
in the FIND phase of operation. Ideally, in the FOCUS phase 
of operation it is desirable to know of Specific features to 
focus on, as focus algorithms tend to run better on Specific 
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features, Such as an edge. Having classified Scan-Zelles 1110 
as “interesting or “non-interesting provides microscope 
imaging system 500 with the knowledge of what focus 
algorithm to use. An image analysis algorithm can be run to 
further classify scan-Zelles 1110 not only as “interesting.” 
but also as may designate a Scan-Zelle 1110 as a good 
candidate to focus on. Again, an image table may be 
generated as to whether a specific Scan-Zelle 1110 is a good 
candidate to focus upon. 
0070. In general, various sequences of operations may 
occur to modify the “interesting regions as determined by 
the requirements of a particular test. The result is a table of 
“interesting” and “non-interesting” scan-Zelles 1110 as 
modified via the Specific requirements. Subsequently, the 
sequence of image shots for the SCAN or COLLECT phase 
of operation is planned and these “interesting regions are 
Selected for focusing upon; thus, planning can occur for the 
focus algorithms that are run in the FOCUS phase of 
operation. 

0071. There are several different ways to determine the 
placement of focus points during the FOCUS phase of 
operation. For example, a first Scan-Zelle 1110 classified as 
“interesting for focus point may be selected as a first focus 
point. A database including information about Scan-Zelles 
1110 may then be searched for a second “interesting for 
focus point scan-Zelle 1110 of the same classification that 
is most distant from the first “interesting for focus point” 
scan-Zelle 1110. This second scan-Zelle 1110 may then be 
Selected as a Second focus point. Similarly, the database may 
then be searched for a third “interesting for focus point” 
Scan-Zelle 1110 of same classification that includes the 
greatest area between the third and the previous two. This 
third scan-Zelle 1110 may be selected as a third focus point. 
The three focus points thus define a focus plane. In this 
implementation, a classification of “interesting for focus 
points' is used rather than the classification of “interesting.” 
This may be beneficial in Some circumstances, Since Some 
scan-Zelles 1110 classified as only “interesting” may have 
gotten that classification from the dilate operation and 
actually may contain no tissue, and thus may be leSS 
desirable candidates for focus points than scan-Zelles 1110 
containing tissue. 

0072) Using a table of “interesting for focus points' 
Scan-Zelles 1110, algorithms for Selecting focus points may 
be executed. The number of focus points is either one of the 
parameters of the application or can be derived from the 
tissue sample size and/or the distribution of Sample pieces. 
Thus, the desired number of focus points is found accord 
ingly during the FOCUS phase of operation, along with 
Some extra focus points in case Some are later found to be 
unusable. In this way, a FOCUS phase of operation occurs 
using focus algorithms (a parameter might be set as to which 
focus algorithm to use). The goal is to achieve at least a 
minimum number of focus points that meet the predeter 
mined criteria, from which a focus plane is constructed. It 
may be inefficient to Stop and focus each image; instead it 
may be more efficient to compute the Z-axis, drive the 
microScope lens to that Z-height, capture the image, and 
unload that image while Simultaneously translating the 
equipment to the next image. 

0073. These various classifications, such as “interesting 
for focus points,” may be helpful for determining what 



US 2004/0202357 A1 

magnification to use during the Subsequent imaging of the 
SCAN or COLLECT phase of operation. More specifically, 
during the FIND phase of operation, a lens power may be 
used that is Suitable for looking at the general geometry and 
morphology of sample 716. However, in the COLLECT 
phase of operation, Some information has already been 
acquired regarding which portions of Scan region 712 are 
interesting and which portions may include diagnostically 
important items. Therefore, a high-magnification lens in 
combination with camera 518 may be used to capture an 
image of all “interesting” scan-Zelles 1110. Subsequently, 
the image data generated during the COLLECT phase of 
operation may be transmitted to controller 512, and may be 
compressed and Stored for Subsequent image reconstruction 
and inspection by a clinician. 
0.074 Having established both the pattern of “interesting” 
scan-Zelles 1110 and the focus plane, system 500 can now 
lay out a Series of locations where high-resolution images 
will be taken during the COLLECT phase of operation. This 
can be done in various ways. In a first exemplary technique, 
the size and shape of scan-Zelles 1110 may be set to match 
the FOV of a high-resolution lens. For example, if the FOV 
is Square and the initial image was a 1x lens, a 4x lens in 
which the 4x FOVs can be designed to fit in the 1x FOV may 
be used. The resulting scan-Zelles 1110 are therefore one 
fourth the size of the 1x FOV. 

0075. In another exemplary technique, the size and shape 
of scan-Zelles 1110 may not match the FOV of the high 
resolution lens. One way of handling this situation is that the 
pattern of high-power FOVs that are to be collected (i.e., 
"SCAN” FOVs) is predetermined, i.e., the pattern is a tiling 
of the Slide, possibly with overlap (where the percentage of 
overlap may be a parameter of the program based upon the 
mechanical stage positional inaccuracy). The pattern of 
“interesting” scan-Zelles 1110 may then be projected upon 
this predetermined pattern of high-power FOVs, using algo 
rithms knowing the dimensions and boundaries of both. 
0076) The high-power FOVs needed to capture all the 
“interesting” scan-Zelles 1110 are thus established and tabu 
lated. In other words, any high-power FOV interSecting an 
“interesting” scan-Zelles 1110 is flagged as needed. Non 
interSecting high-power FOVS are flagged as not needed. 
Thus, a list is generated of the high-power FOVs of which 
images are to be taken to capture all “interesting Scan-Zelles 
1110. It is possible that only a small portion of these 
high-power FOVs actually include “interesting” scan-Zelles 
1110, but Such coverage may be necessary So that no item of 
interest is missed. This method of predetermining the layout 
of any magnification FOV is used with attributes or com 
binations of attributes. Example attributes include content 
for focus but not content for Scan, content for Scan but not 
content for focus, content for wanting to revisit for higher 
power, and the like. 

0.077 Another way of handling the situation is as follows. 
Having determined the pattern of “interesting Scan-Zelles 
1110 or even knowing one of more broad regions that are 
“interesting,” everything in that known region may be 
captured at a higher power. An algorithm can be run to 
determine the minimum number of high-power FOVs nec 
essary to cover a known region of “interesting Scan-Zelles 
1110. Additionally, a first high-power FOV may be aligned 
to a corner of a first “interesting” scan-Zelle 1110; the pattern 
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of high-power FOVs is then continued until the entire region 
of “interesting” scan-Zelles 1110 is covered. The period of 
high-power FOVs will differ from the period of “interesting” 
scan-Zelles 1110. In general, high-power FOVs can be 
further subdivided into scan-Zelles 1110. The high-power 
FOVs may be stitched together to reconstruct the picture. 
This proceSS can be repeated any number of times for any 
number of levels of magnification. 

0078. Alternatively, when the “interesting” items are 
sparse (spread out), the chance of having two adjacent 
“interesting Scan-Zelles 1110 is low, especially as the mag 
nification increases, i.e., the object is Smaller than the FOV. 
In this case, instead of working in Scan-Zelles 1110, an 
“interesting” item is simply located and a high-power FOV 
is centered upon them, capturing them. In this case, the 
location of just the “interesting items to be located is Stored 
within controller 512. 

0079) Image data compression associated with the SCAN 
or COLLECT phase of operation may be achieved using 
block compression algorithms that are applicable to pixel 
level compression on the high-resolution imageS. Many data 
compression techniques may be used. An exemplary tech 
nique includes the following. Each high-power FOV is 
compressed in two ways: a first pass using a modification of 
the well-known Classic Huffman Shift compression algo 
rithm (see, for example, I.R.E. September 1952, page 1098, 
“A Method for the Construction of Minimum-Redundancy 
Codes” by David A. Huffman, which is herein incorporated 
by reference) and a Second pass using a White Clip com 
pression algorithm. 

0080. The compression algorithms are more efficient in 
this application because Some information has been obtained 
about the data, i.e., information has been obtained about 
what is and is not important, and thus parameters may be Set 
accordingly. This knowledge thus allows the compression to 
be modified for efficiency. For example, the Classic Huffman 
compression algorithm may take advantage of the under 
Standing of the distribution of the colors in the image. Filters 
may be defined as to what colors are of higher value and 
which are of leSS or no value. For example, the non-valuable 
colors may be set to the same value (and thus require 
minimal storage space) without compromising picture qual 
ity when restored. Whatever color variations exist in the 
white Space, for example, are non-informational; thus, 
restoring this Space as uniformly white is acceptable. 

0081. In summary, microscope imaging system 500 may 
perform a Silhouette Scan operation for improved image data 
Storage requirements and data acquisition time. The imaging 
System and method described above may allow for an image 
capture of Scan region 712 and a first level of data com 
pression at a low-resolution Stage. Scan Zelles 1110 may be 
Sorted into “non-interesting VS. "interesting,” and data 
associated with the “non-interesting” scan-Zelles 1110 may 
be discarded. 

0082) Subsequently, a second level of data compression 
at the high-resolution Stage may be performed, wherein the 
“non-interesting space may be set to the same value, while 
everything of importance is Stored losslessly. Systems and 
techniques of the current disclosure may provide a Substan 
tial benefit in that they may be performed autonomously. 
That is, once the process is initiated (e.g., when one or more 
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slides are provided to microscope subsystem 510), the 
proceSS may execute without human intervention or deci 
Sion-making. 
0.083. An illustration follows of the general operation of 
microScope imaging System 500 analyzing, for example, 
sample 716 of a lymph node. The lymph node tissue may be 
Stained with a dye that makes a Suspected cancer cell turn 
brown, while the rest of the tissue may be stained with a 
common blue dye that is used to mark tissue. One or more 
parameters of the test are Set accordingly. For example, a 
parameter may be set to indicate that an area that is blue or 
brown is “interesting.” Further, another parameter may be 
Set to indicate that an area that is brown is “very interesting.” 
0084. A FIND phase of operation occurs upon micro 
scope slide 700 where a low-resolution image (i.e., FIND 
silhouette 1000) of the entire lymph node is captured. Based 
upon the predetermined parameters, image-processing algo 
rithms and image analysis algorithms are executed by con 
troller 512. Anything that is found to be blue or brown is 
classified as “interesting,” but brown is further classified as 
“very interesting.” 
0085. In a FOCUS phase of operation, a number of focus 
points and their locations may be determined. A focus plane 
may be derived from the focus points. In a SCAN phase of 
operation, a more precise higher-resolution image is gener 
ated (i.e., SCAN silhouette 1100) for processing. Optionally, 
the FOCUS and SCAN phases may be repeated any number 
of times at progressively higher resolutions to identify 
“interesting regions. 
0.086 A COLLECT phase of operation is performed, 
which may use focus cues from the previous phase. Another 
image Scan is done on the “very interesting Scan-Zelles 
1110 with a high-power lens. This example illustrates that 
varying degrees of “interestingness” may be defined. AS a 
result of the FIND phase, the FOCUS phase, the SCAN 
phase, and the COLLECT phase, a set of tables are gener 
ated that have effectively compressed scan-Zelles 1110 to 
pixels, each having one or more classifications as, for 
example, non-interesting, interesting, very interesting, inter 
esting for focus points, interesting for higher power, and the 
like. The image data generated during the SCAN or COL 
LECT phases of operation may be transmitted to controller 
512. Data compression algorithms may be executed on the 
image data, thereby completing a Second level of image data 
compression. Having completed these two levels of data 
compression, the image data is Stored in memory of con 
troller 512 (or other memory). The image data may subse 
quently be accessed for future image reconstruction and 
inspection by a clinician. 
0087 FIG. 12 illustrates a method 1200 of performing a 
Silhouette Scan operation for improved image data acquisi 
tion time and image data Storage. In order to perform a 
Specific test of one or more samples 716 on one or more 
slides 700, one or more suitable parameters are determined 
or provided. The parameters may be used to analyze appro 
priate Zelles 810 and minor-Zelles 910 and to determine 
whether they include anything designated as interesting 
(1210). Many parameters are possible. For example, param 
eters may include Specimen color, size, features, or distri 
bution and Sensitivity for the Specific test being run. 
0088 A target slide may be provided to system 500, and 
an ID of a target microscope slide 700 may be read by 
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barcode reader 516 So that any image data Saved may be 
linked to the appropriate microscope slide 700 (1212). 
0089 Scan region 712 of target microscope slide 700 is 
scanned via microscope subsystem 510 in combination with 
camera 518 (1214). Scan region 712 is partitioned into an 
array of contiguous ZelleS 810 covering the entire area of 
scan region 712. The area of each Zelle 810 may be defined 
by the power (i.e., magnification) setting of the microscope 
(for example, the area of each Zelle 810 may correspond to 
the area of the FOV of the setting of the microscope). Thus, 
the initial Scan of Scan region 712 may be performed 
efficiently. Zelles 810 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 
subsystem 510. 

0090 Since a low-power lens has a greater depth of focus 
than a high-power lens, microscope Subsystem 510 may be 
able to Search for tissue during the initial Scan of Scan region 
712 without refocusing. For example, a low-power lens of 
the microScope may be focused at a best-guess plane or one 
derived from microscope calibration. Optionally, a Separate 
low-resolution, wide-FOV camera may be used. 
0091 Images obtained during a scan of scan region 712 
may be processed using image-processing algorithms and/or 
image analysis algorithms to determine any regions of 
microscope slide 700 having content worthwhile to reexam 
ine at a higher magnification during a Subsequent FOCUS, 
SCAN or COLLECT phase of operation. In some imple 
mentations, any Zelle 810 or minor-Zelle 910 found to have 
Specimen content is classified as “interesting” and mapped 
as a logical “1.” By contrast, any Zelle 810 or minor-Zelle 
910 found to have no specimen content is classified as 
“non-interesting” and mapped as a logical "0.” In this 
manner, a Silhouette of the Specimen, i.e., Sample 716, is 
formed, thereby creating what is effectively a low-resolution 
image that may be processed. An image table is generated 
that represents the low-resolution image of Sample 716. 

0092 Prior to a higher resolution operation, the number 
and/or placement of focus points may be selected (1216), as 
described above. A focus plane may be determined from the 
focus points. A SCAN operation may be performed, and 
image data may be compressed (1218). Given that Statisti 
cally, based upon the entire area of a particular Zelle 810 or 
minor-Zelle 910, there might be very little material of 
interest, each Zelle 810 or minor-Zelle 910 may be subdi 
Vided into yet Smaller regions using data processing. Each 
Zelle 810 or minor-Zelle 910 may therefore be further 
partitioned, forming a SCAN silhouette 600 formed of the 
plurality of scan-Zelles 1110, as shown in FIG. 11. 
0093. Like Zelles 810 or minor-Zelles 910, the “interest 
ingness of these Scan-Zelles 1110 is assessed via image 
processing algorithms and image analysis algorithms. This 
is done in preparation for a future operation of collecting and 
Saving a series of higher magnification FOVs (i.e., in the 
COLLECT phase), as only the “interesting” regions are 
generally examined at a higher magnification. 

0094. In some implementations, scan-Zelles 1110 may be 
defined to match the anticipated FOVs of the higher power 
images of the COLLECT phase of operation. The size of 
scan-Zelles 1110 and whether scan-Zelles 1110 match up 
with the anticipated FOVs of the higher power images are 
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adjustable System parameters that may be set (1210). Using 
image-processing algorithms and image analysis algorithms 
that may be executed by controller 512 (or other data 
processor), Scan-Zelles 1110 found to have specimen content 
are classified as “interesting” and mapped as a logical “1.” 
By contrast, scan-Zelles 1110 found to have no specimen 
content are classified as “non-interesting” and mapped as a 
logical "0." In this manner, further image compression 
occurs and a yet more precise Silhouette of Sample 716 is 
formed, thereby creating a slightly higher-resolution image, 
than that generated in the FIND phase. This higher resolu 
tion image may be processed using image-processing algo 
rithms. 

0.095 The system may determine whether another itera 
tion is performed (1220). The decision may be based on one 
or more parameters, Such as the type of test, expected size 
of feature, etc. If iteration is desired, the above actions may 
be repeated (1216 et seq.) If iteration is not desired, a 
Sequence of image shots for a COLLECT phase may be 
planned (1222). Various Sequences of operations may occur 
to modify the “interesting regions as determined by the 
requirements of a particular test. The result is a table of 
“interesting” and “non-interesting” scan-Zelles 1110 as 
modified via the Specific requirements. 
0096) The COLLECT phase may then be performed 
(1224). Having established both the pattern of “interesting” 
scan-Zelles 1110 and the focus plane, system 500 now lays 
out a Series of locations where high-resolution images are 
taken during this COLLECT phase of operation. As a result, 
with Specific knowledge of interesting regions and of diag 
nostically important items, a high-magnification lens in 
combination with camera 518 are used to capture an image 
of all “interesting Scan-Zelles 1110. Image data generated 
during the COLLECT phase of operation may be transmitted 
to controller 512. 

0097. Image data acquired in the SCAN and/or COL 
LECT phase may be compressed (1226), as described above. 
A determination may be made as to whether the particular 
slide 700 with sample 716 is to be examined and analyzed 
(1228). If it is, a clinician may recall the image data for the 
selected microscope slide 700 and controller 512 (or other 
data processor) may Subsequently reconstruct the image by 
Stitching together individual Scan-Zelles 1110, and/or high 
power FOVs. The image may then be displayed to the 
clinician for inspection via display device 514. 
0098. The various techniques, methods, and aspects of 
the invention described above can be implemented in part or 
in whole using computer-based Systems and methods. Addi 
tionally, computer-based Systems and methods can be used 
to augment or enhance the functionality described above, 
increase the Speed at which the functions can be performed, 
and provide additional features and aspects as a part of or in 
addition to those of the invention described elsewhere in this 
document. Various computer-based Systems, methods and 
implementations in accordance with the above-described 
technology are presented below. 
0099. A processor-based system can include a main 
memory, preferably random access memory (RAM), and can 
also include a Secondary memory. The Secondary memory 
can include, for example, a hard disk drive and/or a remov 
able Storage drive, representing a floppy disk drive, a 
magnetic tape drive, an optical disk drive, etc. The remov 
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able Storage drive reads from and/or writes to a removable 
Storage medium. Removable Storage medium refers to a 
floppy disk, magnetic tape, optical disk, and the like, which 
is read by and written to by a removable Storage drive. AS 
will be appreciated, the removable Storage medium can 
comprise computer Software and/or data. 

0100. In alternative embodiments, the secondary memory 
may include other Similar means for allowing computer 
programs or other instructions to be loaded into a computer 
System. Such means can include, for example, a removable 
Storage unit and an interface. Examples of Such can include 
a program cartridge and cartridge interface (Such as the 
found in Video game devices), a movable memory chip (Such 
as an EPROM or PROM) and associated socket, and other 
removable Storage units and interfaces, which allow Soft 
ware and data to be transferred from the removable Storage 
unit to the computer System. 

0101 The computer system can also include a commu 
nications interface. Communications interfaces allow Soft 
ware and data to be transferred between computer System 
and external devices. Examples of communications inter 
faces can include a modem, a network interface (such as, for 
example, an Ethernet card), a communications port, a PCM 
CIA slot and card, and the like. Software and data transferred 
via a communications interface are in the form of Signals, 
which can be electronic, electromagnetic, optical or other 
Signals capable of being received by a communications 
interface. These signals are provided to communications 
interface via a channel capable of carrying Signals and can 
be implemented using a wireleSS medium, wire or cable, 
fiber optics or other communications medium. Some 
examples of a channel can include a phone line, a cellular 
phone link, an RF link, a network interface, and other 
communications channels. 

0102) In this document, the terms “computer program 
medium' and “computer usable medium” are used to refer 
generally to media Such as a removable Storage device, a 
disk capable of installation in a disk drive, and Signals on a 
channel. These computer program products are means for 
providing Software or program instructions to a computer 
System. 

0103) Computer programs (also called computer control 
logic) are stored in main memory and/or Secondary memory. 
Computer programs can also be received via a communica 
tions interface. Such computer programs, when executed, 
enable the computer System to perform the features of the 
invention as discussed herein. In particular, the computer 
programs, when executed, enable the processor to perform 
the features of the invention. Accordingly, Such computer 
programs represent controllers of the computer System. 

0104. In an embodiment where the elements are imple 
mented using Software, the Software may be Stored in, or 
transmitted Via, a computer program product and loaded into 
a computer System using a removable Storage drive, hard 
drive or communications interface. The control logic (Soft 
ware), when executed by the processor, causes the processor 
to perform the functions of the invention as described herein. 
0105. In another embodiment, the elements are imple 
mented primarily in hardware using, for example, hardware 
components Such as PALS, application Specific integrated 
circuits (ASICs) or other hardware components. Implemen 
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tation of a hardware State machine So as to perform the 
functions described herein will be apparent to perSon skilled 
in the relevant art(s). In yet another embodiment, elements 
are implanted using a combination of both hardware and 
Software. 

0106. In another embodiment, the computer-based meth 
ods can be accessed or implemented over the World Wide 
Web by providing access via a Web Page to the methods of 
the invention. Accordingly, the Web Page is identified by a 
Universal Resource Locator (URL). The URL denotes both 
the Server machine and the particular file or page on that 
machine. In this embodiment, it is envisioned that a con 
Sumer or client computer System interacts with a browser to 
Select a particular URL, which in turn causes the browser to 
Send a request for that URL or page to the Server identified 
in the URL. Typically the server responds to the request by 
retrieving the requested page and transmitting the data for 
that page back to the requesting client computer System (the 
client/server interaction is typically performed in accor 
dance with the hypertext transport protocol (“HTTP")). The 
Selected page is then displayed to the user on the client's 
display Screen. The client may then cause the Server con 
taining a computer program of the invention to launch an 
application to, for example, perform an analysis according to 
the invention. 

0107 Although only a few implementations have been 
described in detail above, other modifications are possible. 
For example, different types of image acquisition, proceSS 
ing, and analysis Systems may be used. The logic flows 
depicted in FIGS. 2-4 and 12 do not require the particular 
order shown, or Sequential order, to achieve desirable 
results. For example, reading a slide identifier may be 
performed at many different places within the overall pro 
ceSS. In certain implementations, multitasking and parallel 
processing may be preferable. 
0108. Other embodiments may be within the scope of the 
following claims. 

What is claimed is: 
1. A method, comprising: 
obtaining an image of at least a portion of a Scan region; 
analyzing the image to determine the presence or absence 

of a first desired feature, wherein the presence of the 
first desired feature is indicated for the image; 

if the image includes the first desired feature, electroni 
cally dividing the image into a plurality of Subimages 
at the Same magnification and determining the presence 
or absence of a Second desired feature in each Subim 
age. 

2. The method of claim 1, wherein the first desired feature 
and the Second desired feature are the same. 

3. The method of claim 1, wherein the image is acquired 
at a first magnification comprising a field of view Smaller 
than the Scan region. 

4. The method of claim 1, wherein the plurality of 
Subimages each comprise an area that is Substantially equal 
to the field of View of a higher magnification. 

5. The method of claim 1, further comprising obtaining a 
plurality of images of the Scan region. 

6. The method of claim 5, wherein the plurality of images 
are obtained using a first magnification of a microscope. 
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7. The method of claim 1, further comprising acquiring an 
image of an area of the Scan region including the Second 
desired feature at a higher magnification. 

8. A method of generating a silhouette of a Sample on a 
microScope Slide, comprising: 

obtaining a plurality of images of a microScope Slide at a 
first magnification; 

processing each image to determine the presence or 
absence of a first desired feature, wherein the presence 
of the first desired feature is indicated for the image; 
and 

Storing the images comprising the first desired feature, 
thereby generating a silhouette comprising images con 
taining the first desired feature. 

9. The method of claim 8, wherein the sample is a 
biological Sample. 

10. The method of claim 8, wherein the first desired 
feature is the presence of at least a portion of the Sample. 

11. The method of claim 8, further comprising electroni 
cally dividing the image to obtain a plurality of Subimages 
at the same magnification. 

12. The method of claim 11, further comprising process 
ing each Subimage to determine the presence or absence of 
a Second desired feature, wherein the presence of the Second 
desired feature in the Subimage is indicated for the Subim 
age. 

13. The method of claim 11, further comprising Storing 
each Subimage comprising the Second desired feature, 
thereby generating a silhouette comprising a plurality of 
Subimages containing the desired feature. 

14. The method of claim 11, wherein each Subimage 
comprises an area that is Substantially equal to the field of 
View of a higher magnification objective of a microScope. 

15. The method of claim 13, further comprising obtaining 
an image at a higher magnification of each location corre 
sponding to a Subimage comprising the desired feature. 

16. A System, comprising: 

an image acquisition System to obtain an image of a Scan 
region and to output image data; 

a data processor coupled with the image acquisition 
System, the data processor to receive the image data and 
to determine the presence or absence of a desired 
feature in the image and to indicate the presence of the 
first desired for the image, the data processor further to 
electronically divide the image data into a plurality of 
Subimage portions if the desired feature is present in the 
image and to determine the presence or absence of at 
least one of the desired feature and another desired 
feature in the plurality of Subimage portions. 

17. The system of claim 16, further comprising a display 
coupled with the image acquisition System. 

18. A focusing method, comprising: 
obtaining a first focal length at a first position comprising 

a Sample, 

obtaining a Second focal length at a Second position 
comprising a Sample furthest from the first position; 

obtaining a third focal length at a third position compris 
ing a Sample at a position furthest from the first and 
Second position; and 
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generating a focal plane comprising the focal length of the 
first, Second and third positions. 

19. An image compression method comprising: 
obtaining a plurality of images of a microScope Slide at a 

first magnification; 
processing each image to determine the presence or 

absence of a first desired feature, wherein the presence 
of the first desired feature is indicated for the image; 

Storing the image only if the presence of the first desired 
feature is determined. 

20. The method of claim 19, wherein the first desired 
feature is a presence of at least a portion of a Sample. 

21. The method of claim 20, wherein the sample is a 
biological Sample. 

22. The method of claim 19, further comprising electroni 
cally dividing the image to obtain a plurality of Subimages 
at the same magnification. 

23. The method of claim 19, further comprising process 
ing each Subimage to determine the presence or absence of 
a Second desired feature, wherein the presence of the Second 
desired feature in the Subimage is indicated for the Subim 
age. 
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24. The method of claim 23, further comprising obtaining 
an image at a higher magnification including a Subimage 
comprising the Second desired feature. 

25. An article comprising a machine-readable medium 
Storing instructions operable to cause one or more machines 
to perform operations comprising: 

obtaining an image of at least a portion of a Scan region; 
analyzing the image to determine the presence or absence 

of a first desired feature, wherein the presence of the 
first desired feature is indicated for the image; 

if the image includes the first desired feature, electroni 
cally dividing the image into a plurality of Subimages 
at the Same magnification and determining the presence 
or absence of a Second desired feature in each Subim 
age. 

26. The article of claim 25, wherein the presence of the 
first desired feature is indicated by associating the image 
with a logical 1. 

27. The article of claim 25, further comprising indicating 
the absence of the first desired feature by associating the 
image with a logical 0. 
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