
SLIDE MISLOAD DETECTION SYSTEM FIELD OF THE INVENTION
The invention relates to slide storage receptacles,
and more particularly, to a system for calibrating or
confirming the orientation of slides within a slide
storage receptacle. BACKGROUND Various devices have
been used to store glass slides, such as microscope
and patient test slides. One known storage receptacle
is a slide cassette. A cassette typically includes a
pair of trays or support members or fingers that
extend from the cassette and below a slot. A slide
fits into a slot and onto a tray. Each slot receives a
single slide. The dimensions of a slot are typically
larger than the dimensions of a slide so that the
slide can be easily inserted into and removed from the
slot. Automated or semi-automated imaging systems use
robotic actuators or other devices to remove a slide
from the cassette, process the slide or specimen, and
return the slide into the cassette. For example, one
device may acquire a slide from a cassette and
position it beneath a microscope or other device so a
cytotechnologist can analyze the sample for cancer and
other medical conditions. More specifically, the
imaging system grasps the slide, lifts it above the
retaining members of the trays, removes the slide from
the trays and the slot, and positionsthe slide beneath
the microscope. The imaging system re-inserts the
slide into the cassette after the analysis is
completed. 



The manner in which imaging systems and other devices
check the orientation of slides in a slide cassette
can be improved. Ideally, all of the slides are
properly arranged flat on the trays inside the
cassette and in a similar manner. However, as a result
of human or machine errors, slides may be improperly
loaded into a cassette. For example, a slide may be
inserted upside down so that surface with a specimen
sample is facing downward, whereas other slides may
have their specimen samples facing upward. Further,
slides can be twisted around. In other words, the
slide may be inadvertently rotated 180 degrees. This
may present a problem when, for example, a bar code or
other data is present on one end of a slide. Slides
may also be twisted and flipped upside down. Slides
that are improperly loaded may cause complications
with the processing equipment and processing errors,
resulting in system downtime and requiring a
cytotechnologistor technician to examine the cassette
and rearrange slides. SUMMARY In accordance with one
embodiment, a system for determining whether a slide
is loaded properly within a slide receptacle includes
a slide having a transparent region and a
non-transparent region, a light source and a sensor.
The slide is positioned between the light source and
the sensor. The slide is properlyloaded in the slide
receptacle when the sensor detects light from the
light source that passes through the transparent
region of the slide. In accordance with an alternative
embodiment, a system for determining 



whether a plurality of slides are loaded properly in a
slide receptacle includes a plurality of slides, each
having a transparent region and a non-transparent
region, a light source and a sensor. The slides are
positioned between the light source and the sensor and
are properly loaded in the slide receptacle when the
sensor detects light from the light source that passes
through aligned transparent regions of the slides. In
a further alternative embodiment, a system for
determining whether slides are loaded properly within
a slide receptacle includes a plurality of slides,
each having a transparent corner region and three
non-transparent corner regions, a light source and a
sensor. The slides are positioned between the light
source and the sensor and are properly loaded in the
slide receptacle when the sensor detects light from
the light source that passes through aligned
transparent corner regions of the slides. In various
embodiments, a corner of a slide can have a
transparent region, and the other three corners can
have non-transparent corner regions, such as opaque or
frosted regions that are absorptive or reflective.
Different configurations, shapes, numbers, and sizes
of transparent and non-transparent regions can be
used. For example, the slides being arranged in a
vertical stack or horizontally, and between a light
source and a sensor. A transparent region can be
bounded by anedge of the slide and a non-transparent
region. Further, a transparent region can have a
triangular, rectangular, square, circular or
semi-circular shape. Each slide 



can have, for example, three non-transparent regions,
which can be various shapes, such as triangle or
rectangle shapes. The transparent and non-transparent
regions may or may not be the same shape. Also in
various embodiments, the light source, such as a
laser, can generate light at various wavelengths,
including visible and non-visible wavelengths. The
sensor can generate a signal or data that indicates
whether the one or more slides are properly loaded in
the slide receptacle, which can be used to generate a
message that is displayed on a display screen or to
activate a light or speaker BRIEF DESCRIPTION OF THE
DRAWINGS A more complete understanding of embodiments
and the advantages thereof may be acquired by
referring to the following description, taken in
conjunction with the accompanying drawings in which
like reference numbers indicate like features and
wherein: Figure 1 is a perspective view of a known
slide having sides that are longer than front faces or
edges; Figure 2 is a top view of a known slide having
sides that are longer than front faces or edges and
having frosted end sections;Figure 3 is a perspective
view of a known square-shaped slide having sides or
edges that are the same length; Figure 4 is a top view
of a known square-shaped slide; Figure 5 illustrates a
slide having transparent and non-transparent regions
for 



use in various embodiments; Figure 6 illustrates a
system having slides having aligned transparent
sections as a result of all of the slides being
properly loaded; Figure 7 illustrates a system having
slides having misaligned transparent sections due to a
slide being rotated end to end; Figure 8 illustrates a
system having slides having misaligned transparent
sections due to a slide being flipped upside down;
Figure 9 illustrates a system having slides that are
arranged on a slide or edge and having aligned
transparent sections; Figure 10 illustrates an
alternative arrangement of a square shaped transparent
region and non-transparent regions for use in
alternative embodiments; Figure 11 illustrates a
further alternative arrangement of a rectangular
shaped transparent region and non-transparent regions
for use in alternative embodiments; Figure 12
illustrates a further alternative arrangement of a
partial circle shaped transparent region and
non-transparent regions for use in alternative
embodiments;Figure 13 illustrates another alternative
arrangement of a circular transparent region
surrounded by a non-transparent regions for use in
alternative embodiments; Figure 14 illustrates another
alternative arrangement of a partial circle
transparent region at an opposite side relative to
Figure 12 and surrounded by a 



non-transparent regions for use in alternative
embodiments; and Figure 15 illustrates a further
alternative arrangement of a transparent region and a
non-transparent region at the opposite end and
extending between the sides of the slide. DETAILED
DESCRIPTION OF ILLUSTRATED EMBODIMENTS Embodiments can
be utilized to determine whether slides are properly
loaded or arranged within a slide receptacle, such as
a cassette, such as a part no. 70292- 000, available
from Cytyc Corporation, 250 Campus Drive, Marlborough,
Massachusetts 01752. As shown in Figure 1, one
exemplary slide 110 has top surface 111 with a test
sample or specimen 112, a bottom surface 113, a first
side 114, a second or opposite side 115, a first edge
116 that is placed within a slot 102, and a second or
opposite edge 117. Referring to Figure 2, some slides
may also have frosted sections 118, which can be used
to facilitate printing numbers on to the slide 110 or
to identify sections of the slide 110 that should be
handled. The slides shown in Figures 3 and 4 are
generally rectangular-shaped slides, having sides 114
and 115 that are longer than edges 116 and 117.
Persons skilled in the art willappreciate that other
slide configurations can be utilized. For example,
referring to Figure 3 and 4, another exemplary slide
110 is a square-shaped slide having sides 114 and 115
and edges 116 and 117 that are the same length. For
purposes of illustration and explanation, not
limitation, this specification refers to
rectangleshaped slides. 



In normal use, slides 110 are loaded into a cassette
so that they are flat and are properly positioned so
that they face upright with the specimen samples 112
being on top surfaces 111 of the slides 110. All of
the slides are typically arranged in a similar manner
since processing equipment is typically configured to
handle slides that are oriented in a particular
manner. Persons skilled in the art will appreciate
that the "common" orientation can vary depending on
the cassette and equipment configurations, however,
this specification refers to slides being flat with
the specimen sample (if a specimen has been applied to
a slide) facing upwardly and one end of the slide
being inserted into the cassette first. Sometimes
however, slides 110 are improperly placed in a
cassette 100 by being flipped upside down or rotated
180 degrees so that they are not correctly arranged in
the cassette. Embodiments can be used to determine
whether any slides are improperly loaded or arranged
in the cassette by using a transparent region. More
particularly, referring to Figure 5, a slide 500 for
use in various embodiments includes a transparent
region 520 at one of the corners of the slide, and
non-transparent regions 510, 512 and 514 (generally
510). In the illustrated embodiment, the
non-transparent regions 510 and 512 are triangular and
about thesame size as the transparent region 520,
however, embodiments are not so limited. In the
illustrated embodiment, the non-transparent region 514
extends between the sides of the slide 500. The
transparent region 520 is bounded by an edge of the
slide 500 and the non-transparent region 514. 



As shown in Figure 5, the transparent region 520 is a
portion of the slide 500 itself, and the
non-transparent regions 510 may be, for example,
portions of the slide 500 that are frosted 5 18 or
coated with an opaque material. Alternatively,
nontransparent regions 5 10 may be formed using other
techniques, such as applying a non-transparent
adhesive to the slide or treating the slide so that
one portion is more transparent than the other using,
for example, laser etching, polishing, or other
suitable techniques. The non-transparent regions 510
may be absorptive or reflective depending on the
material of the slide and the material of the
nontransparent region 510 and manner of making the
non-transparent region 510. For purposes of
explanation, not limitation, this specification refers
to non-transparent regions 510 being frosted. Frosting
materials and techniques for formed a frosted,
non-transparent section 118 are known in the art and
are, therefore, not discussed here in further detail.
Persons skilled in the art will appreciate that non
transparent regions 510 may not absorb or reflect 100%
of the incident light, and that non-transparent
regions 510 may transmit a small amount of light.
Accordingly, references to "nontransparent" in this
specification are intended to include regions that are
truly nontransparent and regions that are sufficiently
less transparent than a transparentregion 520 to
enable a sensor to detect and distinguish light
passing through a transparent region 510 and any light
passing through a non-transparent region 520. Whether
non-transparent regions 510 having different
transmission capabilities can 



be used may depend on, for example, the sensitivity of
the sensor and the abilities of the sensor to
distinguish light of different intensities. Referring
to Figure 6, a system 600 that includes one or more
slides 500, a light source 6 10 that emits light or
electromagnetic energy 612 and a sensor 620 that
detects light 612 from the light source 610. The
Figures illustrates five slides, however, persons
skilled in the art will appreciate that the system can
include different numbers of slides, e.g., one slide,
10 slides, 50 slides, etc. . The type of light source
610 that is used can depend on the type of slides or
the slide 500 material, the number of slides 500, the
strength of the light source 610 and the sensitivity
of the sensor 620. Exemplary light sources 610 include
a white light source, a Light Emitting Diode (LED) and
a laser. Light 612 from the light source 610 may be
collimated, and may be of various wavelengths,
including visible wavelengths raging from about 400
nanometers (nm) to about 700 nm, and invisible
wavelengths, such as infrared wavelengths of about 700
nm to about 1000 nm, and ultraviolet wavelengths of
about 100 nm to about 400 nm. One exemplary light
source 610 and sensor 620 combination is Model LDM-5
low dispersion laser module, available from Laserex
Technologies Pty Ltd., 5a Corbett Court, Export Park,
SA 5950, Australia, that emits light at wavelengths of
about 635, 650, 670, 780, 808, 830 and 850 nm, and a
Model LR-4 analogue receiver, also availablefrom
Laserex, having a bandwidth range of about 350-1 100
nm. Persons skilled in the art will appreciate that
other light source and sensors can also be utilized. 



In the illustrated embodiment, the slides 500 are
shown as a vertical stack as they would be arranged in
a slide cassette. In this embodiment, the light source
610 and sensor 620 are positioned at opposite ends of
the slides 500, i.e., above and below the vertical
stack. The light source 6 10 and sensor 620 may also
be switched so that the sensor 620 is above the stack
of slides 500 and the light source 610 is below the
slides 500. Thus, embodiments can be used with
different arrangements of slides. The system or a user
can determine whether the slides 500 are properly
loaded in the cassette based on whether Iight612 from
the light source 610 passes through the transparent
regions 520 of all of the slides 500 and is detected
by the sensor 620, as shown in Figure 6. This is
possible when none of the nontransparent regions 510
are located within the path of the light 612, thus
allowing the light 612 to pass through the transparent
regions 520 to the sensor 620 The sensor 620 generates
data or a signal 622 that can be used to provide an
indication whether the sensor 620 has detected light
612 from the light source 610, i.e., whether the
slides are properly loaded in the cassette. The sensor
signal 622 or additional components can be used to
provide indication functions. For example, the sensor
output 622 can drive the indicator directly, or the
sensor output 622 can be provided to a controller 630,
such as a micro-processor, micro controller, or logic
circuitry or gates, which provides the necessary data
or signal632 to activate one or more indicators, as
shown in Figure 6 , to provide a pass/fail 



indication. Further, the controller 630 can be used to
initiate other actions or displays. For example, the
controller 630 can generate a signal or data that is
used by the controlling system or computer which, in
response to the signal or data, generates an error
message that is displayed on a screen. Alternatively,
the computer can initiate corrective action, if the
system is so configured. Indicators that can be used
include a visual indicator, an audible indicator, or a
combination thereof. For example, a visual indicator
can be an indicator light or Light Emitting Diode
(LED), such as LEDs 640 and 642. An audible indicator
can be a speaker (S) 644. In the illustrated
embodiment, the indicators include two LEDs 640 and
642 and one speaker 644. The LED 640 is a green (G)
LED to indicate that the slides are all properly
loaded and aligned within the cassette and that
processing can continue. The LED 642 is a red (R) LED
to indicate that the one or more slides are not
properly loaded in the cassette and that the cassette
requires maintenance to correct the slide alignment.
Persons skilled in the art will appreciate that other
indication color schemes or information can also be
utilized. If the slides 500 are properly loaded in the
cassette, as shown in Figure 6, all of the transparent
regions 520 are aligned with each other. In this
arrangement, light 612 is detected by the sensor 620,
and the sensor 620 or controller 630 provides an
appropriate signal to drive an indicator, such as the
green LED 640 and or speaker 644, to indicate that the
slides are properly loaded and the 



cytotechnologist can proceed.On the other hand, if the
slides 500 are not properly loaded, then the sensor
620 or controller 630 does not detect light 612 and
can generate signals to activate the red LED 642
and/or speaker 644, to indicate that one or more
slides are improperly loaded, thus requiring the
cytotechnologist's attention. The signal 632 can be
generated based on, for example, the absence of light
612 being detected within a pre-determined amount of
time after the slides are loaded or after a request of
a user to check the arrangement of slides in the
cassette. Figures 7 and 8 illustrate possible
arrangements in which one or more slides are
misloaded. In particular, Figure 7 shows a slide being
rotated 180 degrees so that the wrong end is loaded
into the cassette. In this arrangement, the top two
and the bottom two slides 500 are properly loaded, but
the middle slide 500 is improperly rotated. As a
result, non-transparent regions 5 10 and 512 are
rotated around, and the transparent region 520 is
located inside the cassette rather than being located
within the path of the light 612 if the slide were
properly loaded. Consequently, light 612 from the
light source 610 is absorbed or reflected by
nontransparent region 512 and does not reach the
sensor 620. The sensor 620 or controller 630 generates
an indication that one or more slides are improperly
loaded, thus requiring the cytotechnologist's
attention. Figure 8 shows another arrangement in which
a slide is improperly loaded. In this example, the
bottom slide of the stack is flipped upside down. As a
result, 



non-transparent regions 510 and 512 are flipped and
are still located inside the cassette. The
non-transparent region 514 is now in the path of the
light 612, andthe transparent region 520 is now
outside of the path of the light 612. As a result,
light 612 from the light source 610 is absorbed or
reflected by non-transparent region 514 and does not
reach the sensor 620. The sensor 620 or controller 630
generates an indication that one or more slides are
improperly loaded, thus requiring the
cytotechnologist's attention. Further, a slide may
also be flipped and rotated, which is essentially a
combination of the arrangements shown in Figures 7 and
8. This arrangement would also result in a
non-transparent section blocking the light and causing
an indication to be generated that one or more slides
are not properly loaded in the cassette. Persons
skilled in the art will appreciate that alternative
embodiments include the use of different transparent
and non-transparent patterns, light sources, sensors,
slide materials and slide arrangements. For example,
in the embodiments illustrated in Figures 6-8, slides
500 are shown in their representative arrangement in a
cassette, i.e., stacked vertically and spaced apart
from each other. In an alternative embodiment, slides
500 may be stacked on top of each other so each slide
contacts another slide. Moreover, as shown in Figure
9, the system 600 can be configured to perform the
same functions with slides 500 that are arranged
horizontally or on a side or edge. Different patterns
of transparent and non-transparent regions can also be



used. For example, although Figures 5-8 illustrate
slides 500 with triangle-shaped transparent region 520
located at a corner of a slide, the transparent region
520 can have other shapes and sizes. For example,
Figure 10 illustrates a slide 1000 havinga
square-shaped transparent region 1000 partially
surrounded by a non-transparent region 1014. The
non-transparent regions 1010 and 1012 can be about the
same shape and size as the transparent region 1020.
Figure 11 illustrates a slide 1100 having a
rectangle-shaped transparent region 1100 that is
partially surrounded by a non-transparent region 1114.
The non-transparent regions 1110 and 1112 can be about
the same shape and size as the transparent region
1120. Figure 12 illustrates a slide 1200 having a
semi-circle shaped transparent region 1220 that is
partially surrounded by a non-transparent region 1214.
The non-transparent regions 1210 and 1212 can be about
the same shape and size as the transparent region 1220
or, as shown in Figure 12, be other shapes and/or
sizes so that the non-transparent regions 1201 and
1212 may block light 612 from the light source 610.
Figures 13-1 5 further illustrate how the transparent
and non-transparent regions can be different shapes
and/or sizes to suit different applications. For
example, as shown in Figure 13, the transparent region
1320 is no longer bounded by an edge of the slide and
a non-transparent region. Rather, the transparent
region 1320 in the illustrated embodiment is circular
in shape (or another shape) and surrounded by a
non-transparent region 1314. The slide 1300 also
includes a 



non-transparent region 1310 that in the shape of a
circle (or another shape) so that light 612 that
normally passes through the transparent region 1320
would be blocked by the non-transparent region 1310 if
the slide is not loaded properly in the cassette.As a
further example, the transparent region 1420 can be
located along the other edge of the slide, as shown in
figure 14. In this embodiment, the nontransparent
region 1414 partially surrounds the transparent region
1420, and the non-transparent regions 1410 and 1412
are about the shape and size as the transparent region
1420. As a further example, as shown in Figure 15, the
transparent region 1520 can be a triangle-shaped
transparent region that is surrounded by a
non-transparent region 1514, similar to the
configuration shown in Figure 15. At the opposite end
of the slide, however, the entire end of the slide can
be non-transparent 1510 rather than using separate
non-transparent regions as shown in other figures
since both configurations would block light 612 from
the light source 610 if the slide is not properly
loaded into the cassette. Persons skilled in the art
will appreciate that various combinations of
rectangular, square, circular, and other shapes of
transparent and non-transparent regions can be used to
allow light to pass through the transparent region in
one arrangement of a slide and to be blocked by a
non-transparent region in another arrangement of the
slide. Shapes of the transparent region and the
non-transparent regions may or may not match. The
sizes of the non-transparent regions can also 



vary as needed. As further example, the entire end of
the slide can be a nontransparent regions since the
slides still include a common transparent region.
Moreover, the transparent regions may be different
sizes. The shape and size of the transparent regions
may depend on, for example, the size of the slide, and
the light source that is used, e.g., whether the light
source is a collimated light source ora diffuse light
source, since collimated light sources may be used
with both larger and smaller sized transparent
regions. Additionally, the transparent region and
corresponding non-transparent region(s) may be occupy
different locations on a slide. Further, the
transparent section may be bounded by an edge of the
slide and a non-transparent region or may be
surrounded by a non-transparent region. Accordingly,
the configurations shown in Figures 10-15 are provided
as illustrative embodiments, and are not intended to
be limiting. Accordingly, persons skilled in the art
will appreciate that there are various numbers,
shapes, sizes, and positions of transparent and
non-transparent regions that provide an indication of
a unique arrangement of transparent regions light
passes from the light source through the aligned
transparent regions to the sensor to indicate, in
which case the slides are properly loaded in the
cassette.CLAIMS 1. A system for determining whether
slides are loaded properly in a slide receptacle,
comprising: a plurality of slides, each slide having a
transparent region and a nontransparent region; 



a light source; and a sensor, the slides being between
the light source and the sensor, the slides being
properly loaded in the slide receptacle when the
sensor detects light from the light source that passes
through aligned transparent regions of the slides. 2.
The system of claim 1, the transparent region being a
transparent comer region. 3. The system of claim 1,
the transparent region being bounded by an edge of the
slide and a non-transparent region. 4. The system of
claim 1, the transparent region having a triangular, a
rectangular, a square, a circular or a semi-circular
shape. 5. The system of claim 1, the non-transparent
region being opaque. 6. The system of claim 1, the
non-transparent region being frosted. 7. The system of
claim 1, the non-transparent region being absorptive.
8. The system of claim 1, the non-transparent region
being reflective. 9. The system of claim 1, the
transparent region and the non-transparent region
having the same shape.10. The system of claim 1, the
light source being a laser. 11. The system of claim 1,
the sensor generating a signal or data indicating
whether the plurality of slides are properly loaded in
the slide receptacle based on whether the sensor
detects light from the light source that passes
through 



aligned transparent regions. 12. The system of claim
1, the light source and the sensor being arranged
substantially perpendicular to top and bottom surfaces
of the plurality of slides. 13. The system of claim 1,
the slides being arranged in a vertical stack. 14. The
system of claim 1, the slides being arranged
horizontally. 15. The system of claim 1, the plurality
of slides being improperly loaded in the slide
receptacle when light from the light source is blocked
by a nontransparent region. 


