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(57) Abstract: A speed sensor determines the velocity of an
object. A first detector detects light emitted by a first emitter.
The first detector includes multiple photodetectors connected
in series. The photodetectors produce a current that is propor -
tional to the amount of light incident to the photodetector.
The first detector additionally includes a current-to-voltage
converter and a threshold detector. The current-to-voltage
converter converts the current produced by the photodetectors
into a voltage and the threshold detector compares the voltage
generated by the current-to-voltage converter with a threshold
voltage. When an object passes mn between the emitter and
any of the photodetectors, the light incident to the photode-
tector 1s at least partially blocked, reducing the current pro-
duced by the photodetector. Any sufficient reduction in cur-
rent that reduces the voltage generated by the cur-
rent-to-voltage converter below the threshold of the threshold
detector 1s quickly registered as an output signal of the
threshold detector.
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PILL SPEED AND POSITION SENSOR
INVENTOR
Alan Jacobs

BACKGROUND OF THE INVENTION
[0001] This disclosure relates generally to a speed sensor, and more specifically to
determining the speed of a moving object, such as a pill.
[0002] There are many occasions when the speed of an object is desired. For instance, a
pitcher in baseball may want to know how fast he 1s throwing a baseball or a police officer
may want to know the speed of a car passing though a freeway. Different applications
impose different requirements of the speed sensor. For instance a speed sensor used by a
baseball pitcher may allow for a relatively long lag time to output the speed of the baseball,
whereas a police officer may benefit by using a speed sensor with a shorter lag time.
[0003] Certain applications in which the exact location of the object passing by 1s not known
ahcad of time may benefit from having a speed sensor with faster reading times. For
example, speed sensors may also be used as part of an automated medication and dosage
system, 1n which pills must be 1dentified and confirmed as the intended pill for a patient. In
an example system, a pill to be 1dentified passes through a chute for imaging. A particular
challenge of automated 1dentification of pills 1s to determine when the pill will be 1 the ficld
of view of a camera used for capturing images of the pills to be identified. The lag time of a
speed sensor between object detection and speed determination affects the required distance
between the speed sensor and the camera, as well as the accuracy of predictions of when the
pill will be within the field of view. Therefore the automated medication and dosage system
may benefit from faster sensors since the determunation of the speed and position of the pill 1s

performed before the pill crosses the field of view of the camera.
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SUMMARY
[0004] A speed sensor 18 used to determine the speed of objects traveling down a path.
The speed sensor 1ncludes position sensors for sensing the presence of an object. In one
embodiment, at least two position sensors are used to sense passage of the object at each
sensor. By determining the time between the position sensors and the length of time that the
object 1s sensed, the speed sensor determines the length of the object and 1ts speed.
[0005] In one embodiment, the position sensors are emitter-detector pairs. Each emitter-
detector pair includes an emitter that emits light and a detector that detects the emitted light.
The detector includes multiple photodetectors connected in series, forming a photodetector
array, a current-to-voltage converter, and a threshold detector. Each photodetector generates
electrical current proportional to the amount of light received by the photodetector. When at
least one of the photodetectors 1s blocked from receiving light emmtted by the ematter, the
current gencrated by the photodetectors 1s interrupted, which causes a decrease 1n the current
at the output of the photodetector array.
[0006] The current-to-voltage converter that receives as an input the current generated by
the photodetector array and outputs a voltage proportional to the received current. The
threshold detector that recerves the voltage output ot the current-to-voltage converter and
determines whether the voltage 1s higher than a threshold. When an object passes a
photodetector 1n the array, the object occludes the photodetector, which reduces the current
from the photodetector array and causes the voltage output to drop under the threshold. As a
result, an object passing the photodetector array can be detected without determining the
current output of each photodetector individually. This permits fast sensing of an object
passing the position sensor, reducing lag time between object passage and calculation of

features related to the object, such as the object’s speed, position or length.



[0006a] Therefore, in accordance with one aspect of the disclosure, there is provided a pill
imaging system comprising:
a tube for receiving a pill and directing the pill from a receiving end through an
imaging region of the tube;
a first sensor positioned on the tube for detecting the pill, the sensor comprising:

a first emitter configured to emit light,

a first plurality of photodetectors positioned across one side of the tube from first

the emitter to produce a signal based on an amount of light that is incident to a photodetector

of the first plurality of photodetectors, and

a first detector coupled to the first plurality of photodetectors and generating a
first detection signal indicating the presence of the pill at the first sensor when any of the
signals produced by any of the first plurality photodetectors indicates a break in the amount
of light that is incident to the any of the first plurality of photodetectors, wherein the first

plurality of photodetectors is connected in series;
a position detector coupled to the first sensor and outputting a position signal
indicating when the pill is determined to be within the imaging region based on the first

detection signal from the first sensor;

a camera positioned to capture one or more images of the pill within the tube at

the imaging region of the tube; and

a camera controller coupled to the position detector, the camera controller actuating the

camera when the pill is within the imaging region based on the position signal from the

position detector.

[0006b] In accordance with another aspect of the disclosure, there is provided a system for

determining the presence of an object comprising:
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a first sensor comprising:

an emitter configured to emit light;

a photodetector array comprising a plurality of photodetectors connected in series,
the photodetector array configured to produce a current proportional to an amount of light

that is incident to the each of the photodetectors in the photodetector array; and

a detector coupled to the photodetector array configured to detect the light emitted

by the emitter and detect the presence of the object at a location, the detector comprising;
a current-to-voltage converter configured to receive a current set by the

photodetector array and generate a voltage proportional to the received current; and

a threshold detector configured to compare the voltage generated by the

current-to-voltage converter and a threshold voltage and output an indication of the presence

of the object based on the comparison.

[0006¢]  Still another aspect of the disclosure concerns a method for determining the

presence of an object, the method comprising:

detecting light using a first photodetector array, the first photodetector array
comprising a plurality of photodetectors connected in series, the first photodetector array
configured to generate a first current proportional to a first amount of light that is being

detected by each photodetector in the first photodetector array;

converting the first current generated by the first photodetector array into a first

detector voltage; and

3a
CA 2957202 2018-06-06



determining the presence of the object at a location responsive to determining that

the first detector voltage is below a threshold.

BRIEF DESCRIPTION OF THE DRAWINGS
(0007] FIG. 1A shows a conceptual view of a speed sensor in an example pill verification

system according to one embodiment

[0008] FIG. 1B illustrates an output of a top detector and an output of the bottom detector as

a function of time.

[0009] FIG. 2A shows potential interference between emitter-detector pairs according to one

embodiment.

[0010] FIG. 2B illustrates a control scheme for controlling the top emitter and the bottom

emitter according to an embodiment.

[0011] FIG. 3A through FIG. 3D are top views of an emitter and a detector, according to

various embodiments.

[0012] FIG. 4 illustrates a pill passing in between an emitter and a detector according to one

embodiment.

[0013] FIG. 5A illustrates a block diagram of a detector, according to an embodiment.
[0014] FIG. 5B illustrates a circuit diagram of a detector, according to an embodiment.
[0015] The figures depict various embodiments of the present invention for purposes of

illustration only. One skilled in the art will readily recognize from the following discussion
that alternative embodiments of the structures and methods illustrated herein may be

employed without departing from the principles of the invention described herein.
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DETAILED DESCRIPTION

[0016] A speed sensor determines the speed of an object (e.g., pills, which can include any

type of pill, tablet, capsule, or other pharmaceutical composition) using at least two sensors

that identify when the object passes each sensor. The speed sensor determines the speed of

3¢
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the object by determining the amount of time elapsed between when a first sensor is triggered
by the object and a second sensor is triggered by the object.

[0017] Certain systems may benefit from knowing the speed of an object passing through the
system. For instance, an imaging system that captures images of moving objects may benefit
from knowing how fast those objects are traveling, and therefore be able to predict when
those objects will be in the field of view of the camera capturing the images.

[0018] In one embodiment, the speed sensor is part of a pill dispensing and/or verification
system. One example of such a system is disclosed in International Patent Application No.
PCT/US2011/027586, filed on March 8, 2011, which claims priority to U.S. Provisional
Application No. 61/311,900, filed on March 9, 2011. Other systems for dispensing and/or
verification can also be used or the speed sensor can be used independent of such a
dispensing and/or verification system. In an example pill dispensing and verification system,
the speed sensor is used to determine a speed of a pill as the pill travels through a chute. The
pill dispensing and verification system includes one or more cameras to image the pill, and
the speed sensor 1s used to determine the timing at which the cameras are triggered to capture
the image of the pill. In one use of the pill images, the images are provided to an image

classification system to determine whether the pill images match the characteristics of pills in

a database.

[0019] FIG. 1A shows a conceptual view of a speed sensor 115 in an example pill

verification system according to one embodiment. A pill 101 travels down a tube 113 or
pathway during the imaging process. Tube 113 is just one example of a pathway for travel of
the pill, but any other pathway, including one that does not include a tube, can be used as
well. The tube 113 is typically clear and enables a set of cameras 111 to have an

unobstructed view of the pill 101. The tube 113 may be configured to at least partially orient

CA 2957202 2018-11-07
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the pill to reduce the variation among pill images. In one embodiment, the tube 113 18 square
and at a vertically slanted angle to encourage the pill to slide along a flat side of the pill,
rather than freefall along any angle. The cameras 111 capture images of the pill 101 as the
pill passes through the tube 113. The speed of the pill 101 as determined by the speed sensor
115 1s used to determine the 1mage timing of the cameras 111, permitting a centered 1mage of
the pill 101 despite the pill’s motion through the tube 113. To capture an image of the pill
101 1n motion, the cameras 111 are timed using the speed of the pill determined by the speed
sensor 1135.

[0020] The pill verification system determines when the pill 101 will be 1n the ficld of view
of the cameras 111 using the speed sensor 115. The speed sensor 115 determines the velocity
v, and the height 4 of the pill 101 and calculates the amount of time it takes for the pill 101 to
be 1n the field of view of the cameras 111.

[0021] The speed sensor 115 includes a top emitter-detector pair 107A and a bottom emutter-
detector pair 107B. The top emitter-detector pair 107 mcludes a top emitter 103A and a top
detector 105A. The bottom emitter-detector pair 107B includes a bottom emitter 103B and a
bottom detector 105B. The emitter-detector pairs 107 use matching emission and detection
techniques for a transmission method. For example, the emitters 103 may be light emitting
diodes (LED) or laser diodes, and may emit monochromatic light or light with more than one
wavelength. In some embodiments each emitter (e.g., top emitter 103A and bottom emitter
103B) uses different transmission methods.

[0022] Each detector 105 matches the transmission method of the corresponding emitter 103
and 1S configured to receive and detect that transmission method. Top detector 105A detects
when an object (e.g., a pill) has passed in between the top emitter 103 A and the top detector

105A. Bottom detector 103B detects when an object (e.g., a pill) passes 1n between the
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bottom emitter 103B and the bottom detector 105B. When an object passes 1n between an
emitter 103 and detector 105, the light emitted by the emutter 103 1s blocked (or partially
blocked) by the object from reaching the detector 105. The detector 105 detects a change 1n
the amount of light reaching the detector and determines whether an object 1s in between the
emitter 103 and the detector 105 based on the amount of light reaching the detector 105. In
some embodiments, sensors other than an emitter-detector pair 107 may be used to detect the
presence of an object at a specific location of the tube 113.

[0023] FIG. 1B 1illustrates an output 121 of the top detector 105A and an output 123 of the
bottom detector 105B as a function of time. When the pill 101 18 not 1in between an emitter
103 and a detector 1035, the light emitted by the emitter is able to reach the detector. As a
result, the detector produces an output signal at an inactive voltage level (e.g., logic state
low). When the pill 101 15 1n between the emitter 103 and the detector 105, the light emitted
by the detector 1s not able to reach the emitter. As a result the detector produces an output
signal at an active voltage level (e.g., logic state high). As 1llustrated in FIG. 1B, both
detector output signals 121, 123 are at an inactive voltage level. When the pill 101 crosses in
between the top detector 105 A and the top emitter 103A, the top detector output signal 121
switches to an active state. The top detector output signal 121 remains 1n the active voltage
level until the pi1ll 101 finishes crossing the region in between the top emitter 103 A and the
top detector 105A. The speed sensor 115 then determines the time duration (t;) elapsed since
the top detector signal 121 switched from an inactive signal level to an active signal level and
up until the top detector signal 121 switched from the active signal level back to an inactive
signal level.

[0024] Similarly, when the pill 101 crosses 1n between the bottom emitter 103B and the

bottom detector 105B, the bottom detector output signal switches from an inactive signal
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level to an active signal level. The speed sensor then determines a gap time (t;) that elapsed
since the top detector output signal 121 switched from an mactive signal level to an active
signal level and up until the bottom detector output signal 123 switched from an mactive
signal level to an active signal level.

[0025] The speed sensor 115 determines the velocity of the pill 101 by determining the gap
time (t2) elapsed since the top detector 105A detected an object blocking the top emutter 103 A
until the bottom detector 105B detected an object blocking the bottom emitter 103B. Then,

the velocity (v) of the pill 101 can be calculated as:

d
y=—L
)

where d; 18 the distance between the top detector 105A and the bottom detector 105B and t; 18
the gap time between detecting the object at the top detector 105A and the bottom detector
105B .
[0026] The speed sensor 115 may also determine the height of the pill 101 by determining
the time duration (t;) elapsed since the top detector 105A detected an object blocking the top
emitter 103A until the top detector 105A detects that the object stopped blocking the top
cmitter 103A. Then, the height of the pill 101 can be calculated as:

h=vxt
where v 1s the velocity of the pill and t; 1s the time duration that the top detector 105A detects
the pill.
[0027] Based on the velocity v of the pill 101 and the height 4 of the pill 101, the pill
verification system can determine a delay (tcapure) Since the bottom detector 105B detected the
pill 101 until the cameras 111 should be triggered to capture the image of the pill 101. For

instance, 1f the acceleration of the pill 1s negligible, the delay can be calculated as:
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B dz + 0.5/

tcapl’ure o

v

wherein d; 1s the distance between the bottom detector 105B and cameras 111, /4 1s the height
of the pill 101, and v 1s the velocity of the pill 101.

[0028] In some embodiments, to reduce the change 1n velocity of the pill 101 due to gravity,
since the pill 101 1s detected by the top detector 105A until the cameras 111 take a picture of
the pill 101, the distance d; between the top detector 105A and the bottom detector 105B, and
the distance d; between the bottom detector 105B and the cameras 111 are chosen to be
smaller than a threshold value. If d; and d; are chosen to be within the threshold value, the
motion of the pill 101 can be approximated to be of constant velocity. Otherwise, the speed
sensor 115 may need to account for additional parameters such as gravity and air resistance,
to be able to determine when the pill 101 will be 1n the field of view of the cameras 111.
[0029] FIG. 2A shows potential interference between emitter-detector pairs according to one
embodiment. As d; decreases, the interference between the bottom emitter 103B and the top
detector 105A, and the interference between the top emitter 103 A and the bottom detector
105B increases. As illustrated in FIG. 2A, as the pill 101 passes i between top emitter 103A
and top detector 105A, the pill 101 blocks the light emitted by top emitter 103A from
recaching top detector 105A., but does not block light emitted by bottom emitter 103B from
reaching top detector 105A. To reduce the mterference between the bottom emitter 103B and
the top detector 105A, and the interference between the top emitter 103 A and the bottom
detector 105B, the top emutter 103 A and the bottom emitter 103B may be synchronized so
that the bottom emitter 103B 1s off when top emitter 103A 1s on, and top emitter 103 A 1s oft

when bottom emitter 103B 1s on.
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[0030] FI1G. 2B illustrates a control scheme for controlling the top emitter 103A and the
bottom emitter 103B according to one embodiment. Top emitter 103A 18 on when control
waveform 201 1s in an active state and off when control waveform 201 1s 1n an 1nactive state.
Bottom emitter 103B is on when control wavetorm 203 1s in an active state and off when
control waveform 203 18 1n an 1nactive state. As illustrated in FIG. 2B, control wavetorm 201
and control wavetorm 203 are never on at the same time.

|0031] The detector outputs may also be controlled by the control wavetorms of the
assoclated emitters. A detector 1s permutted to change state from inactive to active 1f that
detector’s emitter 1s active. When the control waveform reaches a falling edge of the control
waveform, the detector 1s latched to its current output until the next rising edge of the control
waveform. In this way, each emitter-detector pair does not interfere with another pair, even
when the pairs are closely spaced together.

[0032] FIG. 3A though FIG. 3D are top views of an emitter 103 and a detector 105,
according to one embodiment. Detector 105 includes a plurality of photodetectors 305. A
photodetector 305 1n one embodiment 1s a photodiode. A pill 101 may block a few detector
cells and leave the other cells unblocked as the pill 101 passes in between the emitter 103 and
the detector 103.

[0033] As shown mn FIG. 3A, detector 105 may have blind spots 310. If a pill 101 passes
though a blind spot 310, as the pill 101 travels through the pill verification system, the
detector 105 will be unable to detect the pill 101. To reduce the likelihood of a pill being
undetected by the detector 1035, the emitter 103 may include multiple light sources 303. For
cxample, the emitter of FIG. 3B mcludes three light sources 303 A, 303B, and 303C.
Morcover, as 1llustrated in FIG. 3C and FIG. 3D, the emitters may mclude light sources 303

arranged on two sides of the tube 113. The emitter of FIG. 3C includes one light source
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303A on a first side of the tube 113 and one light source 303B on a second side of the tube
113. The emutter of FIG. 3D includes multiple light sources 303A, 303B on the first side of
the tube 113 and multiple light sources 303C, 303D on the second side of the tube 113. In
addition, the light sources 303 can be positioned farther away from the detector 105 or from
the tube or pathway to minimize blind spots. In some embodiments, the light sources 303 are
placed so that any blind spot the detector may have 1s smaller than the smallest object being
detected by the detector 105.

[0034] Each light source 303 of emitter 103 may be turned on and off so that only onc

emitter 18 on at any given time. Alternatively, the light sources 303 of emitter 103 may be
turned on and off so that light sources 303 from only one side of the tube 113 are on at any
given time. For example, in FIG. 3D, light sources 303A and 303B are turned on when light
sources 303C and 303D are turned oft and light sources 303C and 303D are turned on when
light sources 303A and 303B are turned oft.

[0035] FIG. 4 1llustrates a pill 101 passing in between an emitter 103 and a detector 105
according to one embodiment. As the pill 101 passes in front of the detector 1035, the pill 101
blocks the light emitted by a light source 303 from reaching the detector 105. As illustrated
in FIG. 4, the pill 101 blocks three photodetectors 403. Depending on the position of the pill
101 when passing through the tube 113, the pill 101 may block more or fewer photodetectors
305. Detector 105 detects the presence of an object 1in between the detector 105 and the
emitter 103 when at least one photodetector 3035 1s blocked by the object.

[0036] FIG. SA 1llustrates a block diagram of a detector 105 and FIG. 5B 1llustrates a circuit
diagram for the components of the detector 105. Detector 105 includes a photodetector array
505, a current-to-voltage converter 501 and a threshold detector 503. The photodetector

array 505 includes a plurality of photodetectors 305 connected in series. Photodetectors 303

10
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convert light into electrical current. If light 1s incident on all photodetectors 503, current
flows through the photodetector array 505. Otherwise, 1f light 1s not incident on at Ieast one
photodetector 305 of the photodetector array 505, current flowing through the photodetector
array 5035 18 reduced. In some embodiments, the amount of current that flows though the
photodetector array 505 1s based on the amount of light or the intensity of the light reaching
cach photodetector 305.

[0037] Current-to-voltage converter 501 recerves the current generated by photodetector
array 505 and generates a voltage level based on the received current. In the exemplary
circuit diagram of FIG. 5B, current-to-voltage converter 501 includes a first resistor Ry, a
second resistor Ry, and an operation amplifier (op-amp) 511. For instance, the output voltage
V, of the current-to-voltage converter 501 may be calculated as:

V =R, x1

detector

[0038] Threshold detector 503 recerves the output voltage V, generated by current-to-voltage
converter 501 and determines whether V, 1s above or below a threshold voltage V. In the
exemplary circuit diagram of FIG. 5B, threshold detector 503 includes an op-amp 513. Op-
amp 513 recelves as a first input the output voltage V, of current-to-voltage converter 501
and as a second mput a threshold voltage V. The op-amp 513 compares /, and V', and
produces an output signal. If V, 1s larger than the threshold voltage ¥y, the comparator 513
produces a signal 1n an mactive voltage level. Otherwise, 1f ¥, 1s smaller than the threshold
voltage Vi, the comparator 513 produces a signal in an active voltage level. The threshold
voltage Vy;, 1s selected such that when the detector array 505 18 unobscured by an object, the
output voltage V, 1s larger than the threshold voltage Vi, but if a detector 503 1s obscured or

at least partially obscured, the output voltage ¥V, 1s below the threshold voltage V.

11
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[0039] By connecting the detectors 1n series, the current generated by the detector array 505
1s affected when a pill passes any detector in the array. By measuring the current using a
current-to-voltage converter 501 and a threshold voltage detector 503, any sufficient change
1n current fy....or that reduces the voltage V, below the threshold i1s quickly registered as an
output signal of the threshold detector 503. This permits the threshold detector 503 to output
an 1dication of the passage of a pill based on the reduced current of any detector 305 1n the
detector array 505.

[0040] To take an 1image of the pill in motion, the pill verification system determines when
the pill 101 will be 1n the field of view of the cameras 111. In some embodiments, the pill
verification system determines when the pill 101 will be 1n the center of the field of view of
the cameras 111. In one embodiment, the pill verification system determines whether two
pills are too close to each other for the cameras 111 to be able to capture both pills.

[0041] In some embodiments, the pill verification system pertforms certain actions when the
pill verification system determines that two pills are too close to each other to be able to
capture satisfactory images of both pills. Two pills may be too close to each other if the time
between the first pill is in field of view of the camera, and the second pill is in the field of
view of the camera 18 shorter than the time 1t takes the camera to become ready to take a
second picture.

[0042] In one embodiment, if the pill verification system determines that twa pills are too
close to each other, the pill verification system generates a signal 1dentifying that an
unverified pill passed through the pill verification system. In other embodiments, the pill
verification system places the pills that were too close to cach other for the camera 111 to
take pictures of both pills in an unverified pills bin. The pills 1n the unverified pills bin may

then be manually verified or run through the pill verification system for a second time.
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[0043] The speed sensor 115 beneticially allows the pill verification system to determine
when the pill 101 will be in the field of view of the cameras 111 by determining the speed of
the pill 101 and the height of the pill 101. Since the photodetectors 305 1n the photodetector
array 505 of the speed sensor 115 are connected 1n series, the output of the photodetector
array 505 can be obtained in real-time. Therefore, the speed sensor 115 reduces the lag time
from between an object passes though the speed sensor 115 until the speed and height of the
object 18 determined.

[0044] The foregoing description of the embodiments of the invention has been presented for
the purpose of illustration; 1t 1s not intended to be exhaustive or to limit the invention to the
precise forms disclosed. Persons skilled in the relevant art can appreciate that many
modifications and variations are possible 1n light of the above disclosure.

[0045] Some portions of this description describe the embodiments of the invention 1n terms
of algorithms and symbolic representations of operations on information. These algorithmic
descriptions and representations are commonly used by those skilled 1n the data processing
arts to convey the substance of their work effectively to others skilled in the art. These
operations, while described functionally, computationally, or logically, are understood to be
mmplemented by computer programs or equivalent electrical circuits, microcode, or the like.
Furthermore, 1t has also proven convenient at times, to refer to these arrangements of
operations as modules, without loss of generality. The described operations and their
associated modules may be embodied in software, firmware, hardware, or any combinations
thereof.

[0046] Any of the steps, operations, or processes described herein may be performed or
implemented with one or more hardware or software modules, alone or in combination with

other devices. In one embodiment, a software module 1s implemented with a computer
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program product comprising a computer-readable medium containing computer program
code, which can be executed by a computer processor for performing any or all of the steps,
operations, or processes described.

[0047] Embodiments of the invention may also relate to an apparatus for performing the
operations herein. This apparatus may be specially constructed for the required purposes,
and/or 1t may comprise a general-purpose computing device selectively activated or
reconfigured by a computer program stored m the computer. Such a computer program may
be stored 1n a non-transitory, tangible computer readable storage medium, or any type of
media suitable for storing electronic instructions, which may be coupled to a computer
system bus. Furthermore, any computing systems referred to in the specification may include
a single processor or may be architectures employing multiple processor designs for
increased computing capability.

[0048] Embodiments of the invention may also relate to a product that 1s produced by a
computing process described herem. Such a product may comprise information resulting
from a computing process, where the information 1s stored on a non-transitory, tangible
computer readable storage medium and may include any embodiment of a computer program
product or other data combination described herein.

[0049] Finally, the language used 1n the specification has been principally selected for
readability and instructional purposes, and 1t may not have been selected to delineate or
circumscribe the mventive subject matter. It 18 therefore intended that the scope of the
invention be limited not by this detailed description, but rather by any claims that 1ssu¢ on an
application based hercon. Accordingly, the disclosure of the embodiments of the invention 1s
intended to be 1llustrative, but not limiting, of the scope of the invention, which 1s set forth in

the following claims.
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What is claimed 1s:
1. A pill imaging system comprising:
a tube for receiving a pill and directing the pill from a receiving end through an
imaging region of the tube;
a first sensor positioned on the tube for detecting the pill, the sensor comprising:

a first emitter configured to emtit light,

a first plurality of photodetectors positioned across one side of the tube
from first the emitter to produce a signal based on an amount of
light that is incident to a photodetector of the first plurality of
photodetectors, and

a first detector coupled to the first plurality of photodetectors and
generating a first detection signal indicating the presence of the
pill at the first sensor when any of the signals produced by any
of the first plurality photodetectors indicates a break in the
amount of light that is incident to the any of the first plurality

of photodetectors, wherein the first plurality of photodetectors

is connected in series;

a position detector coupled to the first sensor and outputting a position signal
indicating when the pill is determined to be within the imaging region
based on the first detection signal from the first sensor;

a camera positioned to capture one or more images of the pill within the tube at

the imaging region of the tube; and
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a camera controller coupled to the position detector, the camera controller
actuating the camera when the pill is within the imaging region based on

the position signal from the position detector.

2. The pill imaging system of claim 1 wherein the signal produced by the first
plurality of photodetectors is a current proportional to the amount of light that is incident to
the first plurality of photodetectors, and wherein the first detector turther comprises:

a current-to-voltage converter configured to receive the current and generate a
voltage proportional to the received current; and
a threshold detector configured to compare the voltage generated by the current-

to-voltage converter and a threshold voltage, and generate the first

detection signal based on the comparison.

3. The pill imaging system of claim 2, wherein the position detector 1s

configured to:

determine at least one of speed, position, and length of the pill based on the first

detection signal; and
determine an amount of time for the pill to be near the imaging region of the tube

based on the determined speed, position and/or length of the pill.

4. The pill imaging system of claim 1 further comprising:

a second sensor positioned on the tube at a same distance from the receiving end

of the tube as the first sensor, the second sensor comprising:
a second emitter configured to emit light, the second emitter positioned
at the same location along the tube as the first emitter of the

first sensor, where the first emitters of the first sensor and the
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second emitter of the second sensors are positioned to emit
light in different directions, and

a second plurality of photodetectors positioned across one side of the

tube from the second emitter to produce a signal based on an
amount of light that is incident to a photodetector of the second
plurality of photodetectors, and

a second detector coupled to the second plurality of photodetectors and
generating a second detection signal indicating the presence ot
the pill at the second sensor when any of the signals produced
by any of the second plurality of photodetectors indicates a
break in the amount of light that is incident to the any of the
second plurality of photodetector, wherein the second plurality
of photodetectors is connected in series,

wherein the position detector is further coupled to the second sensor and

determines the position signal based on the second detection signal from

the second sensor.

5. The pill imaging system of claim 4, wherein the first emitter and the second
emitter alternately turn on and off, the first emitter is configured to turn off when the second

emitter is on, and the second emitter is configured to turn off when the first emitter is on.

6. The pill imaging system of claim 1, wherein the first plurality of
photodetectors are further configured to change the first detection signal responsive to a

reduction in the amount of light incident on any of the photodetectors in the first plurality of

photodetectors.
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7. The pill imaging system of claim 1, wherein the first plurality of

photodetectors are photodiodes and wherein the first emitter is a light emitting diode.

8. A system for determining the presence of an object comprising:

a first sensor comprising:
an emitter configured to emit light;

a photodetector array comprising a plurality of photodetectors connected
in series, the photodetector array configured to produce a current
proportional to an amount of light that is incident to the each of the
photodetectors in the photodetector array; and

a detector coupled to the photodetector array configured to detect the light
emitted by the emitter and detect the presence of the object at a
location, the detector comprising:

a current-to-voltage converter configured to receive a current set by
the photodetector array and generate a voltage proportional
to the received current; and

a threshold detector configured to compare the voltage generated

by the current-to-voltage converter and a threshold voltage
and output an indication of the presence of the object based

on the comparison.

9. The system of claim 8, wherein the photodetector array is further configured

to decrease the current responsive to the amount of light incident to at least one of the

plurality of photodetectors being reduced.
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10.  The system of claim 8, further comprising a second sensor comprising an
emitter, a photodetector array and a detector, wherein the emitter of the first sensor and the

emitter of the second sensor alternately turn on and off the emitter of the first sensor is
configured to turn off when the emitter of the second sensor is on, and the emitter of the

second sensor is configured to turn off when the emitter of the first sensor is on.

11.  The system of claim 8, wherein the photodetectors are photodiodes.

12.  The system of claim 8, wherein the emitter is a light emitting diode (LED).

13.  The system of claim 8, wherein the current-to-voltage converter comprises:
an operational amplifier, the operation amplifier comprising an output, a non-
inverting input, and an inverting input;

a first resistor comprising a first terminal and a second terminal, the first terminal
of the first resistor coupled to the inverting input of the operational
amplifier and the second terminal of the first resistor coupled to the output
of the operational amplifier; and

a second resistor coupled to the inverting input of the operational amplifier.

14. A method for determining the presence of an object, the method comprising:

detecting light using a first photodetector array, the first photodetector array
comprising a plurality of photodetectors connected in series, the first
photodetector array configured to generate a first current proportional to a

first amount of light that is being detected by each photodetector in the

first photodetector array;
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converting the first current generated by the first photodetector array into a first

detector voltage; and

determining the presence of the object at a location responsive to determining that

the first detector voltage is below a threshold.

15.  The method of claim 14, further comprising:

detecting light using a second photodetector array, the second photodetector array
configured to generate a second current proportional to a second amount of
light that is being detected by photodetector in the second photodetector
array,

converting the second current generated by the second photodetector array into a

second detector voltage;

determining whether the second detector voltage is below the threshold; and

determining an amount of time elapsed since the determination that the first

detector voltage is below the threshold until the determination that the

second detector voltage is below the threshold.

16.  The method of claim 15, further comprising determining a velocity of the

object based on the determined amount of time and a distance between the first photodetector

array and the second photodetector array.

17.  The method of claim 14, further comprising:
determining an amount of time elapsed since the determination that the first
detector voltage is below the threshold until a determination that the tirst
detector voltage is above the threshold; and

determining a height of the object based on the determined amount of time.
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18.  The method of claim 14, wherein the first detector voltage decreases when the

object passes in front of the first photodetector array.

19.  The method of claim 14, wherein the plurality of photodetectors are

photodiodes.

20.  The method of claim 14, wherein the light detected by each photodetector is

generated using a light emitting diode (LED).
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