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SPRAY DISPENSER WITH ACTUATOR DRIVE SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

FOOGTH Not applicable.

REFERENCE REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[00021 ot applicable.

SEQUENTIAL LISTING

10003 Mot applicable,

BACKGROUND OF THE INVENTION

i. Field of the Invention

{0004] The present invention relates generally to a dispensing system for dispensing a fhud
or product from a spray device, and more particularly, to a method and apparatus for discharging

a product through a nozzle of an aerosol container from a dispensing system.

2. Bescription of the Backgrouund of the Invention
00051 Aerosol containers are commonly used to store and dispense a product such as air

freshening agents, deodorants, insecticides, germicides, decongestants, perfumes, or any other
known products suitable for dispersal in the form of particles or droplets suspended within a gas.
The product 1s forced from the acrosol container through an acrosol valve by a hydrocarbon or
non-hydrocarbon propellant, or another compressed gas, Typical acrosol containers coruprise a

body with an opening at a top end thereof. A mounting cup is crimiped to the opening of the
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container to seal the top end of the body to prevent leakage of the product or the propellant. The
mounting cup is generally circular in geometry and may nchude an outer wall that extends
upwardly from a base of the mounting cup to connect to the area of crimping. A pedestal also
extends upwardly from a central portion of the base of the mounting cup. A valve asserubly
commected to the aerosol container includes a valve siem, a valve body, and a valve spring. The
valve stemn extends through the pedestal, wherein a distal end extends upwardly away from the
pedestal and a proximal end is disposed within the valve body. The valve body 1s secured within
an inner side of the mounting cup and a dip tube may be attached to the valve body. The dip
tube extends downwardly nto an interior of the body of the container. The distal end of the
valve stem is axially depressed along a longitudinal axis thereof to open the valve assembly and
thereby discharge the product through the valve assembly. In other aerosol containers, the valve
stem is tilted or displaced n a direction transverse to the longitudinal axis of the container to
radially actuate the valve stem. When the valve assembly is opened, a pressure differential
between the container iuterior and the atmosphere forces the contents of the container out

through an orifice of the valve stem.

100061 To facilitate their use in various circumstances, the acrosol containers are offen
provided with one or more actuators. The actuators are configured to depress the valve stem of
the acrosol container to release product, in some cases, through the actuator, Depending upon
the application, the actuators can be manual or automated. Manual actuators include overcaps,
buttons, levers, or triggers that, when depressed or otherwise activated, cause product to be
dispeused from the acrosol container. Alternatively, the actuators can be operated by machinery
residing within a housing that contains the acrosol container or that is otherwise attached thereto.
In an automated dispensing system, for example, a motor may be coupled to an actuator that is
configured to dispense product from an aerosol container. In that case, a timer may be connected
o a motor that, i accordance with a predefined schedule, causes the motor 1o operate the
actuator to dispense product. These mechanisms can be configured to dispense product into a
particular volume, for example, to ensure that a certain quantity of freshening agents, deodorants,

or wnsecticides are dispensed nto a room containing the dispensing system.
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{00671 Many conventional dispensing systems are only configured to contain a single
product or fluid container and are, therefore, only capable of dispensing a single product. In the
case of fragrance-dispensing systems, the constant dispensing of a single fragrance can quickly
become tiresome for a user, particularly as the desire for a specific {ragrance may vary
throughout the day, or from day-to-day. Additiovally, the constant dispensing of a single
fragrance can lead to fragrance fatigue or habituation causing the user to realize a reduced
benefit from the dispeused fragrance. In other applications, where the dispensers are used for the
distribution of insecticides or germicides, the constant distribution of the same product or
chemical may actually defeat the purpose of the systern by promwoting the development of
resistant insects or germs. Additionally, a dispenser having only a single product container will
require more regular refilling and s more hikely to run out of product, resulting 1n regular periods
of time during which the dispenser cannot operate and requiring regular user maintenance and
atterition. Accordingly, in many dispensing systems it is advantageous to provide the capability

of dispensing more than one product.

0008] A different problem associated with prior art automated dispensing systerus ts that
they often dispense products when 1t s of little benefit to a user. If the system 1s configured 1o
dispense product at regular intervals, and has no capability to detect the presence of an
individual, for example, the system will continue to dispense product even when individuals are

not preseut and cannot beuehit from the product, This cau be extremely wasteful.

{00091 Some conventional systems include a single motion sensor, and are configured to
dispense product only when they detect movement (implying the presence of an individual or
other suttable target) using that single motion detector. The accuracy of those systems, though,
can be limited by the configuration of their motion detection systems. Because the motion
detection systems of these dispensers have a specific field of vision, if a target does not happen
to pass through that field of vision, or if the field of vision of the single motion detector is
blocked by an obscuring structure, the mdividual will not be detected and the product will not be
dispensed. For example, if a conventional dispenser having a single motion detector is

posttioned in a corner of a room, the motion sensor could become oriented toward one of the
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walls. In that case, at least a portion of the sensor's field of vision could become blocked by one
of the room's walls, thereby diminishing the effectiveness of the motion sensor.  As such, a
single motion sensor arrangement forces the user to adjust the orientation and placement of the
dispenser to optimize the sensing area, which may result in the dispenser being positioned in a

iocation that does not conform with the overall design aesthetics of the room.

[0010] Another common drawback associated with prior art devices s the difficulty with
which an aerosol container or batteries are loaded into or removed from the housing. To cnsure
that the actuating system incorporated into the housing is able to operate the valve assembly
connected to the acrosol container, after the housing is closed, the container must be accurately
positioned within the housing. If the actuator 18 not positioned correctly, the actuator may be
incapabic of operating the valve assembly to cause product to be dispensed, or may even damage
the container. Conversely, and equally important, if the actuator is not accurately positioned, the
actuator may be incapable of releasing the valve assembly to stop the dispensing of product, or
the product may be partially released from the container because the container s not scated
properly and the valve may be partially blocked. Similarly, if the batteries are not correctly

positioned within the housing, the batterics may be incapable of enabling power to the device.

FOG11H In conventional housings, the aerosol countainers are often secured by a clamping
systemi wherein a door or hinged portion of the housing is closed over the aerosol countainer to
lock the container into position within the housing. These securing systems ofien allow a user to
close the housing cven if the container is not positioned accurately within the housing.
Sometimes, when attempting to close the housing, a user may simply force the housing closed,

possibly damaging the acrosol coutainer and other compouents of the dispeusing system.

SUMMARY OF THE INVENTION
100121 According to oue aspect of the invention, a dispensing system includes a housing
adapted to retain at least two product or fluid-dispensing containers. The housing further

includes a motion or other detecting system having a field of vision that extends about a
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perimeter of the dispensing systemn. The housing 1s adapted to dispense a product from at least
one of the at least two aerosol containers in response to the detection of a parameter by at least

e SENsor.

FO013] According to a second aspect of the invention, a method of operating a dispensing
system includes the step of alternating between active and lockout modes within a first timing
sequence, wherein during the active mode at least one sensor is active to detect sensory input,
and whercupon detection of the sensory input results in product being released from a first
container, and wherein during a lockout mode product is not released from the first container.
The method further includes the step of alternating between active and lockout modes within a
second tiuing sequence, wherein during the active mode at least one sensor is active to detect
sensory input, and whereupon detection of the sensory input results in product being released
from a second container, and wherein during a lockout mode product s not released from the
second container. The expiration of the first timing sequence, and the initiation of the second
timing sequence, oceurs from at least one of the lapsing of 4 time interval, sensory input, and

marual input from a user.

[0014] According to another aspect of the invention, a method of operating a dispensing
systern includes the step of activating at least one sensor during a first timing sequences to detect
sensory input, whercupon detection of the sensory input results in the release of product from a
first container. The method further includes the step of activating a bution, wherein actuation of
the button for a duration of < a time period "T" results 1o no release of product, and wherein the

depression of the button for a duration > T results in the release of product.

[0015] According to a further aspect of the mvention, a dispenser includes a housing adapted
to receive a first and second container therein and at least one sensor is associated with the
housing, The dispenser provides for alternating between active and lockout modes within first
and second timing sequences. The dispenser provides for alternating between active and lockout
modes within first and second timing sequences. During the active mode sensory input from the

at least oue sepsor results 1o product being released from the first or second contaiver,
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respectively, and during a lockout mode product is not released from the first or second

container, respectively.

03161 According to a finther aspect of the invention, a dispenser includes a housing adapte
to receive first and second containers therein and an actuator drive system for selectively
releasing product from the {irst and second containers. The actuator drive system wncludes first

and second armatures for activation of the first and second containers, respectively.

[0017] According to a still further aspect of the invention, a dispenser includes a housing
adapted to receive at least one contamer thercin and a button disposed on the housing. The
button comprises a top plate provided on a top end of the housing and includes at least one

opening oxtending therethrough,

(00181 According to another aspect of the invention, a dispenser includes a housing having
an aperture adapted to receive a container therein; and a pushbutton disposed on the housing.
The button s & top plate of the housing and compriscs about 25% to about 100% of the total

viewable surface area of the housing when viewed from above.

F0019] According to another aspect of the invention, a spray dispenser includes a housing
adapted to receive furst and second contamners and au actuator drive system for selectively
releasing product from the two containers. The actuator drive system includes a motor, a drive
irain, and first and second actuator arms. Activation of the motor in a first direction causes the
first actuator arm to activate the first container and activation of the motor in a second direction

causes the second actuator arm to activate the second container,

00201 According to a further aspect of the invention, a dispenser includes a housing for
placement in a space, wherein the housing is adapted to receive at least one container having a
muaterial therein for cmission mto the space in response to at least one of a mamual actuation and
sensory input. At least three sensors are distributed around a perimeter of the housing for the
detection of sensory mmput. In one embodiment, the at least 3 sensors are distributed around the
perimieter such that if the housing s placed near an obstraction that blocks two of the at least

three sensors, at least one of the remaining sensors is capable of detecting sensory input. In
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another embodiment, the space is a room having at least one corper of a wall that defines a right
angle obstruction. In this embodiment, at least one of the at least three sensors 1s capable of

dispensing sensory input if the housing ts disposed adjacent the corner.

FO021] According to a still further aspect of the invention, a dispenser includes a housing
adapted to roceive at least one container therein and a plurality of scnsors provided ahout a
perimeter of the housing, wherein each sensor has a field of view in which the sensor may detect
seusory input. A total viewing ficld of 360 degrees s provided about the housing. The surm of a
field of view of the sensors about the total viewing field is at least between 20%-100% thereofl
{n one embodiment, the plurality of sensors are radially spaced from a longitudinal axis of the
housing oun the same plane. In a difterent embodiment, the housing has a geometric shape about
the plane the plurality of sensors are provided on that is one of a square, rectangle, polygon,

circle, and oval.,

10022 According to another aspect of the invention, a dispenser wncludes a housing adapte

to receive at least one container therein and a plurality of sensors provided about a perimeter of
the housing, wherein each of the seusors has a field of view to detect sensory nput. At least one
sensory gap exists between at lcast two of the plurality of sensors in which sensory input is not
detected. In one embodiment, the plurality of sensors includes 3 sensors positioned about the
perimeter of the bousing, wherein if an additional sensor were provided about the perimeter of
the housing the percentage reduction n the sensory gaps would be less than 25%. Iu a different
embodiment, the plurality of seunsors includes 4 sensors posttioned about the perimeter of the
housing, wherein if an additional sensor were provided about the perimeter of the housing the

percentage reduction in the sensory gaps would be less than 20%.

00231 According to another aspect of the invention, a method of operating a dispensing
system includes the steps of providing a power source to a dispenser adapted to receive first and
second containers therein and entering an active mode, wherein a sensor is activated to detect the
presence of motion within a sensory path thercof. The method further inclades the step of

inguiring about the presence of the first and second contawners upon the detection of motion by
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the sensor. I no container is present a dispensing operation is not undertaken, if one of the first
or second contatners s present a dispensing operation is undertaken with the present container,
and if both the first and second containers are present the dispenser inguires about the current

time period.

[0024] According to a still further aspect of the invention, a spray dispenser includes a
housing baving an aperture adapted to receive a container therein and a container detection arm,
wherein the container detection arm ncludes a lever that extends into the aperture. Tnsertion of a
container within the aperture causes flexure of the lever to contact a switch, thereby providing a
signal to a controller of the presence of a container withun the aperture. The housing further
inclades a second aperture adapted to receive a secound container and a secoud container
detection arm that icludes a lever extending into the sccond aperture, wherein insertion of a
container within the second aperture causes flexure of the lever to countact a second switch,
thereby providing a signal to the controller of the presence of the second container within the

second aperiure.

[0025] According to another aspect of the wvention a spray dispenser includes a housing
adapted to receive a container therein, wherein the housing inchudes a phurality of apertures and a
plurality of sensors disposed within the apertures, wherein the sensors detect a signal in a space
around the housing. The apertures are not viewable by a user having a line of sight within X feet

from oune of the apertures and Y {fect above one of the apertures.

[0026] According to a further aspect of the invention, a spray dispenser includes a housing
adapted to recetve a container therein, wherein the housing includes a sidewall and a fin disposed
on the sidewsll, A plurality of apertures are disposed 1 a lower face of the fin and the lower
face of the fin defines a plane located at not less than 66 degrees from a longitudinal axis of the
housing,

(00271 According to a still further aspect of the invention, a spray dispenser includes a
housing having a plurality of apertures disposed therein and a plurality of sensors disposed

within the apertures. The housing further inchudes an overhang portion disposed above the
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apertures having a length and a height above the bottom of the aperture, and a ration of the

height to the length exceeds 2,17,

BRIEF DESCRIPTION OF THE DRAWINGS
00281 FIG. 1 1s an 1sometric view of one embodiment of a housing for a dispenser;
160291 FIG. 2 is an isometric view of a bottom section of the housing of FIG. |

100301 FIG. 3 15 an isometric view of the bottom section of FIG. 2, further including two

aerosol containers and two batteries;
{0031] FEG. 4 1s a bottom 1sometric view of a top section of the housing of FIG. 1}

[0032] FIG. 5 1s an isometric view of the top section of FIG. 4, further mcluding two aerosol

contatners and two batteries;

00331 FIG. 6 1s a partial section view of the top section of the housing of FIG. 5 with

portions behind the plane of section removed for purposes of clarity;

F0034] FIG. 7 18 a partial, 1sometric sectional view of the bottom section of the housing

shown in FIG. 2;

f0035] FIG. ¥ is an 1sometric view of an actuator drive system and a housing;

[0036] FIG. 9 1s a cross scctional view of the actuator drive system and housing taken along
the line 9-9 of FIG. §;

F0037] FIG. 10A is an isometric view of the actuator drive system and housing of FIG. §,
further including a gear plate;

[0038] FIG. 108 depicts an exploded isometric view of the device of FIG. 10A being placed
into a lower sidewall of the bottom section;

[0039] FIG. 11 is a cross sectional view of a dispenser with an actuator drive system in a

neutral position;
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(00461 Fi(3. 12 is an isometric view of the components of the actuator drive system in a

neutral position;

F004 1] FIG. 13 is a cross sectioval view of a dispenser with an actuator drive systern and

accompanying containers in a neutral position;

00421 FIG. 14 is a cross sectional view of a dispenser with an actuator drive system in a first

active position;

00431 FEG. 15 15 a cross sectional view of a dispenser with an actuator drive system and a

container in a first active postiion;

[0044] FIG, 16 18 a cross sectional view of a dispenser with an actuator drive system i a

second active position;

00457 FIG. 17 is a cross sectional view of a dispenser with an actuator drive system and a
container i a second active position;

[0046] FIG. 18 18 an exploded isometric view of a top and bottom section of the housing of
FiG. 1

F00471 FIG, 19 1s an isometric view of a cap assembly;

00431 FIG. 20 depicts a portion of an upper sidewall of the top section of the housing of
FI1G. 1;

00491 FIG. 21A 1s a partial sectional, isometric view of a top section of the housing of FIG.
I mcluding a locking menber;

0050 FEG. 218 is a different partial sectional, isometric view of the top section of FIG.
Z1A:

[0051] FIG. 22 15 an exploded, partial sectional, isometric view of a first step in a scquence
to combine a top section of a housing with a bottom section thereof]

F00521 FIG. 23 1s a partial sectional, isometric view of a second step in a sequence (o

combine a top section of a housing with a bottom section thereof]
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[0053] FiG. 24 is a partial sectional, isometric view of a third step in a sequence to combine
a top section of a housing with a bottom section thereof]

00541 FIGS. 25A - 25L are illustrations of various housing structures incorporating different
numbers of installed objects such as the containers and/or batteries and demonstrating a guiding
capability of the installed objects;

[0055] FIG. 26 1s an wsometric view of a dispenser with portions thereof removed to show a
PCR;

10056} FIG. 27 is an isometric view of a botiom surface of the PCB of FIG. 26;

[0057] FIG, 28 18 an wsometric view of a dispenser further depicting a seusory path of the
dispenser;

FOO5K] FIGS. 29A-29F illustrate various sensing parameters based on the use of varying

numbers of sensors;

[6059] FIGS, 30A- 30F are overhead iltustrations of a conventional 1281 x 126t (3.66m x
3.66m} room illustrating the coverage area of dispensers 100 having different numbers of motion
SEUSOTS;

[8060] FIGS. 31A- 31F are overhead illustrations of a conventional 161t x 166t (4.88m x
4.88m) room illustrating the coverage area of dispensers 100 having different numbers of motion

sensors with the room being 1o a first arrangement;

(8061} FIGS, 32A- 32F are gverhead illustrations of a conventional 168t x 16ft (4.88m x
4.88m} room illusirating the coverage arca of dispensers 100 having different numbers of motion
sensors with the room being in a second arrangement;

160621 FIGS. 33A- 33F are overhead illustrations of a conventional 161t x 166t (4.88m x
4.88m) room illustrating the coverage area of dispensers 100 having different numbers of motion

sensors with the room being in a third arrangement;
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(8063} FIGS, 34A- 34F are gverhead illustrations of a conventional 188t x 13ft (5.4%m x
5.49m) room tlustrating the coverage arca of dispenscrs 100 having different numbers of motion
SENSOLS;

100641 FIGS, 35A-35E are schematic illustrations showing ficlds of view for dispenser 1060
having 2, 3, 4, 5, and 6 sensors, respectively;

10063 FIG. 36 18 a bar chart ilustrating the reduction in gap resulting from the addition of
sensors to the dispenser 100;

F0066] FIG. 37A 1s a sectional view taken through the aperture 112a of the top section 104 of
the housing 102;

00671 FIG. 378 is an illustration showing a representation of the aperture 112a of the
dispenser 100 positioned nearby an observer;

[0068] FIG. 38 18 a cross-sectional view taken generally along the line 38-38 of Fig. 1 of a
top section of a housing further including a top plate for actuating a switch;

(00691 FIG. 39 is a bottom isometric view of a dispenser showing a mode sclector switch;
F0070] FIG, 40 depicts a uming diagram of one crabodiment illustrating operation of the
dispenser and interaction between components of the dispenser;

FO071] FIG. 41 depicts a timing diagram of one embodiment illustrating the interaction
between each of the four motion detectors of the dispenser;

100721 FIG. 42 depicts a timing diagram of one embodiment illustrating mavual aser input to
the dispenser and container selection;

F0073] FIG, 43 depicts a timing diagram of one cmbodiment illustrating an operational
methodology of the dispenser over multiple timing sequences;

00741 FIG. 44 1s a cross-sectional view taken generally along the line 44-44 of Fig. 19

showing a container detection arm of the dispenser;
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{0075 FEGS. 45A-45C illustrate various electrical interconnection arrangements between a
motor, actuator drive system, selector switch, and power source of the dispenser;

04761 FIG. 46A 15 a schematic illustrating an example construction of a power supply of the
dispenser;

FO077] FIG. 468 is a schematic illustrating an example construction of a mode sclector
switch of the dispenser;

{0078] FEG. 46C 1s a schematic illustrating an examiple construction of a container detection
circuit of the dispenser;

FO079] FIG, 46D is a schematic dlusirating an cxample construction of a circuit for
implementing the motion detectors and a motor control circuit of the dispenser;

FO080] FIG. 46E is a schematic illustrating an example construction of a circuit for
controlling the operation of the dispenser;

[O081] FIG. 47 is a state diagram illustrating a state flow of the dispenser in accordance with
the present disclosure;

F0082] FIGS. 48A-48D are illustrations of the top section of the housing incorporating a
mechanism for disconnecting power when the top section of the dispenser is unlocked from the
bottom section;

F0083] FIG. 49 1s a schematic representation of an alternative embodiment of a diffuser
utilizing a plurality of sensors;

[0084] FIG. 50 1s a schematic representation of an alternative embodiment of an electronic
dispensing system utilizing a plarality of sensors;

[0085] FIG, 51 1s a schematic represeniation of another alternative erabodirent of a diffuse

utilizing a plurality of sensors; and

[00R6] FIG. 52 is a schoematic representation of an alternative embodiment of a candle

system utilizing a plurality of sensors.
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DETAILED DESCRIPTION OF THE DRAWINGS

FO0RTY Figs, 1-5 depict one embodiment of a dispenser 100, The dispenser 100 generally
comprises a housing 102, The dispenser 100 is configured to discharge product from one or
more containers disposed within the housing 102 upon the occurrence of a particular condition.
The condition could be the manual activation of the dispenser 100 or the automatic activation of
the device in response to an clapsed time interval or signal from a sensor, such as a motion
sensor or other types of sensors as later discussed.  The product dispensed may include a
fragrance, insecticide, or other product disposed within a carrier liguid, a deodorizing liguid, or
the like. For example, the fluid may comprise OUST™, an air and carpet sanitizer for
household, commercial, and institutional use, or GLADE®, a household deodorant, both sold by
S. €. Johnson and Son, Inc., of Racine, Wisconsin. The fluid may also comprise other actives,
such as sanitizers, air and/or fabric fresheners, cleancers, odor climunators, mold or mildew
inhibitors, insect repelients, and the like, or that have aromatherapeutic properties. The fhmd
alternatively comprises any fluid known to those skilled i the art that can be dispeunsed from a
container, such as those suitable for dispersal in the form of particles or droplets suspended
within a gas. The dispenser 100 1s therefore adapted to dispense any number of different fluid or
product formmlations. In embodiments that utilize more than one container, the fhuid or product

within the containers may be the same, similar, or different.

[0083] Turmning o Fig. 1, the housing 102 generally has the shape of a prolate spheroid
truncated at upper and lower portions thereof. In other implementations, though, the outward
geometry of dispenser 100 may have any appropriate shape for housing the contents of dispenser
160, while being relatively stable when placed upon a flat, horizontal surface. Possible shapes
include cubes or boxes, pyramuds (or other polyhedrons), or other three-dimensional shapes

being configured to stand upon a flat surface.

0089 In the present embodiment the housing is separated into a top section 104 and a

bottorn section 106, which are jonable to form the housing 102, The top section includes a
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circular top plate 108 that functions as a button for activation of the dispenser 100, which will be
described with greater particularity heremmbelow, The top plate 108 includes a generally planar
peripheral edge and a central concave depression. In one embodiment, the top plate 108 has a
total surface area of approximately 5.9 square inches (38.06 square c¢m). In that case, when
viewed from above, the viewable surface of the top plate 108 comprises approxiruately 34% of
the total viewable surface area of the housing 10Z. In other embodiments, the top plate 108
comprises about 25% (o about 100% of the total viewable surface area. In another embodiment,
the top plate 108 comprises about 50% to about 100% of the total viewable surface area. In yet
another embodiment, the top plate 108 compriscs about 75% to about 100% of the total viewsble
surface area. Openings 110a, 110b are provided within the central depression. The top section
104 also ncludes four apertures 112 equidistantly spaced within a sidewall 113 of the housing
102, which act as ports for four sensors disposed within the housing 102. The bottom section
106 includes a generally planar bottom portion for supporting the dispenser 100 on a support

surface,

[0050] The housing 142 may be constructed from any suitable material, such as plastic,
metal, glass, or combinations thercot, Additionally, the materials may include combinations of
manufactured, natural, and recyeled or reclaimed materials. In some cases, the materials are
selected from, or include manufactured materials configured to approximate, naturally occurring
substances, such as wood, stone, paper, or rock, or combinations thereof, Any such materials
can be sclected based upon their having a natural looking appearance and/or a natural feeling to
the touch. By incorporating vatural materials, or analogs of natural matenals, the dispenser 100
can be made to look more appropriate for placement in an outdoors location, such as in a sun
room or on a balcony, or can complement the look and feel of existing natural objocts within the

home.

(60917 In the present embodiment, the sidewall of the housing 102 includes a plurality of fins
114 extending radially therefrom. Fach fin 114 has an upper face 116 with a slightly convex
configuration (see, for example, Fig. 6}, which projects horizontally away from the sidewall 113

of the dispenser 100. A lower face 118 of cach fin 114 is generally planar and also cextends
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outwardly from the sidewall 113 of the housing 102 at an angle of approximately 45 degrees
with respect to the upper face 116, In other embodiments one or more of the fins 114 may have
upper and lower faces 116, 118 with curved or planar surfaces that may be provided at any angle
with respect to one another. For example, the fins 114 may be rounded and curvilinear or may
comprise relatively planar structures having a low surface profile. In some embodiments, the
fins 114 provide a user with an improved gripping surface when lifting, moving, or opening the
dispeuser 100, In other embodiments, the bousing 102 may be provided with other radially or

non-radially extending projections or may comprise no projections,

F0092] Fig. 2 depicts the bottom section 106 of the housing 102. The bottom section 106
inclades a mumber of apertures for receiving containers and batteries.  In the present
embodiment, the bottom section 106 includes two apertures 120a, 120b that are each sized to
recetve at least a portion of a coutainer.  Apertures 120a, 120b bave a generally circular
configuration to match the outer geometry of a conventional aerosol container or other
conventional fluid or product container. The apertures 120a, 120b arc preferably sized to allow
containers to be easily placed therein and subsequently removed by a user who may replace the

container with a refiil,

[0093] The bottom section 106, as depicted in Fig. 2, also mmcludes apertures 122a, 122h,
which are sized to receive batteries or other power units for providing electrical energy to one or
more of the coraponents of the dispenser 100, As such, the size of the apertures 122a, 122b can
be adjusted depending upon the dimensions of the batteries used to power the dispenser 100,
Where a different number of batteries are necessary for powering the system, the number and
size of the apertures 122 voay be adjusted to bold an appropriate number of batteries. o one
embodiment, the apertures 122a, 122b are sized to receive at least a portion of an AA-sized
battery. Electrical contacts are provided at the bottom of each aperture 122a, 122b for placement
in contact with corresponding contacts of a battery when a battery is disposed thercin. In some
cases, when the dispenser 100 15 powered via an external power source, such as an external
power adapter, the apertares 122a, 122b may be omitted or supplemented by such external power

SOUrce.
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[0094] Fig. 2 further depicts the bottom section 106 as having locking tabs 124a, 124b. The
locking tabs 124a, 124b arc adapted to couple the bottom section 106 to the top section 104,
which will be described in greater detail hereinbelow. As shown in the embodiment of Fig. 2,
the locking tabs 124 may comprise a generally rectangular structure with a rectangular aperture
125 or window extending therethrough. In other embodiments, the locking tabs 124 may
comprise structures having different shapes defining differently shaped apertures. The apertures
125 are sized to receive and couple with corresponding locking mechanisraus on the fop section

104

[00951 The top surface of the bottom section 106 of the dispenser 100 is relatively clear of
other obstructions and mechameal elements 50 as to not contfuse the user during the refilling of
the containers 150 and the batteries 152. Additionally, the design of the bottom section 106
makes the dispenser 100 look less like a mechanical device and more like a décor item. Having
the device be considered more of a décor item makes the user more likely to position the device
in a prominent posttion within a living space, which consequently improves the performance of

the dispenser 100 within that living space.

[0096] Electrical connectors 126a, 126b, 126¢ are disposed on the bottom section 106 and
are placed in electrical connection with one or more components disposed within the bottom
section 106, such as an actuator drive system and a mode selector switch, which are each

described in more detad below.

100971 Fig. 3 depicts the bottom section 106 of the housimg 102 as further including several
containers and batteries inserted therein.  Specifically, containers 150a, 150b, which may be
conventional acrosol countaimers, are inserted mto the apertures 120a, 120b (shown mn Fig. 2),
respectively.  The containers 150a, 150b are inserted so as to orient the valve assemblies thereof
upwards and away from the bottom section 106 of the housing 102, After insertion of the
containers 150a, 150b, a portion of each container is exposed to allow for a user to grasp cach
container and remove same from the botiom section 106. In one embodiment, the containers

150a and 150b extend outwardly from the bottom section 146 by at feast 1.27 cm, in light of the
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fact that the average finger width 18 1.27 om, which allows the user to more easily grip the
contamners.

[0093] Sirntlarly, batteries 152a, 152b are inseried iuto the apertures 122a, 122b,

respectively.  Upon insertion, the batteries 152 are oriented so as to cstablish the appropriate
clectrical interconnections with ternunals disposed at the bottom of the apertures 122a, 122b.
This arrangement simiplifies the installation or replacement of the batteries 152 as the batteries
152 are not locked into place and can be casily gripped and removed by the user. In one
implementation, after insertion into the apertures 122a and 122b of the bottom section 106, the
batteries 152 arc exposed by more than 50% and can be easily gripped by the user and removed.
The user can then ecasily drop new batteries wn the apertures 1222 and 122b to replace the

batteries 152 as the batteries do not need to be snapped or otherwise affixed into place.

FO099] In the present cmbodiment, the containers 150a, 150b are containers configured to
dispeuse product using a propellant such as a hydrocarbon or non~hydrocarbon propeliant. Non-
hydrocarbon propeilants may include, but are not limited to, compressed gasses, including, for
example, compressed air, nitrogen, nitrous oxide, 1nert gases, carbon dioxide, etc., and mixtures
thereof. In other embodiments, the containers 150a, 150b may include -type sprayer containers
or auny other product dispensing contatners.  The containers 130a, 150b may include any
appropriate activation mechanisim, such as valves, delivery tubes and/or nozzles, or combinations
thereof, The valves may have various different configurations such as tlt valves, axial valves, or

metered valve systems.

[00100]  The containers 150a, 150b may also comprise any size and volume known to those
skilied in the art. In onc embodiment, one or more of the contamers 150a, 150b may comprise a
small container, such as a mini-aerosol container sold by S, C. Johnson and Son, Inc., of Racine,
Wisconsin, which has a capacity of 12.2g of product. Other example capacities for one or more
of the containers 150a and 150b include 22.7g and 175g, though other capacities may be utilized.
For example, it is contemplated that an acrosol or non-acrosolized container may have a capacity

between about Sg to about 300g. Embodiments using smaller containers allow for a more
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compact implementation of the dispenser 100, Additionally, the smaller containers are easier to
manage and drop nto their respective apertures within the bottom scction 106 of the dispenser
100, Accordingly, the smaller contains may be easier for a user to manage during replacement

and/or instaliation.

[00101]  In one embodiment, the contamers 150a, 150b are acrosol containers comprising
bodies 154a, 154b with mounting cups 156a, 156b crimiped to a top end thereof (see Fig. 6). The
mounting cups 156a, 156b are gencrally cylindrical in shape and include an outer wall that
extends circumferentially thersarcund.  In the present embodiment a plastic sheath or hat
surrounds portions of the mounting cups 156a, 156b. Necks 157a, 157b of the containers 150a,
150b are disposed below the mounting cups 156a, 156b, wherein the necks 157a, 157b are
angled inwardly with respect to the mounting cups 156a, 156b and the remaining arca of the
bodies 154a, 154b. Pedestals 151a, 151b exiend upwardly from a ceuntral portion of the
mounting cups 156a, 156b. Valve assemblies 153 are provided within the containers 150a, 150b
and mclude a valve stem 155a, 155b, wherein a distal end of the valve stem 155a, 155b extends
through the pedestal 151a, 151h. When the distal end of the valve stem 1553, 155b 15 depressed,
the valve assembly 153a, 153b is opened and the contents of the comtamer 150a, 150b are
discharged through the valve stem 155a, 155b. The contents of the containers 150a, 150b may
be discharged i a continuous or metered dose. Further, the discharging of the contents of the
container 150a, 150b may be effected in any wuruber of ways, ¢.g., a discharge comprising a
partial metered dose, a discharge through a partial opening of the valve assembly 153a, 153b,

multiple consecutive discharges, etc,

[001021  Figs. 4 and S show the top section 194 of the housing 102, With respect to Fig. 5, the
containers 150a, 150b and the batteries 152a, 152b are shown in their operational state as if the
top section 104 were connected to the bottom section 106, as further described below. The top
section 104 includes an upper sidewall 158 configured to house the components of the top
section 104, including the PCB or substrate housing the device's controller, the optical sensors of

the motion-detecting system and the components of the top plate 108, which may function as a
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marual control button for the dispenser 100, A cap assembly 159 is also mounted within and
retained by the top section 104 and 1s configured to rotate within the upper sidewall 158,

[O0103]  With respect to Fig. 4, the cap assembly 139 1s shown to include two apertures 160a,
160b, which are sized to receive at least a portion of one of the contammers 150a, 150b,
respectively. The apertures 160a, 160b are preferably sized to allow the containers to slide into
and out of the apertures 160a, 160b. When the top section 104 is connected to the bottom section
106 of the housing 102, the apertures 160a, 160b are positioned over the apertures 120a, 120b
{shown in Fig. 2). The apertures 160a, 160b are sized to receive a portion of each coutainer
150a, 150b that projects from the apertures 120a, 120b within the bottom section 106. For
example, Fig. 3 depicts portious of the containers 150a, 150b extending upwardly from the
bottom section 106 and Fig. 5 depicts the placoment of the containers 150a, 150b within the top

section 104 as if the top and bottor sections were combined.

(001041 The cap assembly 159 also includes apertures 162a, 162b, which are sized (o receive
a top portion of the batteries 152a, 152, respectively, When the top section 104 1s connected to
the bottora section 106, the apertures 122a, 122b (shown m Fig. 2) are aligned with the apertures

162a, 162b, respectively.

[00105]  Turning again to Fig. 4, the apertures 1603, 160b and 162a, 162b are cwreumscribed
by a raised wall that extends from a bottorn surface 163 of the cap assembly 159, Also, as shown
in Fig. 4, the various apertures 160a, 160b and 162a, 162b may be formed within the cap
assembly 159 g0 as to be coextensive with one another, In the example implementation shown in
Fig. 4, the apertures 160a, 160b and 162a, 162b do not define independent and separate recesses
within the cap asscmbly 159, Instead, the apertures 160a, 160b and 1624, 162b are formed so as
to define a single, combined aperture including different regions that are cach configured to
receive cither an acrosol container or a battery. In other nmplementations, though, the apertures
160a, 160b, 1623, and 162b may each define independent and separate recesses withm the cap
assembly 159, In stili other implementations, different combinations of the apertures 160a,

160b, 162a, and 162b may be combined with one avother, for example, to facilitate
¥ p
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marnufacturing processes or use by a user {for example, insertion of comtainers or batteries
therein), Each region of the combined apertures 160a, 160b and 162a, 162b comprises an outer
wall having a curvature configured to approximately match a portion of an outer surface of either

the container 150a, 150b or the battery 152a, 152b to be disposed therein.

[00106]  Three spring contacts 164a, 164b, 164¢ are provided on the bottom surface 163 of the
cap assembly 159 to allow for an electrical connection 10 be formed between the top section 104
and the bottom scction 106 of the housing 102, Each one of spring contacts 164a, 164b, 164c
comprises a conductive spring that is configured to contact one of the electrical connectors 126a,
126b, 126c mounted on a top surface of the bottom section 106 (shown in Fig. 2} when the top
section 104 15 connected to the bottom section 106, Electrical miterconnects (not shown) are
formed between the spring portion of spring contacts 164a-c and a controller disposed within the
top section 104 to place the controller in communication with the components of the botliom
section 106. This arrangement allows for the separation of electrical functionality between the
top section 104 and the bottom section 106 of the dispenser 100, As such, the motion sensing
system may be disposed within the top section 104 to allow for higher visibility of the
surroundings of the dispenser 100, while the actuator drive system may reside in the bottom

section 106 to provide for more stability of the dispenser 100,

F001071  Locking members 166a, 166b are provided adjacent the bottom surface 163 of the top
section 104, Each of the locking members 166a, 166b is sized to couple with one of the locking
tabs 124a, 124b on the bottom section 106 when the top section 104 is connected thereto. The
interaction between the locking members [66a, 166b and the locking tabs 1244, 124b 18

discussed in detail below,

FO0108T  With reference now to Fig. 6, the cap assembly 159 is shown to incorporate nozzles
1804, 180b positioned in fluid communication with the valve stems 1554, 1555 of the containers
150a, 150b to facilitate product dispersal therefrom. Because the nozzles 180a, 180b are
integrated into the cap assembly 159, it is not necessary to incorporate a secondary nozzie into

each of the containers 150a, 150b to ensure appropriate product dispersal from each contaiver,
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[00109]  In a preferred embodiment, the containers 150a, 150b are provided with a sheath
182a, 182b or hat that extends over portions of the contamners. In the present embodiment, the
sheathes 182a, 182b generally conform to and extend around the mounting cups 156a, 156b, the
pedestals 151a, 151b, and portions of the valve stems 1553, 155h. Tnner walls 184 defining the
apertures 160a, 160b of the cap assembly 159 are configured to conform to the outer surface of
the containers 150a, 150b, including the sheaths 182a, 182b of the present embodiment
Accordingly, as the contaimers 150a, 150b are nserted nto the apertures 160a, 160b, the nne

walls 184 constrain the movement of the containers 150a, 150b to ensure that the containers
1504, 150b are positioned in a manner that their corresponding valve stems 155a, 155b arc in

fhud communication with the nozzles 180a, 180b of the cap assembly 159,

[00110]  In the present arrangement, as the containers 150a, 150b are pressed farther into the
apertures 160a, 160b of the cap assembly 159 the surfaces defining the nowzzles 180a, 180b
depress the valve stems 1535a, 155b to cause a valve assembly of the container 150a, 150b to
open, thereby allowing the contents of the container 150a, 150b to be discharged through the
valve stems 155a, 155b of the containers 150a, 150b and through the nozzles 180a, 180b of the
cap assembly 159, Accordingly, to discharge the contents of either container 1503, 150b, the
container is pressed upwardly into the container's respective aperture 160a, 160b of the cap
assembly 159. Depending upon the method of discharging product from the container 150a,
150b, the valve stern 1533, 155b of the container may become seated within surfaces defining the
opening of the nozzle 180a, 180b during actuation. Alternatively, the valve stem 155a, 1550
may be seated within a shallow penipberal recess surrounding the opening of nozzles 180a, 180b,
Pepending upon the implementation, the valve stems 155a, 155b may always be slightly seated
within the opening or recess of the nozzle 180a, 180b 1n an actuated or non-actuated state to
provide proper alignment. In some embodiments, the valve stems 1552, 155b may already be
shightly pre-loaded to assist in the actuation process.

[O0111]  An actuator drive system is used to sclectively discharge product from cither of the
containers 150a, 150b. Figs. 7-9 illustrate one embodiment of an actuator drive system 200 of

the dispenser 100, The actuator system 200 1s mounted within the botiom section 106 of the
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housing 102 and is controlled by electronic control signals received by a controller disposed
within the top section 104 of the housing 102, With specific reference to Fig. 7, a view similar to
that of Fig. 2 is shown, except that a portion of the sidewall covering the bottom section 106, a
gear plate 252 (shown in Fig. 10A and 10B), and the locking tabs 124a, 124b have been removed
to betier show the actuator drive system 200 contained therein, Fig. 8 shows the actuator drive
systemn 200 and a housing 201 for the apertures 120a, 120b and 122a, 122b with the remaining

portions of the sidewall removed for purposes of clarity,

[001121  The actuator drive system 200 includes a number of gears that are coupled to an
electric motor 202 for manipulating the actuator drive system 200. The motor 202 is, in turn,
controlled by a controller located in the top section 104 of the housing 102 that controls the
motor 202 based upon a current mode of operation of the dispenser 100 and the status of one or
more sensors and user interfaces such as buttons or toggle switches. Depending upou the system
implementation, the drive system may incorporate any suitable number of gears having
appropriate numbers of teeth.  As such, the gear ratios of the drive system may be adjusted, for
example, based upon a strength of the connected motor, or power consumption considerations.
Referring to Figs, 7-9, the drive motor 202 {not shown in Fig. 7) 1s coupled 1o 4 drive gear 204,
Teeth of the drive gear 204 engage with teeth of a gear 206, which is configured to rotate about
an axle 208. The gear 206 is fixed to a smaller gear 210 that is also configured to rotate about
axte 208, The tecth of the gear 210 engage with the teeth of a gear 212, which 1s configured to
rotate about axie 214. The gear 212 is fixed to a gear 215 (shown on Fig. 12) that is configured
to rotate about the axie 214, Teeth of the gear 215 engage with the teeth of a gear 216, which is
configured to rotate about an axie 218. The gear 216 is fixed to a gear 220 that is configured to
rotate about an axle 218, Teeth of the gear 220 engage with teeth of g gear 222 that 18 contigured
to rotate about an axie 224, As shown in Fig. 7, the geometry of the gear 222 may comprise a
sector of a larger circular gear. In that case, the size of the gear 222 and the number of tecth
thereon are selected to allow the actuator drive system 200 to operate while cusuring that the
teeth of gear 222 are consistently engaged with the tecth of the gear 220. The gear 222 is fixed

to a smaller gear 226 (see Figs. 11-14 and 16}, which s configured to rotate about the axle 224,



WO 2013/043690 PCT/US2012/056061

24

The gear 226 engages with teeth formed along inner walls of armatures 228 and 230 (see
elements 234 and 236, respectively, m Figs. 11-17) mn a rack and pinion arrangement.
Accordingly, as the gear 226 rotates in a first direction, the armature 228 is raised while the
armature 230 1s lowered. Conversely, as the gear 226 rotates in the opposite direction, the
armatare 228 1s lowered while the armature 230 is raised. As illustrated in Fig. 9, both of the
armatures 228 and 230 penetrate into the volume defined by the apertures 120a, 120b through

windows 229 and 231, respectively.

[G001131  For purposes of better understanding the present actuator drive system 200 an
example of the operation of same will be given. In the present example, the motor 202 rotates
the drive gear 204 n a clockwise direction. The clockwise rotation of the drive gear 204 causes
the gears 206 and 210 to rotate in a counter-clockwise direction about the axie 208. The counter-
clockwise rotation of the gear 210 caunses the gear 212 and the svoall gear 215 fixed to the gear
2172 1o rotate in a clockwise direction about the axle 214, The clockwise rotation of the gear 215
fixed to the gear 212 causes the gears 216 and 220 to rotate in a counter-clockwise direction
about the axle 218, The counter-clockwise rotation of the gear 220 causes the gears 222 and 226
io rotate i a clockwise direction about the axle 224, The clockwise rotation of the gear 226
causes the armature 228 to be lowered within its aperture 120b of the botiom section 106, while
the armature 230 is raised within its aperture 120a. Conversely, if the motor 202 rotates the
drive gear 204 w a counter-clockwise direction, the armuature 228 will be raised, while the
armature 230 is lowered by an cqual distance. By raising or lowering cach of the armatures 22

and 230, as described below, the motor 202 (and the connected controller) can control a position
of the containers 150a, 150b within the apertures 120a, 120b (and, consequently, the apertures
1604, 160b) and can cause product to be dispensed from either of the contamners 150a, 150b by
raising the desired container until the container's valve stem 155a, 155b contacts the nozzle 180a,

180b of the cap assembly 159 (see Fig. 6).

[00114] Turning to Figs. 8 and 9, connection apertures 250a, 250b, 250¢, 250d are provided
for mounting the actuator drive system 200 to the housing 201 containing the apertures 120a,

120b. In other implementations, the connection apertures 250 may be replaced by snap-fit or
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quick-release connections allowing the actuator drive system 200 to be quickly connected to the
housing 201, The nstallation of the actuator drive system 200 within the bottom scection 106 of
the housing 102 provides significant advantages over prior art systems. Namely, such a
dispenser is provided with a lower center of gravity because a significant portion of the weight of
the dispenser 100 18 within the bottorn section 106. Further, placement of a portion of the
containcrs 150a, 150b and the batteries 152a, 152b into the bottom section 106 also assists in
moving the center of gravity of the dispenser 100 dowunwardly within the housing 102, An
increased center of gravity within the bottom section 106 as compared to the top section 104
provides for greater stability and reduces the chance of inadvertent tipping of the dispenser 1060,
In addition to providing greater stability, by locating the center of gravity of the dispenser 100
within the lower section 106, the user 1s provided with a tactile feature by which to identify the
correct up/down orientation of the dispenser 100 as the weighting distribution provides ready
cucs as to how to orient (and thereby open) the device. The weighting of the bottom section 106
provides a similar and recognizable feeling to the dispenser 100 as that of objects commounly
found in consumers' homes, such as jars, bottles, or other products that have a lid removed via a
twisting action. The distribution of weight within the dispenser 100 also provides additional
value to the user by allowing the user to recognize that the dispenser 100 is not hollow, thereby

giving the dispenser 100 a high-quality fecl.

[00115]  Figs. 10A and 10B iltastrate the installation of the actuator drive systern 200 and the
housing 201 into the bottom section 106 of the housing 102. Referring to Fig. 10A, a gear plate
252 s roounted over the gears of the actuator duve systern 200, Axles for cach of the gears of
the drive train of the actuator drive system 200 are connected to the gear plate 252, thereby
allowing for cach gear to be mounted to s respective axle. As shown in Fig, 10A, the gear plate
252 inchides mounting apertures that, when the gear plate is in position, overlap with the
connection apertures 250a (not shown}, 250b, 250¢ (not shown), and 250d. The gear plate 252
also mcludes a motor wount 254 to which the motor 202 18 counected using an appropriate
securing mechanism such as screws, clips, adhesives, or other mechanical structures or devices

configured to fix the motor 202 to the gear plate 252, The motor mount 254 includes a circular
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aperture 255 through which a drive shaft of the motor 202 can be positioned and connected to the

drive gear 204 for operating the actuator drive systern 200, as described above.

(001161 Referring to Fig. 108, the combination of the gear plate 252 (with attached gear train
and motor) and the housing 201 are installed into a lower sidewall 256 of the bottom section 106.
As lustrated i Fig, 10B, during mstaliation, the motor 202 of the drive system 200 is oriented
toward the interior volume of the bottom section 106, while the housing 201 countaining the
apertures 120a, 120b and 122a, 122b 18 oniented outward. The botiom section 106 mcludes
attachment points 251a, 251b, 251c, 251d. Connection apertures 250a, 250b, 250¢, 250d (not
shown} are positioned over attachment points 251a, 251b, 251c, 251d (not shown} and a
counector, such as a screw, bolt, or clip (though other connection systerus such as adhesives roay
be used) is passed through connection apertures 250a, 250b, 250c, 250d and fixed to the

attachment pownts 251a, 251b, 251¢, 251d of the botiom section 106,

(001171 In one emwbodiment, the bottom section 106 18 constructed {from two half sections, 1.¢.,
two lower sidewalls 256, After the installation of the actuator drive systemn 200 and the housing
201 mnto the first half of the bottom section 106, a second half of the bottom section 146 is
connected to the first half and positioned around the actuator drive system 200 and the housing

261 io enclose the aforementioned siructure within the bottom section 106,

[O011R]  Dwuring operation of the dispenser 100, a power source s connected to the motor 202
and is activated by a controller (see, for example, controller 600 of Fig. 46E}, which in turn
implements an operational methodology responsive to one of a Hmer, one or 1IOTE SCHSOIS,
marual input by way of an instant action button, or any combination thereof. Depending upon
the current mode of operation, a determination 18 made by the controller of the dispenser 100 to
initiate a dispensing operation depending upon the input vahlues from the sensor, timer, or manual
input systems. The dispensing operation calls for onc of the armatures 228, 230 of the actuator
drive system 200 to be raised, thereby causing product to be dispensed from the corresponding

container 150a, 150b.
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[00119] When product is not being dispensed from either of the containers 150a, 150b, the
actuator drive system 200 generally resides in a neutral posttion. In the neutral position, both
armatures 228 and 230 are held in the same position with the containers 130a, 150b being
withdrawn from the nozzles 180a, 180b of the cap assembly 159 or otherwise positioned to
prevent dispersal of prodact from either of the containers 150a, 150b. Figs. 11-13 illustrate the
actuator drive system 200 in a neutral position. Fig. 11 is a cross-sectional view of the dispenser
100 taken generally along the vertical plane that passes through the center of cach of the
apertures 120a, 120b and 160a, 160b (see, for example, plane 9-9 of Fig. 8) showing the actuator
drive system 200 in a neutral position.  Further, in Fig. 11 portions defining the apertures 1204,
120b have been removed to expose the working components of the actuator drive system 200.
Fig. 12 15 an 1sometric view of the components of the actuator drive system 200 positioned in g
neutral position.  Fig. 13 is a cross-sectional view of the dispenser 100 taken generally along the
vertical plane that passes through the center of each of the apertures 128a, 120b and 160a, 160b
{see, for example, plane 9-9 of Fig. 8) showing the actuator duive systewns 200 1o a neutral

position as well as the respective positions of the containers 150a, 150b i their neutral positions.

(001201 As shown in Figs, 11-13, in the neutral position, both of the armatures 228 and 230
are positioned at the same level or height within their respective apertures 120a, 120b. In one
embodiment, when the armatures 22¥, 230 are in the ncutral position, both of the armatures 228,
230 are w-line with a seat 232 (shown in Fig. 9) of cach aperture 120a, 120b although other

neutral positions may be established for the armatures 228 and 230.

[00121] Upon a deternunation by the controller of the motor 202 that product 18 fo be
dispeused from the countainer 150a, for example, the container 150a is raised by the armatare 228
toward the cap assembly 159 and mto a first active position, thereby causing product to be
dispensed from the container 150a. As a further examiple, Figs. 14 and 15 are illustrations of the
actuator drive system 200 positioned in a manner 1o cause product to be dispersed from the
container 150a. Fig. 14 1s a cross-sectional view of the dispenser 100, with portions defining the
apertures 120a, 120b removed for purposes of clarity, taken generally along the vertical plane

that passes through the center of cach of the apertures 120a, 120b and 160a, 160b showing the
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actuator drive system 200 (see, for example, plane 9-9 of Fig. &) in a position to cause product to
be dispensed from container 150a. Further, Fig, 15 is a similar cross-sectional view of the
dispenser 100, which shows the drive system 200 in a position to cause product to be dispensed

from the container 150a and the respective positions of the containers 150a, 150b.

1001221 To dispense product from the container 1504, the controlier causes the motor 202 to
rotate the drive gear 204 in a counter-clockwise direction (from the point of view of the motor
202). This rotation of the drive gear 204 causes the gear 226, which 1s conncected to the gear 222,
to also rotate in a counter-clockwise direction. Because the tecth of the gear 226 are engaged
with the rack 234 {(of armature 228} and the rack 236 (of armature 230}, the counter-clockwise
rotation of the gear 226 causes the armature 228 to move upwards, while the armature 230
moves downwards. As depicted in Fig. 15, the upward movement of the armature 228 raises the
container 150a to dispense product therefrom by bringing the valve stem 155a of the countaine
150a into contact with the nozzle 180a of the cap assembly 159 (see Fig. 6). Conversely, as the
armature 228 moves upwards, the armature 230 is lowered. As the armatore 230 18 lowered
below the height of the seat 232, the container 150b rests upon the seat 232 within the aperture
120b. In other embodiments, the scats may be removed so that no lower boundary for container
movement 1s provided. Consequently, in this embodiment each container will ride upon the top
surface of the container’s respective armature throughout the armature’s entire stroke. After
sufficient product 15 dispensed from the contamner 150a, the motor 202 causes the gear 226
rotate in a clockwise direction to lower the armature 228, Lowering the container 150a may
cause same to be unseated from within the nozzle 180a or for the sufficient removal of pressure
to cause the valve stem 155a to remain fully or partially seated within the nozzle 180a but not in
an actuated position. The motor 202 continues to rotate the gear 226 in a clockwise direction
until both armatures 228 and 230 are returned to their respective neutral positions (as illustrated
in Figs, 11-13}.

[00123]1  Alternatively, product can be dispensed from the coutainer 150b.  To dispense
product from the container [50b, the container 150b is raised by the armature 230 toward the cap

assembly 168, thereby causing product to be dispensed. Figs. 16 and 17 llustrate the actuator
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drive system 200 positioned in a mauner to cause product to be dispersed from container 150b.
Fig. 16 is a cross-sectional view of the dispenser 100, with portions defining the apertures 120a,
120b removed for purposes of clarity, taken generally along the vertical plape that passes
through the center of cach of the apertures 120a, 120b and 160a, 160b (see, for example, plane 9-
9 of Fig. 8), which shows the actuator drive systern 200 in a position to cause product to be
dispensed from the container 150b. Further, Fig. 17 is a similar cross-sectional view of the
dispenser 100, which shows the actuator drive sysiem 200 a position causing product to be

dispensed from container 150b and the respective positions of the containers 158a and 150b.

[00124]  To dispense product from the container 150b the controlier causes the motor 202 to
rotate the drive gear 204 n a clockwise direction (from the point of view of the motor 202). This
rotation of the drive gear 204 causes the gear 226, which is connected to the gear 222 to also
rotate in a clockwise direction. As the teeth of the gear 226 are cogaged with the racks 234 and
236, the clockwise rotation of the gear 226 causes the armature 228 to move downwards, while
the armature 230 moves upwards.,  As depicted in Fig. 17, the upward movement of the armature
230 raises the container 150b to dispense product therefrom by bringing the valve stem 155b of
the container 150b into contact with the nozzie 180b of the cap assembly 159 (see Fig. 6).
Conversely, as the armature 230 moves upwards, the armature 228 is lowered, As the armature
228 is lowered, the container 150a rests upon the seat 232 within the aperture 120a. In other
embodiments, the seats may be removed so that no lower boundary for contaimer moverment 18
provided. Consequently, in this embodiment each container will ride upon the top surface of its
respective armature throughout the armature’s entive stroke.  After sufficient product is
dispensed from the container 150b, the motor 202 causes the gear 226 to rotate in a counter-
clockwise direction to lower the armature 230. Lowering the container 150b may cause same to
be unseated from within the nozzle 180b or for the sufficient removal of pressure to cause the
valve stem 1555 to remain fully or partially seated within the nozzle 180b but not in an actuated
position. The wotor 202 continues to rotate the gear 226 1o a counter-clockwise direction until
both the armatures 228 and 230 are returned to their respective neutral positions (as illustrated i

Figs. 11-13).
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(001251 Movement of the armatures 228, 230 may occur in several different manners. For
example, in one embodiment the motor 202 drives the armatures 228, 230 for a predetermined
distance. Once driven for the predetermined distance, the motor 202 is disabled. In that mode of
operation, 4 container may be raised toward the cap assembly 159 1 order to dispense product
therefrom. After sufficient product 1s dispensed and/or a wmetered dose is expelled, the wotor 202
is disabled, and a spring assembly positioned within the cap assembly 159 and/or the spring
within the valve asserubly of the container iself, provides a safficient force to push the coutaine

downwardly to close the valve assembly of the container and stop any dispensing of product
from a non-metered container and/or to reposition the armaturcs 228, 230 and the gears of

actuator drive system 200 to their respective neatral posttions.

[00126] In some ocmbodiments, a spring assembly (not shown) is positioned within cap
assembly 139 above cach contamner 150a, 150b to assist in mooving the containers downwardly to
stop a spraying sequence and/or after completion of a spraying sequence. In that case, the spring
assembly s configured to contact a top surface of the contaners 1504, 150b as the contamner s
moved upwardly toward cap assembly 159, As the container 150a, 158b moves upwardly, the
spring asserbly is compressed and presses against the container 150a, 150b,  After sufficient
product has been discharged, the spring assembly can provide downward force to assist in
moving the container 150a, 150b away from the nozzle 180a, 180b to stop the dispensing of
product and/or to cause the valve stem 155a, 15356 to be fully or partially upsecated in a manuer
that prevents continued spraying or allows the valve assembly to close. In such an embodiment,
the actuator drive system 200 1s configured to drive cach countainer 150a, 150b upwardly with

sufficient force to overcome the resistance added by the downward force of the spring assembly.

(001271 Alternatively, after sufficient product has been dispensed from an active container
150a, 130b, the armature 228, 230 that raised the contaner 1s actively driven downwardly by the
motor 202, This downward movement of the container 150a, 150b and the armature 228, 230
may be achieved solely by forces contributed by the motor 202, or may be achieved by a

combination of force provided by the motor 202 as well as a force contributed by a spring
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assembly mounted within the cap assembly 159 and/or a spring within the valve assembly of the

container 150a, 150b.

[00128]1  Additioually, i 18 coutemplated that the armatures 228, 230 may be doven for a
predetermined period of time, whereby one of the armatures 228, 230 is raised to cause the valve
stern 155a, 155b for a particular container 150a, 150b to be depressed for an extended period of
time. Thereafter, the container is placed into a non-actuated position by one or more of the
maotor 202, a spring assembly disposed within the cap assembly 159, or a spring within the valve
assenibly of the contaimer 150a, 158b, as described above. In this embodiment, the armature
228, 230 may be prevented from upward travel for a period of time as the valve stem 155a, 155b
ray be i a fully depressed condition, which prevents further upward movement of the contaioer

150a, 150b but allows for an extended period of dispensing,

(001291 In other embodiments of the dispenser 100, different actuator drive sysierns may be
ulilized to cause product to be dispensed from at least one of the containers 150a and 150b, For
example, if the containers 150 include etther tilt-activated or vertically-activated valve stems, the
actuator system may comprise aun electro-mechanical anit, sach as a solenoid assembly
configured to drive a plunger that engages a flange formed around a discharge end of the ult-
activated valve stem. When the solenoid 1s energized, the plunger presses against the flange
causing product to be dispensed through the valve stem. A representative solenoid assembly, for
example, is a Ledex® Low Profile Battery Operated Linear Solenoid, size number 1ECM, model
number 282342-025, which is available from Johuson Electric, Industry Products Group,
Vandalia, Ohio. The 1ECM-282342-025 solenoid weighs 42.5 grams, 18 254 mm in diamcter
and 13.5 mun tall. When operating on a 30% waxumum duty cycle, the 1TECM-282342-025
solenoid nominally requires 2.9 volts DC, generates 2.2 Newtons (0.49 pounds) of force through
a nominal stroke of 2 mm, and can remain energized for a maximum of 162 seconds.
Alternatively, other electro-mechanical units or devices can be used to depress or tilt the valve
stems of containers. Such units mchude bi-metallic actuators, piczo-linear motors, or an clectro-

responsive wire that is adapted to actuate a vertical or tilt-activated valve stem.
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[00130]  As previously described above, the top section 104 and the bottons section 106 of the
housing 102 are connected to one another to place the dispenser 100 into an operable state,
Turning to Fig. I8, an exploded isometric view of the dispenser 100 depicts the top section 104
of the housing 102 positioned over the bottom section 106, The bottorn section 106 mcludes
installed aerosol coutaimers 150a, 150b and batteries 152a, 152b disposed within the apertures
120a, 120b and 122a, 122b, respectively. In a typical scenario, a user may have recently
replaced one or both of the aerosol contaimers 150a, 150b to replace one or more empty
containers and/or to substitute one or more containers containing onc product for another
container containing a ditferent product.  After the containers 150a, 150b and batteries 152a,
152b are seated within their respective apertures, the top section 104 is placed on the bottom
section 106 and the two sections locked together.  After the scctions are locked together, the
dispenser 100 can operate as described herein. Not only does this secure both the containers
150a, 150b and the batteries 152a, 152b within the housing 102, it places the various components
countained within each section of the housing 102 1u electrical communication with one another.
Accordingly, after the top section 104 and the bottom section 106 are secured to one another,
electrical enecrgy from the batteries 152a, 152b can be supplied to various electronic coruponents
of the dispenser 100, and the controller contained within the top section 104 can be placed into
communication with the actuator drive system 200 and selector switch disposed within, or

mounted to, the bottom section 106,

(001311 To unite the top section 104 with the bottom section 106, a user first holds the top
section 104 above the bottor section 106, As previously noted, the top section 104 1ncludes the
cap assembly 159, which must be appropriately aligned with the containers 150a, 150b and the
batterics 152a, 152b prior to uniting the two sections. Turning to Fig. 19, the cap assembly 159
includes apertures 162a, 162b and comprises housing structures 304a and 304b that generally
define the volumes comprising the apertures 1603, 160b. The cap assembly 159 may also
incorporaie contamer detection arms 306a and 306b to assist n detecting the presence of a

container within cap assembly 159, which will be described in greater detail below.
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[00132] The cap assembly 159 also includes shiding members 300a and 300b.  Shding
members 300a and 300b arc fixed structures that project radially away from the cap assembly
159. As shown in Fig. 19, the shiding members 300a and 300b comprise horizontal members
301a and 301b. Vertical walls 303a and 303b are coupled 1o horizontal members 301a and 301b
and run along a perimeter thereof. The sliding members 300a and 300b are formed along

separate lengths of the perimeter of the cap assembly 159 on opposing sides thereof.

(001331 The shding members 300a and 300b are cach configured o engage with one of two
grooves formed within an interior portion of the upper sidewall 158 of the top section 104. Fig.
20 1s a cross-sectional view of an interior surface of the upper sidewall 158 depicting a groove
302, The groove 302 is defined by walls 310 and 312, The walls 310 and 312 project
horizontally away from an interior surface of the sidewall 158 and are spaced so that groove 302
can receive either of shiding miembers 300a, 300b. When disposed within the groove 302, either
shiding member 300a or 300b can rotatably slide therein. A second groove 302 is formed along
the nterior surface of the opposite side of the upper sidewall 158 from that depicted in Fig. 20
and is configured with a corresponding geometry to similarly receive the other of the shiding
member 300a, 300b (sce Fig. 21). When the cap assembly 159 1s positioned within the joined
portions of the top section 104, the sliding members 300a and 300b are provided within the

rooves 302 and allow the cap assembly 159 and the sidewall 158 to rotatably slide with respect

6]

to one another,

[00134]  With reference to Figs. 18 and 19, placement of the top section 104 on the bottom
section 106 causes stop structures 314a, 314b on the cap assembly 159 to be positioned over and
around the locking tabs 124a, 124b located on the bottown section 106, thereby preventing
rotation of the cap assembly 159 with respect to the bottom section 106. The stop structures
314a, 314b include apertures formed 1o the bottom surface of the stop structures (the apertures
are visible in Fig. 4 as clements 316a, 316b) sized to receive the locking tabs 124a, 124b,
Accordingly, when the top section 104 is connected to the botiom section 106, the locking tabs
124a, 124b of the bottom section 106 reside within the stop struchures 314a, 314b of the cap

assembly 159, The stop structures 314a, 314b also mclude horizontal apertures 318a, 318b
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formed therethrough. The apertures 318a, 318b define a rectangular opening that has
approximately the same dimensions as those of the rectangular apertures 125 defined by the
locking tabs 124a, 124b. In other implementations, though, the geometry of the apertures 318a,
318b, 124a, and 124b may be modified to adopt shapes different than that of the rectangular

openings of the present implernentation.

[00135]  Turning to Figs. 21A and 21B, the interior surface of the upper sidewall 158 of the
top section 104 15 shown, which includes the locking members 166a and 166b connected thercto,
Fig. 21A shows the interior portion of the upper sidewall 158 that includes the locking member
t66a and Fig. 21B similarly shows the locking member 166b. Either of the locking members
166a, 166b may be miegrally formed with the sidewall. Alternatively, the locking mwembers
166a, 166b may comprise separate structures that are affixed to the sidewall, for example, by an

adhesive, an wnterference {it, a {ixture such as a screw or bolt, or any combination thereof,

(001361 As shown 1o Fig. 21A, the locking member 166a comprises two locking prongs 320
and 322, The locking prongs 320 and 322 cach have bulbous tips that project laterally away
from an axis "A" defined by the length of the locking mewber 166a. The tips of both prongs 320
and 322 include curved outer surfaces 321 and 323, The locking member 1664 is configured to
couple with the locking tab 124a on the bottom section 106 as well as the stop structure 314a of
the cap assembly 159, As such, the prongs 320 and 322 of the locking member 166a are sized so
that as the locking member 166a is mtroduced to the aperturcs 318 and 125 within the stop
structure 314a and the locking tab 124a, the curved surfaces 321 and 323 of the locking member
166a contact inner surfaces defining walls of the apertures 318, 125, As the locking member
166a i3 pushed through the apertures 318, 125, both of the prongs 320 and 322 deform iowardly
as surfaces 321 and 323 slide along the tnner surfaces of the walls defining the apertures 318,
125, Eventually, the bulbous tip of cach of the prongs 320 and 322 passes through the apertures
318, 125 of the stop structure 314a and the locking tab 124a. At that point, cach of the prongs
320 and 322 can move away from cach other so that the outer surfaces of the arms of the prongs
328 and 322 contact surfaces of the stop structure 314 and the locking tab 124. The locking

member 166a s therefore lockingly engaged with the locking tab 124a as well as the stop
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structure 314a and the bulbous tips of cach of the prongs 320 and 322 operate as barbs to prevent
the locking member 166a from being casily withdrawn from the stop structure 314a and the
locking tab 124a. In this arrangement the length of the arms of both the prongs 320 and 322 (that
18, not mncluding the tips of prongs 320 and 322) is greater than the width of the stop structure
314a (indicated by element 330 shown on Fig. 19) to ensure that both of the prongs 320 and 322

can extend all the way through the stop structure 3 14a.

[00137]  To separate the locking member 1664 from the locking tab 1244 and the stop structure
314a, the process is reversed and the locking member 166a is pulled away from the locking tab
124a and stop structure 314a. As the locking member 166a is withdrawn from the locking tab
1244 and the stop structure 3144, the bulbous ends of the prongs 320 and 322 contact the vertical
walls defining the rectangular apertures 318, 125, As pressure is applied, the prongs 320 and
322 deform and move toward one another, thereby providing room for the bulbous tips of the
proungs 320 and 322 to pass though the rectangular apertures 318, 125 and to release the locking
member 166a {from the locking tab 1244 and the stop structure 314a. After the locking member
166a ts withdrawn from the locking tab 124a and the stop structure 314a, the prongs 320 and 322

return to the original conliguration as illustrated in Fig, 21A,

[O0138]  As shown in Fig. 218, the locking member 166b operates in a sivailar manner as
described in connection with the locking member 166a. The locking member 166b includes two
locking prongs 324 and 326 that melude bulbous tips having curved outer surfaces 325 and 327,
The locking member 166b is configured to couple with the locking tab 124b on the bottom

section 106 as well as the stop structure 314b of the cap assembly 159,

[00139]  As illustrated n both Figs, 21A and 21B, the locking mombers 166a, 166b are both
ortented in a clockwise direction when viewed from the top of the upper sidewall. As such, by
rotating the sidewall 158 of the top section 104 in the samce clockwise direction, the locking
members 166a, 166b can be rotationally moved so as to engage the respective locking structure.

in an embodiment where the sidewall 158 of the top section 104 1s rotated in a counter-clockwise
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direction to lock the top section 104 and the bottom section 106, the orientation of both the

iocking members 166a, 166b would be reversed within the sidewall 158 of the top section 104,

(001401 Figs. 22-24 illustrate a typical sequence of sieps {or the connection of the top section
104 1o the bottom section 106 of the housing 102, In ecach of the Figs, 22-24, a portion of the
stdewall of the top section has been removed to exposc the cap assembly 168 and the locking

members therein,

[00141] Referring to Fig. 22, the top section 104 is first positioned over the bottom section
106. The cap assembly 159, which is contained within the sidewall 158 of the top section 104, is
aligned with the bottom section 106, The containers 150a, 158b and the batteries 152a, 1532b are
positioned within the aperturcs 120a, 120b and 122a, 122b, respectively, of the bottorn section
106, Additionally, the stop structures 314a, 314b of the cap assembly 168 are positioned over

the locking tabs 124a, 124b of the bottom section 106,

(001421  After the cap assembly 159 1s aligned correctly, the top section 104 1s lowered onto
the bottom section 106. While the top section 104 is lowered, the containers 150a, 150b and/or
the batteries 1524, 152b disposed within the bottom section 106 may act as guides to assist a user
in correctly positioning the cap assembly 168 as it is lowered. Generally, the positioning of the
top section 104 over the bottom section 106 1s a blind assembly. As such, the containers 130 and
the batterics 152 prevent the top section 104 from being positioned over the bottom section 106
incorrectly. The containers 150 and the batteries 152 act as guides to funnel and orient the top
section 104 without the user having to pay attention to the exact orientation of the top section
104, Because the containers 150 and the batteries 152 are offset within the bottom section 106,
there 18 only a single correct orientation of the top section 104 that allows the top section 104 to
be placed over the bottonm section 106 correctly. Sumilarly, the stop structures 314a, 314b can
operate as guides to fucilitate the correct positioning of the cap assernbly 159, For example, a
user may concentrate upon proper alignment of the containers 150a, 150b with the corresponding
apertures in the cap assembly 159, thereby implicitly providing a proper alignment of the

batteries with their corresponding contacts within the apertures in the cap assembly 159, In some
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embodiments of the dispenser 100, the dimensions and spacing of the various components will
allow one or more of the batierics and tabs to provide a guiding or supplemental guiding
function. For example, Figs. 25A-250 are illustrations of housing structures with varying
numbers of installed objects such as the containers 150 and/or batteries 152, The figures
itlustrate the guiding capabilities of installed objects such as the contamers 150 and the battenies
152 as described in the present disclosure, where the installed objects can assist in correct

placement of a top section of the housing over a bottom section of the housing.

[001431  In Figs. 25A and 258, a housing 350 is illustrated. The housing 350 comprises top
section 352 and bottom section 354 and is configured to contain the contents of the dispenser
190, In one wnplementation, the housing 350 is configured in accordance with the housing 102
of the present disclosure, The housing 350 includes apertures formed in both the top section 352
and the bottom section 354 for receiving a number of objects, such as the containers 150 or the
batteries 152, For example, the apertures may be configured similarly to the apertures 120, 122,

150, or 152 of the present disclosure.

[00144]  As shown i Figs. 25A and 258, only a single object 356 has been installed into the
bottom section 354 of the housing 350. With only the single object 3536 installed into the bottom
section 354, when the top section 352 1s mounted to the bottom section 354, the only constraint
on the positioning of the top section 352 over the bottom section 354 is that aperture 358 be
positioned directly over the object 356, Other than that constraint, there 18 no limttation on the
orientation of the top section 352 with respect to the bottom section 354, In fact, during
placement on the bottom section 354, and even when the aperture 358 is positioned about the
object 356, the top section 332 cau be rotated through 360 degrees. This degree of freedom
renders it difficult for a user to correctly position the top section 352 over the bottom section
354. Indeed, the orientation of the top and botiom sections 352, 354 1s exacerbated when the
combined housing 350 defines a completely symmetrical object, such as a cylinder or sphere, or
a partially symumnetrical object, such as a square, rectangle, triangle, etc. In fact, the single
cylindrical object 356 of the present embodiment provides no guidance to a user o assist in

correctly connecting the top section 352 and the bottom section 354 as the exterior surfaces of
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the sections form a completely symmetrical structure. This is particularly problematic when the
object 356 and the aperture 358 arc cach positioned in a central region of a symmetrical top

section 352 and bottom section 354,

(001451  In some cases, it is possible to mitigate the problems associated with positioning the
top section 352 over the bottom section 354 by offsctiing the object 356 and the aperture 358
laterally within the housing 350, In that case, even if the top section 352 is positioned over the
bottom section 354 in an incorrect position, the outer surfaces of the top section 352 and the
bottom section 354 will be offset from one another. This offset of the top section 352 and the
bottom section 356 provides feedback to the user that the two sections are not correctly
positioned with respect to one another. At that time the user may make adjustrents to correctly

position the top section 352 and the bottom section 354,

(001461  Figs. 25C and 25D illustrate housing 350 having two objects 356 and 360 installed
into the bottorn section 354 of the housing 350, The objects 356 and 360 way mclude, for
example, containers 150a and 150b, batteries 152a and 152b or a container 150 and a battery
152. The top section 352 inclades two apertures 358 aund 362 configured to receive objects 356
and 360. In this arrangement, when positioning the top section 352 of housing 350 over the
bottom section 354, the top section 350 can adopt only one of two orientations that would allow
each one of apertures 358 and 362 to be positioned over one of objects 356 and 360. In a first
oricutation, the top section 352 is positioned with the aperture 358 over object 356 and the
aperture 362 over the object 360, In the second orientation, aperture 362 is positioned over
object 356 and aperture 358 positioned over object 360, Accordingly, the user has a 50/50
chance of correctly positioning the top section 352 over the bottom section 354, This is
particularly problematic when both of the apertures 358 and 362 and the objects 356 and 560 are

positioned to fall along a central plane of housing 350,

[00147]  In some cases, it is possible to mitigate the problems associated with positioning the
top section 352 over the bottom section 354 by offsetting cach of the objects 356 and 360 and the

apertures 358 and 362 laterally away frow the center plane of housing 350, In that case, even if
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the top section 352 is positioned over the bottom section 354 in an incorrect ortentation, the outer
surfaces of the top section 352 and the botiom section 354 will be offset from one another. This
offset of the top section 352 and the bottom section 356 provides feedback to the user that the
two sections are not correctly positioned with respect to one another. At that time the user may
rake adjustments to correctly position the top section 352 and bottom section 354 by rotating
the top section 352 by 180 degrees. The offset position of objects 356 and 360 and apertures 358

and 362 are shown 1u Figs. 25F and 25F.

FO01481  Figs. 25G and 25H illustrate housing 350 having three objects 356, 360, and 364
instalied into the bottom section 354 of the housing 350, The objects 356, 360, and 364 may
inclade a combination of containers 150 and battenries 152, The top section 352 mcludes three
apertures 358, 362, and 366 configured to receive objects 356, 360, and 364. In this
arrangement, when positioning the top section 352 of housing 350 over the bottom section 354,
the top section 350 can adopt only a single orientation that would aliow each one of apertures
358, 362, and 366 to be positioned over one of objects 356, 360, and 364, This 18 particularly
true given that the dimensions of objects that comprise containers 150 are different from the
dimensions of objects that comprise batteries 152, Accordingly, with three installed objects 356,
360, and 364 it is possible to correctly position top section 352 over botton: section 254 by using
objects 356, 360, and 364 as guides. As such, no external markings or cues are required on the
surface of housing 350 to assist a user iu the correct positiondng. It s also conteruplated that the
use of varying sized apertures and/or objects may be used in any of the embodiments described

herein to supplement the gunding function.

(001491 Figs. 251 and 257 dllustrate housing 350 having four objects 3536, 360, 364, and 368
instalied into the bottom section 354 of the housing 350, The objects 356, 360, 364, and 368
raay inclade a combination of containers 150 aud batteries 152, The top section 352 includes
three apertures 35%, 362, 366, and 370 configured to receive objects 356, 360, 364, and 368, In
this arrangement, when positioning the top section 352 of housing 350 over the bottom section
354, the top section 350 can adopt only a single orientation that would allow each one of the

apertures 358, 362, 366, and 370 to be positioned over one of objects 356, 360, 364, and 368,
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[00153]  Figs. 25K and 25L illustrate alternative housing arrangements and geometries
incorporating at least four objects positioned within a bottom section 354 of the housing 350,
which are each configured to mate to a corresponding aperture formed in the top section 352 of
the housing 350, As illustrated, because each of the four mstalled object provide a user with
gutdance regarding the correct orientation of the top section 352 with respect to the bottorm
section 354, irrespective of an outward geometrical shape of housing 350, the user will be able to
easily orieut the top section 352 correctly over the bottom section 354, With specific reference
to Fig. 25K, a partially symmetrical housing 350 is provided in the shape of a square, which
provides a further alignment function by hmiting a user's potential orientation options to 4
positions. Similarly, the housing 330 shown in Fig. 251 is asymmetric, which provides the user
with only a single potential alignment option. It 18 contemplated that the housing 350 may be
constructed with one or more of an asynunetric, partially symmetric, or completely symmetric
housing, which may provide a gniding function in lieu of, or in combination with, onc or more
apertures holding one or wore objects in opposing sections of the housing as previously

described.

[001S1] Referring back to Fig. 23, the top section 104 has been seated upon the bottom
section 106, The stop structures 314a, 314b have also been positioned over and around the
iocking tabs 124a, 124b, with the locking tabs 124a, 124b entering the vertical apertures formed
in the bottom surface of stop structures 314a, 314b. As shown in Fig. 23, however, although the
cap assembly 159 has been properly mated to the bottom section 106 (so that any present
containers 150 aund batteries 152 bave beeun correctly positioned through their respective
apertures in the cap assembly 159}, the locking members 166a, 166b are not coupled to either of
the stop structures 3144, 314b or the locking tabs 124a, 124b.

(001521 In this position, the rectangular apertures 318, 125 in the locking tabs 1244, 124b and
the stop structures 314a, 314b arc in alignment with the locking members 166a, 166b.
Additionally, with the cap assembly 159 correctly positioned over the bottom section 106, the
conical-shaped spring contacts 164a, 164b, 164c¢ (see Fig. 4) extending from the cap assembly

159 make positive contact with the electrical contacts 126a, 126b, 126¢ of the bottom section
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186 {(see Fig. 2}. This allows for an electrical connection between the PCB and controller
disposed within the top section 104 and the actuator drive systern 200 and scloctor switch 470
disposed within or otherwise connected to the bottom section 106. Conversely, when the top
section 104 1s lifted from the bottom section 106, the power 18 disconuected to the clectronics by
separating the batteries from their respective contacts in the top section 104 of the cap assembly
159, By only providing clectrical encrgy to the dispenser 100 when the top section 104 is
mounted to the bottor section 106, a user may rehill the dispeuser 100 without risk of being
sprayed by the dispenser 100 during the refill process as the actuator drive system 200 cannot
operate following disconnection of the top scction 104 from the bottom section 106, As such,
the dispenser 100 can only be active when the dispenser 100 is fully assembled. Therefore, the
separation of the top section 104 and the bottom section 106 effectively operates as on-off switch

for dispenser 100 withowt the user having to take out the battery.

FO01531  After seating the top section 104 upon the bottom section 106, the two sections are
locked to one another as shown in Fig. 24. The sidewall of the top section 104 is rotated so as to
move the locking members 166a, 166b toward the stop structures 314a, 314b. The configuration
of the prongs of the locking members 166a, 166b provide tactile feedback to a user allowing the
user to know that the locking process is complete. Because the cap assembly 159 is configured
to rotate within the sidewall 158 of the top section 104, the sidewall {and the attached locks
166a, 166b) can be rotated without modifying the position of the cap assembly 159, As
discussed above, the stop structures 314a, 314b assist in preventing rotation of the cap assembly
159 during rotation of the upper sidewall 158 of the top section 104, In the present embodiment,
the sidewall is rotated in a clockwise direction {when viewed from the top of dispenser 160).
However, in other embodiments the sitdewall and locking members 166a, 166b may be modified

to rotate in a counter-clockwise direction.

(001541  Upon rotation of the sidewall 158, the locking members 166a, 166b are inserted into
the aligned rectangular apertures 125, 31§ of the locking tabs 124a, 124b and the stop structures
314a, 314b.  As described above, the locking members 166a, 166b incorporate retention

mentbers or prongs that engage the stop structures 3 14a, 314b and lock the top scction 104 1o the
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botton section 106. After rotation of the sidewall to insert the locking members 166a, 166b into
the stop structures 314a, 314b, openings [10a, 100b formed in the top plate 108 of the top
section 104 (see Fig. 1} are positioned over nozzles 180a, I80b of the cap assembly 159. As
such, products can be dispensed from the containers 150a, 150b disposed within the dispenser

190 through nozeles 180a, 180b and out of the openings 110a, 100b,

f00155] Removal of the top section 104 is accomplished by a user rotating the sidewall 158 of
the top section 104 in a counter-clockwise direction (in this embodiment) with sufficient force to
disengage the locking members 166a, 166b from the stop structures 314a, 314b and the locking
tabs 124a, 124b, thereby placing the sidewall 158 of the top section 104 into the pre-rotation
position illastrated i Fig. 23 and allowing for the upward removal of the top section 104 from
the bottom section 106. Again, the prongs of the locking members 166a, 166b provide tactile
feedback wnforming the user when the top section 104 and the bottorn section 106 are disengaged
from one another. In one implementation, power ts not disconnected from the main PCBH o the
top section 104 until the top section 104 1s lifted away from the bottom section 106 because the
lifting of top section 104 disengages electrical contacts in the cap assembly 159 from the
batteries 152a, 152b disposed within the bottom section 106,  Adduionally, this action
disengages spring contacts 164a, 164b, 164c of the cap assembly 159 from the contact pads

126a, 126b, 126¢ of the bottom section 106,

1001561  In other ernbodiments of dispenser 100, power is not provided to the components of
the dispenser 100 until the sidewall 158 of the top section 104 1s locked into place, which
provides for the removal of power from the dispenser 100 upon rotation of the top section 104
away from the locked position. For example, Fig. 484 is a view of the interior surface of the
upper stdewall 158 of the top section 104. A wedge 728 is mounted to the interior surface of the
upper sidewall above the groove 302, The wedge 728 may be integrally formed with the

~
Ji
i

sidewall 158, Alternatively, the wedge 728 may comprise a separate structure that is affixed to
the sidewall 138, for example, by an adhesive, an interference fit, a {ixture such as a screw or

bolt, or any combination thereof.
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[00157] The wedge 728 1s configured to rotate with the sidewall 158 of the top section 104 as
the top section 104 transitions between a locked and unlocked position with respect to the bottom
section 106 of housing 102, When the top section 104 is rotated into an unlocked position,
wedge 728 s configured to push between one of the batteries 152 and its respective electric
contact 410 mounted to the top of one of apertures 162, thereby discounecting that battery 152
from its electric contact and disconnecting the electrical power circuit of dispenser 100, A front
face 730 of the wedge 728 may be sloped to facilitate the insertion of the wedge 728 between the

battery 152 and its respective electrical contact.

[00158]  To further illustrate this implementation, reference is had to Fig. 48B, which is a
sectional view of the top section 104 takeu through apertures 162. The top section 104 is shown
in its locked position, whereby power is supplied to the components of the dispenser 100, As
shown n Fig. 488, an aperture 732 18 formed 1 wall 734b that defines the aperture 162b. The
aperture 732 is sized to receive the wedge 728 when the top section 104 ts rotated into an
unlocked position with respect to the bottom section 106, In Fig. 48B, however, the top section
164 is shown in its locked position. As such, the wedge 728 is withdrawn {rom the aperture 732,

thereby allowing for normal operation of the dispenser 100

[O001591 o contrast, Fig. 48C 1s a sectional view of the top section 104 taken through apertures
162 showing the top section 104 unlocked from the bottom section 106, Because the top section
194 has been rotated into the unlocked position, the wedge 728 has moved through the aperture
732 1o occupy a space within apertures 162a. In that position, the wedge 728 is forced between
the battery 152b disposed within aperture 162b and the battery's respective clectrical contact
410b, thereby disconuecting electrical power to the dispenser 100, For further dlustration, Fig.
48D is a bottom view of the top section 104 showing the top section 104 {ransitioning nto an

o
7
i

unlocked configuration with wedge 728 penetrating through apertare 732 into aperture 162b.

[00160]  In other implementations, different locking structures {and different numbers of
locking structures}, such as buckdes, locking pins, clasps, hooks, or snaps can be used to connect

the top section 104 aud the bottom section 104 of the dispenser 100. Alternatively, each of the
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locking members 166a and 166b could include ferromagnetic structures configured to couple to
complementary magncetic structures positioned on the bottorn section 106 of the housing 100,
Alternatively, other separate mechanical locking structures could be used to couple the top
section 104 to the bottom section 106. For example, a scparate locking structure, such as a
iocking pin or key, could be inserted into the housing 100 after the top section 104 18 connected
to the bottom section 106 to lock the two sections of the housing 102 together. In somce cases,
the locking members 166 lock the top section 104 to the bottom section 106 such that a release
control or button must be activated in order to separate the two sections of the housing 102,
Generally, the locking structures and, therefore, the locking members 166a and 166b may
comprise a variety of shapes as to properly fit in their adjoining locking apertures. Shp fit
dowels or similar structures, for example, may be mcorporated into the locking structures to

attach the top section 104 of the dispenser 100 to the bottom section 106,

[001611  As described above, the top section 104 of the housing 102 inchudes a PCB to which
dispenser 100's controller 1« mounted. Fig. 26 18 an somctric view of the dispenser 100 with
portions of the device removed to expose a PCB 402 or other substrate over which the
componenis on the controller are mounted. As described below, the controller mounted thercon
recetves input from a number of systems of the dispenser 180 in order to control the operation of
the dispenser 100 and to determine when product should be dispensed from one of the containers
150a, 150b and from which of the containers 150a, 150b the product should be dispensed. The
device includes a motion detection system that can be used to dispense product upon detecting
movement (that 15, the presence of an individual).  Alternatively, the dispenser 100 way be
configured to avoid dispensing product when movement is detected. For example, if the
dispenser 100 is configured to dispense an nsecticide product, it may be preferable that the
product be dispensed when people are not present.  Additionally a mode selector switeh
connected to the bottom section 106 can select from a number of operational modes that control
how the controller uses data received from the motion detector system,  Additionally, a manual
user input can communicate a signal to the controller to allow a user to manually control when

product s dispensed.
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[00162]  As shown in Fig. 26, the PCB 402 is mounted over the cap assembly 159, In one
implementation, the PCB 402 incorporates additional PCB structures 404 that project
downwardly away from the PCB 402 to contact a surface of the cap assembly 168 and to provide
support to the PCB 402, The vertical walls 404 can be supported by clip structures 406 that arc
fixed to the cap assembly 159, In the present ewbodiment, the vertical walls 404 also provide
support for the structures that allow for electrical interconnections between the components of
the PCB 402 and other components of the dispenser 100, such as the actuator system 200 aund the
batteries 152a, 152b. The PCB 402 may also be fixed to the cap assembly 159 using a number of

fasteners such as screws or bolts, an adhesive, or combinations thereof,

[00163]  The PCB 402 incorporates apertures through which the housing structures 304a and
304b of the cap assembly 159 can project. The housing structures 304a and 304b incorporate

nozzles 180a, 180b of the cap assembly 159 through which product is dispensed.

(001641 LED 416 1s connected to the PCB 402 and 15 electrically connected to the controlle
of the dispenser 100. The LED 416 may be illuminated, for example, when the controller detects
rmovement near the dispenser 100, The dlurnination voay also be useful for testing the dispenser
160 to ensure that the motion detecting system is operating correctly. The illumination of the
LED 416 can also be useful to an end user that may use the illumination to venty that the
dispenser 100 is correctly positioned in order to detect movement and is otherwise functioning
correctly.  In various implementations, the speed and wmtensity with which the LED 416 18
illuminated can be controlled. For example, if the optical sensors of the dispenser 100 detect a
high ambicnt hight level, the LED 416 may be illuminated with a greater intensity to ensure that
the LED 416 can be viewed (for example, in a bright room). Aliernatively, when the optical
sensors of the dispenser 100 detect a relatively low ambient light level, the LED 416 may be
ilomivated with a lesser niensity in accordance with the surroundings.  As such, the
illumination of the LED 416 can be adjusted based upon various functional considerations. In
some cases, for example, the LED 416 may be illuminated so as to provide a gradual glow, for
example, rather than be iHluminated in an abrupt on/off configuration. The LED 416 may be

utilized to communicate any appropriate information to a user, such as when a container 150 8
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emipty and requires replacing, when batteries are low, or when the dispenser 100 is not operating

correctly,

[001651  Fig. 27 is an sometric view of the bottorn surface of the PCB 402, As shown in Fig.
26, to mstall the PCB 402 mto the top section 104, the PCB 402 15 inverted (from the view
shown in Fig. 27) and positioned over the cap assembly 159, The PCB 402 includes apertures
412a and 412b for recetving a portion of the housing structures 304a and 304b. Additionally, the
spring contacts 164a, 164b, 164c are connected to the PCB 402 for forming an elecirical
connection between a controller mounted to the PCB 402 and the actuator drive system 200 and
a selector switch 470 of bottom section 106 when the top and bottom sections of dispenser 100
are connected to one another. Additiounally, the PCB 402 mncorporates battery terminals 410a and
410b for forming an electrical connection with the batteries 152a, 152b of the dispenser 100.
When the PCB 402 s installed over the cap assembly 168, battery termivals 4102 and 410b
project downwardly into the upper portion of apertures 162a, 162b for contacting a terminal of

the batteries 152a, 152b disposed therein.

[00166] The PCB 402 also mcorporates a number of sensors 438a, 408b, 408¢, 408d. In one
implementation, each sensor 408 comprises a light-sensing element, such as a photodetector or
photodiode hight detector, photoresistor, photodiode, or phototransistor.  Each of the sensors
408a, 408b, 408¢c, 4084 may incorporate a lens cover that may be configured to protrude from
the front of the sensors 4084, 408b, 408¢, 408d. The lenses may be configured to ensure a wide
field of view for each of the sensors 408a, 408b, 408¢, 4084 while also providing protection,
The incorporation of such a lens may be advantageous where one or more of the sensors 408a,
408b, 408¢, 4084 incorporates a passive infra-red sensor, sach as a Panasonic PIR MP motion
sensor AMNY {(as manufactured by Panasonic), since the motion would not need to occur
divectly 1o front of the sensor to be detected. Simntlarly, where one or more of the sensors 408a,
408b, 408c, 4084 are additionally or alternatively provided as a laser sensor or a flickering light

sensor, the mcorporation of such a lens may afford the sensor a wider field of view,
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(001671 Each sensor 408 incorporates one of cylindrical tubes 414a, 414b, 414c¢, 414d. The
tubes 414a-d operate as sensory shields o reduce and/or prevent mterference with the sensory
path of each sensor positioned at the end of each tube 414a-d.  Further, the tubes 414a-d may
operate as sensory shields that restrict the field of view of the sensor to provide improved sensing
charactenistics for each of the sensors 408a, 408b, 408¢, 408d. While the present embodiment
contemplates utilizing the detection of varying light levels to trigger various operations of the
dispeuser 100, it s contemplated that detecting varymg levels of Hght can also indicate the
presence or absence of an object, ©.g., a person, and that such a sensor may also be considered a
motion sensor as well as a photodetector, a photodiode hight detector, or a light sensor. In other
implementations, though, the sensors may detect other signals in order to control an operation of
the dispenser 100, For example, in addition to or in place of optical or light sensors, other
sensors such as accelerometers or acoustic, humudity, temperature, pressure, vibration, or
chemical (e.g., scent) sensors may be incorporated into the dispenser 100, In that case, the other
types of sensors may optionally be intermingled with light or optical seusors so that the various
sensors can operate in cooperation with one another. For example, the dispenser 100 could be
configured to dispense product upon detecting moveruent, or f a hunudity level within a
particular room is too low or too high. Additionally, by using scent-sensing sensors, the
dispenser 100 could be configured to dispense product upon sensing a particular type of scent,

odor, or component and/or a lack of the scent, odor, or component.

[00168] When the PCB 402 is installed into the top section 104, the apertures of the tubes
414a~d align with the apertures 112 formed around within the sidewall of the top section 104,
Note, however, that the tubes 414a-d may only align with the apertures 112 after the top section
194 1s locked to the bottom section 106, as described shove, therefore requiring that the sidewall

158 of the top section 104 be rotated about the cap assembly 159 to a particular position.

[00169] In onc embodiment, the field of view of cach sensor 408a-d is characterized as a right
circular cone with a viewing angle of approximately 10 degrees off the center axis, 1.¢., a total
field of view of 20 degrees. Therefore, the present embodiment, which wtilizes four sensors,

provides an 80 degree field of view. In other embodiments, it is contemplated that the field of
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view of each sensor is within a range of about 10 degrees to about 170 degrees, and in a different
embodiment within a range of about 15 degrees to about 90 degreces, and in another crabodiment
within a range of about 20 degrees to about 435 degrees. Fig. Z8 is an isometric view of the
dispenser 100 tlustrating exemplary fields of vision of the detectors 408a-d m a four-detector
implementation where the fields of vision are distributed about the dispenser 100, In other
implementations, though, different numbers of sensors and/or detectors 408 and corresponding
apertures 112 may be utilized to provide the dispenser 100 with different light and/or motion

sensing capabilitics and a modified field of vision.

[00170] For cxample, Figs. 29A-29F are images illustrating various positioning scenarios for
the dispenser 100 units haviog 3, 4 or 5 motion detectors. Figs. 29A-29F illustrate common use
cases for the dispenser 100, wherein the dispenser 100 is positioned adjacent a right corner wall.
In Figs. 29A and 298 a three-detector dispenser 100 is illustrated.  Because the detlectors are
evenly distributed about the perimeter of the dispenser 100, in a first scenario (Fig. 29A) a single
detector has a clear view of the space. In a sccond scenario (Fig. 29B), there are at least two
sensors that, even though they have partially obstructed views, are capable of observing the
space. Accordingly, cven m the second scenario, the detectors of the three-detector dispenser

100 are capable of observing some movement within the space.

FO01711 In Figs. 29C and 29D a four-detector dispenser 100 is illustrated. Because the
detectors arc evenly distributed about the perimeter of dispenser 100, i a first scenario (Fig.
28C) a single detector has a clear view of the space, while two detectors have obstructed views
of a relatively stuall portion of the space. In a second scenario (Fig. 29B), there are at least two
seusors that, even though they have somewhat obstructed views, are capable of observing the
space. Accordingly, even in the second scenario, the detectors of the four-detector dispenser 100
are capable of observing some movement within the space.

[00172]  In Figs. 29 and 29F a five-detector dispenser 100 is illustrated. Because the
detectors are evenly distributed about the perimeter of the dispenser 100, in a first scenario (Fig.

29E) a single detector has a clear view of the space, while two detectors have partially obstructed
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views of the space. In a second scenario {(Fig. 298}, there are at least two sensors that have a
relatively unobstructed view of the space,  Accordingly, even in the second scenario, the

detectors of the five-detector dispenser 100 are capabie of observing movement within the space.

(001731 As an additional cxample, Figs. 30A-30F show overhead views of a [12ft x [2ft
{3.66m x 3.66m) room containing dispenser 100's having 1, 2, 3, 4, 5, and & motion sensors,
respectively. As shown in each figare, the dispenser 100 is positioned in a central region of each
room 420, with the room containing various pieces of furniture 422a, 422b, 422¢, and 422d. The
figures illustrate the respective fields of vision of the different motion detection sensors
incorporated into cach dispenser 100, Each field of vision is shown in the figures in three
segments representing the field of vision at 5 feet (1.52my {element 424a), 7 feet {2.13m)
{clement 424b), and 10 feet (3.05m) (element 424¢). It is contemplated that various types of
seusors will be used that have varying effective sensory ranges. However, the present
embodiments ilhustrate how a relatively siraple sensor with at least a sensory range of 5 feet
(1.52mn) aftords significant room coverage n a standard 12t x 124t (3.66m x 3.66m) roorn. Use
of multiple sensors in such a device allows for an effective 10 foot sensory range if two sensors
are disposed opposite one another. Further, it has been found that the effective use area of a
room by consumers is not typically bounded by the outer wall of a room, rather, the placerment of
furniture and standard movement paths through rooms are identifiable. In the present
embodiments, it way be seen that a user path is defined between the furniture 422d and the
furniture 422a-c, which is positioned closer to the dispenser. This user path defines a high
volume pathway for user’s to walk through, which is within the closest seusory range of the
dispenser. Once again, while any type of sensor with any range may be used, it may be possible
to witlize a less expensive sensor with a shorter range i a standard room by using a mult-
directional sensing dispeunser that is placed in a center of a room. Further, the advantages of such
a multi-directional sensing dispenser may be improved in some embodiments by utilizing sensors

with longer or shorter detection ranges.

(001741 As illustrated, as the number of sensors increases, the percentage of the room 420 that

may be observed by the dispenser 100 increases correspondingly. In the dispenser 160
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containing only a single motion sensor, a portion of the room cannot be observed by the
dispenser 100, As such, an mdividual may pass through the room 420 without triggering the
motion sensor. As the number of sensors increases, however, and the coverage of the room 420

increases, the likelihood that movernent within the room 420 1s detected increases significantly.

(001751 Figs. 31A-31F show overhead views of a 16ft x 16ft (4.88m x 4.88m) room
containing dispenser 100's having 1, 2, 3, 4, 5, and & motion sensors, respectively. As shown in
each figure, the dispenser 100 is positioned towards a central region of each room 420, with the
roon containing various pieces of furniture 422a, 422b, 422¢, 4224, and 422¢. As tllustrated, as
the number of sensors increases, the percentage of the room 420 that may be observed by
dispenser 100 icreases correspondingly. In the present embodiment, a user path may be defined
by an area around the furniture 422d and 422¢ and between the furniture 422a, ¢, and ¢ and the
furniture 422b.  lodeed, such pathways are best characterized as areas that users roay walk,
which are adjacent furniture and not adjacent walls, 1.¢., that are within 2 feet (0.61m) of a piece

of furniture and not within 2 feet (0.61m) of a wall,

[00176]  Figs. 32A-32F show overhead views of a 16ft x 16ft (4.88m x 4.88m) room
containing dispenser 100's having 1, 2, 3, 4, 5, and & motion sensors, respectively. As shown in
each figure, the dispeuser 100 is positioned towards a side of each room 428, with the room
containing various pieces of furniture 422a, 422b, 422¢, 4224, 422¢, and 4221, As dlustrated, as
the number of sensors increases, even though a nuraber of the motion sensors are blocked by the
perimeter of the room 420, the percentage of the room 420 that may be observed by the dispenser
100 wncreases correspondingly.  This embodiment illustrates the advantages of the presently
described dispeunsers in that placewent of the device agaiust a wall may effectively block
traditional dispensers that only utilize a single sensor. In the present embodiment, inadvertent
placement of the dispenser 100 still affords the aser significant sensory coverage, particularly
when a greater number of sensors are used. It s also readily seen that the probability that a user
pathway 1s within a sensory path increases with a greater number of sensors, which is important
in scenarios where users do not specifically orient a dispenser or it's one or more sensors when

placing i in a roorn, While the advantages of having sensors with greator sensory ranges is
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apparent in larger sized rooms, the advantages of sensors with a more limited sensory path may
still be realized if such a sensory path falls within a user pathway, thereby allowing detection of a
user in a high volume pathway regardless of the fact that the sensor pathway may not extend the

entire length of the room.

1001771 However, it s also conternplated that sensors with detection ranges extending greator
than 10 feet (3.05m) may be used in any of the embodiments described herein. For example, in
one embodiment, the dispenser could utilize one or more IR detectors, such as a coramon Pasgsive

Infra~-Red (PIR} Sensor which may be categorized as a pyroelectric device.

FO01781  Figs. 33A-33F show overhead views of a 16ft x 16ft (4.88m x 4.88m) room
containing dispenser 100's having 1, 2, 3, 4, 5, and 6 motion sensors, respectively, As shown in
gach figure, the dispenser 100 is positioned towards a side of cach room 420, with the room
comtaining various pieces of furniture 422a, 422b, 422¢, 4224, 422¢, 4221, 422g, 422h, and 4221,
As illustrated, as the number of sensors increases, even though a number of the motion sensors

are blocked by the perimeter of the room 420, the percentage of the room 420 that may be

observed by the dispenser 100 increases correspondingly.

(001791 Figs. 34A-34F show overhead views of an 18ft x 13ff (5.4%9m x 5.49m) room
containing dispenser 100's having 1, 2, 3, 4, 5, and 6 motion scnsors, respectively. As shown in
each figure, the dispenser 100 is positioned towards the ceuter of each room 420, with the room
containing various pieces of furniture 422a, 422b, 422¢, and 422d. As illustrated, as the number
of sensors increases, the perceuntage of the room 420 that may be observed by the dispenser 100

increases correspondingly.

[00180]  Figs. 35A-35E are schematic llustrations showing fields of vision for dispenser 100
having 2, 3, 4, 5, and 6 sensors, respectively. In cach figare, the field of vision of a single sensor
is 20 degrees, As illustrated, as the nmumber of sensors 18 increased, the total field of vision of the
dispenser 100 increases accordingly. However, as the number of seusors increases, cach

additional sensor increases the percentage of total coverage by a smaller amount.
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[00181] Fig. 36 is a bar chart illustrating the effect of introducing additional sensors to the
dispenser 100. The chart illustrates the gap between the ficlds of vision for sensors at a distance
of 5 feet (1.52m) away from the dispenser 180, Accordingly, at 5 feet (1.52m} away from a
dispenser 100 having two sensors with fields of vision of 20 degrees, the distance between the
edges of the ficlds of visions for the two seusors 18 approximately 120 inches (304.8 cm).
Similarly, for a three-sensor dispenser 100 the gap is approximately 92 inches (233.68cm). The
chart also shows the percentage reduction in the gap between sensors that results {rom the
inclusion of an additional sensor in the system. As seen, the percentage reduction in gap values
decrease as the number of scnsors 1s mncreased. The percentage reduction in gap may be usctul
in selecting the number of sensors to wtilize in a dispenser. In one embodiment, an additional
seusor may not be used if the percentage reduction in gap is less than about 20%, in another
embodiment an additional sensor may not be used if the percentage reduction tn gap is less than
about 15%, and in yet another embodiment an additional sensor may not be used if the
percentage reduction in gap is less than about 10%. In one implementation of the present
dispenser 100 system, therefore, four sensors are used because the marginal improvement in the
dispeunser 100's field of vision by the addition of a filth sensor does not outweigh the additional
cost of incorporating the fifth sensor into the system. Depending on the use of the dispenser, In
other embodiments, the ficld of view of cach sensor may vary, ¢.g., a sensor may have a field of
view within a range of about 10 degrees to about 170 degrees, and in a different embodiment
within a range of about 15 degrees to about 90 degrees, and in another embodiment within a
range of about 20 degrees to about 45 degrees. In these embodiments, the number of sensors
utilized may provide for increased or decreased reductions in the gap as more sensors are

uttlized,

[00182] The capability of the dispenser 100 to observe movement within a particular roon or
space given any orientation of the dispenser 100 is iraportant for use of the dispenser 100, As
seen i Fig. 1, the housing 102 of the dispenser 100 may have a generally spherical design.
Additionally, the apertures 112 through which dispenser 100 detects movement are generally

hidden from view by the fins 114 of the housing 102, As such, the user s hikely to place the
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dispenser 100 without consideration of the device's orientation or the positioning of the various
apertures 112, In fact, the true orientation of the dispenser 100 1s purposctully hidden from the
user due to the outward appearance of the dispenser 180, As a consequence, the user will not
consider the oricntation of the dispenser 100 and, consequently, the position of the apertures 112,
when placing the dispenser 100 in a vroom. However, because the dispenser 100 can detect
motion throughout a room by way of its multiple sensors, the dispenser 100 will still operate as
intended. Tndeed, the present dispenser provides a heretofore unknown advaniage of removing
any concern by a user in the proper placement of the dispenser my optimizing the number of
sensors for the anticipated usc of the dispenser so that a user need not be concerned with the
orientation of the dispenser. In contrast, in a single sensor system, the user would have to be
cognizant of the location of the optical sensor and be sure to position the single-sensor device

with an appropriate orientation for observing an interior of the room.

[O01831  Becaunse the motion detection system allows the dispenser 100 to make observations
about the entire perimeter of the dispenser 100, the housing 102 of the dispenser 100 is not
required to include obvious or noticeable markings or other notations to assist a user in the
correct orientation of the housing 102,  Additionally, to maintain a relatively featureless,
minimalist exterior of the housing 102, the housing 102 may be configured so as to hide the
apertures 112 of the motion detector system from view by an individual standing nearby the

dispenser 100,

[00184]  Asshown in Fig. 1, for example, the apertures 112 of the motion detection system are
formed within the lower face 118 of the fins 114 of the housing 102, By forming the aperturcs
112 on the lower face 118, the motion detection systern can still observe movewent through the
apertures 112 of the housing 102, but the apertures 112 themsclves are shiclded from view by the
upper face 116 of the fins 114, To illustrate this punciple, Fig. 37A 15 a cross-sectional view
taken through the aperture 112a of the top section 104 of the housing 102. The cylindrical tube
414da of the motion sensor 408a 15 positioned nwardly from the apertures 112a for observing
movement through the aperture 112a. As illustrated, the aperture 112a is formed on the lower

face 118 of the fin 114 of the housing 102. As such, the fin 114 provides an overhang that 8
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positioned over the location of the aperture 112a. The overhang shields the aperture 1122 from
an observer's view, while also allowing the motion sensor system to observe the movement of
objects. Such an arrangement adds to the aesthetic appeal of the dispenser 100 and also
contributes to the clean look and feel of the device. As such, the geometrical arrangement of the
fins 114, and the corresponding overhang defined by the lengths of the upper face 116 and the

lower face 116 of the fin 114 can be sclected to hide the apertures 112 from view.

[00185]  As shown in Fig. 37A, the lower face 118 of the fin 114 defines a plane A extending
away from the dispenser 100 at an angle A'. If an observer's line-of-sight is positioned below
plane A, the observer may be able to view the aperture 112, f, however, the observer's line-of-
sight is positioned above plane A, the observer will be unable to view the aperture 112, even
though the motion detection system's view of the observer would be relatively unaffected {only
the user's face would be obscured) and still capable of viewing the observer and detecting
motion, Accordingly, the geometry of the fin 114 can be selected so that the apertures 112 will
only be observable by a user that is sufficiently far away {rom the dispenser 100 so that the

overall appearance of the dispenser 100 is not negatively affected.

(001861 Fig. 37B is an illustration showing a representation of the aperture 112a of the
dispeuser 100 posttioned nearby an observer. In the arrangement, a bottorn of the apertures 112
of the dispenser 100 are positioned a height above the ground surface of Y,. Similarly, the eve
430 of an observer 1s positioned above the ground surface at a height Y., Accordingly, the
observer's eve 430 s positioned above the bottom of the aperture 112 by a height Y. - Y, = Y.
Additionally, the observer's eye 430 is a horizontal distance X, away trom the aperture 112 of
the dispenser 100, Accordingly, the observer's eye 430 will be able to observe the aperture 112
of dispenser 100 when the observer's eye falls below plane A defined by the fin 114 structure of
dispenser 100, As shown in the figure, the angle A’ of plane A 1s defined by the ratio of the
length of the overhang of fin 114 (Xy) and the height of the overhang relative to a horizontal

plane projecting from the bottom of the aperture 112a (Yu).
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(001871  Given a particular ratio of Xy and Yy (and, consequently, angle A}, the observer's eye
430 1s able to view the aperture 112a when X, has a value greater than Yq * TAN(A). If the
observer 430 1s closer, the observer 430 will be unable to view the aperture 112 as the observer's
eye 430 will be positioned above plane A and the view of the aperture 112a will be blocked by
the fin 114 of the dispenser 100. Using this mathematical relatiouship between the relative
height of the observer and the distance of the observer away from the dispenser 100 it 1s possible
to design the fin 114 of the housing 102 of the dispenser 100 so that in an average setting an

obscrver will be unable to view the apertures 112 from a nearby distance,

[00188]  In different settings, the value of Y, may vary greatly. A user could, for example, lay
on the foor, n which case the user’s eye’s would be close to ground level. The value of Y. roay
also be relatively large if, for example, the user is positioned on a balcony or clevated floor
overlooking the dispenser 100, Simlarly, the user could be positioned on a stepladder so that the

user is overlooking the dispenser 100, resulting in a relatively large value of Y.

(001891  Even though Y. may have many different values depending upon the details of a
particular setting, it is possible io identify an average value of Y. that wdentifies a relatively
accurate cstimate of the actual height of a user's eye in a majority of settings. In one cxample, Y,
is based upon the average height of an adull human that may observe dispenser 100, For
example, Y. may be defined as encompassing the height range from the Ist percentile height for
adult humans to the 99th percentile height for adult humans, Alternatively, Y. may be allocated

a single distinet value, such as the average height of all adult humans.

(001901  Similarly, the height of the apertures 112 above the ground can vary based upon the
particular setting. In some cases, the dispenser 100 will be positioned on a relatively low surtace
such as a low table, side table, or even the ground surface. Similarly, in other settings the
dispenser 100 may be positioned on a relatively high surface such as a counter top, bar counter,
or bookshelf. Even though Y, may have many different values, it i3 possible to identify an
average value of Y, that identifics an estimate of the actual height of the apertures 112 above the

ground. In one example, Y, 1s based upon the size of dispenser 100 and the average height of
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table and furniture surfaces within the home. In that case, the value of Y, may vary from 18
inches (45.72cem;} to 46 inches (116.84cm). Alternatively, Y, may be allocated a single distinet
value based upon the average height of surfaces within the home and the position of the apertures

112 within the dispenser 100 {c.g., 32 inches (81.28cmy).

(001911 The value of X, may also vary greatly depending upon the setting.  Again, though, it
is possible to generate an average value of X, that will be relatively accurate for the majority of
settings for the dispenser 100, In most homes, for example, the typical pathway for occupants of
a room require that the occupants navigate through the roowns at a distance of approximately 5 feet
{1.52m} from the central furniture within the room, as well as the furniture positioned at the
perimieter of the room. As a result, an observer of the dispenser 100 1s likely to be positioned
approximately 5 feet {1.52m) from the dispenser 100. As such, in designing the dispenser 100, a

viewing distance of approximately 5 {eet (1.52m) may be assumed.

(001921 Using the analysis described above, therefore, it s possible to deterministically
design the housing 102 and, specifically, the geometrical configuration of the fin 114 defining
the aperture 112 of the housimg 102 to purposefolly obscure an observer's view of the an aperture
112, To obscure the view of the aperture 112, the angle A’ defined by the lower face 118 of the
fin 114 is selected so that an observer's view of the aperture 112 18 obscured at a predetermine

threshold viewing distance. To determine the desired angle A’ for a given viewing distance, the
height of the average observer 1s assumed to be 5" 8", which is identified as the average height of
a human by The Measure of Man and Woman, Revised Hdition—Human Factors in Design
{Henry Dreviuss Associates, 2002}, Given the height of the average observer, the average height
Y. of an observer's eye s 59.6 inches (151.38cm). Y, 18 defined as the combination of the
distance between a bottom end of the dispenser 100 and a lower end of the aperture 112
addition to an average height of the dispenser off the floor, which, corabined, totals 32 inches
{8§1.28cm}. The minimum distance from which the observer can observe the aperture 112 (X} is
selected to be 5 11 (1.52m). With these conditions, the minimum angle A’ of the face 118 of the
fin 114 can be determined by solving the equation A = TAN({(X W/(Y~Y.)) or, in this example,

A" = TAN-1{{60 inches)/(59.6 inches - 32 inches)). As such, to meet the requirements of the 5
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foot threshold distance, the geometrical structure of the fin 114 defining the aperture 112 is
selected so that the angle of the lower face 118 of the fin 114 exceeds a minimum threshold

angle of 65.3 degrees away from vertical (see angle A’ iHustrated on Fig. 37A).

(001931 Alternatively, the geometrical structure of the fin 114 defining the aperture 112 can
be sclected to comply with a desired view disruption index (VDI).  The VDI for a particular
dispenser 100 is defined as the ratio of Xy to Yu. To design the dispenser, therefore, a goal VDI
18 first calculated based upon the desired optical performance characteristics of the dispenser
100, Then, given that desired VDI, the geometrical configuration of the housing 102 of the
dispenser 102 can be designed to either meet or exceed the desired VDI, For example, when
cousidering a dispenser 100 positioned at an average height, 1t may be desired that the aperture
112 not be viewable by an average-height observer from distances less than 5 feet {1.52m). To
provide such a dispenser, a goal VDI is first calculated. The goal VI for a given example
installation of the dispenser 100 i3 defined as the ratio of the minimum distance from the
dispenser 100 at which the observer will be capable of viewing a portion of the aperture 112 (30}
to the height of the observer's eye above the bottom of the aperture 112 minus the height of the
botiom of the aperture 112 above the ground surface (that is, Ya). Accordingly, in this example,
the goal VDI is equal to (X, ¥ {Y. ~ Y.}, or (60 inches} / {59.6 inches - 32 inches) = 2.17. Given
a goal VDM of 2.17, the geometrical arrangement of the fin 114 that defines the aperture 112 s

configured so that the ratio Xy to Yy for that fin 114 meets or exceeds the goal VDL

[00194] Therefore, using either of the design methodologies described above, the outward
appearance of the housing 102 of the dispenser 102 can be optimized for different anticipated
installations of the dispenser 102, Using the fivst methodology, the angle A’ of the lower face
118 of the fin 114 defining the aperture 112 is selected to exceed a particular threshold angle.
Alternatively, rather than control the angle of the lower face 118, the second methodology can be
uttlized to determine the necessary overhang (ie., the ratio of Xy to Yy of the fin 114 for a

particular installation,
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[00195] For example, a dispenser 100 may be designed primarily for use by teenagers. In that
case, the average observer of the dispenser 100 will be somewhat shorter than the average
observer described in the example above. Consequently, the height of the average teenager's eve
will be somewhat lower than that of the average adult’'s eye, Accordingly, using the first design
raethodology, for a dispenser directed toward use by a sixteen-vear-old, the angle A’ may be
selected to exceed 'I‘A'N"j((}(y},/"{ Ye-Y,)), where X, 18 5 feet (1.52m), Y. 18 62 inches (157 48cm),
and Y, 18 32 wnches (81.28emy. As such, the angle of the lower face of the fin 112 encompassing
the aperture 112 in a dispenser 100 designed for use by teenagers should exceed 63.37 degrees
away from vertical (see angle A’ on Fig. 37A).  Alternatively, using the sccond design

methodology, the VDI for such a dispenser should exceed (X )/ (Y. - Yu), or 1.99.

(001961  Alternatively, a dispenser 100 may be designed for use primarily in larger rooms. In
that case, being in a larger room, the average distance of an observer from the dispenser 100 will
be somewhat increased over the 5 feet (1.52m) distance described above. Accordingly, using the
first design methodology, for a dispenser directed towards use 1n a larger room, the angle A’ may
be selected to exceed TANT(X (Y ~Y.)), where X, is 10 feet (3.05m). Y. is 59.6 inches
(151.38cmy, and Y, is 32 inches (81.28¢cmy). As such, the angle of the lower face of the fin 112
encompassing the aperture 112 in a dispenser 100 designed for use in larger rooms should
exceed 77.05 degrees away from vertical {see angle A’ on Fig. 37A). Alternatively, using the

second design methodology, the VI for such a dispenser should exceed (X )/ (Y - Y4}, or 4.35.

[00197]  Alternatively, a dispenser 100 may be designed for use when positioned on coffee
tables, or other low structures. In that case, the height of the bottom of the aperture 112 of the
dispeuser 100 above a ground surface could be reduced from the 32 wmches (81.28cm) describe

above. In that case, using the first design methodology, for a dispenser positioned on lower
structures, the angle A’ may be selected to exceed TAN’I((XV)/(YVYZL)), where X, i3 5 feet
(1.52m}, Y. 1s 59.0 inches (151.38cm), and Y, is 25 inches (63.5cm). As such, the angle of the
lower face of the fin 112 encompassing the aperture 112 in a dispenser 100 designed for use on

lower surfaces should exceed 60.03 degrees away from vertical (see angle A’ on Fig. 37A).
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Alternatively, using the second design methodology, the VDI for such a dispenser should exceed

(Xy)/ (Yo~ Ya), or 173

(001981 Alternatively, a dispenser 100 may he designed for use in bathrooms, where the
dispenser is likely to be positioned on relatively high counter surfaces. In such an installation,
though, the dispenser is likely to be viewed by an observer from a closer range than the § feet
{1.52m} described above. As such, the height of the bottom of the aperture 112 of the dispenser
100 above a ground surface may be ncreased from the 32 inches (81.28cm) described above. In
that case, using the first design methodology, for a dispenser positioned on higher structures,
such as bathroom counters, where the dispenser is likely to be viewed from a relatively close
position, the angle A’ may be selected to exceed TANCULW(Y.~Y)), where X, is 3 feet
(0.91m}, Y. 18 59.6 inches (151.38cm), and Y, is 46 inches (116.84cm). As such, the angle of
the fower face of the fin 112 encompassing the aperture 112 m a dispenser 100 designed for use
on lower surfaces should exceed 69.3 degrees away from vertical (see angle A’ on Fig. 37A).
Alternatively, using the second design methodology, the VDI for such a dispenser should exceed

(LY (Yo - Yo, or 2.65.

[00199] It is apparent, therefore, that the geometrical configuration of the housing 102 of the
dispeuser 100 and, specifically, the fin 114 defining the aperture 112 can be optinnzed for a
number of different installations of the dispenser 100, Using either the first or second design
methodology described above, the dispenser 100 can be designed so that the aperture 112 18
obscured from view by a typical observer in that particular instaliation. As discussed above, the
obscuring of the aperture 112 allows the dispenser 100 to have a more aesthetically pleasing
outward appearance thaun in a dispenser where the aperture 112 would be readily observable,
The different installation conditions may inchude placement of the dispenser 100 on a number of
surfaces having differing heights. Example surfaces include tables, coffee tables, counter tops,
side tables, and bathroom surfaces. Additionally, depending upon the installation, the typical
observers may have different characteristics. Typical observers for a given imstallation may
include standing adults, sitting adults, teenagers, or children. A particular installation may also

dictate a typical distance at which the dispenser 100 is normally observed and, thercby, a
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mintmom distance at which the aperture 112 of the dispenser 100 should be viewable. For
normal rooms, the minitourn distance may be sct to approximately 5 feet (1.52my).  In larger
rooms, the threshold distance may be as large as 10 feet (3.05m), or even larger. In installations
of the dispenser 100 in smaller rooms, such as bathrooms, kitchens, or laundry rooms, the

distance may be smaller, for example 3 feet (0.91m).
o % g

[00200] It is readily apparent, therefore, that given a particular target installation for the
dispenser 100, a person of ordinary skill can usc either of the two design methodologies provided
above to optimize the design of the dispenser 100, For example, for a given installation, it is
possible to calculate a target VDI for the dispenser 100 and then design the dispenser 100 to

either mieet or exceed that target VDL
[00201]  In the present implementation, detectors 408 include photo transistors. The photo
transistors collect arbicnt light and allow a controller of the dispenser 100 to detect any changes

in the mteusity thereof. Filiering of the photo transistor output 18 undertaken by the coutroller

o~

see, for example, controller 600 of Fig. 46E}. I the controller determines that a threshold light
condition has been reached, e, a predeternuned level of change n light intensity has been
recetved by the photo transistor over a short interval, the controller then determines whether to
activate actuator drive system 200 to cause product to be dispensed from one of the containers
150 of the dispenser 100 based on whether certain conditions are met in light of an operational

methodology.

(00202}  The predetermined level of change in light intensity may comprise a high-to-low
transition of light intensity and/or a low-to-high transition in light intensity. For example, if the
dispenser 100 1s positioned in a lit bathroom, a person walking past a sensor and who stands still
within the sensory path may block a sufficient amount of ambient light from reaching the sensor
over a first time nterval to cause a signal to be developed mdicating a high-to-low transition
light intensity. In the present scenario, however, the controlier may not activate the dispensing
device because a low-to-high transition in light intensity has not been received by the photo

transistor during a second time nterval, 1.¢., the person has not walked through the sensory path.
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As such, if the person were to continue walking through the sensory path within the second time
interval, a low-to-high transition i hight intensity would occur and cause the controller to
activate the dispensing device. Depending upon the implementation, the controller may be
triggered irrespective of whether a high-to-low transition occurs before or after a low-to-high
transition in hight intensity, Additioually, the detected {irst and second time wmitervals of the light
intensity transitions may be within any time range. However, the first and second time intervals
are generally selected to be of a sufficiently short duration so that hght transitions over long
periods of time, such as transitions that occur during the daytime and at dusk or dawn, will not

cause the controller to activate the dispensing device,

(002031 The controller is also n communication with the top plate 108 of the top section 104
{shown in Fig. 1} that operates a button allowing a user to manually conirol the operation of the
dispeunser 100, Fig. 38 is a cross-sectional view takeu along plane 29-29 of Fig. 1 showing top
plate 108, As shown in Figs. 1 and 3§, the top plate 108 comprises a generally planar structure
having a centrally concave region in which apertures 110a, 110b are formed. The top plate 108
is mounted over the sidewall 158 of the top section 104. The top plate 108 includes an annular
wall 452 that projocts downwardly from a bottom surface of top plate 108. The diameter of the
annular wall defining an inner surface of the wall 452 1s selected so that an inner surface of the
wall 452 fits about an outer surface of a wall 454 formed at an upper portion of the sidewall 170.
Both walls 452 and 454 have a circular geometry, with wall 452 fitting around wall 454, With
this geometry, as shown in Fig. 38, the top plate 108 can be positioned over the sidewall 158 so
that the wall 452 fits around the wall 454, Additionally, 1o this arvangewent, the top plate 108
can be moved upwards and downwards, with the inner surface of the wall 452 moving past the

outer surface of the wall 454,

[00204]  The top plate 108 generally sits upon an upper surface of a switch 450, which 1s, in
turn, mounted to the top surface of the PCB 402 and the controller of the dispenser 100,
Specifically, a projection 456 extends downwardly from the bottom surface of the top plate 108
to contact pressure contact 458 of the switch 450. In Fig. 38, the pressure contact 458 is shown

in s default non-triggered state. However, when sufficient force 18 applied to the pressure
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contact 458, it deforms downwardly to close a contact {or, in some implementations, opening a
contact) within the switch 450 m a manner that 18 detectable by the coutroller. In one

implementation, switch 450 includes a series TL1150 tact switch manufactured by E-Switch®.

(002051  In the present implementation, the user can approach the dispenser 100 from any
direction around the dispenser 100 to activate the top plate 108, or any other user mterface on the
dispenser 100. The user can position the dispenser 100 in the home in any orientation to a wall
or object that might block a lower button and still access and activate the top plate 108, or any
other user interface device. In the present implementation, the positioning of the top plate 108
on the housing 102 proximate the apertures 110 is configured to provide a relatively high
itkelihood that the top plate 108 will not be blocked by objects 1n the environment of the
dispenser 100. For example, a user is unlikely to block access to the apertures 110 and, thus, the
top plate 108 as well. Additionally, the significant area of the top plate 108 allows the user to
activate the dispenser 100 without having to brace the dispenser 100 or otherwise pick-up or
mantpulate the dispenser 100, Pushing down upon the top plate 108 of the dispenser 100 is
unlikely to unseat the dispenser 100 from a flat, stable surface. The active surface of the top
plate 108 varies between a .57 wide annular point of contact around a periphery of the top plate
108 to the entire surface area of the top plate, which has a 2.753” diameter. An average hand is 37
wide from pinky to index finger and 2" wide for three fingers. The size of the activation zonge of
top plate 108, therefore, affords a user the ability to use a single finger or an entire hand to
activate the dispenser. This arrangement is configured to provide relatively casy and guick
activation while passing by the dispenser 100, 1.¢., the user does vot have to stop and ortent their
hand and/or finger to effectively activate the dispenser 100, This is particularly true tn cases

where small buttons may be provided on the side of a conventional dispenser housing.

[00206]  Many prior art dispensers are also provided with manual activation buttons, which are
located on a side surface of the dispenser. When a user presses such side mounted buttons, they
must also typically secure the device with their other hand when pressing the button. Failure to
do so may result in nown-activation of the dispenser or undestred movement of the dispenser.

Accordingly, for side-mounted button dispensers, two hands must generally be used to activate
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the dispenser. The present design of the top plate 108 allows a user walking by the dispenser
100 to casily activate the dispenser 100 via a manual operation. Given the size, shape, and
position of the top plate 108 with respect to the remainder of the dispenser 100, the top plate 108
can be located quickly by a user. Additionally, because the top plate 108 is configured to
activate the dispenser 100 by a downward force on the top plate 108, the top plate 108 can be
gasily activated by an entire hand, or by one or two fingers. The downward force exerted by a
user's hand or fingers assists in preventing movement of the dispenser 100 duning activation. As
such, during manual activation, the present dispenser 100 does not require additional support
from a uyser's hand to prevent movernent of the dispenser 100, This characteristic s also aided by
the placement of the center of gravity of the dispenser 100 into the bottom section 106 of the
housing 102, e.g., by positioning a number of components of the dispenser 100 into the botiom
section 106 as discussed above. Lowering the center of gravity of the dispenser allows for the
bottom section 106 of the dispenser 100 to interact with a support surface to prevent movement.
Theretore, when a downward force is apphied to the top plate 108, e.g., a force parallel to a
longitudinal axis of the dispenser 100 or a force angled with respect to such an axis, one or more
of the configuration of the top plate 108 and the center of gravity of the dispenser 100 assists in
preventing movement of the dispenser 100. These characteristics allow for use of the dispenser
160 without change to a user’s regular routine as the dispenser 100 can be quickly and casily

activated as the user walks by the dispenser 160.

(002071 In the configuration shown in Fig. 38, with the pressure contact 458 in its defaunlt
position, the top plate 108 is raised away from sidewall 170 to allow for dowonward raoverent of
the top plate 108. Accordingly, a user can apply a downward force to the top plate 108, thereby
causing top plate 108 to move downwardly until a top surtace 460 of the wall 454 contacts a
botton surface 462 of the top plate 108, The geometry of the walls 452 and 454 are selected,
however, so that betore the top surface 460 of the wall 454 contacts the bottom surface 462 of

the top plate 108, the pressure contact 458 deforws to cause the switch 450 to tngger.

FO02081 A user may generally displace the top plate 108 by applying a downward force

anywhere on a surface thereof to activate the dispenser 100 to dispense product, Alternatively,
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the user may only displace or apply force 1o a peripheral portion of the top plate 108 to activate
the dispenser 100. Further, 1t 18 conternplated that displacement of the top plate 108 about a
peripheral portion or an interior portion may cause the top plate 108 to ilt and/or be downwardly
depressed relative to the sidewall 158 to activate the switch 450, Depression and/or tilting of the
top plate 108 causes the triggering of the switch 450 to activate the dispenser 100, It should also
be contemplated that the presently described pushbutton system could be provided for activation
or deactivation of the device or the changing of a mode or other operational characteristic of the
device. In general, the top plate 108, in combination with the controller of the dispenser 106,
may be utilized to allow a user o control or modity any operational methodology of the
dispenser 100 suitable for control by the user. For example, the top plate 108 can be used to
control the lockout period, the manual dispensing of product, which of the containers 150a, 150b
are to be the primary containers from which product is dispensed, the amount of product to be
dispensed upon each activation, whether one or more of the LEDs are to be itlluminated during
operation of the dispenser 100, and the like. Iu some cases, the top plate 108 incorporates an
LED or other display device that is used to provide information to the user. For example, the
information may comprise a current mode of operation of the device or that the device has
detected an ervor condition, such as when the batteries 152 or the containers 150 need replacing.
Alternatively, the top plate 108 may incorporate an LED or other display device to provide

illamination for solely aesthetic purposes.

(002091 In other implementations, the push-button operation of the top plate 108 may be
avoided by umplerenting top plate 108 as a capacitive sensing surface. In that case, {o trigger
the device, rather than displace or tilt the top plate 108 to trigger the switch 450, a capacitive
sensing system may be incorporated into the top plate 108 in order to detect when a user has
touched the top plate 108. Upon detecting a user's touch, the controller of the dispenser 100 can
take appropriate action. In other implementations, touch capacitive sensing may be incorporated
into any portion of the outer surtace of the housing 100, As such, a user may be able to contact

the housing 100 anywhere in order to provide a manual input to the dispenser 100.
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[00210]  Alternatively, the dispenser 100 may include a pressure switch positioned at the
bottom of the housing 102 of the dispenser 100. In that case, to trigger the pressure switch, a
user presses down anywhere upon the housing 102, As the housing 102 moves downward, the
pressure switch is pressed upon by the surface upon which the dispenser 100 18 positioned.
When the downward pressure exceeds a predetermined threshold, the pressure switch is triggered
and the dispenser 100 can respond appropriately to the user input. In such an implementation,
the pressure threshold for the pressure switch exceeds the pressure generated by the weight of the
dispenser 100 when sitting upon a surface without any additional downwards force being

supplied by a user against the housing 102,

(002111  Upon the triggering of the switch 450, the controller can detect that a user has
compressed the top plate 108 and can take appropriate action based upon the current operational
mode of the dispenser 100, The appropuiate action way involve causing the actuator drive
system 200 to immediately, or accordingly to a delay, dispense product from one of the
containers 150a, 150b, change a mode of operation of the dispenser 100, or to do nothing, if, for

example, the dispenser 100 1s in a stop state.

(002121 The controller of the dispenser 100 is also in communication with a mode selector
switch 470. Fig. 39 shows the mode selector switch 470 wounted to a botiom surface of the
bottom section 106 of the housing 102, The mode selector switch 470 can be used to select a
lock-out period that defines a minumum frequency with which dispenser 100 can dispense
product. This lock-out period can be used, for example, to minimize an amount of fragrance
product that can be dispensed nto a particular area over a given peried of time. In one
implementation, the selector switch 470 is a toggle switch movable to one of three stable

positions.

1002131 Accordingly, the controlier of dispenser 100 can use a combination of input signals
from detectors 408, top plate 108, and selector switch 470 to control the operation of the
dispenser 100. Various modes of operation of dispenser 100 are illustrated in detail by the

tiraing diagrams lustrated in Figs.40-43,
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[00214]  Generally, upon activating the dispeuser 100, the device undergoes a short delay prior
to activating the motion sensors and checking the lock-out period duration designated by the
switch 470. The delay allows the user to complete the process of attaching the top section 104
and the bottom section 106 and aliows the dispenser 100 to ignore errant presses of the top plate
108 while the top section 104 1s being connected to the bottom section 106, Additionally, the
delay period allows the electrical systems of the dispenser 100 to stabilize after power is
inittalized. The lock-out period may be modified or eliminated entirely 1o other ernbodiments,
Thereafter, the motion sensors are active for detecting motion in a manner as described above.
Addutionally, the dispenser 100 may enter a lock out mode lasting a time duration cqual to that of

the selected time interval of the switch 470.

[002151 During the lockout mode, motion detected by one or more of the sensors may be
registered by the dispenser 100, but no product dispensing operation 13 undertaken. lIustead, an
LED may be illuminated for a duration of the motion detected. In other embodiments, though, a
single tlash of one or more LED's may be undertaken, various flashing sequences of one or more
LED's may be undertaken, or there may be no LED. For example, in one implementation the
LED or LEDs are illununated using a 2 sceond fading on and off sequence in which the LED or
LEDs fade up to full intensity in 1 second and then fade down to off in one second. In that case,
any motion activity detected during the fading-down time will be registered by the controller of
dispenser 100 but is not displayed by the LED or LEDs. During the lockout mode a product

dispensing operation may be initiated at any time by manual displacement of the top plate 108,

[00216]  In one embodiment, upon initial activation of the dispenser 100, and completion of a
(.1 ms delay, the dispenser 100 roay also undergo a 3.4 ms delay m which any displacement of
the top plate 108 is not registered to cause a spraying operation.  This time period may also be
rodified or eliminated in other ewobodiments. Thereafter, displacement of the top plate 108 roay
be registered to cause a product dispersal operation from one or more of the containers 150a and

150b.
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(002171 I both containers 150a and 150b are present within the device, the device will select
the appropriate container to dispense fluid from based on a timing sequence. In the present
embodiment, the dispenser 100 operates in alternating 24 hour sequences in which product from
a first container 150a 1s dispensed within the first 24 hour sequence in response o the detection
of motion or displacement of the manual pushbutton and fluid from the second container 130b is
dispensed within the second 24 hour sequence in response to detection of motion or the
displacervent of the wmanual pushbution. These sequences thercafier alternate wn 24 hour
increments between containers 150a and 150b. Upon determining which sequence dispenser 100

is in, a product dispensing operation 1s undertaken using the appropriate container,

[00218]  In other implementations, the timing sequences may occur according to any schedule.
For example, the sequences may occur hourly, in which every hour a different container 150 is
selected for the dispeunsing of prodact.  Altervatively, the timing sequences may be adjusie

throughout the day. For example, from 8am to 6pm the sequence switches in an hourly routine.
But from 6pm to 8am the sequence swiiches every 4 hours, Additionally, the sequences may be
modified based upon information received from the dispenser 100's sensor systems. For
example, during time periods where optical sensors detect light levels exceeding a particular
threshold (indicating daylight}, the sequence may switch every hour. During time periods where
optical sensors detect light levels that fall below a particular threshold (indicating nighttime), the
sequence may be switched every 5 hours. In one preferred jwmplemeuntation, the seguence
switches every 24 hours, allowing cach container 150 to be the primary container 150 for a
contiruons 24-hour period, unless switched earlier by the user via a manual user input. At the
conclusion of a 24 hour period, the non-primary container 150 becomes the primary coutainer
150 and product dispersal cvents occurring during that 24 hour time period cause product to be
dispensed from the primary countainer 150 for that 24 hour time period. In one implementation,
the sequence alternates cvery time dispenser 100 dispenses product from one of containers 150 to

ensure that the fragrance being dispensed remains novel to the user.

(002191 In another preferred embodiment, the timing sequences are preferably between 1 hour

and | month, or alternatively between 12 hours and 2 weeks, or alternatively 24 hours, Indeed,
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the timing sequences may be 24 hours, one week, two weeks, one month, or any time pertod
greater than 24 hours. In other embodiments, the timing sequences are measured in one or MOTe
days, alternatively one or more weeks, or alternatively one or more months. The timing
sequences may be the same or may be dufferent. In a first cxample, each of the timing sequences
is 24 hours. In another example, the first contamer is the primary container for 2 days that
correspond to the days of the weekend and the second container is the primary container for 3
days that correspound to the days of the work week., In some embodiruents, the length of the
timing sequences may be equal to the length of the lockout period as discussed in more detail

below. For example the length of the timing scquences may range from | to 180 minutes.

(002201 The same tuiming sequences ruay be utilized for dispensers inchuding more than two
containers.  Alternatively, dispensers having more than two containers may incorporate
additional timing sequences. For example dispeusers including three containers may wncorporate
first, second, and third timing sequences, dispensers including four containers may incorporate
first, sccond, third, and fourth timing sequences, and so on. Further, dispensers including any

number of containers may incorporate any number of timing sequences.

(002211 In some embodiments, different containers are selected for dispensing product based
upon a current time of day. For example, if one of the countainers 150 contains a product
providing a "fresh” smell, that container is dispensed during the day, while another container 150
containing a relaxing scent (¢.g., lavender) 1s dispensed in the cvening. Furthermore, during
different times of day, differing amounts of product may be dispensed. In the moming, for
example, larger amounts of product may be dispensed, while m the evening, smaller and more
subtle amounts of product are dispensed. Tn some cases, i the dispenser 100 detects a sigruficant
amount of traffic, e.g., a stream of uscrs enters a room within a 2 hour period, which causes the
raotion-detection algorithm to recogmize a heavy user flow, the dispenser 100 1s configured to
dispense a larger amount of product cither by dispensing more product on each dispensing
occasion, or by reducing the lockout period, described below. Further, the dispenser may also be
programimed to dispense a more active or "fresh” small during such time periods. Alternatively,

it the dispenser 100 detects an extended period of time over which no or limited user traffic s
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detected, the dispenser 100 may initiate a dispensing sequence based upon diminished use, e.g.,
by dispensing a lavender or calming scent, regardless of the time of day, or by dispensing less

product.

(002221  During product dispensing operations in response to the displacement of the top plate
108, the user's wnteraction with the pushbutton may affect the type of product dispensing
operation undertaken. If a user depresses the top plate 108 for a duration less than a certain
period of time "T", no spraying operation 1s undertaken. 1 4 user depresses the pushbutton for a
duration equal or greater than the time period "T" then one spraying operation is undertaken for a
period "P". However, if a user displaces the pushbutton two times within a specified interval
"STY, the 24 hour timing sequence 1s re-set 1o zero, the sequence 1s alternated to the alternative
sequence having a different container, and the spray operation for the period "P" is undertaken

with the new container.

(002231 the lockout period for the dispenser 100 has expired, the dispenser 100 is
responsive to both sensory input and the manual activation of the top plate 108. During this
active mode of operation, the detection of motion will cause the dispenser 100 to undergo the
same inquiry as previously described to determine which container to imumediately spray from.
More specifically, if no container is preseut within dispenser 100 a product dispensing operation
is not undertaken. I only one container 150 is present in the device, then a dispensing operation
is undertaken with the available container. If both countainers 150a and 150b are present, the

device will select the appropriate container to dispense product from based on a timing sequence.

(002241 The operational steps to activate and dispense product from either container may be
the same regardless of whether a product dispensing operation is inttiated in response to sensory
input or the displacement of the manual pushbutton. Upon deternining which container to spray
from, the dispenser 100 drives the actuator drive system 200 to 1ift the appropriate armature to
lift the contatner for a time pertod "A." Thereafter, the actuator drive system 200 is stopped for a
time period "B" while product is dispensed from the appropriate container. Finally, actuator

drive system 200 is driven in reverse for a time period "C" to lower the container back to a pre-
o
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actuation position. The same sequence occurs regardless of which container is activated. The
tirne periods A, B, and C may comprise any appropriate periods of time, Further, in alternative
embodiments one or more of the pertods may be eliminated. Still further, in other embodiments
the time periods are different depending on the container undergoing the spraying operation or

the contents thereof

(002251  Every time the pushbutton is depressed by a user to dispense product or any sensory
input causes the activation of the device, the lockout period timer 18 re-set to zero and the
dispenser 100 1s placed into the lockout mode for the duration of the lockout period, which is
dependent on the position of the user control adjustment switch 470, as described above. The
user may displace top plate 108 to mitiate a spraying operation as often as desired, whereupon
the lockout period timer is re-set to zero and the device enters a new lockout period after cach
successful use of the top plate 108, Further, if a user adjusis the swilch 470 during any stage of
the operational use of the device, the lockout period can be immediately modified to reflect the
new period without re-setting the period. In a different embodiment, adjusting the switch during
use of the device both modifies the lockout period duration and also re-sets the lockout pertod

timer 1o zero.

(002261 The dispenser 100 1s configured to termunate power for inutiating spraying operations
via the actuator drive system 200 and the activation of the LED 416 if the battery life has

depicted to a predetermined lovel,

(002271 In general, any tume setting, range, period, or interval for any switch or operational
step of the present dispensing device may comprise any value. It should also be assumed that the
values may differ between the first and second scquences, between lockout and active modes,
between sensor-activated sprays and pushbutton sprays, etc. It should also be assumed that in

other embodiments any of these values could be altered by a user or preprogrammed.

(002281 Figs. 40-43 provide various tirming diagrams to better describe the operation of

particular embodiments of the dispenser 100,
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(002291  Fig. 40 depicts a timing diagram of the present embodiment that illustrates operation
of the dispenser 100 during use and wnteraction between the motion detectors, LED output, top
plate, and product dispersal system. At time =0 the dispenser 100 13 powered up. This may
occur, for exarnple, when the top section 104 and the bottom section 106 of the housing 102 arc
iocked together causing battery countacts 410a and 410b of cap asserubly 168 to contact batteries
152a, 152b disposed within the bottom section 106, Immediately upon activating the dispenser
100, the dispenser 100 may undergo a 0.1 ms delay prior to activating motion detectors 408 and
determining the lockout time indicated by the selector switch 470. This time period may be
modificd or eliminated entirely in other embodiments. Thereafter, the motion sensors are active
for detecting motion. After powering up, the dispenser 100 is configured to tmmediately enter a
lock-out period. During the lock-out period the dispenser 100 does not dispense product when
the dispenser 100 detects movement.  Accordingly, even though motion is detected by one or
more motion detectors at times t=+1 and =+2, the output 'dispense product’ stays low, and no
product is dispensed by the dispenser 100, Notably, even though the dispenser 100 1s not in
active mode at times t=+1 and t=+2, the LED 416 is illuminated upon the input from the motion
detectors bewng igh. In some cases, a single flash of oue or more LED's may be undertaken, or
various flashing sequences of one or more LED's may be undertaken when motion is detected.
Alternatively, the dispenser 100 may not include an LED. During a lockout mode the only way

to Initiate a spraying operation is by manual displacement of the pushbutton.

(002301 At time t=+3, the lockout period expires. The duration of the lockout period is
selected by a user via the selector switch 470, It is preferable that the lockout period has a
duration of between about 1 to about 180 minutes, and more preferably between about 10 to
about 60 munutes, and most preferably between about 15 to about 40 minutes. In one
embodiment, the three position switch 18 used to select between 20, 30 and 40 minute lockout
periods,  In another embodiment, the switch is used to select between 15, 20, and 30 minute
lockout periods, though other time periods may be used. After the lockout period expires, the
dispenser 100 enters an active mode. Accordingly, if the controlier of the dispenser 100 detects

movement, product will be dispensed.  Alternatively, rather than being selected by a switch
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having a limited number of positions, a user may use an alternative user input device, such as a
touch surface, keypad, or other user mput device to select a particular lockout period. In that
case, the lockout period may have any value that a user chooses to select, Additionally, the
iockout period may be adjusted throughout the day. For example, during a first time period (for
example, 8am through 6pm), the lockout period could have a first value selected by a user, or a
value that is a multiple of a user-selected value. For another time period (for example, 6pm
through 8am), the lockout pertod could have a second value selected by a user, or a value that is
a second multiple of a uscr-selected value.  Alternatively, the lockout period could be
consistently modified and updated based upon a history usage of the dispenser 100, If] for
example, a user is consistently using the manual input to cause the dispenser 100 to dispense
product (indicating that the dispenser 100 is not dispensing often enough for the user), dispenser
100 could autonomously shorten the length of the lockout period in order to dispense additional
product, minimizing the need of the user to regularly rely on the manual input to cause product to
be dispensed. The lockout period could also be adjusted based upon sensor input to dispenser
160, For example, during time periods where optical sensors detect light levels exceeding a
particular threshold (indicating daylight), the lockout period could have a fivst value. During
time periods where optical sensors detect light levels that fall below a particular threshold
{(indicating nighttimue}, the lockout period could have a second value. Further, the lockout period
could be adjusted based on a sensed level of room usage, e.g.., if a pattern is recognized that
there 18 a heavy tlow of traffic through a room the lockout period could be reduced and if a
pattern is recognized that there s a light flow of traffic through the room the lockout period
could be increased. In one preferred implementation, though, the user sclects a particular

iockout period using the switch 470, as described above,

002311 For the various implementations of the lockout period, numerals may be displayed on
the housing 102 to mdicate the length of a lockout period associated with cach position of the
switch 470 (as shown in Fig. 39}, Alternatively, the indications may be graphical, for example,

by displaying a short line besides a first switch 470 position, a longer line besides a second
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switch 470 position, and a longest line besides a third switch 470 position, indicating short,

medium, and long lockout periods, respectively).

(002321 At time t=+4, the motion detectors of the dispenser 100 detect moverent, the LED
416 is tlluninated and product is dispensed. After the product is dispensed, the dispenser 100

again enters a new lockout period and enters a non-active mode.

(002331  Dunpg this lockout period, at time t=+5, the user operates the top plate 108 to
marually cause the dispenser 100 to dispense product.  After dispensing product in response to

the user's activation of the top plate 108, the dispenser 100 enters a new lockout period.

(002341 At time =16, the lockout period expires, and the dispenser 100 again euters active
mode, At time t=+7 the dispenser 100 detects that the user has operated the top plate 108 to
roanually cause the dispenser 100 to dispense product.  Afler dispensing product 1o response to

the user's activation of the top plate 108, the dispenser 100 enters a new lockout period.

[00235]1 Fig. 41 depicts a timing diagram of the present embodiment that illustrates the
interaction between each of the four motion detectors of dispenser 100 (designated PD¥ - PD3 in
Fig. 41} and the output state of LED 416, As shown by Fig. 41, the output of LED 416 matches
that of the wput of motion detectors PDO - PD3. Accordingly, when any of the motion detector
inputs goes high, the output to LED 416 will go high (that is, LED 416 will be illuminated).
Additionally, should the mput of multiple combinations of multiple motion detectors go high at
the same time, the output of LED 416 will go high for the duration of the time peried during
which at least one motion detector input 1s high. With reference to Fig, 41, therefore, at any of
times t=+1, +2, +3, or +4, when the input from motion detectors PDO, PD1L, PD2 and PD3 go
high, respectively, the output to LED 416 goes high. Similarly, when multiple motion detector
inputs go high at the same tivae (such as at times t=+7 and +11), the output to LED 416 goes
at different timaes, the output of LED 416 is similarly held hugh. This situation occurs at time

t=+5 though t=+9, where tnput PDO initially goes high and as input PDO goes low, input PDI
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goes high, Accordingly, from time t=+5 though 1=+9 the output of LED 416 1s held high.

(002361 A similar situation ocours from time t=+10 to t=+12, At tirve t=+10 input PD2 s
high. At time t=+11 input PD3 goes high so that both inputs PD2 and PD3 are high. At time
t=+12, juput PD2 goes low, but input PD3 rersains high,  Accordingly, from times =+10 to

t=+12 the output to LED 416 remains high.

[00237]1 In somc cases, the top plate 108 is configured to detect a particular user input for
controlhng whether product is dispensed {rom the first container 150a or the second containe
150b of the dispenser 100, For example, depending upon a number of presses, a duration of the
press, or a ime of day that the user uses the top plate 108, the controller of the dispenser 108
may select a different one of the containers 150a, 150b from which to dispense product. Fig. 42
depicts an example timing diagram of the present embodiment that illustrates one possible
interrelationship between the user's manipulation of the top plate 108 and the controller's

selection of which container 150a, 150b to use.

F00238]  As shown in Fig. 42, at time t=+1 the user presses and releases the top plate 108,
However, the duration of the press does not exceed a predetermined minimum time duration
threshold and dispenser 100, consequently, ignores the press and takes no action, At time =42,
the user users presses and holds the top plate untdd time=+3. The countroller of the dispenser 100
determines that the duration of this top plate 108 press exceeds the minimum threshold and
dispenses product frova the fivst container 150a. Later, the aser initiates another press for the
duration of times t=+4 through t=+7. During this press, the controller of dispenser 100
deterruines that the user has pressed the top plate 108 for a sufficient duration as of time t=+5
and dispenses product from the first container 150a at that time. Here, the controller takes no
further action even though the user holds the top plate 108 for an extended duration of times

t=+6 and +7.

[00239] Later, at time t=+8 the user presses the top plate 108 for a short time duration that

satisties the time threshold for dispensing product. However, within a specified time imterval
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ST, the user again presses top plate 108, this time for the time pertods =149 and +10, which also
exceeds the munimum threshold for a successtul press of the top plate 108, In this case, because
there was a prior press that occurred within the spectfied nterval prior to the press occurring
during time periods t=+9 and +10, the controller dispenses product from the second container
150b rather than the first contawner 150a. At this time, the dispenser 100 may cause the second
container 150b to become the primary container from which to dispense product at future
product-dispensing events, This operation allows the user to manually dispense product from
cither container 150 using a straight-forward interaction with the dispenser 100, If] for example,
one comtamer [50a contains fragrance, while the second container 1S0b contains an odor

climinator, the user can easily control which product is to be dispensed.

[002401  Accordingly, by performing a single press of the top plate 108 for a duration that
exceeds a minimom threshold, the user can cause the dispenser 100 to dispense product from a
first container 150 stored therein. Alternatively, by performing two presses that occur within a
maximum time threshold (the specified wmierval (8I)), the user can cause dispenser 100 to

dispense product from a second container 150 stored therein.

[00241]1 Fig. 43 depicts an cxample timing diagram of the present embodiment that illustrates
the operational moecthodology of the dispenser 1090 over multiple 24 hour time periods. During a
first 24 hour tume period, a first container 150a is selected as the primary container from which to
dispense product, while 4 sccond container 150b is selected as a secondary container. In the
following 24 hour time period, though, the primacy of containers 150a and 150b is reversed and
container 150b becomes the primary container from which to dispense product, In the following
24 hour tiroe period, the primaacy of the containers 1s again reversed, and so on. In a different
embodiment, the dispenser may switch between the first timing sequence, in which the first
container 1s activated, aund the sccond fiming sequence, o which the second coutainer is
activated, immediately following the activation of the first container. Subsequent activations of

the containers may alternate between the first and second containers in a simular manner,
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(002421  As shown in Fig. 43, at time t=+0 dispenser 100 enter an initial lockout period and
enters an inactive state. At time t+=1, during the lockout period, motion is detected. Because

the dispenser 100 is in lockout mode, the dispenser 100 takes no action.

(002431 Later, at time t=+2 the lockout mode expires and the dispenser 100 cnters an active
mode, At timne t=+3 motion 18 detected and the dispenser 100 causes product to be dispensed
from the primary container for that time period. As time t=+3 resides within the first 24 hour
period, product 1s dispensed from the f{irst container 150a. Upon dispensing product, the

dispenser 100 again enters a lockout pertod.

1002441 At time t=+4 a second 24 hour period is entered. For the second 24-hour period the

second container 150b is sclected as the primary container from which to dispense product.

(002451 Later, at time t=+35 the lockout period expires and dispenser 100 enters an active
mode. At time t=1+6 motion is detected and dispenser 100 causes product to be dispensed from
the primary container for that time period.  As time t=+6 resides within the second 24 hour
period, product is dispensed from the second container 150b, Upon dispensing product, the

dispenser 100 again enters a lockout period.

00246] Al time =+7 motion 18 again detected. However, the lockout period 18 still active
g ¥

and, as dispenser 100 is not operating in active mode, dispenser 100 takes no action.

(002471 At times t=+8 and +9 the user issues two presses to top plate 108, The two presses
occur within the specified interval (81} for double presses. As such, at time t=+9 the dispenser
100 dispenses product from the secondary container for that 24 hour time period. Accordingly,
product 1s dispensed from the fivst container 150a. In some implernentations, though, the double
press of top plate 108 causes the dispenser 100 to toggle the primacy of contamners 150a and
150b to mumic the change that occurs at the completion of cach 24 hour period.  Or,
alternatively, the double press causes the dispenser 100 to reset the 24-hour counter and
immediately enter the next 24-hour cyele (effectively forcing the primacy of comtamer 150 to
switch just before dispenser 100 dispeunses product). Accordingly, the double press of the top

plate 108 can force the dispenser 100 to prematurely complete the current 24-hour period.
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[00248] In some ijmplementations, the dispenser 108 includes detection mechanisms to
deterruine whether one or more containers 150 are present within housing 102, If a particular
container is not present, during a product dispensing operation the dispenser 100 may instead
atierapt to dispense product from the other container. If neither countainer 150 is present, the
dispenser 100 may enter an error state until at least one container has been disposed within the
dispenser 100. The error state may involve displaying a message for a user to insert at least one

container 150 into the dispenser 100,

1002491 Fig. 44 is a cross-sectional view taken generally along the plane 44-44 of Fig. 19
showing cap assembly 168, container 1502 and container detection arm 306a.  Container
detection arms 306a and 306b (see Fig. 19) comprise arms or levers that penetrate through cap
assembly 168 into the volume defined by apertures 160a, 160b to detect the presence of
containers 150a, 150b. Top portions of the contaimer detection arms 306 are visible in the top

view of cap assembly 168 shown in Fig. 19.

(002501 Upon a user inserting a container into the top section 104 of the dispenser 100
{usually by locking the top section 104 to the bottom section 106, as described above), a user
aligns the top section 104 of the housing 102 with the bottom section 106, as described above
and ilustrated in Figs. 22-24. During and/or upon completion of the seating of the top section
104 onto the bottom section 106, the upper end of cach container 150 contacts ifs respective
container detection arm 306 and displaces same when & portion of the contamner and/or the

container’s sheath mteracts with the detection arm 306.

(002511 Container detection arms 306 comprise arms or levers, whereupon upward movement
of the containers allow the detection arms to undergo flexure or displacement to press a
corresponding switch located on the PCB 402 to indicate the presence of a container 150a, 150b
in the respective aperture 160a, 160b. In other embodiments, the detection members may
comprise a lever and/or a switch. Further, other embodiments may utilize non-flexible levers or
members to depress the switches. Still further, container 150a, 150b may directly impact a

switch or block an optical sensor during or upon corupletion of the seating of the top section 104
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to the bottom section 106, In other embodiments, the detection arms do not register the presence
of a container until the top section 104 has been rotatably secured to the bottorn section 106,
(ther container-detection mechanisms include magnetic field sensors (for example, hall-effect
sensors), capacitive or inductive ficld sensors, or more advanced systems using a radio frequency
{RF} or magnetic communication between the dispenser 100 and the contaivers 130 using, for

example, radio frequency identification (RFID) or Bluctooth technologies.

(002521  During operation of the dispenser 100, input from the switches coupled to the
container detection arms 306 may be used to determine whether one or more containers are
installed and atfect an operating methodology to prevent attempted dispensing of product from a
countainer that is not present.  Accordingly, the dispenser 100 15 self-coufiguring between a dual-
container dispensing operation and a single-container dispensing operation. I the user elects to
only msiall a single container 150 into the dispeuser 100, the dispeuser 100 detects that condition
and operates using the single container 150 only. The dispenser 100 will simtlarly detect when
no contaners 150 are installed and will not run the motor to spray, thus saving battery life. Even
when no containers 154 are present, however, the dispenser 100 may continue 1o detect motion
and register that motion via the LED. This behavior notifies the user that the dispenser 100 is

operating correctly, but that no product is being dispensed due to the lack of contamners 150,

[002531  As described above, the electronic components of the dispenser 100 are placed in
clectrical communication with one another when the top section 104 1s connected to the bottom
section 106, When the two sections are connected, electrical energy from the batteries 152a,
152b 1s communicated from terminals disposed within the top of apertures 162 and the bottom of
apertures 122 to the appropriate components of the dispenser 100. The electrical energy can be
used to power various systems such as the controller of dispenser 100, motor 202 of actuator
drive system 200, LED 416, or motion detectors 408, Additionally, the electrical energy can be
supplied to a number of switches or sensors to dotect a state of various components of the
dispenser 100 such as contact switch 450, selector swiich 470, contact switches proximate to

container detection arms 306, or {(when coustructed as passive elements} motion detectors 408,
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(002541 Each clement of the dispenser 100 may be connected to the controller and power

supply of the batteries 152a, 152b using a varving number of electrical interconnections.

(002551 Fig. 4SA, for example, illustrates a conventional electrical interconuection
arrangement with the motor 202 of the actuator drive system 200, the selector switch 470, and
the batieries 152, In the depicted conventional arrangement, this requires 6 electrical contacts
between the varicus contacts ~ 2 connections for the motor 202 and 4 connections for the switch
470. The 4 connections for the switch 470 comprise a single input connection o the switch 470
with three output connections reflective of each of the three possible values of the switch 470, In
that arrangement, a reference voltage value can be inputted to the input of the switch 470 and
sach of the output terminals can be monttored for that reference voltage value. By deternuning
the output terminal upon which the reference voltage is detected, the controller can identify a

position of the selector switch 470,

(002561 The arrangements shown i Figs, 458 and 45C provide several advantages over the
conventional arrangement shown in Fig. 45A as they require significantly fewer electrical
interconnections 1o be formed between the various components, thereby minimizing the

possibility of fatlure and increasing the reliability of the dispenser 100.

(002571  Fig. 458 illustrates a first aliernative elecirical interconnection arrangement with the
motor 202 of the actuator drive system 200, the selector switch 470, and the batieries 152 where
the controller reads a value from the selector switch 470 via a single connection, rather than the 4
counections illustrated in Fig. 45A. In this arrangement, signals delivered to the motor 202 at

terminal 476 are used to detect different signals at the switch contacts 472 and 474.

[00258] To dotect the posttion of the switch 470, the controlier drives the motor 202 with a
particular sigonal delivered to terminals 476 of the motor 202, If the same signal s detected by
the controller at terminal 478, the switch 470 is positioned at terminal 472, If however, the
signal detected at terminal 478 1s foverse to the signal delivered to terminal 476, the switch 470
is positioned at terminal 474, If, however, no signal is detected, the switch 470 is positioned at

terminal 480, In somce implomentations, the signal dehivered to the motor 202 by the controller
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will comiprise an alternating signal configured to move the motor 202 back and forth. Iu that
case, the same algorithm can be used o detect a position of the switch 470 as the signal detected

if the switch 1s positioned at terminal 474 will be the inverse of the alternating signal.

(002591 Fig. 45C illustrates a second alternative electrical interconnection arrangement with
the motor 202 of the actuator drive systern 200, the selector switch 470, and the batieries 152
where the controlier reads a value from the selector switch 470 via a single connection, rather
than the 4 connections illustrated in Fig, 45A. In this arrangement, termnal 472 of the switch
473 1s open . Ternninal 474 s connected to a first reference voltage equal to half of the voltage
supplied by the batteries 152 reduced by resistor R1. Terminal 480 is connected to a second
reference voltage equal to half of the voitage supplied by the batteries 152 without any reduction.
Accordingly, the voltage across cach of the three terminals is allocated to a pre-determined
reference voliage that can be measured by the controller at terroinal 478 via an analog-to-digital
converter and used to identify a selected terminal of the selector switch 470, In this arrangement,
the controller of the dispenser 100 wncludes an analog-to-digital converter that 1s connected to
terminal 482 and, thereby, a first terminal of resistor R2. A second terminal of resistor R2 is
connccted to the full battery system supply voltage. In this implementation, the resistance values
of resistors R1 and R2 are approximately equal. In that case, when the selector switch is in
position 480, the voltage at the controller's analog-to-digital converter will be half of the full
system battery voltage. When the switch s 1o position 474, the voliage at the analog-to-digital
converter will be three-guarters of the full battery voltage, because of the one-half resistor
divider of the one-half battery voltage. Fivally, when the switch is 1n position 472, the value at
the analog-to-digital converter will be the full battery voltage because that terminal point is

unconnected.

[00260]  Figs. 46A-46E are clectrical schematics showing example mplementations of various
electronic components of the dispenser 100 inchuding the power supply 500, the selector switch
470, the bottle detection system 530, the motion detectors 408 and the motor 202 control unit,

and the controlier 600.
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(002611 Fig. 46A is a schematic illustrating an example construction of the power supply 500
for the dispenser 100, The power supply 500 comprises a D/C power supply powered by the
batteries 152a and 152b connected in series. Capacitor 502 is connected between Vee and
ground to filter high-frequency noise from the output of the power supply 500, In one
implementation, capacitor 502 has a capacitance value of approximately 0.1 rocro farads.
Capacitor 504 is also connected between Ve and ground to provide smoothing for the output of
the power supply 500, In one mnplementation capacitor 504 is polarized with the positive
terminal being comnmected to Vec and the negative terminal to ground, and has a capacitance
value of approximately 220 micro tarads. Output diode 508 provides reverse polarity protection
to power supply 500 and is connected between Vec and output node 518 of power supply 500,
An additional capacitor 306 1s connected between output node 510 of the power supply 500 and
ground to provide additional smoothing of the power supply 500 output.  In one
implementation, capacitor 506 is polarized with the positive terminal being connected to output
node 510 aund the negative terminal to ground, and has a capacitance value of approximately 470
micro farads. The output node 510 of the power supply 500 can then be connected to the

controller of the dispenser 100 for controliing the operation of the dispenser 100,

(002621 In the present embodiment, because the dispenser 100 13 battery powered the system
has limited energy available. As such, in one arrangement the motor of the actuator drive system
200 1s driven so as to create a “rotary solenoid” by forcing the motor to a lock rotor position and
holding the motor there while the fragrance is dispensed. This operation, though, causes the
battery supply voltage to dip substantially. This dip 1s temporary, though, and will be recovered
when the motor is released from the motor's locked posttion. However, when the batteries 152
start to weaken, the voltage dip can be so great that the level will fall below the reset level of the
controller and could result in a system reset. To assist in avoiding this condition, Fig 46A shows
the creation of two power supplics separated by the diode 508, The {irst supply (shown as VCC)
is used to power the rotor, photo detectors, and other nou-cuitical peripherals of the dispense

100, The sccond supply (shown as VCC _1} is used to power the controlier of the dispenser 160.

When the battery voltage dips, the value of VOC may fall but the value of VCC 1 will remain
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higher because the power supplied by capacitor 506 cannot feed back through the diode 508 and
18 only used to supply cuergy to the controller. Accordingly, the capacitor 506 needs to be
sufficiently large to supply power to the controller during the motor drive period, so that even if
the battery supply and motor voltage dip, the controller voltage (VCC 1)y will remain sufficiently

high to keep the controller out of a reset condition.

[00263] Fig. 46B is a schematic illustrating an example coustruction of the mode selector
switch 470. The switch 4790 receives as input three reference voltage values 520, 522, and 544
which may represent high (for example, Vee), medium (for example, Veo/Z), and low (for
example, ground} reference values. Depending upon the position of the selector switch 470 the
selected reference value is outputted to output 526 (COM) for transmission to the controller 600
shown 1n Fig. 46E. The reference value at output 526 can then be converted to a digital value
and used to deternune a position of the switch 470, In other implementations, the switch 470

may be arranged differently as deseribed in reference to Figs, 43A-45C.

(002641  Fig. 46C is a schematic illustrating an example construction of a container detection
cirenit 530, Contamer detection cirenit 530 includes pressure-sensitive switches 532 and 534.
Bach pressure-sensitive switch is positioned proximate one of the container detection arms 306
described above. I a container 150 presses against one of the countainer detection arms 306
{indicating the presence of a container 150), that container detection arm 306 deforms
accordingly and presses against its respective pressure-sensitive switch 532 or 534, With
sufficient pressure, the pressure-sensitive switch closes, causing the output of container detection
circuit 530 to be pulled to ground for that particular container. Accordingly, with respect to Fig.
46C, if coutaimer 150a s present, switch 532 18 closed and the relevant output S38 goes to
ground. If container 150a s not present, the output 536 adopts a different value. Sinularly, if
countainer 150b is present, output 538 goes to ground. Accordingly, the cutputs 536 and 538 can
be passed to the controlier of the dispenser 100 and wutilized to determine a number of containers
150 that are present within the dispenser 100, The controller can then adopt a particular
operating mode based upon the number of present containers, as described above., In another

implementation, the switches 532 or 534 may instead be connected to Vec rather than ground.
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(002651 Fig. 46D is a schematic illustrating an example construction of a circuit for
implementing the motion detectors 408 as well as a control circuit for the motor 202, As shown
in Fig. 46D the circuit includes 4 motion detectors 408a, 408b, 408c, 408d. In different
implementations, though, different number of motions detectors 408 may be implemented. The
coustruction of each motion detector circuit 18 generally the sarme, although motion detector 408d
incorporates a number of additional components that make-up the control circuit for the motor

202.

1002661  Hach motion detector includes a light sensor 552 that may comprise any suitable
component for detecting variations in light energy entering the light sensor.  Although in Fig.
46D each light sensor 552 1s depicted as comprising the same component, different light sensing

elements may be incorporated mto each of motion detectors 408a, 408b, 408c, 4084,

(002671 Output from cach light sensor 552 18 mputied into pinl (PH) of infegrated circuits
(IC) or application-specific 1ntegrated civcutis (ASICs) 554, As the hight energy entering cach
light sensor 552 varies {(either due to movement or other changes in ambient light), an analog

voltage value delivered to pin 1 of 1T 554 varies.

[00268] Each IC 554 analyzes the input received from its respective light sensor 352 to
deterruine whether changes in hight energy (indicative of movement) are detected. The 1Cs may
be programmed to implement any switable data analysis algorithm for detecting movement. For
example, the 1Cs may analyze data received from light sensors 552 to identify changes in Light
ievels that occar within pre~-determined time frames that are consistent with the movement of an
individual walking past the dispenser 100.  Alternatively, where sensor 552 is sensitive to a
particular frequency spectrum of mftrared light enutied by humans and/or other animals, 1Cs 554
may simiply analyze the signal received from light sensors 552 to identify a sufficiently-long

period of time during which that particular frequency of light is detected.

(002691 H one or more of 1Cs 554 deterrmines that moverent is detected, the output of pin 4

(LED) of those 1Cs 554 13 set to a particular voltage level indicative that movement has been
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detected. That output is then communicated through output nodes 556 of motion detectors 40Ra,

408b, 408¢, or 4084 for use by the controller of dispenser 100,

(002781 In each IC 554 motion detector 408, pins 18-20 (GND, GND2, GND3) are tied to
ground, while pins 11-13 (VCCIL, VCC2, VCC3) are tied to Vee. Additionally, pin 3 (PC) of
cach IC 554 1s tied to ground through resistor 558, In one implementation, resistor 558 has a

resistance value of approximately 80K ohims.

(002711 As shown in Fig. 46D, the fourth motion detector 408d includes additional
components for operating the motor 202, Inputs 560 (motor bw) and 562 (motor fw) are
recetved from the controller and are used to control the backward and forward rotation of the
motor 202, respectively.  Input 560 is connected to pin 2 (PD) of IC 354d and input 562 is
connected 10 pin 6 (SW) of ICC 554d. Addittonally, input 560 s connected to ground via pull-
down resistor 564, In one implementation, pull-down resistor 564 has a resistance value of
approximately 1 wega ohm. toput 562 18 connected to ground via pull-down resistor 566, In one

implementation, pull-down resistor 566 has a resistance value of approximately 1 mega ohm.

1002721 As the output of the motor control, pin 15 (MN1) of IC 554d 18 connected to mput
568 (medium) as well as a first terminal of motor 202, Pin 14 (MP1) of 1C 5544 1s connected to
input 5370 (low) as well as a second termunal of the motor 202, These low and medium
connection points 370, 568, respectively, correspond to the positions 472, 474, respectively, of
the selector switch arrangement illustrated in Fig. 45B. The first and second terminals of the
motor 202 are also comunected across high-frequency filter capacitor 580 to remove high-
requency noise signals delivered to the motor 202, In one implementation, capacitor 580 has a

capacitance of approximately 0.1 micro farads.

(002731 o the implementation shown 1o Fig. 46D, the motor 202 1 driven using an H-Bridge
arrangement. To stop the motor 202, both MOTOR _FW 562 and MOTOR_BW 560 are set to
iow values. To duve the motor 202 backward, MOTOR_FW 562 is set to a low value, while
MOTOR _BW 560 1s set to a high value. To drive the motor 202 forward, MOTOR_FW 562 is
set to a high value, while MOTOR BW 560 s sot to a low value. MOTOR FW 562 and
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MOTOR _BW 560 both having high values would represent an error condition that could cause

damage to the motor 202 and dispenser 100,

(002741 Fig. 46F 1s a schematic illustrating an example coustruction of a circuit for coutroller
600 of the dispenser 100 showing controller 600 in communication with the LED 416 and the
swiich 450 of the top plate 108, The functionality of controller 600 18 implemented by IC 602
that is programmed to implement an operational methodology of the dispenser 100 as described
above. Pins 1-4 of IC 602 recetve inputs 556a-d from motion detectors 408a-d. Pin 5 (Vss) of
1 602 is connected to ground and pins 6 (PBOY and 7 (PB1) recetve as inputs container detection
signals 536 and 538, respectively, received from container detection circuit 530, Pin 8 (PB2) of
IC 602 18 connected to a first terminal of switch 430 to receive input 540 via the top plate 108, as
described above. The second terminal of the switch 450 is connected to ground. As such, when

the top plate 108 1s depressed by a user, the wput to pin 8 of IC 602 goes to ground.

(002751 Pin 16 (PA4/PWMG) of IC 602 receives wput 526 indicative of a current position of
the sclector switch 470, Pin 16 is also tied to pin 13 (PA7/IRES) via resistor 604. In one

implementation resistor 604 has a resistance value of approximately 100K ohm.

(002761 Pins 15 (PAS/OSC2) and 14 (PAG/OSCT) of IC 602 are connected to clock network
606. Clock network 606 provides a clock signal to IC 602 allowing IC 602 to execute a program
stored therein for impleruenting the operational methodology of the dispenser 100, Pin 1S of IC
602 1s connected to a first termuinal of resistor 608, a first terminal of capacitor 610, and a first
terminal of oscillator 614. The second termunal of capacitor 610 is counected to ground. Pin 14
is connected to a second terminal of resistor 608 and a first terminal of capacitor 612, The
second terminal of capacitor 612 s conunected to ground. Pin 14 1s also connected to a second
terminal of gscillator 614, In one implementation, resistor 608 has a resistance of approximately
S mega ohms and cach of capacitors 610 and 612 have capacitances of approximately 10 pico
farads. In one implementation, oscillator 614 comprises a crystal oscillator configured to operate

at approximately 32.768 kHz.
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(002771  IC 602 1s also in commumcation with LED 416, Pin 9 (PB3) of IC 602 13 connected
to a first termunal of LED 616, The second terminal of LED 616 is connected to a first terminal
of current-Himiting resistor 618. A second terminal resistor 618 is connected to ground. In one
implementation resistor 618 has a resistance of approximately 1.2k ohm. To illuminate LED
416, theretore, IC 602 is programrued to set pin 9 of IC 602 a high level (for example, Veo)

causing diode 616 to be illuminated.

(002781  During operation, IC 602 of controller 600 analyzes mmputs 556a-d, 536, 538, 540 and
526 to determine whether an action needs to be taken. The analysis is determined by dispenser
100's current operational methodology, for example in accordance with the timing diagrams
itlustrated in Figs. 40-43, the state flow diagram shown in Fig. 47, or other operational

algorithims described above.

[00279]  In onc example, IC 602 may determine that motion has been detected via one of
inputs 556a-d. I so, IC 602 may first venty that there 18 no currently active lockout period. If
not, IC 602 verifies that a container 150 is present by analyzing at least one of inputs 536 and
S3R. I ap appropriate container 150 1s present, IC 602 uses outputs 562 or 560 to control an
operation of the motor 202 to cause product to be dispensed from the dispenser 100, If the
primary container 150 is not available, IC 602 can use the other of wmputs 536 and 538 to
determiine whether the secondary container 150 is available for use. 1C 602 may also, upon
determining that motion has been detected via at least one of mputs 556a-~d, cause LED 416 to
ilfuminate according to a particular algorithm. Additionally, IC 602 can monitor a status of the
switch 450 via mput 540 to determine whether a user has manually requested that product be
dispeused. When implementing a lockout timer, IC 602 uses nput 5326 to determine the lockout

period currently selected by a user via selector switch 470,

[002801  Fig. 47 18 a state diagram ilustrating state flow 700 of the dispenser 100 1
accordance with the present disclosure. In initial state 702 the dispenser 100 enters a standby
mode. The dispenser 100 may enter this state after the top section 104 of the housing 102 is

connected to the bottora section 106 causing power supplied by batteries 152 to be dehivered to
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the controller of the dispenser100. Alternatively, the dispenser 100 may enter state 702 after, for

example, cxperiencing an error condition that causes the device to reset.

[O0281]  After entering standby state 702, the dispenser 100 may enter a test mode or system
check 704, wherein the dispenser 100 determines whether the device has been placed into a test
mode - for example to assist in testing the device to verity that it 1s operating correctly. At this
time the dispenser 100 may also perform a low battery check. If the voltage measured across
batteries 152 (Vret) s less than a particular threshold (Viewbat), the dispenser 100 sets a state
value indicating that the battery level is low. This may cause the dispenser 100 to illuminate an
LED indicating to a user that the batteries of the dispenser 100 should be replaced. After
performing the battery level check, the dispenser 100 ruay be configured to implewent a start-up

delay (for example, a delay of 0.1 ms) in state 706.

(002821  After implementing the delay, the dispenser 100 enters into three separate control
ioops that are executed by the controller {(e.g., controller 600). The first control loop (states 708-
714} involves the dispenser 100 monitoring the manual user interface of the dispenser 100. The
second control loop (states 716-724/726) involves the dispenser managing lock-out periods and
monitoring mnput recetved from the motion detectors 408, The third control loop s not iHlustrated
in Fig. 47 but wnvolves the dispenser 100 implementing a 24-hour counter 1u order to implement

the algorithm illustrated in Fig. 43,

(002831  In the first control loop, the dispenser 100 first implements a 8.4 second delay in state
708, Depending upon the implemeniation, though, the delay of state 708 wmay only be
implemented the first time that the dispenser 100 is powered up. After implementing the delay
of state 708, the dispenser 100 determines whether the top plate 108 of the dispenser has been
pressed in state 710, The dispenser 100 remains in state 710 until it detects a successful press of
the top plate 108, In onc implementation, a successful press of the top plate 108 is one that

persists for a longer duration and a predetermined minimum press threshold.

[00284]  After detecting an initial press in state 710, the dispenser 100 starts a button press

tirncr a monttors the top plate 108 for a second press in state 712, If a sccond button press is
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detected before a button press timer expires, the dispenser moves to state 714 1o order to reset or
toggle the 24-hour timer and to toggle the primacy of the first and second countainers. See, for
example, the timing diagram shown in Fig. 43 that tllustrates this operation. After resetting the
24-hour timer and toggling the primacy of contamners 150, dispenser 100 moves onto state 720,
which 1s discussed further, below.  Alternatively, if no second press of the top plate 108 is

detected, the dispenser moves directly to state 712 without modifying the 24-hour timer.

(002851  In the second control loop, the dispenser 100 first sets a lockout timer in state 716,
The lockout timer s set to a value dictated by the user’s positioning of the selector switch 470, as
described above. After setting the lockout timer, the dispenser implements a lockout timer to
count down the duration of the lockout period. During the lockout period, the dispenser 100 may
monitor motion detectors 408 in order to iHuminate an LED, as described above, but will not

irigger the dispersal of product,

[00286]  After the lockout tivaer expires, the dispenser 100 transition imto an active mode state
718. In the active mode the dispenser 100 monitors motion detectors 408 for movement. It
movement is detected the dispenser 100 will dispense product,

-

(002871  After detecting movement, the dispenser moves to state 720 in order to identity which
containers 150 arc present within the dispenser 100, As discussed above, in cach 24 hour period,
a different one of contamers 150 is selected as the primary container to be used when dispeuser
100 1s to dispense product. Accordingly, before dispersing product atter detecting movement {or
receiving detecting a button press (from the fivst control loop) the dispenser 100 wust identily

which containers are available.

[00288] If no containers 150 are available {containers 150a and 150b are both absent), the
dispeunser 100 indicates to the user that a container must be mstalled into the device and moves to
a halt state (not shown). If only a single container 150 1s available (that is, either container 150a
or container 150b 1s present, but not both) dispenser 100 dispenses product from the available
container 150 in ecither state 724 or 726. I, however, both containers 1302 and 150b are

available, dispenser 100 identifies the current 24-hour state n state 722 to determine which of
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containers 150a and 150b are allocated the role of primary container. Depending upon which
container 150 1s primary, the dispenser 100 moves to either state 724 or 726 to dispense product
therefrom.

[002891  After dispensing product m either of states 724 or 726, the dispenser 100 may be
configured to check a spray count for the container 150 from which product was just dispensed.
If the spray count exceeds a particular threshold, the dispenser may indicate to a user of
dispenser 100 that the container 150 for which the spray count threshold was exceeded requires
replacement. After verifying the spray count, the dispenser returns to the beginning of both the

first and second control loops by entering states 716 and 708,

1002901  Any of the embodiments described herein may be modified to include any of the
structures or methodologies disclosed in connection with different embodiments. Further, the
present disclosure s not limited to the use of acrosol containers of the type specifically shown,
Sull further, a dispeuser coufigured tn accordance with any of the erabodirnents disclosed herein

may be modified to work with any type of acrosol or non-acrosel container of product.

1002911 More specifically, any of the advantages previously noted with respect to the
utilization of a plurality of sensors could be incorporated into other known prior art dispensers to
provide uscrs simular benefits.  Previously known dispensers were typically provided as
standalone devices that automatically spraved a fluid in response to a timed nterval, e.g.,
spraying an air freshener within a room or a pest control device within a barn. These dispensers
are kept "out of sight” of users by placing them in areas of a room or space that are utilized less
frequently by users or that provide the ability to "hide" or otherwise diminish the trmpact of the
dispenser on the acsthetics of the room or space. In these circurnstances, the dispensers arc often
less effectual and often cause users 10 place such devices in sub-optimal areas of a room or space
in terms of their ability to effectively disperse an active, volatile, or any other manner of material

or product.

(002921  Further, some prior art dispensers utilize sensors to initiate various pre~-programmed

or user initiated operational sequences, as well as to provide instant dispensing upon the
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detection of sensory input. In these prior art dispensers, designers utilized single sensor systems
in hight of users predisposition to "hide” or otherwise place such devices in unobtrusive arcas of a
room or space. Indeed, a himited scope of sensory detection was preferable in these prior art

systems in view of the manner in which such systems were utilized.

1002931 Presently, the disclosure of the various embodiments herein identifies a dispensing
system that is intended to be left in "plain view" of a user and otherwise positioned prominently
within a room or space, i.¢., not hidden or otherwise intentionally obstructed. Therclore, the
various disclosed embodiments utilize a plurality of sensors to enhance the field of view of the
dispensing system to be more responsive to external sensory input, thereby providing a truly
responsive dispensing system 1o the activity in a particular room or space. Further, jn situations
where an obstruction is placed i a portion of a dispensers field of view, the remaining field of
view of the other sensor(s) still affords the ability to respond to sensory ioput. Such advantages
are contemplated to be made in connection with other types of devices, of which several non-

exhaustive exaraples are provided below,

[00294]  In oue embodiment, a conventional ol or product diffuser 8O0 may be wodified to
include a plurality of sensors 802 to detect sensory input within a room or space. Such diffusers
may be wall mounted, could mclude plugs for msertion into conventional electrical outlets, could
include corded plugs, or may have an internal power source, such as batteries. As illustrated in
FI1G. 49, a diffuser 800 may be provided with a plurality of sensors 802 about a perimeter of a
housing 804 thereof to provide a sensory field of view or an enhanced sensory field of view. In
one embodiment, two sensors arc provided, in a differcnt embodiment 3 sensors are provided, in
yet a different embodiment 4 sensors are provided, in still a further erabodiraent 5 sensors are
provided. While any number of sensors may be utilized, the depicted embodiment shows a
sensor 802 on four sides of a diffuser housing 804, H 1s anticipated that utilization of a plarality
of sensors will allow for the detection of sensory input, which may be utilized to provide one or
more of the powering on or off of the diffuser, the mitiation of a pre-progranumed timed
sequence of diffusion, the mnitiation of a sequence that comprises one or more diffusion pertods

between one or more non-diffusion periods, the initiation of a sequence that includes a continual
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diffusion sequence, the initiation of an immediate diffusion of a product, the mitiation of the
diffusion of a product after a specified or non-specified delay, the initiation of a diffusion
sequence characterized by diffusing a product in response to one or more of a time interval,
sensory nput, or manual actuation after the initial detection of sensory input, and the initiation of
one or more previously noted actions n connection with a diffuser having a single coutainer, two
containers, three containers, or any other number of additional containers 806, Further, it is
conteraplated that diffusion may be realized by one or more activation means 808 that welude
heating a container, heating a wick extending from or into a container, heating an arca adjacent a
wick and/or container, running a fan adjacent an aperture of 4 container or a wick extending from
a container, running a fan within a housing to assist in dispersal of a product, activating a piezo-
electric plate adjacent a wick to volatize a fluid thereon, opening a window or otherwise
removing an obstruction from an aperture or opening to assist in the dispersal of product from

the housing, or any other known means for diffusing.

(002951 In a different embodiment, other conventional electronic dispensing systems 810 that
utilize actuation mechanisms 812 to spray fluid from an aerosol container, whether metered or
non-metered, and pump-type sprayers, whether pre-compression Or non pre-compression puiip-
type sprayers, may be modified to include a plurality of sensors to detect sensory input within a
room or space. Conventional actuation mechanisms may include, but are not limited to,
mechanically driven means, such as armatures, lovers, linkages, cams, etc., that depress, tilt, or
otherwise activate a valve stem or pump of a container by direct interaction with the valve stem
or pump, through indirect commmunication with the valve stern or purap, and/or through physical
interaction with the container, 1., lifting, pushing, tilting, lowering, or otherwise deflecting the
container to effect the depression or {ilting of the valve stem or purap. It 1s also contemplated
that solenoid actuators, bi-metallic actuators, muscle wire actuators, piezo actuators, or any other
means may be utilized to etfect spraying of an aerosol or pump type container. Further, it is also
conternplated that other dispensing and actuation mechanisms 812 may be utilized, sach as those
used in connection with nebulizers or venturi sprayers. Still further, any of these systems 810

may utilize a product or flud provided within a contamner or reservoir 814 that is pressurized or
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non-pressurized. Such dispensing systems 810 may be wall mounted, could include plugs for
inseriion into conventional electrical outlets, could include corded plugs, or may have an mternal
power source, such as batteries. As dlustrated in FIG. 50, a dispensing system 810 may be
provided with a plurality of sensors 816 about a perimeter of a housing 818 thereof to provide a
sensory field of view or an enhanced seusory field of view, In ove embodiment, two sensors are
provided, in a different embodiment 3 sensors are provided, in yet a different embodiment 4
seusors are provided, in still a further exabodiruent S sensors are provided. While any number of
sensors may be utilized, the depicted embodiment shows a sensor on five sides of a housing 818,
It 1s anticipated that utilization of a plurality of sensors 816 will allow for the detection of
sensory input, which may be utilized to provide one or more of the powering on or off of the
systern, the mitiation of a pre-programmed timmed sequence of spraying, the initistion of a
sequence that comprises one or more spraying periods between one or more non-spraying
periods, the initiation of a sequence that includes a continual spraying sequence, the initiation of
aun immediate spraying of a product, the inutiation of the spraying of a product after a specified or
non-specified delay, the mitiation of a spraying sequence characterized by spraying a product in
response to one or more of a time wnierval, sensory iuput, or manual actuation after the initial
detection of sensory input, and the initiation of one or more previously noted actions in
connection with a system having a single container, two countainers, three containers, or any other
number of additional containers 814, It is also contemplated that such modifications could be
uttlized with existing dispensing sysierns 8§10 that utilize acrosol containers or pump-type
sprayers in conjunction with solenoids that provide for the release of product into the

environment,

(002961  In yet ancther embodiment, a conventional diffuser 820 that utilizes a cartridge or
reservoir 822 that holds one or more of a product, volatile or active laden gel or liquid may be
modified to include a plurality of sensors 824 {0 detect sensory input within a room or space.
Such diffusers 820 may be wall mounted, could nclude plugs for insertion nlo conventional
clectrical outlets, could include corded plugs, or may have an internal power source, such as

batteries. As illostrated 1o FIG. 51, a diffuser 820 may be provided with a plurality of sensors
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824 about a perimeter of a housing 826 thereof to provide a sensory field of view or an enhanced
sensory field of view. In one embodiment, two sensors are provided, in a different embodiment
3 sensors are provided, in yet a different embodiment 4 sensors are provided, in still a further
embodiment S sensors are provided, While any nurnber of sensors may be utilized, the depicted
embodiment shows a sensor 824 on four sides of the diffuser housing 826. 1t is anticipated that
utilization of a plurality of sensors 824 will allow for the detection of sensory input, which may
be utilized to provide one or more of the powering on or off of the diffuser, the frutiation of a
pre-programumed timed sequence of diffusion, the nitiation of a sequence that comprises one or
more ditfusion periods between one or more non-diffusion periods, the initiation of a sequence
that includes a continual diffusion sequence, the initiation of an immediate diffusion of a
product, the inttiation of the diffusion of a product after a specified or non-specitied delay, the
initiation of a diffusion sequence characterized by diffusing a product in response to one or more
of a time mterval, sensory input, or manual actuation after the initial detection of sensory input,
aund the mitiation of one or more previously noted actions in connection with a diffuser having a
single cartridge or reservolr, two cartridges or reservoirs, three cartridges or reservoirs, or any
other number of additional cartridges or reservours 822, Further, it is conteraplated that diffusion
may be realized by one or more activation means 828 that may inclhude one or more of heating a
cartridge or reservoir, heating an arca adjacent a cartridge or rescrvolr, running a {an adjacent an
aperture or vapor permeable membrane of a cartridge or reservoir, running a fan within a housing
to assist in dispersal of a product, rotating or otherwise moving a cartridge or reservolr, opening
a window or otherwise removing an obstruction from an aperture or opeuning to assist in the

dispersal of product from the housing, or any other known means for diffusing.

1002971 In still another embodiment, a system 830 including one or more candles, fragrance
blocks, wax melts, or products 832, whether solid or gel, that allow for the diffusion of an active
or volatile through the melting thercof (hercinafter referred to collectively as "candles™), are
provided within a housing or oun a base 834 that may be modified to include a plurality of sensors
836 on the housing or base to detect sensory input within a room or space. The housing or base

834 ncludes one or more heaters and or heating means 838 powered by a wall mouuted plug, a
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corded plug, or an internal power source, such as batteries. As illustrated in FIG. 52, the candle
systern 830 may be provided with a plurality of sensors 836 about a perimeter of the base 834
and the base may include one or more candles, e.g., 2 candles, 3 candles, 4 candles, 5 candles, or
any additional number of candles. Further, the candles could mstead be provided in a housing
834, Suil further, one or more of the atorementioned candles could be provided on one or more
housings or bases 834, wherein the plurality of sensors are distributed among the phlurality of
housings and/or bases, lu one erabodiment, two sensors are provided, 1 a different embodiment
3 sensors are provided, in yet a different embodiment 4 sensors are provided, in still a further
cmbodiment 5 seusors are provided. While any number of sensors 836 may be utilized, the
depicted embodiment shows three equidistantly spaced sensors 836 about a circular base 834, It
18 anticipated that uttlization of a plurality of sensors 836 will allow for the detection of sensory
input, which may be utilized to provide one or more of the powering on or oftf of the heater(s),
the initiation of a pre-programmed timed sequence of heating, the initiation of a sequence that
comprises one or more heating periods between one or more nou-heating periods, the mitiation
of a sequence that includes a continual heating sequence, the initiation of an inumediate heating
of a caundle, the initiation of the heating of a candle afler a specified or non-specified delay, and
the initiation of a heating sequence characterized by heating a candle in response 1o ong or more

of a time nterval, sensory input, or manual actuation afier the mitial detection of sensory input,

(002981  Indeed, any prior art dispenser may be modified n a stmilar manner as discussed in
connection with the above-noted embodiments. For example, dispensing systems utilizing
nebulizers, ventunt sprayvers, As  has been previously described, any known prior art dispense
may be adapted to include 3, 4, 5, . . ., n sensors around a perimeter thereof, such that the

dispenser can be placed anywhere within a space and still be able to detect sensory input.

EXAMPLE USE CASE OF DISPENSER
(002991 In onc example use of the dispenser 100, a user first installs the containers 150a, and
150b and batteries 152a, and 152b into dispenser 100, To perform the instaliation, the user

oricuts the dispenser 100 correctly before separating the top section 104 from the bottom section
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186, As described above, the weight-bias of the dispenser 100 due to the position of the actuator
drive system 200 in the bottorn section 106 provides tactile feedback to the user allowing the
user to orient the dispenser 100 with the top section 104 being positioned above the bottom

section 106,

F00300]  After orienting the dispenser 100 correctly, the user scparates the top section 104
from the bottom section 106 by rotating the top section 104 counter-clockwise {when viewed
from above} with respect to the bottom section 106, The rotation causes the locking merabers
166 of the top section 104 to be withdrawn from the locking tabs 124 of the bottom section,
thereby unlocking the two sections of the housing 102 of dispenser 100, After unlocking the two

sections, the top section 104 of the housing 102 can be separated from the bottom section 106.

[00301]  After separating the top section 104 from the bottom section 106, the apertures 120
and 122 of the bottom section 106 are exposed, thereby allowing the user to nsert the containers
153 and batteries 132 nto their respective apertures,  Because the contaners 150 and the
batteries 152 are sized differently, the user cannot incorrectly position the containers 150 by
accidently 1userting thew iuto the apertures 122, Simularly, the size of batteries 152 provides
clear feedback to the user allowing the user to correctly select the apertures 122 for the batteries

152,

(003021 After inserting the containers 150 and the batteries 152 into the bottom section 106 of
the housing 102, the top section 104 is positioned over the bottom section 106 so that the two
sections can be locked to one another. As described above, the containers 150 and the batteries
152, when disposed within bottom section 106, act as guides to facilitate the correct positioning
of the top section 104 over the bottorn section 106, After positioning, the top section 104 can be
locked to the bottom section 106 by twisting the top section 104 with respect to the bottom
section 106 in a clock-wise direction to cause the locking members 166 of the top section 104 to

engage with the locking tabs 124 of the bottom section 106.
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(003031  With the top section 104 mounted to the bottom section 106, electrical interconnects
are formed with batterics 152 allowing electrical cnergy to be supplied to the various electronic

components of the dispenser 100,

(003041 The user can then manipulate the switch 470 to select a lockout period of the
dispenser 100, The lockout period controls the maximum frequency at which the dispenser 100

will dispense product upon detecting movement in proximity to the dispenser 100,

[00305]  After connecting the top section 104 and the bottom section 106 of the housing 102,
the user selects an appropriate location for the dispenser 100, Because the housing 102 of the
dispenser 100 is relatively featureless, dispenser 100 has a clean, appealing appearance. As such,
the user 18 likely to position the dispenser 100 in the muddle of a hiving space or in another
prominent position within the living space. Because the dispenser 100 is likely to be placed
prominently within a living space, the dispenser 100 will have a relatively effective view of the
living space, thereby ensuring that the product contained within the containers 150 is dispensed
effectively within that living space. Often, for example, the user positions the dispenser 100 on a

coffee table or other surface near the muddle of the room.

[00306] Because the appearance of the housing 102 i3 clean and featureless, the user is
generally not cognizant of the orientation of the dispenser 100 when 1t 1s positioned in the living
space. Accordingly, unlike other dispensers that require particular and careful positioning and
orientation in order for their motion detection systems to operate correctly, the present dispenser
190 can be positioned by a user 1u a location for solely aesthetic reasons, rather than functional
ones. As discussed above, because the motion sensing system of the dispenser 100 is configured
to detect movement around the dispenser 100, firespective of the user's positioning of the
dispenser 100, the dispenser 100 will be able to observe movement within the living space and
dispenser product accordingly.

(003071 After placing the dispeunser 100 into the living space, the dispenser 100 may be lefito
operate automatically by dispensing product from one of the containers 150 upon detecting

movement. In that case, the dispenser 100 selects the appropriate container 150 from which to
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dispense product based upon a predetermined container 150-selection algorithm, as described
above.  Alternatively, the user can interact with the dispenser 100 to manually cause the
dispenser 100 to dispense product, for exanmple, by depressing the top plate 108, Additionally,
the user can manually select the primary container 150 for the dispensing of product by the

dispenser 100 by manipulating an appropriate user interface, such as the top plate 10K,

INDUSTRIAL APPLICABILITY
FO03081  Numerous modifications to the present tnvention will be apparent to those skilled in
the art in view of the foregoing description. Accordingly, this description is to be construed as
itlustrative only and is presented for the purpose of enabling those skilled i the art to make and
use the invention and to teach the best mode of carrying out same. The exclusive rights to all

modifications which come within the scope of the appended claims are reserved.
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CLAIMS
We claim;

1. A dispenser (100), comprising:

a housing (102) adapted to recetve first and second containers {150a, 150b) therein; and

an actuator drive system (200) for selectively releasing product from the first and second
containers (150a, 150b},

wherein the actuator drive system (200) includes first and second armatures (228, 230)

for activation of the {irst and second containers (150a, 150b), respectively.

2. The dispenser {100} of claim 1, wherein the actuator drive system (200) initiates a

spraying sequence in response to at least one of a sensory input and manual actuation.

3. The dispenser (100} of claim 1, wherein the actuator drive system (200) inclades a
motor (202}, wherein activation of the motor (202) 1n a first direction causes the first armature
{228} to activale the first container {150a) and activation of the motor (202} in a second direction
causes the sccond armature (230) to activate the second container (150b), wherein the first
armature (228) 1s duven upwardly to raise the first contaner {150a) when the motor (202) is
activated in the first direction and the second armature (230} is driven upwardly to raise the

second container {150b) when the motor (202} 1s activaied in the second direction.

4, The dispenser (100) of claim 3, wherein the second armature (230) is driven
downwardly when the motor (202) 1s activated in the first divection and the first armature (228)

is driven downwardly when the motor (202} 1s activated in the second direction.

5. The dispenser {100} of claim {1, wherein the dispenser (100) further includes at
ieast one sensor (408a), wherein the detection of sensory input by the at least one sensor (408a)

causes activation of the actuator drive system (200} to release product from the first container
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{150a) during a first timing sequence and the release of product from the second container (150b)

during 4 second {iming sequence.

6. The dispenser (100} of claim 5, wherein the first and second timing sequences
inclade a duration of between 1 hour and 1 month, or more preferably between 12 hours and 2

weeks, or most preferably 24 hours.
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7. A dispenser {100}, comprising:

a housing (102} adapted to recerve at least one container (150a) therein; and

a button disposed on the housing (102},

wherein the bution comprises a top plate (108) provided on a top end of the housing (102)

and includes at feast one opening (110a) extending thercthrough.

8. The dispenser (100} of claam 7, wherein the top plate (108} includes a generally
planar peripheral edge, wherein the peripheral edge of the top plate (108} is depressible to tilt or

downwardly depress same.

9. The dispenser (100} of clairn 8, wherein the entirety of the top plate (108) is
depressible.
10, The dispenser {100) of claim 7, wherem the housing (102) 1s adapted to receive

two containers (150a, 150b) and the top plate (108) includes two openings (110a, 110b).

1. The dispenser {100} of claim 10, wherein product is released from a first container
(150a) during a first fiming sequence and product is released from a sccond container (150b)

during a second timing sequence in response 10 the depression of the top plate {108},

12 The dispenser (100} of claim 11, wherein depression of the top plate (108} twice
during a specified time interval (S1) causes the dispenser {100) to alternate between the first and

second timing sequences.
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13, A dispenser {100}, comprising:

a housing (102) adapted to receive a container (150a) therein; and

a pushbutton (108} disposed on the housing (102),

wherein the pushbutton (108) compriscs about 25% to about 100% of the total viewsble

surface area of the housing (102) when viewed from above,

14, The spray dispenser (100} of claim 13, wherein a peripheral portion of the

prushbutton (108) is depressible to tilt or downwardly depress the pushbution (108).

15, The dispenser {100} of claim 13, wherein depression of the pushbutton (108)

activates the dispenser {100} to emit a product within a container {150a).
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Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-6
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-6

A dispenser, comprising: a housing adapted to receive first
and second containers therein; and an actuator drive system
for selectively releasing product from the first and second
containers,wherein the actuator drive system includes first
and second armatures for activation of the first and second
containers, respectively.

2. claims: 7-12

A dispenser, comprising: a housing adapted to receive at
least one container therein; and a button disposed on the
housing,wherein the button comprises a top plate provided on
a top end of the housing and includes at least one opening
extending therethrough.

3. claims: 13-15

A dispenser, comprising: a housing adapted to receive a
container therein; and a pushbutton disposed on the
housing,wherein the pushbutton comprises about 25% to about
100% of the total viewable surf ace area of the housing when
viewed from above.
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