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(54) Title: AUTOMATED DISPENSER SENSOR ARRANGEMENT

(57) Abstract: An automatic dispenser for dispensing a
product stored in the dispenser, which includes an active IR
sensor system for detecting a user. The IR system includes
emitters and receivers which are mounted so that each IR
emitter’s active emitting portion protrudes outwardly from
an outer surface of the housing and each IR receiver’s active
receiving portion is recessed behind that outer surface,
such that the outward protrusion of the active receiving
portion from the outer surface of the housing is less than
the outward protrusion of the active emitting portion. The
outer surface of the housing in question which is preferably
at the bottom of the housing next to the discharge outlet.
This arrangement allows a reliable and accurate IR reception
field to be obtained with a shape more suited to expected
user positioning.
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Automated dispenser sensor arrangement

Field of the invention:
The present invention relates generally to a dispenser

5 - having ‘an active infra-red (IR) sensor system, in

particular for dispensers of the type including a motor-
driven dispensing system combined with control circuitry

for sensing the presence of a possible user by means of

said IR sensor system and controlling operation of sald

10 motor to effect dispensing of material, without physical

contact of the user with the dispenser being necessary

for initiating the dispensing seguence. Such dispensers
are often referred to as hands-free dispensers or

touchless dispensers.

135
The invention furthermore relates particularly to an
automatic towel dispenser (preferably paper towels stored
inside the dispenser housing) of the electrically powered
type (particularly battery powered type but also AC-
20 powered or combinations of AC and DC powered types) in
which the IR sensor system is used to control dispensing
of paper sheets such as paper hand-towels when the
presence of said possible user is detected to be within a
specified zone, without physical contact of the user with
25 the diSpenser- being required for initiating  the
dispensing sequence. |
Background to the inventioﬁ:
Dispensers of the aforementioned type' are known for
30 example from US-B1-6695246 and US-A-6069354.

In for example the dispenser according to US-Bl-6695246,
the sensor control circuitry uses active IR (i.e. both IR

emission and detection) to control sensing of the
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presence of a possible user. The IR 1s emitted 1n pulses.

In the active IR mode, the presence of an object (1.e. a

ghe—
—t

possible user) can be detected within a detection zone O:

about 12 to 24 cm from the dispenser and upon said

detection operates a motor to dispense a hand towel to a

user. One TR receiver and one IR emitter are located

o

behind a front cover of the dispenser and each is mounted

in a respective tube, the tubes being placed adjacent one

ahother. By this arrangement the detection distance 1is

kept short (between about 12 to 24 cm) soO that objects

which are outside the detection zone do not lead to
undesired and unintentional dispensing. Likewlse the

object must be in the correct position and at a correct

angle otherwise the tubes will prevent IR from being

reflected back and collected by the receiver. Thus, while

the possibility of undesirable reflections from other

surfaces or the 1like 1is reduced, the sensor system

=
p—
vt

fairly accurate positioning of the hand to

requires

-~y

effect operation. When an object 1is detected, the

P
p—

microprocessor activates the motor to dispense a towel 1if

two scans with sufficient reflected IR are received the

TR sensing control systemn.

US-A-6069354 discloses a dispenser using active IR which

generates a square wave at about 1.2kHz so as to emit a

modulated R signal which 1is detected by reflection

against a possible user to an IR detector (receiver) .

This document proposes using a sensor system set To sense

12 user between about 1.25 cm and about 30 cm distant from

the dispenser. The IR emitter and the IR detector are

both arranged very close together approximately midway up

the front panel of the device while the discharge outlet

is located at a lower part of the device. To operate the

dispenser, the user thus raises a hand upwards above the
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discharge opening to where the IR sensor and emitter are

placed.

In both of the above dispensers, a user’s hand. which is
5 not correctly positioned with respect to the small area
of detection of the sensors on the dispenser, i.e. in the
small range of area detected and thus which does not
immediately activate hand towel dispensing, will often be
tempted to touch the dispenser to try and cause

10 dispensing 1n the belief that touching of the casing

close to the sensors 1is required, despite any written
notices which the dispenser may contain in this regard.

This is particularly the case because the user’s hand is

already at the height of the dispenser. This can result
15 in lack of hygiene when several users consecutively touch

the dispenser.

‘Some embodiments of the present invention have as one of their

objects, to provide an advantageous positioning of IR emitters and
20‘ | detectors (receivers) so as to provide good detection

ability over a large area and to still avoid

unintentional dispensing due to incorrect IR sensing.

A further object of some embodiments of the invention is to improve

25 the positioning of the sensors in relation to the dispenser
discharge outlet so that user detection occurs in an area

of the dispenser where it is expected that a user’s hands
will normally be present for grasping a product issued by
the dispenser, in particular by causing dispensing to
30 occur without the user needing to raise his/her hands to

the mounted height of the dispenser.

A further object is to improve the possibility of better
hygiene.
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Further objects of the invention will be apparent upon

reading this specification.

Summary of the invention:

The main object of some embodiments of the invention is achieved by a

dispenser having the features described herein.

Further features of the invention will be apparent to the

reader of this specification.

The sensors in the inventive dispenser are positioned
ful IR

such that the IR emitters create a wide and use:

detection zone and the IR detectors (i.e. IR receivers)

are arranged to prevent IR from the emitters. directly

entering the receivers and to reduce IR re:

Flections from

other directions.

The IR emitters and IR reciever |
cach have an active portion. In this regard, this is the

portion of the IR photodiode which actively "emits IR

outwards or respectively receives IR inwards. The active

portion of the IR emitters and recelvers can be

considered as being the translucent protective cover
-y

which surrounds and encloses the photovoltaic material of
since 1t i1s the photovoltaic material

the photodiode,
which is the portion of the emitter which either emits ox

receives IR. These covers are typically translucent red

or green 1n practice and may be shaped with flat or

rounded outer ends for example. The active portion does

not include any portion of the wire connectors which lie

on the side of the photovoltaic material which is the

\
\
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opposite side to that on which the translucent cover 1s

primarily located.

Any locations on the dispenser are defined with respect

to the dispenser in its normal position of use and not

mounted upside down or the like. Thus, the lower part of

the dispenser is intended to be at the bottom. In the

embodiments shown herein, the lower part of the dispenser

is the part in which the dispensing outlet 1s located.

Likewise the lateral direction of the dispenser 1s a

generally horizontal direction.

Where a vertical direction or plane is referred to, this

is normally intended to refer to the generally vertical

direction. When the dispenser is mounted on a true
vertical wall (as will be described later with reference

to Fig. 2 for example), the vertical direction 1s thus a

true vertical direction. If however, the wall is slightly

inclined by a few degrees, a vertical direction referred
to in the claim with respect to the dispenser will also

be inclined by the same amount and in the same direction

as the wall inclination.

F
——

Partly due to the good coverage of the sensor system

which can detect ©potential (possible) users at a

sufficient distance from a large range of the normal

—
—

positions of approach of the user’s hands to the

dispenser, this allows the system to react to a user’s

presence early and thus enables the dispenser to be
designed to consume low power. This reduced power

consumption is possible since in periods when a possible

user (i.e. an object assumed to Dbe a user reguiring

dispensing of a product such as a length of hand towel or

toilet paper) is not located near the dispenser, the
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scanning rate can be lowered, without any appreciable

risk that the scanning rate will be too low to react
quickly enough when a product should be dilispensed by a

user being detected. When the user 1s detected, the

scannling rate 1s changed to a faster rate.

Low power consumption 1s particularly 1mportant 1n
dispensers which are entirely or partially battery

powered by a battery or batteries, which are generally

expected to operate for a long time (e.g. enough time to

dispense 60 or more rolls of paper without requiring

battery replacement) and the 1improved arrangement of
sensors and the sensing control system allows less power

to be used at times when no users are present requiring a

product to be dispensed.

The scanning rate, i.e. the number of scans performed per

second, is made to vary upon the location of a user with

respect to the dispenser, such that the dispenser

operates at a first scanning rate (1.e. performs a

scanning seguence by activating IR receiver and emitter

circuits, and then emitting scanning pulses at a first

number of single scans per second) when no
possible/potential user is detected. The system then

increases the scanning rate when a user is considered to

be close to the dispenser (i.e. has entered a “first”
detection zone). This variable scanning rate allows very
low power to be used when no users are adequately close
to the dispenser, and only to use a higher power level
when required, so that a quick reaction time to dispense

a product 1is experienced by the user.

The dispenser sensing system may be further improved to

reduce power consumption, by providing an additional
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remote sensor linked by either a wire connection to the

dispenser or by a wireless link (e.g. IR or radio) to the

dispenser. This additional sensor can be used to detect

€.g. a user entering a washroom in which the dispenser is

placed at a different location to the entrance and thus

can cause the first scanning rate to change to the second

scanning rate. Such a “remote” sensor could also be

mounted on the front-facing portion of the dispenser and

could be arranged to operate at a very slow scanning rate

F

due to the distance of the entry to a washroom from the

’-b

location o

the dispenser, such that by the  time the
possible user wishes to use a dispenser and . has thus

moved closer to the dispenser, the dispenser is already

operating at a higher second scanning rate allowing rapid

detection by the active IR sensor system of the dispenser

defined in the claims.

F

Alternatively the same set of active IR sensors as

defined in the «claims which are used to cause the

dispenser to dispense a product can also be used to

detect a user entering a first detection zone. In this

way, a user approaching the dispenser (e.q. 40 to 50 cm

or perhaps further away from the dispenser) will activate
the sensor system to change the scanning rate to a higher

scanning rate, and as the user continues to move his/her

hands and/or body closer to the discharge outlet of the

dispenser, the wuser will be detected as being in a

“dispensing zone” and will thus cause the dispenser to

dispense a product (e.g. a paper hand towel or paper
toilet toil).

P

If desired, more than two scanning rates can be used. For

example a first slow scanning rate can be used (such as 1

or 2 times per second) followed by a highér second
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scanning rate (at e.g. 3 to 6 times per second), followed

by a further higher rate (at e.g. 7 to 12 times per

second) whereby the scanning rate 1s increased from one

rate to the next as the user 1is detected to be moving

closer to the dispenser. This can be performed by a

g B ol

series of different sensors for example, each detecting

at different distances, with the final sensor system

being as defined in the appended claims, or for example

by arranging the sensor system to detect an increased IR

signal reflection from the user as the user comes closer.

When a user moves away from the dispenser, the scanning

rate can be decreased again to a lower rate, thereby

consuming less sensor operation power.

As will be apparent, even at relatively short distances

for the first detection zone (e.g. up to about 50 cm from

the dispenser for example at an angle of about 10° to

about 45°, or about 30 to about 60°, to the vertical

plane slanted in a forwards direction away from the rear

N

of +the dispenser and downwards), the system has

significant power saving advantages while still allowing

a good reaction time to dispense a towel.

This is because the user expects to move his/her hands

relatively close to, but not in contact with the

dispenser, 1in order for dispensing to occur and this

takes of the order of between a quarter and half a second

at normal hand movement speeds (0.2 m/s to 0.5 m/s), by

which time the dispenser can be made to Dbe already

scanning at the second higher rate (or even at a still

higher rate) and thus be able to dispense very close toO

F

the time when the hands are in an expected position for

dispensing (i.e. a position at which the user would
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expect a towel to be dispensed, typically some 15 to 25

cm from the dispenser outlet).

Likewise, it is preferred that when using an IR sensor

system, the sensor system should preferably be able to

cope with singular anomalies of short term high IR
reflections as sometimes occurs, without dispensing a
towel, so that it i1s appropriate to sense two or more
consecutive scans, oOr e.g. a predetermined number of
scans 1n a number of consecutive scans (e.g. two out of
three consecutive scans), at a predetermined level of IR

above background level, before dispensing a product.

Advantageous use can be made of the varied scanning rate
by making the first scanning rate between e.g.bO.lS and
0.25 seconds between scans (L.e. the scanning rate when a
possible user is outside the first detection zone), or
even longer (such as between 0.25 seconds and 0.5

seconds), and the second scanning rate of the order of

about 0.08 to 0.12 seconds between scans and .reguiring
only two consecutive scans (or e.g. two out of three
consecutive scans) providing a reflected IR above
background IR level to activate dispensing. Such
dispensing will be perceived by the user as almost
immediate, yet a significant amount of power used by the
sensor system can be saved due to the initial Ilow

scanning rate which consumes less power.
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According to one aspect of the present invention, there is

provided a paper towel dispenser arranged for both store a

ﬁ

supply of paper and automatically dispensing at least a portion

P

of said supply of paper, salid dispenser comprising a housing

with an outer surface, and an active IR sensor system for

P

detecting presence of a possible user, said IR sensor system

including at least one IR emitter having an active emitting

portion and at least one IR receiver having an active receiving

portion, wherein said outer surface 1s positioned on the lower

—

side of said dispenser housing facing generally downwards, and

ph—

wherein said outer surface at the lower side of said dispenser

housing, 1n which said at least one emitter and said at least

one recelver are positioned, 1s directly adjacent a lateral

—

discharge opening of said dispenser on the lower side of said

dispenser and sald sensor system generating a detection zone

belng 1nclined downwardly and forwardly of the discharge

opening, wherein each IR emitter 1s positioned such that at

pre—

least part of 1ts active emitting portion protrudes outwardly

from said outer surface of salid housing, and each IR receiver

—

1s positioned such that at least part of 1ts active receiving

ﬁ

portion 1s recessed behind said outer surface of the housing,

such that any outward protrusion of the active receiving

Jr—

portion from said outer surface of said housing 1s less than

——

the outward protrusion of said active emltting portion from

sald outer surface of said housing, and wherein said sensor

system comprises at least two IR emitters and at least three IR

recelvers, wherein one receiver 1s located on each lateral side
of an emitter such that the emitters and receivers are 1n the
order receilver-emitter-receiver-emitter-receiver 1n a lateral

direction across the dispenser and the spacing between each
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emltter and each laterally adjacent receiver is substantially

equal.

pr— gr—

Brief description of the drawings:

The 1nvention will now be explained in more detail with
reference to certaln non-limiting embodiments thereof and with

the aid of the accompanying drawings, in which:
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shows a schematic front view of a paper towel
dispenser with a paper ©roll and paper

transport mechanism in hidden view, depicting

—
—
—

a schematic view of a first detection zone,

shows a side view of the arrangement in Fig. 1

whereby a side panel of the dispenser has been

removed to show schematically the paper roll

and simplified details of the paper transport

mechanism,

is a sectional enlarged view showing further

detail and taken through the lower part of the

casing shown in Fig. 1, also from the front

o~

and at the location of the IR sensors,

phe—
i

is a schematic diagram of a frontal view of

the arrangement shown in Fig. 3A, depicting

the approximate frontal view of the first

detection =zone achieved by the active IR

sensor arrangement,

shows an exemplary plot of emittance amplitude

of the scanning pulses against time,

shows a plot of received signal level against

time, for a series of received IR reflections
occurring due to the emitted IR pulses in Fig.

4,

shows a block diagram of the basic system

F
—

elements of an embodiment of a dispenser

according to the invention,
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M

Fig. 7 shows an RC circuit used for effecting wake-up

of the microprocessor in the MCU so as tTO

perform a scan, and

Fig. 8 shows an alternative version of the RC circuit

depicted in Fig. 7.

Fig. 9 shows a further embodiment of the inventilon

with a further sensor, additional to the main

active IR sensor system, able to detect a user

at a further distance from the dispenser,

Detailed description of preferred embodiments:

Fig. 1 and Fig. 2 show a dispenser 1 in front and side

views respectively, whereby Fig. 2 shows the dispenser 1

2ttached at its rear side to a wall W (the means of

sttachment are not shown but may be of any suitable type

such as screws, adhesive, adhesive tape, or other

-

attachment means), whereby the rear surface of the

dispenser lies against said wall W which 1is normally

vertical.

The dispenser 1 comprises a housing 2, within which 1is

located a product supply, in this case a supply of paper

in a roll 3. The roll 3 is suitably a roll of continuous

non-perforated paper, but may also comprise perforated

paper in some cases. Also located in the housing 2 1s a

paper transport mechanism 4 preferably in the form of a
modular drive cassette with its own casing 15, which can

preferably be removed as a single unit from the housing 2

when the housing is opened.

Figure 1 shows the paper roll 3 and the transport

mechanism 4 which feeds paper from the roll towards a
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discharge outlet (see further description below), as

g

simple blocks for the sake of simplicity. Likewlise Fig. 2

shows the paper roll 3 and the transport mechanism 4 1n a

vastly simplified form, whereby the transport mechanism

includes a drive roller 5 engaged with a counter roller

6, whereby a portion of the paper sheet 7 1s shown

located between said rollers 5, 6, with the leading edge

of said paper sheet 7 ready to be dispensed at a

discharge outlet 8 formed in the housing 2 at the lower

side thereof.

The drive roller 5 is shown schematically connected to an

electrical drive motor M powered by batteries B. A

gearing, typically in a gearbox, may be included between

the motor drive shaft and the drive roller 5. Suitable

batteries may supply a total of 6V when new and typically

four 1.5V batteries are suitable for this purpose.

Exemplary of suitable types are Duracell’s DMN1300

g—

batteries whereby each battery has a capacity of 13Ah and

which can operate from full to total discharge between

the range of 1.5V to 0.8V. Operation of the motor M

causes drive roller 5 to rotate and to thereby pull paper

sheet 7 from the paper roll 3 by pinching the paper

between the nip of the rollers 5 and 6. Upon actuation,

the motor rotates thereby withdrawing paper sheet from |

the roll 3, which also rotates so as to allow paper to be

o~

moved towards the discharge opening 8. Other forms of

drive mechanisms for withdrawing paper from a roll may

also be used. The details of the paper transport

mechanism or other product transport mechanism are

however not important for an understanding of the

invention. Such devices are also well known per se in the

art.
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Tt will also be understood from the aforegoing that drive

roller 5 and counter roller 6 may have their functions
swapped such that the counter roller 6 could be the drive
roller which is operably connected to the drilve motor
(and thus the drive roller 5 depicted in Fig. 2 only acts

as a counter roller in contact with roller 6, normally

with paper or towel in the nip therebetween).

Although the principle of operation is explained using

paper in the form of a continuous paper sheet in a roll,

it is to be understood that the dispenser may be used tO

dispense other products from a product supply, such as a

continuous piece of paper in concertina format Ior

example. Alternative products may be dispensed Dby the

device with appropriate redesign thereof. It 1s also

possible that other dispensing devices are tagged on to

the dispenser. For example the dispenser may further

include an air freshener which is activated for example

once every 5 or 10 minutes (or other sultable time) or

once upon a certain number of towels dispensed. This
extra tagged-on dispenser can Dbe controlled by the
dispenser control circuitry (to be described below) or by

separate control circuiltry (not described herein).

The motor M is at rest and without power applied to 1t

when no paper is to be dispensed, and the motor M is

rotated when paper is to be dispensed through (i.e. fed

through) the discharge opening 8. The operation of the

motor M is controlled by a master control unit MCU (see
e.g. Fig. 6) connected to a sensing system comprising
sensors 9-13, of which sensors 10 and 12 are IR emitters
and sensors 9, 11, and 13 are IR receivers. Such IR

emitters and receivers are well known 1in the art and

typically comprise diode structures 1in the form of
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photodiodes. Suitable IR emitters and receivers are Ifor

R

example made by Lite-ON Electronics Inc., under Type

number LTE-3279K for the IR emitters and under Type

number LTR-323DB for the receivers. Other types of IR

emitters and receivers may also be used. In the shown

embodiment, the IR emitters 10, 12 and IR recoeivers 9,

11, 13, are shown approximately equally spaced

consecutively in +the lateral direction X-X of the

housing, parallel to the product supply roll 3. The

spacing can suitably be between 3 to 7cm, preferably

between 4 and 5 cm, and most preferably about o5 cm
spacing between a consecutive emitter and receiver, such

that the distance between sensors 9 and 10, 10 and 11, 11

and 12, 12 and 13 are all approximately equal.

Also, the emitters and receivers are shown (see Fig. 2)

placed on the rearmost side of the discharge outlet 8.

Other arrangements of sensors are also possible such as

—

all sensors placed on the front-facing side of the outlet

in a straight rOow. The  arrangement of sensors

consecutively as

receiver/emitter/receiver/emitter/receiver with a correct

spacing allows an advantageous shape oL detection zone

14, which is somewhat tongue-like in shape (see Fig. 1, 2

and 3B). The underlying tongue shape can be altered

somewhat depending on power applied to the emitters and

also their extent of protrusion from their housing

surface and also the extent of recessing of the IR

receivers as well as by their spacing.

With +the understanding from this description that a

tongue-shaped detection =zone 1s produced due €TO the

spacing between sensors, to a small extent by the power

supplied, and due to the recessing/protruding
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relationships of the IR emitters and recelvers, the

skilled person will be able to readily vary the tongue

shape to meet more precise needs of the dispenser in any
special situation or dispenser size, merely by routine

experimentation.

The dispenser 1, upon detection of a possible user (the

detection process being described further below) without

any contact of the wuser with the dispenser or the

g

sensors, for a sufficient time in the first detection

)

zone, thus causes the dispenser to determine that a user

is present in a dispensing zone and thus to dispense a

product. Dispensing in this case 1is performed 1n this

case by the front portion of the paper 7 being discharged

automatically through discharge opening 8 (a laterally

F

extending opening in the lower part of the housing). This

allows the user to grasp the paper 7 and to draw 1t
against a cutting edge such as cutting edge 16 shown in
Fig. 2, proximate the discharge opening 8, so as to

g sief

remove the torn/cut-of:

i

piece of paper.

The first detection zone 14 as shown in Figs. 1, 2 and 3B

is shown as tongue-like .and is inclined downwardly and

forwardly of the discharge opening at an angle x° of

preferably between 20° to 30° to the vertical axis Y, for

example 27.5°. This 1is achieved by mounting the IR
emitters and receivers at Dbetween 20 and 30° to the

vertical ©plane which extends laterally across the

dispenser. The angle at which each of the emitters and

receivers is inclined may vary up to a few degrees, but

is generally equal for all emitters and recelvers SO as

to produce a better detection zone. The sensor system is

thus able to detect for a wvast majority of 1its full

extent between 10 over an angle of some 10° to 45° to the
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vertical plane (i.e. a detection in a =zone somewhat

corresponding to the zone 14 shown in Fig. 2).

Details of one preferred arrangement of emitters and
receivers with respect to the casing will now Dbe
explained with respect to Fig. 3A. The emitters and
receivers 1in this case may suitably be the Lite-ON
emitters and receivers described above.

F

The lower portion of the dispenser comprises a first

cover 50 attached to which is the main PCB for the

SEensors 0-13 which are emitters and recelvers as

described above. To this PCB are attached a series of
holders 52a and 52b holding each of the sensors. The

receiver holders 52a are shorter than the emitter holders

52b in order to ©provide a means of recessing the

receivers 9, 11, 13 with respect to a flat planar outer

cover 53, which in the case shown is provided with

varying length recesses. Outer cover 53 can be attached

to the emitters and receivers by a frictional fit for

example in the case 1t 1is decided to fit these as a

single unit, although outer cover 53 may also be attached

to the PCB or the first cover 50 where desired.

As can be seen in Fig. 3A each of the recesses in which

the emitters and receivers are placed are substantially

circular. If conical shaped recesses are provided for

example, the extent of protrusion of the active part o:

1)

the emitters, and the extent of protrusion of the active

part of the receivers (i.e. for the case that the

receivers do indeed protrude beyond lower surface 54, as

is the case shown in Fig. 3A, rather than being totally

recessed) may require small adaptations to achieve the

r-

desired detection field shape. The relative protrusion o
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the emitters and receivers can be seen by comparing the

position of the short lateral chain line on each sensor

which line 1is either below or above the (lower) outer

surface 54 of outer cover 53. In the case of the emitters

20, 12 which are arranged to have the active emitting

portion protruding outwardly from the outer surface 54 by

a larger extent than the receivers 9, 11 and 13, the line

is shown below the outer surface 54 (i.e. outside the

outer surface 54), whereas in the case of the active

receiving portion of receivers 9, 11, 13, the lines are

above the outer surface 54 because the active receiving

portion is at least partially recessed behind the outer

surface 54 (it may also be fully recessed such that it

has no portion thereof protruding outward beyond the

surface 54).

In the case shown, the distance “A” of the tip of the

emitters 10, 12 from the surface 54 is approximately 3 mm

o

and the distance “B” of the tips of each of the receivers

9, 11, 13 from the surface 54 is about 1 mm. The

distances between respective sensors 9 - 13 1s such that

x; approximately equals each of the distances Xz, X3 and

P
and

1 mm

%x,. With the recessed and protruding dimensions O:

F
—

about 50 mm for each

and 3 mm respectively, a distance o:

distance x;, Xs, X3 and x4 has been found very sultable.

The amount of recessing and protrusion, once the

principles of this invention are understood, can be
determined by routine experiment. However, a recessing
such that the IR receivers project by distance B of

between —-2mm (i.e. totally recessed by 2 mm) and +1.>5 mm

may be used, although a small positive distance B between

0.2 mm and 1.5 mm is most suitable. Likewise for the IR
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emitters, a protrusion of distance A by 2 to 4 mm may be

used.

The aforegoing configuration of about 3 mm and 1 mm

g—
oy

protrusion beyond surface 54, for the emitters and

receivers respectively, produces a very favourable tongue

shape of the detection zone. The general tongue shape of

the detection zone 14 produced is shown in Fig. 3B (which

corresponds to the configuration in Fig. 3A) by the dash-

dot chain perimeter line 55 indicating the periphery of

the area 14. There will be some variation of the shape

and also the total length of tongue-shaped zone 14 from
the discharge opening 8 in the direction Z (see direction

7 in Fig. 2) such that it can vary between about 25 cm

and about 50 cm, based on applying varying power to the

emitters between 0.001mAs and 0.1lmAs in steady

~

conditions. The depth of the detection zone 14 shown by

dimension C in Fig. 2 will however vary little, 'even when

the length of zone 14 changes 1in direction Z when power

is changed. It remains relatively constant for the

arrangement of sensors in the example shown at about 8

CIn.

—
aad

In Fig. 3B, the ellipses 56, 57, 58, shown below each of

the receivers 9, 11, 13 are smaller than the ellipses 39,

60 shown below each of the emitters 10, 12. This

difference in size is due to the recessed and protruding

—r

"

nature of these sensors respectively. The ellipses are

however only a way of diagrammatically representing the

principal of main field of detection and reception, since

practical testing of the exact shape of the detection

zone shows that it in fact corresponds to an area 14

bounded by perimeter line 55. A part of a user entering
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any part of zone 14 bounded by perimeter 55 can thus be

detected by the system.

Fig. 3B also shows that a detection blind gap is formed

which extends a distance of about 5 cm (with some

variation of about 0.5 cm, thus wvarying between 4.5 cm

and 5.5 cm distance), below the lower surface 54 which

surface 54 may be substantially at the same vertical

level as the discharge outlet 8. The surface 54 may

however be arranged such that it lies 1 to 4 cm above the

discharge outlet, thereby however still providling an

outward surface of the dispenser, such that the intended

detection field is not blocked in some way by other parts

p—

of the dispenser housing.

The blind gap may however be made to have a distance of

F

preferably between 4 and 6 cm from the lower surface 54

depending on the relative protrusion of the emitters and

receivers and their lateral spacing

The relatively large size of the blind gap 1is caused

largely by the recessing of almost all of the active

=

portion of the receivers behind surface 54 (1.e.

vertically above surface 54 in the position of use).

The blind gap is also shown in Figs. 1 and 2.

The recessing of the receivers 9, 11, 13 (i.e. their

lesser protrusion outwardly beyond surface 54 compared TO

the emitters, or their complete recessing entirely above

p—
el

surface 54) is  O: particular advantage since 1t

substantially prevents IR signals emitted Irom shining

'l

directly onto all parts of the recelvers which can

otherwise degrade system reception sensitivity.
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rurthermore it reduces IR reflection interference from

other directions than the detection zone 14.

As will be explained below in more detail, when a part of

a possible user’s body enters this first detectlion zone

14, the sensing system detects the user’s presence and

causes the sensor system to change from a first scanning

rate to a second scanning rate which is higher than said

first scanning rate. The sensing system also causes the

motor M to turn upon regarding a user (due to the silgnals

received) as being present in a dispensing zone.

This arrangement allows a reliable and accurate IR

reception field to be obtained with a shape which 1s very

well suited to the expected hand positioning of a user

when the user’s hands approach the dispenser.

While a preferred form  of the emitter/receiver

arrangement as shown in the Figures has certain

advantages, the use of only one emitter and two recelivers

or more than two emitters and three receivers could also

be used. Preferably however, to form a desired detection

area, there should be one more recelver than emitter when

these are arranged consecutively as

receiver/emitter/receiver etc. Two receivers (one at each

lateral end) should preferably be placed proximate the

outer lateral ends of the sensor arrangement (and also

thereby the dispenser) to allow for reception of IR over

the Dbroadest width of the sensor arrangement in the

dispenser and thus make the dispenser more user—-friendly

by creating a desirable detection zone.

In an alternative embodiment shown in Fig. 9, a further

sensor 19, remote from the dispenser housing 2 and
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operatively connected by wireless or wire connection 20
to the sensor system (shown schematically at 22) and its

control system in the dispenser housing, may be used to

form a first detection zone 18 which is further from the

dispenser than the detection zone 17 (detection zone 17

in this case is similar in shape to the first detection

zone 14 in Figs. 1 and 2). Alternatively or additionally,

a further sensor may be placed on the front part, e.g. a

F

front surface, of the dispenser housing and facing

forwards away from any wall or the like on which the

@

dispenser is mounted, to allow a longer range OIL

detection forwards of the dispenser, such as the sensor

21 shown schematically which is likewise connected to the

sensor system 22. The sensor 19 and/or 21 may for example

be arranged to detect the presence of possible users up

gr—

to a distance of more then the first detection zone, e.dg.

a distance of more than 50 cm, preferably more than 100

cm, more preferably more than 200 cm and still more

preferably more than 300 cm or even further from the

dispenser housing 2.

The emitters 10, 12 of the sensor system are arranged via

suitable control circuitry, which may control -circuitry

as known per se in the art, to emit pulsed IR at a narrow

frequency band of for example about 1353kHz *0.5% Another

IR frequency could however be chosen. The recelivers 9,

11, 13, are arranged to detect the emitted IR which 1s

reflected against objects (stationary or moving) back

rowards *the receivers. In order to detect the IR which

initiates primarily and almost entirely from the emitted

IR (even up to very strong light conditions of 10 000 lux

or more), rather than all sources and frequencies of IR

radiation due to background influences, the IR recelvers

need to be tuned to the frequency of the emitters. Thus
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the IR receivers are provided with a detection cilrcuit

which suppresses IR outside the expected frequency range

of the reflected waves and amplifies the IR at the 15 kHz

range level. In this regard, while a frequency detection

5 range both above and below the emitted frequency band

range of between 2 to 10 kHz can operate 1in most

situations, 1t has been found more suitable to use a

frequency range (frequency band) which lies about 3kHz

above and also below the central frequency of the emitted

10 IR. Thus, the receivers are tuned (or in other words

“synchronised”) with the emitted IR at a central

i)

frequency of 15kHz by allowing IR in the range of 12 to

18 kHz to be detected (e.g. by use of a band pass filter

set at 12 to 18 kHz). Fregquencies outside that band are

15 thus heavily suppressed, while the frequencies within the

12 to 18 kHz band are amplified, with maximum

amplification being at the central frequency of about

15kHz up to for example about 53dB.

20 By operating with a modulated frequency in the emitters

pr—— el
—

and receivers, the effects of e.g. bright sunlight which

might otherwise cause saturation of the R received

signal compared to any reflected signal are substantially

obviated allowing the device to work in light conditions

25 of up to about 10 000 lux background illumination.

Fig. 4 shows a series of individual scans (i.e. a pulsed

IR emission) at a first scanning rate having a time

between individual scans of tl, a second scanning rate

30 having a time between individual scans of tZ. which 1is

shorter than tl1 (i.e. a higher scanning rate than tl) and
a third scanning rate having a time between individual

t3 where t3 is greater than tl and t2. The time

Ut

sCaln oOJ

between individual scans is measured as the time from the
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P

start of one single scan to the time of starting the next

individual scan. FEach of the individual scans is here

shown as having the same pulse intensity (i.e. no

adjustment is made between individual scans to take

account of previous received reflected scans which may

L. —

result 1n a di

ferent emittance power being supplied to

the IR emitters. A further time t4 is shown which 1s a

predetermined time or a predetermined number of pulses

Separated by time tl1 (the first scanning rate) which

needs to elapse before the system alters the scanning

rate to the third, slowest scanning rate with time

interval t3. The pulse width of each individual pulse 1s

normally constant.

The time t1 is set at a constant level to lie between

0.15 to 1.0 second, preferably 0.15 to 0.4 of a second,

i.e. such that each individual scan pulse is separated by

an equal time tl. The time tl can however Dbe varied and a

very suitable rate to optimise the device for battery

power saving and reaction time to dispensing - has been

found to be about t1=0.17 seconds. The second scanning

rate is always faster than the first scanning rate and t2

is set to lie preferably between 0.05 to 0.2 seconds,

preferably between 0.08 and 0.12 seconds between scans.

The time t2 can however be varied to be another suilitable

a
F

value, but preferably lies between 30% to 70% of tl. Time

t3 may be set at for example between 0.3 and 0.6 seconds,

although a longer time t3 is also possible, such as 1

second or even longer. However for emittance circuit time
triggering (in particular by using an RC triggering

circuit using the RC time constant to cause a discharge

of current to the microprocessor for initiating timing

operation) it is most suitable if t3 1is set to double the

length of tl. Thus t3 may be set at 0.34 seconds when tl
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is 0.17 seconds. The initial time tl1 can be made

variable, for example via a variable resistor operated

from outside the device, although typically this will Dbe

factory set so as to avoid unintentional alteration of

time t1 which is unsuitable in certain situations.

gy
o

Time t4 may typically be chosen to be of the order or

between 30 seconds to 10 minutes and may also be variably

dd

set up in the device dependent on the type of use and

surroundings which are normally encountered where the

device is to be located. A suitable value for optimised

operation has however been found to be about 300 seconds,

although may also be more, where it is desired to save

further power.

Although not shown it will be apparent that additional
time periods may also be set in the device with
intermediate time periods (i.e. intermediate between the
values of T1 and T2 values, or intermediate between t2
and t3 etc) or even greater time periods, dependent on

-

operating conditions, although the use of three different

scanning rates has been shown to take account of most

situations with good performance in terms of reaction

time and power saving. For example, a further time period

longer than t4, e.g. 30 minutes, occurring during issuing

of scans at interval t3 could be used so as to alter the
time period between scans to be longer than t3. (e.g. 10

seconds between individual scans). Such a situation may

be useful when the dispenser might not hardly be used for

night-time periods. The reason for this will Dbecome

clearer upon reading the following description of

operation.
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As can be seen in Fig. 4, after four scans Sl - S4 at a

time interval of tl, the scanning rate changes to the

second faster scanning rate with interval t2 and

continues at the second scanning rate for two further

scans S5 and S86. The reason for this change will be

explained below with reference to Fig. 5.

Fig. 5 shows a sample of the possible received signal

level (received signal strength) of the received signals

R1-R7 caused in response to emitting the scan pulses Sl-

S .

The approximate background IR level is 1ndicated as a

signal received level of Q0. This level Q0 may oI course

vary and as shown further below this can however be taken

into account. For simplicity of explanation however, it

is assumed in the following example that Q0 remains

substantially constant.

When S1 is emitted and there is no object which i1s not

sccounted for in the last background value of receilved
signal, the background level received at RI will be

approximately at level Q0. Likewise at the next scan S2

the level of IR received is also close to Q0 and thus

causes no alteration of the first scanning rate. At scan
s3, the received signal 1level R3 1is however above

background level, but only marginally (e.g. less than a

predetermined value, for example less than 10%, above

background IR level) and thus the first scanning rate is

maintained. Such small changes (below the predetermined
level) above and below Q0 can occur due to temporary

changes in moisture levels or persons moving at a longer

distance from the dispenser, or stray IR due to changes
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in sunlight conditions or temperature conditions around

the dispenser.

At scan S84, the received signal level has reached oOr

surpassed the predetermined value of e.g. 10% above

background IR and the sensor system and 1ts control thus
assumes that a possible user (e.g. the user’s hands Or

whole body) is moving closer towards the dispenser in

order to retrieve a product such as a paper towel. In

order to be able to react faster when the user is assumed
to wish that a towel to be dispensed (i.e. when the

received signal level has reached or surpassed the

predetermined value of e.g. 10% above background IR), the

scanning rate thus increases to the second scanning rate

and thus issues the next scanning pulse at a shorter time

t2 after the previous pulse.

f the signal level R5 received on the next scan 59 also

fulfils the criteria of being at, or more than, a

predetermined level above background IR (e.g. at or

greater than 10% above background IR 1n accordance with

the criteria used for the previous scans) the sensor

system records via a counter (e.g. in a memory or another

form of register) a single detection above  the

predetermined level and then issues a further scan S6 at

interval t2 to check whether the received IR 1is still at

or above the level of 10% greater than background IR QO.

As shown in Fig. 5, this is the case for scan S5S6, and the

sensor system control (comprising both software and a

microprocessor in a preferred form) then immediately

issues an output to the motor M to start the motor

turning in order to dispense a product (e.g. a portion of
paper 7 from roll 3). In this case, i.e. when two

consecutive scans are above the predetermined level, the




CA 02614720 2008-01-09

WO 2007/006329 PCT/EP2005/007615
27

system has thus determined that a possible user 1s 1in a

zone requiring a product to Dbe dispensed and thus

determines that the user is in a “dispensing” zone.

5 In the case where only one set of sensors is used to

it

detect the presence of a user in the first detection zone

(e.g. the embodiment of Figs. 1 and 2), the detection

zone and the dispensing zone will be the same physical
zone, but it is merely the sensor control system which
10 logically determines that a user has entered the

dispensing zone.

Fig. 3 however, where an additional

1 1)

In the embodiment o:
sensor 19 and/or 21 is used, the signal level R4 will

15 have been sensed in zone 18 and thus will already have

caused the first scanning rate to change to the second

scanning rate before the user has entered zone 17 which,

in the case of Fig. 3, would be the dispensing zone which

is distinct the first detection zone 18. The zones 17 and

20 18 could of course overlap to a lesser or greater degree,

but zone 18 in such a case should always have at least a

portion thereof which is arranged to extend further from

the dispenser than zone 17. In such a case 1t is however

appropriate for the second scanning rate to be maintained

25 for a time suitable for a user to physically enter the

zone 17 (e.g. a time for moving towards a wash basin,

washing hands and then using a towel). Such & suitable

time may be set for example between 1 and 10 minutes,

during which time the second scanning rate 1s maintained,

30 in the expectation of receiving IR reflected signals R

which fulfil the criteria that a product 1s to be

dispensed.
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In a further situation, not shown, where the level at RS
is below the predetermined level (e.q. 10% above

background IR), the system may be programmed to issue a

further scan and to check again whether the received
signal level is at or above the predetermined level so as

to indicate that a user is present and wishes to receive

a towel. Thus, rather than always reqgqulring two

consecutive scans to produce two received signals having

a received signal strength above the predetermined level,

P

it has been found preferable to allow any two of three

consecutive scans to be above the predetermined level.

Further possibilities also exist of course whereby the

number of scans to allow dispensing of a towel could be

P
—y

any two out of four consecutive scans, or any three out

of four consecutive scans, or further combinations.

However, with tl1 set at 0.17 seconds and tZ at 0.1

seconds, it has been found suitable to allow any two out

g
ra—

of three consecutive scans to trigger dispensing of a

product as this produces very reliable results.

In the case shown in Fig. 4, after a towel or other

product has been dispensed (discharged), the system

alters the scanning rate back to the first scanning rate

so as to save power and thus scan S7 is emitted at time

t1 after scan S6. Clearly this saves power as early as

possible. However, the second scanning rate can be

maintained for longer if desired (situation not depicted

in Fig. 4) so that when a user again wishes to take a

second or further product (e.g. a further towel) Dby

moving their hands again towards the dispenser outlet,

the dispensing occurs quickly again.

In the case shown in Fig. 5 a case is shown corresponding

to Fig. 4, where the user has for example torn orIf a
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{

piece of paper which has Dbeen dispensed from the

dispenser and thus the level of IR radiation received at

F

R7 is below the predetermined level (e.g. a level of 10%

or more above QO0).

The predetermined level above background level at which

the sensor system control causes discharge of a product

to occur has been described above as being 10% above

background for two out of three consecutive scans.

However practical tests have shown that a more suitable

level is at or above 12% greater than background IR and

even more preferably at or above 15% greater than

background IR. This is for example to take account of
varying light conditions which may occur when a user is
close to the dispenser, but not actually wishing to use

it.

However, it has also been found in testing that the

increase in reflected IR which 1s received allows

entirely different thresholds to be used where desired.
Thus for example the sensor circuits can be tuned such

that the predetermined level above background level 1s up

to 90% or more, even up to 95% or more, above background

IR, before dispensing occurs. This allows for example a

far greater distinction of the reflection from a user’s

hands compared to any non-desired recelved IR in the

pulsed bandwidth of 12 to 18 kHz (e.qg. in the case of

very strong 1light conditions). AT the same time, the
proximity at which such a high level occurs is generally
less than when a lower predetermined level 1s used,

unless the current to the emitters is slightly increased.

Tn some rare cases users may move their hands very

quickly towards the dispenser and may Dbe aggravated by
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having to wait for a time more than absolutely necessary

for the first scanning rate to alter to the second

scanning rate and wait a further 0.2 seconds (when using

t2=0.1, even though this a negligible time). A further

overriding control may thus Dbe included in which any

single received scan signal at or above e.d. 30% (or a
higher amount such as above 95% in the case described 1n
the preceding paragraph) compared to background level can

be used to cause immediate dispensing of a product,

without regquiring consecutive scans at or above a

predetermined level, even when 1in the first scanning rate

mode. This can also be made to apply in the second

scanning rate mode.

After a period of inactivity for an extended time period

t4 during which the sensing system has Dbeen scanning at

the first rate, the system can be allowed to assume that

there are no possible users in the vicinity of the

dispenser. In such a case, even the time t1 may Dbe
considered too short to allow optimal power saving and
thus the system can alter the scanning rate to the third

scanning rate (lower than the first scanning rate),

during which a scanning pulse is 1issued only once after

elapse of time t3. However 1n such a case, when an IR
signal is received which is at or above the predetermined

level (e.g. 15% or more above background level); then the

system should alter the scanning rate directly to the

second higher scanning rate, rather than first adopting

the original first scanning rate. However in such a case

it is appropriate to require at least tTwo scans but

preferably more scans tTO cause product dispensing. For
example, when a washroom where the dispenser is placed 1s

put into darkness and then at some time later the lights

are turned on, the IR received levels may Dbe considered
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to determine that a user is present. To avoid a product

being dispensed in such a case it may be appropriate to

let the system have time to take account of the

background IR levels before being allowed to dispense.

In terms of the background level of IR, as mentioned

above, this will wvary over time. Likewise, the presence

of fixed objects (e.g. soap dishes, other contailners, oOr

other fixed objects) within the range of the dispenser

as background IR. In order to

1

need to be taken account o1

do this, it has been found suitable to take ‘a moving

average of the most recently recorded IR received signals

R so as to alter the level Q0 on a continuous basis.

For example, the four (or more or less than four) most

recently received IR signal values can be used to rorm

the average value of background signal level Dby dividing

e.g. the sum of the four most recent received signal

levels by four. As each new value of IR 1s received, the

oldest value of the four wvalues is moved out of the

calculation (e.g. by removing it from a register or store
of most recent values in the control circuitry) and

calculating a new average based on the most recent

values. Calculation of a moving average and the means

p—

required to do this in both hardware and/or software for

the most recently recorded set of values is very well

rnown 1in the art of electronics and thus 1s deemed to

require no further explanation here.

By using such a moving average of background IR level,

the further advantage is obtained that when a user who

has just withdrawn a towel or other product keeps his/her

hands at the dispensing outlet, the received.IR level

will remain high. However, to prevent a user in this way
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causing discharge of a large amount of product, e.g.

paper towel material, the user’s hands will be regarded

as being Dbackground IR when they are relatively

stationary and thus dispensing will not occur. To

dispense a further product (e.g. paper), the user must

therefore move his/her hands away from the dispenser

sensors to allow a reading of “true” background IR (1.e.

background IR without the user’s hands being present TOO

close to the device). Only upon renewed movement of the
user’s hands towards the dispenser sensors can product

dispensing be caused to occur again.

A still further means by which misuse of a dispenser Dby

repeated withdrawing of towels unnecessarily can Dbe
prevented is by arranging, in addiltion or even as an
alternative to the above moving average, an adjustable

minimum elapse time between towel dispensing (e.g. a time

of between 2 and 10 seconds). However this feature 1is not

generally required since in most cases, the 1nherent

elapse time for the system to determine a user as beilng

present in the dispensing zone and to turn the motor to

dispense a towel, will be sufficient to prevent such

misuse.

Tt will also be appreciated that as the batteries of the

dispenser discharge over time, the power supplied to the

pr—~
b

sensors may also be affected, which may cause less

efficient operation. To prevent this occurring and thus

to ensure a stable voltage is available for supply to the

sensors (until a time close to total battery depletion),

a constant current sink may be employed. Such constant

current sinks to provide voltage stability are well known

per se in the art of electronics and thus are deemed to

require no further description here, although it will be
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understood that their use in the sensing circuitry for

such a dispenser as described herein 1is particularly

advantageous. The amount of extra energy required tTo

operate the constant current sink is negligible and thus

use of such a device 1is barely noticeable on Dbattery

useable lifetime.

The power supplied to the emitters may additionally be

arranged to be varied by an automatic control, suitably

between an amount of 0.00lmAs to 0.lmAs (using a 6V

P
—

battery installation), in order to take account oI

reflected signal strength from previous scans and tTO

adjust the level of emitted IR to a more suitable level.
This can be achieved by varying the current to the

emitters between e.g. 1mA and 100 mA (i.e. a 100-times

variation possibility). This can be done by using the PWM
module 106 (to be described later) whereby a square PWM
signal 1is converted to a DC voltage having an output
proportional to the PWM duty cycle, and whereby the MCU
changes the PWM duty cycle to adjust the DC voltage to

the emitter circuits and thus the power of the IR signal

emitted, based on signal strength inputs recelved by the

B

sensors and sent to the MCU. For example, 1f the

p—

reflected signal strength 1is very low on the last Iew

scans (e.g. five scans) when dispensing occurred, this

may be because the typical brightness of the user’s hands

is low and background light levels are relatively high.

This may cause received signal levels ToO be only 7Jjust

above the predetermined level compared tO background IR

unless the user’s hands are placed very close to the

F—
—

sensors, which can lead to difficulty in detection in

some circumstances. In such a case it may be sultable to

0

increase the power supplied to the IR emltters so as tO

receive a more easily perceptible signal change. Likewilse
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p—

if the typical brightness of the user’s hands is high and

background IR levels are low, it may be suitable to

decrease the power supplied to the IR emitters as an

casily perceivable signal level change (i.e. reflected IR

level during dispensing compared to background IR level)

is received. In this way, the power supplied to the

—

emitters is still further optimised to take account oL

such conditions while providing reliable and fast sensing

and dispensing. Thus apart from 1n very high light

conditions, only very low power to the sensors can Dbe

used. In this way it will also be understood that the

dispenser can be optimised such that the first detection

—
—

zone in which the presence of a possible user causes

changing from the first to the second scanning rate 1s

selected to lie at between about 20 and 60 cm, preferably

between 25 cm and 50 cm from the discharge outlet. It

will be apparent that further increases 1in power tTO the

emitters will increase the range of detection, but the

power consumption will increase at a much greater rate

and false detections may also occur more easily. Thus the

range of up to 50 cm from the dispenser for allowing

detection of a user is a preferred maximum.

An alternative, possibly simpler, method which can be

used to vary the IR emitter current, rather than Dby

comparing (as above) the wvalues of reflection to

background levels, is to set a so-called “standard value”

or “threshold value” in the control circuitry, which 1s a

value of the expected detected signal strength recelved

in normal operating conditions. The current suppliled

h

might be e.g. 5mA. If this standard value is called Al,

then during operation the control circuiltry (MCU thereof)

can be made to calculate the IR level, AZ, from a

predetermined number of the most recently received IR
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values (i.e. the moving average of the most recent
values). If A2 > Al (i.e. the detected reflection moving

average signal level A2 is above the stored standard

signal level Al) the current supplied to the emitter can

5 be reduced, preferably in increments. Likewlise, 1in the

case where A2 > Al, then the current supplied to the

emitters can be increased, preferably incrementally.

In a further preferred embodiment, the dispenser can be

pr—
—

10 arranged to have two modes of operation, one being the

sensing mode described previously whereby active IR

sensing 1is operating, the other being a hanging towel

mode whereby each time for example a paper towel 1is

dispensed and also removed (e.g. torn off), a new paper

15 towel is discharged from the dispenser. For this purpose,

the cutting edge 16 as shown in Fig. 2 for example could

be mounted such that the application of pressure agailnst

the cutting edge (often referred to as a cutter bar)

causes a switch to be actuated to start the motor M to

i
B

20 issue a new piece of towel ready to be torn off. The

device may also include a manual switch so that this

hanging towel mode can be set manually by a user, or

automatically set by a timing circuit, for example at

known time periocds when the dispenser will normally be in

25 constant use and the use of the active IR sensor system

is temporarily superfluous.

A hanging towel mode can also for example be suitable in

extremely high background IR conditions when the sensing

30 system is totally saturated and thus cannot detect the

difference in the increased level of IR radiation from a

user compared to background levels, or at times close to

battery depletion when the power consumption of the

active IR sensing system 1s wunsuitably high <for the
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remaining power. An automatic switching to this mode and

turning off the active IR sensing in times of very high

background IR (e.g. at or above 10 000 lux) aﬁd battery

depletion may thus also have advantages.

Fig. 6 shows a block diagram of the basic system of one

embodiment of a dispenser according to the invention, 1n

which the portion shown in dotted 1lines includes the

basic components for IR signal modulation, IR emission

and IR reception used to submit a sensing signal to the
A/D modulation of the master control unit (MCU) which

unit contains a microprocessor.

Rox 101 and 102 denote IR emitter(s) and recelver(s)
respectively, corresponding generally to the previously

described emitters 10, 12 and receivers 9, 11, 13 . These

IR emitters and receivers are preferably photodiodes. The

user’s hand shown outside the dotted lines indicates that

IR radiation emitted by the emitter(s) 101 1is Dbeing
reflected by the hand back to receiver(s) 102. Unit 103

is a photo-electric converter for converting the received

IR signal Dbefore 1t 1s passed toO filtering and

—

amplification unit 104 where the band pass filter and

amplification circuits operate to amplify the received

signal around the central frequency in a limited band

width and to thereby suppress other IR frequencies

relatively. The signal 1is then passed to a signal

rectification unit 105, since the IR signal 1s an AC

signal. From the unit 105, the silgnal passes into the A/D
module of the MCU.

The output of the PWM module 106 1is controlled by the MCU

such that a square wave signal from the PWM can have its

duty cycle varied by the MCU to adjust the DC voltage to
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the emitter circuits and thus the power of the IR signal

emitted. The PWM 106 is connected to a D/A converter 107

and into an IR emitter driving circuitry unit 109 which

includes the constant current sink mentioned previously.

Into the same IR emitter driving circuitry is also fed a

signal from a phase frequency detection module 108 which

issues a 15kHz (+0.5%) impulse modulated signal (or

another frequency of modulated signal as considered

appropriate) so as to drive the emitters 101 wvia the

emitter driving circuitry 109 to emit modulated IR

signals for short intervals (e.g. each signal 1s emitted

for about 1 ms). In this regard it should be noted that
pefore the modulated signal is emitted, the MCU should

first have already put the filter and amplification

circuit unit 104 for the received signal into operation

P

for a short period, e.g. 2.5 ms, before emitting a

modulated pulse, so as to allow the receiver circuit to

stabpilise so as to reliably detect reflected IR from the

emitted IR signal. Since the unit 104 is already 1in

operation when the IR scanning pulse is emitted, and

since the filters and amplification unit are' centered

around the central frequency of the emitted pulse, there

is no need to synchronise the timing of the emitted pulse

and the received pulse to any further extent.

i
p—

The signal from unit 109 feeds into the IR emitter on/off

control unit 110. The input/output module 118 of the MCU

pr—

also feeds irﬂ:o rhe unit 110 to be turned on and O: as

required to thereby perform an IR scan via the emitter

101.

In order to activate the microprocessor (i.e. wake it up

to perform a scan at a certain rate), RC wake-up

circuitry 115 feeds into the MCU into a wake-up detection
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unit 114. Unit 117 is an external interrupt detection

unit.

From the input output module 118 is a feed to unit 1193
which can be regarded as the motor driving circuitry

which drives the motor M when the sensor system (which

preferably 1includes the MCU and software) has detected
that a product should be dispensed due tO the

iy

determination of the presence of a user in the dispensing

Z0oLNne.

Further peripheral units 111, 112 are respectively a

paper sensing circuit unit and a low power detection

circuit (1.e. for detecting batteries close to
depletion). Unit 116 indicates Dpattery power which 1s
used to drive the MCU and also all other peripherals and
the motor. Unit 120 may be motor overload circuitry which

—
—

cuts off power to the motor for example when paper

becomes jammed in the dispenser or when there is no paper

in the dispenser. Unit 121 is a paper length control

unit, which operates such that a constant length of paper

P

(which is itself wvariably adjustable Dby manual operation

e.qg. of a variable resistor or the like) each time the

o

i
p—

motor is made to operate to dispense a length of paper

sheet 7 through the discharge opening 3. This unit 121
may also include a low power compensation module by which
the motor under lower power is made to turn for a longer

period of time in order to dispense the same length of

paper sheet, although the unit may simply be a pulse

position control system whereby the rotation of the motor

is counted in a series of pulses and the rotation 1is

g

stopped only when the exact number O pulses has been

achieved. Such a pulse position control system could

include for example a fixedly located photointerruptor
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which can detect slots in a corresponding slotted unit

fixed to the motor drive shaft (or alternatively on the

drive roller 5 operably connected to the drive motor).
Unit 122 may be low paper detection circuitry and unit

123 may be a unit used to indicate whether the casing 1s

open or closed. This can for example be used tO provide

automatic feeding of a first portion of paper from the

paper roll through the discharge opening when the case 1s

closed, e.g. after refilling with a new roll of paper, SO

that the person refilling the dispenser is assured that

the device is dispensing properly after having been

closed.

Although not shown here, a series of warning or status

indication lights may be associated for example with

various units such as units 111, 112, 120 to 123 to

indicate particular conditions to a potential wuser or

dispenser attendant or repairman (e.g. if the dispenser

motor is Jjammed or the dispenser needs refil ] ing with

paper or the like).

Fig. 7 shows one embodiment of an RC control circultry

which can be used to give a timed wake-up of the

microprocessor in the MCU. The principle of such a
circuit is well known and in the present case a sultable

value for the resistor Re is 820 kOhm and for the

capacitor 0.33 microfarads. Although not shown
specifically in Fig. 6, the RC wake-up circuitry uses the

input/output unit 118 of the MCU to provide the timed

wake-up function of the microprocessor SO thdt a scan

pr—

occurs at the prescribed time interval (tl, t2 or t3 for

example) . When there is a high to low voltage drop at the

input/output, as a result of the RC circuitry, the MCU

will “wake-up” and perform a scan. This wake-up leading
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to the performing of a scan also requires supporting

software. Likewise the length of the time tl and/or t2

and/or t3 can suitably be made as a multiple of the RC

circuitry time constant, whereby the input from the RC

circuit can be used in the software to determine whether

a scan is regquired or not at each interval. In this

regard it will be noted that an RC circuilt is subject to

voltage changes at the input (via VDD which 1is the MCU

supply voltage source acquired after passing through a

g

diode from the battery voltage supply). As the voltage orf

the battery (or batteries) drops, there will then be an

increase in the RC time constant in the circuit of Fig. 7

and thus the times tl1, t2 and t3 set initially will vary

1s the batteries become more depleted. For example, with

gr—

the time t1 set at the preferred level of 0.17 seconds

for a battery level of 6V, a drop to depletion level of

4 2V will increase time tl to 0.22s. Thus, the values ot

t1, t2, t3 etc., as used herein, are to be understood as

being the values with a fully charged Dbattery source.

Fig. 8 shows a modified RC circuit which has the

advantage of using less current than the circuit shown in

Fig. 7. In Fig. 8, three bipolar transistors are used to

minimise the current used when the MCU 1is asleep.

Under normal conditions, the digital circultry inside the

MCU operates in a logic High voltage state and a logilc

Low voltage state at which the current drain is very low.

However when the RS-wake-up circuitry is connected as in

Fig. 7 (whereby the dindication "to MCU” implies a

connection to the input/output port of the MCU) this

creates a voltage change at the input/output port of the

MCU which is a progressive voltage change, due to the

charging and discharging process in the RC circuit. This
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creates a relatively long working period for the digital

circuitry in the MCU, in turn resulting in an internally

IC internal circultry

higher current consumption 1in the
than is present during normal operation conditions. This
5 results in somewhat higher power consumption to the MCU

during its Y“off” cycle (i.e. the "sleep” cycle of the

MCU) .

By the circuitry in Fig. 8, the modification includes the

10 use of two input/output ports PA7 (right hand side in the

Figure) and PB7 (left hand side 1n the Figure) to the

MCU. The important aspect of this circuit 1s that two

transistors 02 and Q3 have been added in cascade which

together modify the RC charge-up characteristics. The MCU

15 PA7 pin then gives a much sharper charge-up curve. The

delay time constant for waking up the MCU is determilined

by R4 and C1l, which have been glven values of 820kOhm and

0.68uF respectively in the example shown. Other values

for other time constants can of course be chosen.

20
The fast voltage change at port PA7 1is achleved after
conversion in 02 and Q3, which minimizes ‘the time
required for transition from a logic High wvoltage to a
logic Low voltage level. Such a circuit as in Fig. 8 can
25 achieve about 40% power reduction during the sleep cycle

compared to the Fig. 7 circultry for approximately the
same RC time constants. Thus the RC timing circuitry of
Fig. 8 is particularly advantageous where maximum power
is to be saved.

30
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CLAIMS:
1. A paper towel dispenser arranged for both store a

}

Supply of paper and automatically dispensing at least a portion

F

pr—

of said supply of paper, said dispenser comprising a housing

with an outer surface, and an active IR sensor system for

F

detecting presence of a possible user, said IR sensor system

including at

least one IR emiltter having an active emitting

portion and at least one IR receiver having an active receiving

portion, wherein saild outer surface is positioned on the lower

F

side of said

wherelin said

dispenser housing facing generally downwards, and

F

outer surface at the lower side of said dispenser

housing, 1n which said at least one emitter and said at least

one receilver

are positioned, 1s directly adjacent a lateral

i

discharge opening of said dispenser on the lower side of said

dispenser and said sensor system generating a detection zone

F

being inclined downwardly and forwardly of the discharge

opening, wherein each IR emitter 1s positioned such that at

#

least part of 1ts active emittling portion protrudes outwardly

from said outer surface of said housing, and each IR receiver

F

1s posiltioned such that at least part of its active receiving

portion 1s recessed behind said outer surface of the housing,

P

such that any outward protrusion of the active receiving

portion from

sald outer surface of said housing i1s less than

the outward protrusion of said active emitting portion from

ﬁ

salid outer surface of said housing, and wherein said sensor

system comprises at least two IR emitters and at least three IR

recelivers, whereln one receiver 1s located on each lateral side

ﬁ

of an emitter such that the emitters and receivers are in the

order recelver-emltter—-recelver—-emlitter-receiver 1n a lateral

direction across the dispenser and the spacing between each
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emitter and each laterally adjacent receiver 1is substantially

equal.

2. The dispenser according to claim 1, wherein said

sensor system comprises two IR emitters and three IR receivers,

wherein each IR emitter 1is positioned such that its active

—

emitting portion protrudes from said outer surface of said

housing and each IR receliver 1is positioned such that 1ts active

recelving portion 1s partially recessed behind said outer

surface of the housing, such that any outward protrusion of the

F

active receilving portion of each receiver from said outer

P

surface of said housing is less than the outward protrusion o:

Fl

ﬁ

sald active emlitting portion of each emitter from said outer

F

surface of said housing.

3. The dispenser according to claim 2, wherein said

spacing between each emitter and laterally adjacent receiver 1is

between 3 and 7 cm.

4, The dispenser according to claim 3, wherein said

spaclng between each emitter and laterally adjacent receiver 1s

between 4 and 5 cm.

0. The dispenser according to claim 3 or 4, whereilin said

spacing between each emitter and laterally adjacent receiver 1is

5 Ccm.

F

0 . The dilispenser according to any one of claims 1 or 2,

whereln each emitter and each receiver 1s 1inclined at an angle

P

of between 20° and 30° with respect to a vertical plane

extending laterally across the dispenser, said angle at which

g

each of said emitters and receilvers 1s 1nclined being generally

equal for all emitters and receivers.
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7. The dispenser according to claim 6, wherein said
angle at which said emitters and receivers are inclined 1is

arranged to be such that said sensor system can detect 1n an

angular range of between 10° to 45° to the vertical.

3 . The dispenser according to any one of claims 1-7,

whereiln said sensor system 1s arranged to scan for the presence

of a possible user at a first scanning rate and also at a

second scanning rate, and wherein salid second scanning rate 1is

higher than said first scanning rate, and wherein the sensor

system 1s arranged to change said scanning rate from said first

scanning rate to said second scanning rate upon detecting

F

presence of an object with a reflected IR level which is the

same or greater than a predetermined value above background IR

level.

9. The dispenser according to any one of claims 1-8,

whereln saild dispenser comprises a discharge outlet proximate

P

or on a lower face thereof, and wherein each of said emitters

and recelvers 1s arranged such that a detection blind gap 1is

ﬁ

formed outwardly of and below said discharge outlet along the

—

entlre length of said discharge outlet.

10. The dispenser according to claim 9, wherein said
detection blind gap extends a distance of between 2 and 6 cm

vertically below saild discharge outlet.

11. The dispenser according to claim 10, wherein said

detection blind gap extends a distance of between 4.5 cm and

5.5 cm vertically below said discharge outlet.

12. The dispenser according to claim 1, further including

a sensor control system and a product feed system to feed, in a
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o

feed cycle, at least a portion of a supply of paper through a

R—

discharge outlet, said feed system being activated to feed

paper when salid sensor control system determines that

dispensing 1s required based upon signal strength of received

infrared emissions, such that a product is dispensed by said
feed system when said sensor system detects a change in

recelived signal strength which is at or greater than a

predetermined amount above another signal strength level, said

change 1n said receilved signal strength level preferably being

a predetermined amount above a background signal strength

F

level, for a predetermined number of single scans.

13. The dispenser according to claim 12, wherein said

predetermined signal strength level is at or above 10% higher

than background level.

14. The dispenser according to claim 13, wherein said

predetermined signal strength level 1s at or above 12% higher

than background level.

15. The dispenser according to claim 13 or 14, wherein

sald predetermined signal strength level is at or above 15%

higher than background level.

10. The dispenser according to any one of claims 12 to

15, wherein said portion of paper which is fed through said

dlischarge outlet 1s arranged to be fed to at least sufficient

length such that at the end of said feed cycle said portion o:

v 1

paper wilill at least extend vertically below each emitter and

each receijiver.

17. A dispenser accordlng to any one of claims 1 and 12

to 1o, wherein said dispenser comprises a discharge outlet with
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a cutting edge located proximate said discharge outlet and
agailnst which cutting edge paper discharged through said
discharge outlet may be moved relatively, so as to cut said

paper for removal of a cut-away portion.

F

18. The dispenser according to any one of claims 1-17,

wherein said IR emitters are controlled by a sensor control

system to provide IR radiation to a level such that the

detection field provided by said emitters is able to detect the

presence of a possible user at a distance of up to 25 cm from

sald discharge outlet.

19. The dispenser according to claim 18, wherein the

detection field 1s able to detect the presence of a possible

user at a distance of up to 50 cm from sald discharge outlet.

ﬁ

20. The dispenser according to any one of claims 1 to 19,

wherein said sensor system 1s arranged to emit infrared

radiation only with a first emitting frequency and wherein said

sensor system 1s arranged to detect radiation in a limited

frequency detection range, wherein said first emitting
frequency 1s about 15 kHz * 0.5% and said frequency detection

range 1s between about 12 kHz and about 18 kHz.

——

21. The dispenser according to any one of claims 1 to 20,

wherein the power supplied to one or more emitters of said
sensor system 1s variable, so as to be able to vary the emitted

TR signal strength, whereby the power supplied is increased

when the average signal level of a predetermined number of the

most recently received previous scans 1is less than at least a

first predetermined signal level, and wherein said power

supplied is decreased when the average energy level of a
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predetermined number of the most recently received previous

scans 1s more than said first predetermined signal level.

22. A dispenser according to any one of claims 1 to 21,

whereiln said sensor system includes means for detecting

N

packground i1nfrared radiation, said means 1ncludes a storage oO:

a predetermined number of most recently received infrared
detections obtained during scanning, and wherein an average of

sald predetermined number of most recently received infrared

detections 1s taken as the background infrared radiation level.

23. A dispenser according to any one of claims 1 to 22,
whereln the dilspenser and sensor system are battery powered, by

a battery located i1n the dispenser housing.
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