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EVENT-DRIVEN TRANSITIONS IN ABSORBENT ARTICLE M
TECHNICAL FIELD

The present invention relates to a method of operating a

dataleogger adapted for logging sensor data from an absorbent

article having sensor elements, a datalogger, an absorbent

article, and an incontinence management system sultable for

implementing the method.

Especially, the present invention relates to a method of
operating a datalogger which is able to provide an absorbent
article, such as a diaper, a sanitary towel, an incontinence
garment, a medical dressing and the like, with sensing and
datalogging capabillities. Especially, the method provides
the datalogger with an ability to detect external events and

to transition between internal states on the basis of those

external events.

TECHNICAL BACKGROUND

Absorbent articles, such as diapers, sanltary towels,

incontinence garments, medical dressings and the like, have
widespread utility 1in both domestic and 1nstitutiocnal
settings for such purposes as the care of infants, the
management of menstrual discharge, the management of bodily
efflux or exudate and the management of 1incontinence.
However, a known problem associated with the use of absorbent
articles i1s that the articles have a finite capacity for
absorption which, 1f exceeded, wi1ill cause the absorpent

article to become ineffective, e.g. to leak, or at least to

fail to absorb further.
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Therefore, users of gsuch articles, or thelr carers, must

predict when an absorbent article is nearing its absorbent

capacity and must then take steps to replace the article

before capacity 1g reached. In gituations where there are

many users of such absorbent articles but relatively fewer

carers, such as in i1nstitutional settings, the management of

pr—e

the capacity of the various absorbent articles in use becomes

a significant administrative burden.

Since absorbent articles are avallable in a variety of

absorbent capacities, the user or carer must also determine,
from those products which are available, which capacity of
article to select. For example, in some circumstances it may

be preferable to select an article of a lower capacity which

18 changed more frequently 1in contrast to an article of

relatively larger capacity which 1s changed less frequently.

Factors influencing this choice will be the nature of the

absorption  required, 1.6. whether intermittent large

quantities or a continuous smaller rate, as well as the total

volume expected to be absorbed during a given period of time.

It can be very difficult for a user or carer to accurately

predict o¢r determine the state of an absorbent article, in

terms both of utilised absorbent capacity and the need for

the article to be replaced. Even where the absorbent demands

e

on the article are reasonably predictable, a period of

record-keeping and experimentation 18 reguilired before a

pattern may be established and appropriate absorbent articles

provided.

Systems which are able to alert the user or carer to

saturation or 1impending saturation of the absorbent article

are therefore of benefit. Furthermore, systems which are able

to monitor the usage pattern of a particular absorbent

article, and of a sgeries of absorbent articles agsociated

with a particular individual, over a period of time, are of

particular benefit.
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Such systems may take the form of an absorbent article having
embedded sensors which connect to a logger unit to monitor
and record the sensor data over time. The sensors can, for
example, be moisture sgensors. When the absorbent capacity of
the absorbent article 1s approached or exceeded, the user or
the carer can be notified, on the pbasis o©f the recorded

sensor data, that the absorbent article requires replacement.

Additionally, data obtained from a particular user over time
can be used to monitor both the health of the user and the
approprlateness of the absorbent article for that user over
an extended period and can be used to provide better
information for the care of the user. For example, an event,
such as an incontinence event, leading to saturation of the
article can be predicted and action, such as toileting

action, taken before the event occurs.

SUMMARY OF THE INVENTION

According to a first aspect of the present disclosure, there
1s provided a method of operating a datalogger adapted for
logging sensor data from an absorbent article having at least
one sensor element, the method comprising: determining an
external event; and on determination of the external event,
transitioning from a flrst operating condition to a second

operating condition.

In some embodiments, the external event 1s an event selected
from: a disconnection event 1in which the datalogger 1is
disconnected from the absorbent article; a connection event
1in which the datalogger 1s connected to an absorbent article;
a charge event 1n which the datalogger 1s connected to a

charging station; and a user interaction event in which the

CA 2902185 2017-10-16
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user 1nteracts with a user 1nterface element of the

datalogger.

In some embodiments, the first and second operation

conditions are gselected from: a datalogging condition; a
standby condition; a status notification condition; and a

data trangmisgsion condition.

In some embodiments, the datalogger 1is battery powered and
the gstatus notification condition 1is a low Dbattery

notification condition.

In some embodiments, the datalogging condition comprises the
transmission of sensor data over a data link, and wherein the
status notification condition 1s a data 1link failure

condition.

In some embodiments, the datalogging condition comprises the
storage of sensor data i1n a memory i1nternal to the datalogger
and the transmisSian of stored sensor data at predetermined
intervals over a data 1link, and the data transmission
condition 1s a flush condition in which sensor data stored in
the memory 1s transmitted over the data link at other than a

predetermined 1nterval of the datalogging condition.

In some embodiments, the method further comprises
transitioning from the second operating condition to a third

operating condition on determination of a further event.

In some embodiments, the further event 1s an internal event

selected from the expiry of a timer associated with the

CA 2902185 2017-10-16
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second operating condition; the completion of a process
assoclated with the second operating condition; and a change
1in status of an internal device.

q

In some embodiments, the further event 18 an external event

selected from: a disconnection event 1n which the datalogger
1s disconnected from the absorbent article; a connection
event 1n which the datalogger is connected to an absorbent
article; a charge event in which the datalogger is connected
to a charging station; and a user interaction event in which
the user 1nteracts with a user interface element of the

datalogger.

In some embodiments, the determination of the external event
comprises detection of a change 1in state of an electrical
circult of the datalogger that i1s responsive to an external

event.

In some embodiments, the determination of the external event
comprises detection of at least one of: a change in state of
at least one electrical contact on the exterior of the
datalogger; a change 1n state of at least one sgensor on the
exterior of the datalogger; a change in state of at least one

switch on the exterior of the datalogger.

According to a second aspect of the present disclosure, there
1s provided a datalogger adapted for logging sensor data from
an absorbent article having at least one sensor element, the
datalogger comprising: a processor configured to determine an
external event and, on determination of the external event,
to transition from a first operating condition to a second

operating condition.

CA 2902185 2017-10-16
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In some embodiments, the external event is an event selected
from: a disconnecticon event 1n which the datalogger 1is
disconnected from the absorbent article; a connection event
1n which the datalogger 1s connected to an absorbent article;
a charge event 1n which the datalogger i1s connected to a
charging station; and a user interaction event in which the
user 1interacts with a user 1interface element of the

datalogger.

In some embodiments, the first and second operation
conditions are selected from: a datalogging condition; a
standby condition; a status notification condition; and a

data transmission condition.

In some embodiments, the datalogger further comprises a
battery and the status notification condition 1s a low

battery notification condition.

In some embodiments, the datalogger comprises a transmitter
and the datalogging condition comprilises the transmission of
sensor data over a data link, and whereln the status

notification condition 1s a data link failure condition.

In some embodiments, the datalogger further comprises: a
memory adapted to store sensor data; and a transmitter, the
datalogging condition comprises the storage of sensor data in
the memory and the transmission of stored sensor data at
predetermined 1ntervals with the transmitter, and the data
transmission condition is a flush condition in which sensor

data stored 1n the memory i1s transmitted with the transmitter

CA 2902185 2017-10-16
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at other than a predetermined interval of the datalogging

condition.

In some embodimentsgs, the ©processor 18 configured to
transition from the second operating condition to a third

operating condition on determination of a further event.

In some embodlments, the further event 1s an 1internal event
selected from the expiry of a timer associated with the
second operating condition; the completion of a process
associated with the second operating condition; and a change

in status of an internal device.

In some embodiments, the further event is an external event
selected from: a disconnection event i1n whilich the datalogger
1s disconnected from the absorbent article; a connection
event 1n which the datalogger is connected to an absorbent
article; a charge event 1n which the datalogger 1s connected
to a charging station; and a user interaction event 1in which
the user 1interacts with a user 1interface element of the

datalogger.

In some embodiments, the determination of the external event

comprises detection o©of a change in state of an electrical
circuit of the datalogger that 1s responsive to an external

event.

In some embodiments, the determinaticn of the external event
comprises detection of at least one of: a change in state of
at least one electrical contact on the exterior of the
datalogger; a change 1n state of at least one sensor on the
exterior of the datalogger; and a change in state of at least

one swiltch on the exterior of the datalogger.

CA 2902185 2017-10-16
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DESCRIPTION OF THE DRAWINGS

To better understand the present invention, and to show how

the same may be put into effect, reference will be made, by

way of example only, to the accompanying Drawings, 1n which:

Figure 1 1s a schematic view of a monitoring system for
absorbent articles;

Figure 2 1s an electronics enclosure engaged with a
receptacle;

Figure 3 1s a schematic diagram of a datalogger being an
embodiment of the present disclosure;

Figure 4 1s a state diagram being an implementation of
the present disclosure; and

Figure 5 1s a flow chart showing an i1mplementation of the

state diagram of Figure 4.

DETAILED DESCRIPTION

Embodiments of the present 1nvention will now be described

with reference to the figures.

One exemplary system 1s shown 1in Figure 1, 1n which an
absorbent article 400, exemplified here as a diaper and
having a waistband 410 and an absorbent area 420, 1s provided
with a logger unit 300 attached to the waistband 410 and
having sense wilires 430 extending from the logger unit 300
running through the absorbent area. The sense wires 430 may
be used to detect moisture, for example by detecting changes
in the conductivity between the wires. The sense wires may be
only partly exposed to the absorbent area, for example by
providing 1nsulation, to localise the region of sensing. The
particular wiliring pattern depicted is wholly exemplary, and

will be selected according to the sensing requirements.

The logger unit 300, comprising data-logging electronics such
45 a power source, processor, memory, ilnstruction store, data

store, communications bus, and data 1link interface, which

CA 2902185 2017-10-16
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cooperate to store, process, and/or forward the data derived
from sense wires, 1s connected by data link 500 to a data
recelver 600. In the example of Figure 1, data link 500 1is a
wireless data link, and data receiver 600 1s a wireless data
recelver. However, 1in one alternative, data link 500 can be
provided over the cellular telephone network, 1n which case
data receiver 600 may be 1mplemented as a cellular base

station.

The data received at data receiver 600 1s then transmitted by
a further data link 700 to data processing equlpment 800,

exemplified as computer terminal 810 and output device 820

mutually connected by data 1ink 830. Here, the computer
terminal 810, which 1s an example cf a general purpose data
processing device, conducts processing on the sensor data
received from the logger unit 300 via data links 500 and 700
and data receiver 600 and takes action based on the same, for
example by outputting alerts, predictions, or statistics via
output device 820. Here, the output device is shown as a line
printer, but could, for example, be another form of hard copy
printer, a visual display unit, a visual alarm panel, or an

audio output device, without limitation.

Such a system may provide a powerful tool for the management
of users of absorbent articles. For the convenience and
comfort of the users, such a system should be as predictably
and unobtrusive as possible 1in use. However, during the
operation of such a system, conditlons may occur that require
action outside the usual datalogging process to be taken to
ensure the continued correct operation of the system. A
tension therefore exists between the requirement to be
predictable 1in operation and unobtrusive to a user and the
requirement to respond appropriately to a condition reguiring

action to be taken.

In the system of Figure 1, the logger unit may be disposable

with the absorbent article. It therefore may be provided

CA 2902185 2017-10-16
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with a single-use i1nternal power source, such as a battery,
for powering the datalogging and data  transmission
electronics. In such a situation, the 1nterval between the
absorbent article 400 requlring replacement may be comparable
with or only slightly less than the service life time of the

internal power source, for reasons of economy.

However, such a configuration, in which the logger unit 1s
disposed with the absorbent article, may be viewed as
wasteful and expensive. Therefore, one alternative
possibility 1s to provide a logger unit which 1s separable
from the absorbent article and which may be reconnectable to
a fresh, replacement article to continue the logging process
for a given 1individual. Since the senscrs 430 should be
embedded in the abgorbent article in regions which will
experience a flow event, for hygiene reasons 1t may be
advantageous to provide new sensor elements together with
replacement absorbent articles, while the logger unit, for

reasons of cost, 1s reused.

However, 1n such a configuration, the lifetime of the
internal power source of the logger unit 1s likely to be far
shorter than the service life of the logger unit 1itself.
Periocdic replacement or recharging of the power source 1s

likely to be required.

In battery-powered electronic devices, 1t 1s conventional for
the user of such a device to be actively notified at a point
in time at which the remaining useable energy 1in the power
source has dropped to or below a predetermined level, so that

replacement and/or recharging action can be undertaken.

However, 1t 1s an i1mportant goal 1n the design and
construction of sanitary articles that the articles should be
as unobtrusive 1n use as possible. Generally, 1t 1s not the

user, but the caregiver who should be notified 1n the event

of such a power source condition. Especially 1f the user of

CA 2902185 2017-10-16
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the absorbent article 1s an infant, an individual affected by

-
s,

dementia, or similar, 1n such giltuations the presence of a

low battery notification or similar on a datalogger is likely

to distract the user, or to cause them to investigate the

datalogger, potentially causing damage, inadvertent

disconnection, or simply anxiety. Further, the caregiver may

not be present at the moment when the low power sgource

condition arises, and the user mavy not be in a position to

react appropriately, for example by undertaking replacement

or recharging action for the power source.

One embodiment of the present disclosure ig able to provide

such a low battery notification to a caregiver without

Py

needlessly or undesirably alerting the user of the absorbent

article.,

As shown 1n Figure 2, the datalogger of the present
embodiment 1s housed within an electronics enclosure 100,
which 1s able to co-operate with a receptacle 200 to be
engaged with and retalned therein. The receptacle 1isg

provided to the absorbent article, and contacts on the lower

surface of the electronics enclosure (not shown in Figure 2)

are arranged to come 1nto contact with terminal contacts at

the receptacle which are electrically connected to, or formed

ag conductive portions of, the sensor elements. In such a

way, the electronics enclosure may be easily transferred

betweenn absorbent articles when the absorbent article

reguires replacement while being reliably retained on the
absorbent article 1n electrical connection with the sensor

elements.

Inside electronics enclosure 100 1s data processing equipment

depicted 1in schematic form in Figure 3. However, 1t 1ig

important to understand that the configuration shown in

Figure 3 1s purely exemplary, and the functionality provided

by the arrangement of Figure 2 may be provided in other ways,

including wusing application specific integrated circuits
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(ASICs) , general purpose data Processors, discrete
electronice, or other arrangements as are conventional in the

art.

As an example of the configuration of data processing

equipment which provides the functionality of datalogger 300,

there 1s provided a processor 310, which derives instructions

from instruction store 320, operates on data stored in data

store 330, 1s able to transmit and receive data over data

link 500 using transceiver 340 and antenna 345, 1s able to

interface with the sgsensor elements i1in the absorbent article

by means of sensor interface 350 and sensor contacts 355, and

1s able to give and receive user 1interface events via user

interface 360 comnnected to i1input element 365 and output

element 366.

Procesgor 310, 1nstruction store 320, data store 330,

transgsceiver 340, sensor interface 350, and user interface 360

are connected by a common bus 370 and are all powered by

power source 2380.

The i1nstruction store 320 and data store 330 may be

implemented as a common memory 315, or may be implemented as

individual memories.

Power source 380 can be provided, for example, as any
sultable power source such as a lithium 1i1on or nickel metal
hydride rechargeable battery, or a user-replaceable zinc or

alkaline battervy.

Sensor 1nterface 350 may be, for example, an analogue to

digital convertor (ADC) configured to measure resistance,

conductivity or capacitance between pairs of sense contacts

355, or may be a threshold sensing unit configured to detect

when the resistance, conductivity or capacitance between

——

palrs of sense contacts 355 drops below or rises above a

predetermined level.
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Aside from detecting resistance between sense contacts 355,

sensor 1interface 350 may also be configured to detect, 1in
comblnation with suitable active or passive gsense elements as

may be known in the art, other wvariables, parameters or

properties, such as pH, temperature, and the presence or

absence of certain compounds 1in the absorbent article.

Input element 365 may be, for example, a button, a switch, a

touch panel, an accelerometer, or a light level sensor, while

output element 366 may be, for example, a visible indicator
such as a lamp or LED; an audible indicator sguch as a
sounder, buzzer, beeper, or loudspeaker; or a tactile

indicator such as a vibrator.

fr——

One mode of operation of the datalogger 300 will now be

described, with reference to the state diagram of Figure 4.

While the logger 1is connected to the absorbent article, it is

in state S1, which in the present configuration corresponds
to a normal datalocgging condition. ITn this condition, the
processor gqueriegs the gsensor interface at intervals and

records the results in data store 330. At intervals greater

than or egqual to the intervals at which processor 310

receives 1nformation from sensor interface 350, the data

stored 1in data store 330 18 transmitted wvia transceiver 2340

over data link 500, and, 1f the transmisgion is determined to

be guccessful, the data 1g deleted from the data store 330.

For example, the sensor interface may be queried for data

every second while transmigssion of data via transceiver 340

may occur, Ior example, every twenty minutes. Of course

gomng

these values can be changed depending on the sgsize of data

store 330, the costs agsocliated with data transmission over
data Jlink 500 and the network environment within which
transceiver 340 operates. Particularly, in a cellular
network environment, the costs of using data link 500 may be

per session, rather than per unit of data, and therefore it
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may be more economical to provide a larger data store 330 and

—

a longer period before transmission of data over transceiver

34 0. In contrast, 1

capacity wireless EC

f data link 500 1s provided as a high-

hernet network, for example, to ensure

+

that the 1ncontinence management system has the most recent

data availlable to uge

over the data link a

data 1s received by
350.

When the attention of

rs, 1t may be preferred to transmit data

s frequently or almost as frequently as

the processor from the sensor interface

the caregiver i1s drawn to the fact that

an absorbent article requires replacement, whether by the

incontinence management system itself, on request of a user,

or at, for exampl

e, a scheduled replacement interval

determined 1n accordance with a user’s care plan, datalogger

enclosure 100 may be removed from receptacle 200, and
processor 210 may be able to sense, for example by a change
in electrical parameters, such as capacitance of sense

contacts 355, that the logger has been disconnected from the

abgsorbent article. In some caseg, when the enclosure 100 is

engaged with receptacle 200, certain of contacts 355 of

datalogger 300 will always be in a short-circuit condition,

for example by corre

the receptacle. By

sponding to short-circuited contacts in

detecting an open-circult condition on

the corresponding sense contacts, the datalogger may be able

to detect that a datalogger disconnection event has occurred.

Other methods of detecting a datalogger disconnection event

are via, for example,

elements 365 which

=~

a microswitch provided as one of input

1s arranged to change state when the

enclosure 100 1s removed from receptacle 200, a reed switch

or magnetic sensor which 1s arranged to change state when

taken out of proximity of a corresponding magnet in the

receptacle or absorbent article, an optical sensor such as a

e

light level sensor provided as one of the input elements 365

which changes from

a dark state to a light gstate when

enclosure 100 1s removed from receptacle 200, or a button

push event detected b

pCOi

Yy a push button as one of input elements
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365 which 1s manually operated by the user to signal that a

disconnection event has occurred. Rather than activation of a

push button, activation of another user interface input
element could be used to transition from the datalogging

state.

For the purposes of disgcussion, 1t 1g assumed that the

pocny
—

disconnection event has been determined by the existence of

an open-circulit condition between two of sense contacts 355,

e
—

On determination of this condition, represented by event A

in Figure 4, the datalogger 300 exits state 81, the

datalogging condition, as the first operating condition, and
enters state 52, being a second operating condition, and here

being a notification condition. In the notification

condition, one or more of the output elements 366 may be

activated, 1n some cilrcumstances 1in different patterns, to

signal a particular status or combination of statuseg of the

datalogger 300. For example, a wvisible 1indicator may be

activated to indicate that replacement or recharging of the

power gource 380 1s8 regulred. Aside from activation of a

visible indicator, other methods as mentioned previously with

reference to output element 366 may be used to provide

notification to the caregiver of the status of datalogger

300. In particular, audible or tactile methods may be used

1n the notilfication condition, &0 that the caregiver need not
be looking at the enclosure 100 during or after the
disconnection event to determine that a particular status

exists. Thilis may be advantageous when the disconnection event

occurs during a care process, such as removal, disposal and

replacement of the abgsorbent article.

Combinations or patterns of activation of output elements 366

may be used to signal different statuses. For example, a

tactile element such as a vibrator may be activated to inform
the caregiver that a status requiring careglver action 1is

required, with a combination of i1lluminated elements at

different locations on the enclogsure 100 or of different
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colours i1ndicating the nature of the status. For example, a

particular colour could be agsocilated with low Dbattery

events.

Alternatively or additionally, different patterns, such as

oy

freguency and length of activation of the output elements 366

may be used to convey different statuses to the caregiver.
For example, a pulsed 1lluminaticon, vibration or sound may

indicate that replacing or recharging the power source 380 is

advigable, while continuous 1llumination, vibration or

sounding may i1ndicate that replacement or recharging of power

source 380 1s urgent. Such patterned notification activity,

despite being able to attract the attention of the caregiver,

1s not likely to alarm the user or attract undesired
attention to the absorbent article, sgince the notification
condition 1s entered when the disconnection event 1is
determined and thus when the enclosure 1s likely to be in the

hands of the caregiver. Thug i1t 1is possible to ensure that

the notification condition 1s entered only when the situation

1s under the control of the caregiver.

One implementation of such a condition could be to indicate

A

that replacement of power source 380 18 advisable when a

first predetermined remalining energy level, such as 50% of

max i1mum capacity, 1S reached, while indication that

replacement 18 urgent could be gignalled when a further

predetermined level, such as 20% 1s reached.

In addition to battery status, other statuses which may be of

use or interest to the caregiver may also be signalled on a

disconnection event. For example, an error status requiring

maintenance or zreplacement of the datalogger could be

signalled by another pattern of activation of output elements
366. For example, a rapidly blinking wvisible indicator could
indicate to the caregiver that an error status had developed

during the proceeding datalogging period, and that the

—d

datalogger 300 should be taken out of service.
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Further statuses that might require caregiver intervention,

and which c¢ould be indicated during the notification

o=
S—

failure of the data link

condition, could include a temporary

500. Particularly, 1n some circumstanceg, datalogger 300 may

-

be configured, 1f transmission of data stored in data store

330 over data link 500 1is not reliably possible, such that
data may continue to accumulate in data gtore 330.

Transceiver 340 may then seek to re-establish data link 500,

either continuously or at predetermined intervals. Once data

link 500 18 re-esgstablished, all data remaining in data store

330 may be transmitted over data link 500 before the data is
erased. Such a sgituation may occur, for example, while using
a cellular data connection as data link 500 in areas of poor

cellular coverage.

Under some circumstances, the failure of data 1link 500 may

persist, and data will continue to accumulate in data store

330. Under such a condition, it is important that datalogger

- pr

300 1s relocated to an area of sufficiently good signal

strength for re-egtablishment of data 1link 500 before the

capaclity of data store 330 1s exceeded. Accordingly, one

possible status which could be notified to a caregiver after

a disconnection event via an appropriate activation of output
elements 366 1s that the datalogger should be removed to an

area having good gignal coverage to enable data download to

take place.

Cnce the second operating condition, the notification
condition, 1s entered, the device may remalin 1in the
notification condition until a further event. In some

cilrcumstances, the further event may be an external event

Jy

such as reconnection of the datalogger to a receptacle 200

connected to a further absorbent article, after which further
event the datalogger returns to the datalogging condition.
Such a further event could be signalled in a similar way as

the disconnection event, elther automatically by sensing
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reconnection of the enclosure to the receptable, or manually

by activation of a user interface element. Other behaviours

are also, however, possible.

For example, the status notification condition may, to save

power or to avold unnecessary oOr ongolng disturbance to the

caregiver, transition from the status notification condition,

in which output elements 366 are activated according to the

status to be notified, to a standby condition in which no

output element 1g activated and during which no datalogging

or data link activity takes place. As shown in Figure 4, the

standby condition, represented in Figure 4 by S3, is a third

cooperating condition which is initiated on a further event,

event B. Event B may be an 1nternal event, such as the

completion of a specified notification sequence, the expiry

of a timer, or a change in the status of one of the operating

elements of the datalogger such as power source 3280 having

been replaced or recharged or data link 500 having been re-

established and residual data in data store 2330 having been

gl

transmitted. The nature of the event required to transition

from the notification condition may depend on the status

being notified. For example, a low battery notification

condition may persist for a short period of time, but a

serious failure condition may cause the notification period

Lo be extended 1ndefinitely.

Even, activation of a user interface input element 365 may be

assigned as the event to transition from the second,

notification, operating state to the third, standby,

operating state, such as the activation of an acknowledgment

user 1nterface element provided to enclosure 100. For

example, an acknowledgment button may be pressed or the

device may be shaken to activate an accelerometer evernt.

Once 1in the standby state, represented as the third operating

condition S3, a further event, shown as event C in Figure 4,

may be used to return the datalogger to the first,
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datalogging, operating condition S1. For example, a
connection event, in which the datalogger i1s 1nserted into a

receptacle and thus connected to an absorbent article, may be

detected by a sgsensor i1interface 350, which would cause the

datalogger 300 to transition from the third, standbyv,
operating condition S3 to the first, datalogging, operating

condition S1.

In the same way as for a disconnection event, other methods

of detecting a datalogger connection event are via, for

example, a microswitch provided as one of input elements 365
which is arranged to change state when the enclosure 100 1is

engaged with receptacle 200, a reed switch or magnetic sensor

which 1s arranged to change state when brought into proximity

of a corresponding magnet 1n the receptacle or absorbent

article, an optical sensor such as a light level sensor

provided as one of the input elements 365 which changes from

a light state to a dark state when enclosure 100 18 engaged

with receptacle 200, or a button push event detected by a
push button as one of input elements 365 which 18 manually

operated by the user to signal that a connection event has

occurred. The push button may be the same push button as used

to signal a disconnection event, of may be a further push

e

button. Rather than activation of a push button, activation

of another user 1interface input element could be used to

transition to the datalogging state.

Direct trancition from the notification condition to the

datalogging condition may alsc be possible, either on the

game condition for transitioning from the standby event to

the datalogging condition, or on a different condition, for
example additionally requlring activation of an

acknowledgement or override user interface 1nput element 365.

In such a way, notiflcation to the user can be provided in a

timely and useful manner without damaging the unobtrusiveness
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of the absorbent article or without causing needless anxiety

to the user.

However, using the event-driven concept of the preceding

embodiment, other functionallty 1s also possilkle. For

example, the second operating condition need not be a

notification condition, but could be a standby condition, in

which a low power state of processor 310 1s entered, or a

data transmission condition, in which accumulated data during

the logging period 1is transmitted over data link 500 out of

the normal schedule for such transmissions. In one variant,

data store 330 1is sufficiently sized to record all data

occurring during the usage life of an absorbent article, and

gomc,
s

data transmission 1s only ef

fected on detection of a

disconnection event. such may, for example, reduce the

running costs of the system 1in terms of data link costs.

Also, using the concept of event-driven state changes 1n such

a datalogger, other events aside from disconnection oxr
connection from an absorbent article or user interaction

events may be used to changfe states 1n the datalogger. For

example, a further pair of contacts on enclosure 100 can be

used, for example by detecting the presence of a voltage or a

closed-circuilt condition, to determine that the datalogger 1is

connected to a charging station. The charging station may

typically be sited 1n a location having relatively good

conditions for establishment of data link 500. Accordingly,

on connection of datalogger 300 to the charging station, as

well as power gource 380 Dbeing connected to a charging

station for replenishment of the energy stored 1in power

source 380, datalogger 300 can be put into a flush condition,

in which any data stored 1n data store 330 1s transmitted via

trancsceiver 340 and data 1link 500 1in a reliable manner.

After the transmission 1is completed, the state may further

change from the data store flush state to the standby state

while power source 380 18 charged.
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In the above, the various operating stateg of datalogger 300

may be implemented as programmatic states or routines of

processor 310. Transitiong between the stateg can then be

interrupt-driven or can be driven via polling of the relevant

components of datalogger 300. Such a situation 1s

represented as a flow diagram in Figure 5. Assuming that the

datalogger is 1n the first operating condition 81, the

processor polls each relevant device, such as transceiver

340, sensor interface 350, or user interface 360, to
determine whether an event, such as event A, has occurred.

If no event has occurred, the processor continues to operate

in its first condition. However, if, when polled, an element

of datalogger 300 indicates that event A has occurred, the

operating condition of processor 310 advances to the second
operating condition S2. The processor remalns 1in this

condition, polling the relevant elements to determine whether

an event B has occurred. Once the processor determines that

event B hag occurred, the state of the processor advances to
the third operating condition S3. While the processor
remains in the third coperating condition, 1t repeatedly polls
the relevant elements to determine whether a third event,

event €, has occurred, and again, once the processor

egtablishes that event C has occurred, the processor returns
to the first operating condition S1. Pelling may be carried

out at the level of processor cycles, programmatic loops, or

at 1ntervals of time. Further, the polling rate may differ

between the operating conditions; specifically, 1f an
operating state 1s a standby state, it may be desirable to

g
ha—

reduce the frequency with which polling o©of the elements

occurs to conserve power.

Although specific examples have been described above, fewer
or more than three operating conditions may be 1mplemented.

For example, the third operating condition can be 1dentical

with the first operating condition. Alternatively, fourth,

fifth, sixth, and so on, operating conditions may be

provided, each with theilr proper entry and exit events.
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Branching may be implemented, such that, from a first

operating condition such as standby state, different states,

such as a notification condition or a data transmission

condition may be entered depending on determination o

R

different events. Furthermore, each state may include a

variety of sub-states, which may be simultaneous, such as

Chwim

notification of two different statuses at the same time in a

notification condition, or may be sequential, such as the

o

Cransmission of data remaining in the data store 330 followed

by erasure of the data from data store 330 1in a flush

condition.

“

In the above, connection and disconnection events have been

described  with reference to physical connection  or
disconnection of an enclosure associated with the datalogger
with a receptacle provided on the absorbent article or with
reference to electrical connection or disconnection between
contacts on the datalogger and contacts on the absorbent

article. However, in the present disclosure, connection and

disconnection events can also refer to establishment and dis-
establishment of an operative contactless connection between
the datalogger and a remote sensor. For example, a sgensor,
such as molisture sensor or a gas sensor, can be provided in

the form of a passive resonant circuit coupled to an antenna,

whose  resonant electrical characteristics, for example
resonant frequency, will change with sensor gtate. A
connection or disconnection event, in such a case, can

include detection by the datalogger of whether such a circuit

1s near, for example, whether the datalogger has been brought

near to such a circuit to form an operative connection such

that the state of the resonant circuit may be determined.

Alternatively, the sensor can be provided in the form of

actilve electrical circuit coupled to an antenna, for example

an RFID tag, and the connection or disconnection event, in

such a case, can include detection by the datalogger whether

each case, the connection or disconnection is such as to
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cause a change 1n state of an electrical circuit of the

datalogger that 1s responsive to an external event. All such
arrangements are considered to be within scope of the terms

connection and digconnection event as used herein.

Embodiments of the present disclosure may thus provide a
datalogging method, a datalogger, Or an 1rncontinence

management system which is flexible, which is unobtrusive,

and which 1s easy to use even by relatively untrained

caregivers. such a system may find application in

residential homes, medical facilities, childcare facilities,

schools, corrective facilities, and other environments where

gy

the monitoring of the continence status of one individual or

a plurality of individuals is required.

The foregoing embodiments and theilr variants have Dbeen

disclosed for 1illustrative purposes only, and further

variation 1s wholly possible within the capabilities of the

skilled reader. Accordingly, the appended claims are
intended to cover all modifications, substitutions,

alterations, omissions and additions which one skilled in the

art could achieve from the foregoing disclosure, taking into

account his own general and specialist knowledge and

expertise.
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CLAIMS

1. A method of operating a battery-powered dataloggerfhaving at
least one tactile, audible or wvisible output element and adapted
for logging sensor data from an absorbent article having at

least one sensor element, the method comprising:

determining an external event, wherein the external event
1s a disconnection event 1n which the datalogger 1is
disconnected from the at least one sensor element in the

absorbent article; and

on determination of the external event, transitioning from
a first operating condition to a second operating
condition, wherein the second operating condition 1s a
status notification condition in which the at least one
tactile, audible or wvisible output element housed 1n an
electronics enclosure of the datalogger 1s activated to

signal a low battery status of the datalogger.

2. The method of Claim 1, wherein the first operating condition
1s selected from: a datalogging condition; a standby condition;

and a data transmission condition.

3. The method of Claim 2, wherein the datalogging condition

comprises the transmission of sensor data over a data link.

4. The method of Claim 2, wherein the datalogging condition
comprises the storage of sensor data in a memory internal to the
datalogger and the transmission of stored sensor data at

predetermined intervals over a data link, and

wherein the data transmilission condition 18 a flush

condition 1n which sensor data stored in the memory is

CA 2909185 2018-04-03
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transmitted over the data link at other than a

predetermined interval of the datalogging condition.

5. The method of any one of Claims 1 to 4 further comprising
transitioning from the second operating condition to a third

operating condition on determination of a further event.

6. The method of Claim 5, wherein the further event 1s an

internal event selected from the expiry of a timer associated
with the second operating condition; the completion of a process
associated with the second operating condition; and a change 1in

status of an internal device.

7. The method of Claim 5, wherein the further event i1s an
external event selected from: a connection event in which the
datalogger i1s connected to an absorbent article; a charge event
in which the datalogger i1s connected to a charging station; and
a user interaction event in which the user interacts with a user

interface element of the datalogger.

8. The method of any one of Claims 1 to 7, wherein the
determination of the external event comprises detection of a
change 1in state of an electrical circuilit of the datalogger that

1S responsive to an external event.

9. The method of any one of Claims 1 to 8, wherein the
determination of the external event comprises detection of at
least one of: a change 1n state of at least one electrical
contact on the exterior of the datalogger; a change 1in state of

e d

at least one sensor on the exterior of the datalogger; a change

in state of at least one switch on the exterior of the

datalogger.

CA 2909185 2018-04-03
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10. A battery-powered datalogger adapted for logging sensor data
from an absorbent article having at least one sensor element,

the datalogger comprising:

an electronics enclosure, which houses:

a processor configured to determine an external event
and, on determination of the external event, to
transition from a first operating condition to a

second operating condition; and

at least one tactile, audible or visible output

element,

wherein the external event i1s a disconnection event 1n

which the datalogger 1s disconnected from the at least one

sensor element 1n the absorbent article, and

wherein the second operating condition 1s a status

notification condition i1n which the at least one tactile,

audible or visible output element 1s activated to signal a

low battery status of the datalogger.

11. The datalogger of Claim 10, wherein the first operating

condition 1s selected from: a datalogging condition; a standby

condition;:; and a data transmission condition.

12. The datalogger of Claim 11, further comprising a transmitter
and wherein the datalogging condition comprises the transmission

of sensor data over a data link.

13. The datalogger of Claim 11, further comprising: a memory

adapted to store sensor data; and a transmitter,

CA 2909185 2018-04-03
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wherein the datalogging condition comprises the storage of
sensor data in the memory and the transmission of stored

sensor data at predetermined intervals with the

transmitter, and

wherein the data transmission condition 1s a flush
condition in which sensor data stored in the memory 1s
transmitted with the transmitter at other than a

predetermined interval of the datalogging condition.

14. The datalogger of any one of Claims 10 to 13 wherein the
processor 1is configured to transition from the second operating
condition to a third operating condition on determination of a

further event.

15. The datalogger of Claim 14, wherein the further event i1s an
internal event selected from the expiry of a timer associlated .

wlith the second operating condition; the completion of a process
assoclated with the second operating condition; and a change 1n

status of an i1nternal device.

16. The datalogger of Claim 15, wherein the further event 1s an
external event selected from: a connection event in which the

datalogger 1s connected to an absorbent article; a charge event

1in which the datalogger 1s connected to a charging station; and

a user 1interaction event 1n which the user interacts with a user

interface element of the datalogger.

17. The datalogger of any one of Claims 10 to 16, wherein the
determination of the external event comprises detection of a
change 1n state of an electrical circuit of the datalogger that

1S responsive to an external event.

CA 2909185 2018-04-03
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18. The datalogger of any one of Claims 10 to 17, wherein the
determination of the external event comprises detection of at
least one of: a change 1in state of at least one electrical

contact on the exterior of the datalogger; a change in state ot

at least one sensor on the exterior of the dataldgger; and a

—

change in state of at least one switch on the exterior of the

datalogger.

CA 2909185 2018-04-03
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