0-7/0277259 A1 |V 0 0 0 D 00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T 0 O

International Bureau

(43) International Publication Date
8 March 2007 (08.03.2007)

(10) International Publication Number

WO 2007/027259 Al

(51) International Patent Classification:
AGIF 13/42 (2006.01)

(21) International Application Number:
PCT/US2006/021464

(22) International Filing Date: 2 June 2006 (02.06.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

11/215,968 31 August 2005 (31.08.2005) US

(71) Applicant (for all designated States except US): KIM-
BERLY-CLARK WORLDWIDE, INC. [US/US]; 401 N.
Lake Street, Neenah, Wisconsin 54956 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LONG, Andrew
[US/US]; 1320 S. Riverview Lane, Appleton, Wisconsin
54915 (US). COLLINS, Meghan, E. [US/US]; 761 W.
Scott Street #213, Fond Du Lac, Wisconsin 54937 (US).

(74) Agent: BRIDGE, Richard, L.; SENNIGER, POWERS,
LEAVITT & ROEDEL, One Metropolitan Square, 16th
Floor, St. Louis, Missouri 63102 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, 7ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: METHOD OF DETECTING THE PRESENCE OF AN INSULT IN AN ABSORBENT ARTICLE

(57) Abstract: A method of detecting the presence of an insult within an absorbent article is disclosed. An electrical property
is monitored and the electrical property is compared to a wet/dry threshold value to determine either a wet characteristic or a dry
characteristic of the article. If a dry characteristic, then a first and possibly a second test are applied. If a wet characteristic, then the
second test is applied. The electrical property is compared to a first threshold value and a second threshold value is set based upon
the function of the comparison. A change in the electrical property of the article is monitored to determine if the electrical property
has stabilized after activation of an insult alarm.



WO 2007/027259 PCT/US2006/021464

METHOD OF DETECTING THE PRESENCE OF AN INSULT
IN AN ABSORBENT ARTICLE

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to a
monitoring system for detecting the presence of an insult in
an absorbent article while it is being worn by a wearer.

[0002] Disposable absorbent articles find widespread
use as pefsonal care products such as diapers, children’s
toilet training pants and other infant and child care
products, adult incontinence garments and other adult care
products, sanitary napkins and other feminine care products
and the like, as well as surgical bandages and sponges and
medical garments. These articles absorb and contain body
waste and are intended to be discarded after a limited period
of use; i.e., the articles are not intended to be laundered
or otherwise restored for reuse. Conventional disposable
absorbent articles comprise an absorbent body disposed
between an inner layer adapted for contacting the wearer’s
skin and an outer layer for inhibiting liquid waste absorbed
by the absorbent body from leaking out of the article. The
inner layer of the absorbent article is typically liquid
permeable to permit body waste to pass therethrough for
absorption by the absorbent body.

[0003] Disposable absorbent training pants, in
particular, are useful in toilet training children.
Typically, these disposable undergarments are similar to
washable, cloth underwear in the manner in which they are put
on and worn, yet provide an absorbent function similar to
diapers to maiﬁtain skin health. Training pants provide a
child undergoing toilet training with an undergarment that
eases the transition from diapers to washable, cloth
underwear as they become more confident in their ability to

use the toilet independently.
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[0004] In order to learn to use the toilet
independently, a child must first learn to recognize when
urination has occurred. Because urination may often occur
during an activity that distracts the child to the extent
that the child does not notice urination, this recognition
can represent a substantial hurdle in the training process.
Also, a child’s ability to recognize when urination occurs
may be hampered by the improved performance of disposable
absorbent undergarments which quickly draw and retain urine
away from the wearer’s skin after an insult occurs.

[0005] Close monitoring of a toilet-training child by a
caregiver can be helpful in that when urination occurs it can
be discussed by the child and caregiver to enhance and
improve the learning experience. Therefore, it is beneficial
to provide the caregiver with immediate notification and/oxr
verification that urination has occurred so that it may be
discussed with the child while the event is still fresh in
the child's mind.

[0006] One way of monitoring a toilet-training child is
by using a system that detects a change in an electrical
property of the undergarment which electrical property is a
function of the wetness of the undergarment. For example,
the electrical property may be resistance, conductance,
impedance, capacitance or any other parameter which varies as
the wetness of the undergarment varies. For example, pair of
spaced apart parallel conductors may be situated within the
absorbent material of the undergarment. These conductors are
in electrical contact with the absorbent material of the
undergarment and are connected to a sensing circuit for
monitoring the electrical property, the circuit includes a
power source, such as a battery. For example, the circult
may comprise a voltage divider for detecting resistance

between the conductors. The output of the circuit is an
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analog output voltage that corresponds to a resistance value.
When the undergarment is dry, the resistance between the
conductors is extremely high and relatively infinite,
appearing as an open circuit. When the undergarment is wet,
more particularly when the absorbent material of the
undergarment between the conductors becomes wet, the
resistance of the undergarment at that area drops to a
relatively lower value because urine acts as a conductor.

[0007] Accordingly, in a conventional system a sensor
monitors the resistance between the conductors and compares
resistance values to a predetermined and fixed threshold
resistance value. If a resistance value is less than the
threshold resistance value, then the sensing circuit (herein
sensor) sends a signal to an alarm device, which informs the
caregiver and/or the wearer that the wearer has urinated.
For example, the alarm device may be a device for producing
" an auditory signal, such as a‘song, a visual signal, such as
a light, or a tactile signal, such as a change in
temperature.

[0008] These conventional devices may be prone to
giving false positives, that is informing the caregiver
and/or the user that there is urination present in the
undergarment when there is not because there is only one
"check" or "test" for the presence of urination (i.e.,
whether the resistance of the undergarment falls below a
fixed threshold wvalue). There are situations, such as when
the child sits or other pressure is applied to an
undergarment that has been previously insulted, when the
resistance of the undergarment may fall below the threshold
value, thus indicating a new insult, when in fact a
subsequent insult has not occurred (i.e., detecting a false-
positive). Accordingly, conventional devices may be ill-

suited for accurately detecting multiple insults and/or
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preventing the detection of false-positives. Moreover, sweat
may at least somewhat saturate the undergarment, typically
over a relative lengthy period of time, and may trigger the
sensor. Moreover still, after a first insult of urination by
the wearer, the resistance value of the undergarment is
substantially less than when the product was dry. However,
the threshold value has not changed, and therefore, the
resistance may be lower than the threshold, thus triggering

an alarm, even though a subsequent insult has not occurred.

SUMMARY OF THE INVENTION

[0009] In general, a method according to one embodiment
of the present invention for detecting the presence of an
insult within an absorbent article comprises monitoring an
electrical property of the article as the article is being
worn by a wearer, wherein the electrical property changes in
response to an insult. ' The electrical property is compared
to a wet/dry threshold value to determine a wet
characteristic of the article indicating that the article has
been previously insulted or a dry characteristic of the
article indicating that the article is dry and has yet to be
insulted. If the comparing indicates a dry characteristic 5f
the article, then a first test is applied to determine
whether an insult has occurred. TIf the first tést indicates
the presence of an insult, then a second test is applied to
the electrical property to determine whether an insult has
occurred. If the comparing indicates a wet characteristic of
the article, then the second test is applied to the
electrical property to determine whether a subsequent insult
has occurred.

[0010] In another embodiment, the method comprises
monitoring an electrical property of the article as the

article is being worn by a wearer, wherein the electrical
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property changes in response to an insult. The electrical
property is compared to a first threshold value. A second
threshold value is set as a function of the comparison. The
electrical property is compared to the second threshold value
to determine whether an insult has occurred.

[0011] In yet another embodiment, the method comprises
monitoring an electrical property of the article as the
article is being worn by a wearer, wherein the electrical
property changes in response to an insult. The electrical
property is compared to a wet/dry threshold value. A first
test is applied to compare the electrical property to a first
wetness threshold. The first wetness threshold is a function
of the comparison of the electrical property to the wet/dry
threshold value.

[0012] In another embodiment, the method comprises
monitoring an electrical property of the article as the
article is being worn by a wearer, wherein the electrical
property changes in response to an insult. An insult is
determined to be present within the article using the
electrical property. An insult alarm is activated to notify
the caregiver and/or the wearer of the presence of the
insult. A change in the electrical property of the article
is monitored to determine if the electrical property has
stabilized. Monitoring the electrical property of the
article is returned to when the monitored change corresponds
to the electrical property of the article being stable.

[0013] Other objects and features will be in part

apparent and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1 is a side perspective of an article of
the present invention shown in the form of a pair of training

pants having a mechanical fastening system fastened on one
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gside of the training pants and unfastened on the opposite
side thereof; |

[00151 Fig. 2 is a perspective view of the pants of
Fig. 1;

[0016]1 Fig. 3 is a perspective view of the pants
similar to Fig. 2 showing a housing of a monitoring system
removed from the article;

[0017] Fig. 4 is a top plan view of the training pants
of Fig. 1 with the pants in an unfastened, unfolded and laid
flat condition, and showing the surface of the training pants
that that faces the wearer when worn and with portions cut
away to show underlying features;

[0018] Fig. 5 is cross-sectional view of the pants
taken along the plane including line 5-5 of Fig. 4;

[0019] Fig. 6 is a schematic illustration of the pants
and one embodiment of a monitoring system of the present
invention;

[0020] Fig. 7 is a block diagram for one embodiment of
the invention illustrating an order of operation for
components/devices of the invention, including a measuring
device for measuring an electrical property of the pants and
an analog-to-digital converter for converting an analog
output from a measuring device into digital values to be read
by a microprocessor;

[0021] Fig. 8 is a block diagram of exemplary
instructions for the microprocessor of the present invention
for determining the presence of an insult using a
proportional difference of the measured resistance of the
pants;

[0022] Fig. 9 is a block diagram of exemplary
instructions for the microprocessor of the present invention
for determining the proportional difference of the measured

resistance of the pants using successive resistance values;
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[0023] Fig. 10 is a block diagram of exemplary
ingtructions for the microprocessor of the present invention
for determining the presence of an insult using a rate of
change of the measured resistance of the pants;

[0024] Fig. 11 is a block diagram of exemplary
instructions for the microprocessor of the present invention
for determining the rate of change of the measured resistance
of the pants using successive.resistance values;

[0025] Fig. 12 is a block diagram of devices/components
of one embodiment of the present invention for determining
the rate of change of the resistance of the pants, including
a responsive circuit and a conditioning circuit;

[0026] Fig. 13 is a block diagram of devices/components
of another embodiment the present invention for determining -
the rate of change of the resistance of the pants, including
a responsive circuit and an analog-to-digital converter;

| [0027] Fig. 14 is a schematic of an exemplary
regponsive circuit in the form of a differentiator;

\[0028] Fig. 15 is block diagram of an embodiment of the
present invention combining the embodiments illustrated in
Figs. 7 and 12 to determine the presence of an insult in the
pants using a proportional difference and a rate of change in
the resistance of the panté;

[0029] Fig. 16 is a block diagram of another embodiment
of the present invention combining the embodiments
illustrated in Figs. 7 and 13 to determine the presence of an
insult in the pants using a proportional difference and a
rate of change in the resistance of the pants;

[0030] Fig. 17 is a block diagram of instructions for
the microprocessor for determining whether a measured
resistance is either too high or too low to be an accurate

indication of the presence of an insult;
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[0031] Fig. 18 is a block diagram of the
devices/components of another embodiment of the present
invention for determining whether a measured resistance is
either too high or too low to be an accurate indication of
the presence of an insult, including a false-positive check
circuit;

[0032] Fig. 19 is a schematic of an exemplary false-
positive check circuit;

[0033] Fig. 20 is block diagram of another embodiment
of the present invention illustrating instructions for the
microprocessor for determining whether the pants are
saturated and for allowing the resistance of the pants to
stabilize after an insult;

[0034] Fig. 20A is a graph illustrating an exemplary
resistance profile of a pair of pants that has been insulted;

[0035] Fig. 21 is a block diagram of another embodiment
of the present invention illustrating instructions for the
microprocessor for determining whether the pants are dry,
recently insulted, or saturated;

[0036] Fig. 22 is a block diagram of another embodiment
of the present invention similar to the embodiment of Fig. 21
and further including instructions for calculating an average
magnitude threshold value when the pants are recently
insulted; and

[0037] Fig. 23 is a block diagram of another embodiment
of the present invention similar to Fig. 22 and further
including instructions for delaying the calculation of the
average magnitude threshold value until the resistance has
stabilized.

[0038] Corresponding reference characters indicate

corresponding parts throughout the drawings.
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DETAILED DESCRIPTION OF THE DRAWINGS

[0039] Referring now to the drawings and in particular
to Fig. 1, an absorbent article of the present invention is
representatively illustrated therein in the form of
children's toilet training pants and is indicated in its
entirety by the reference numeral 20. The absorbent article
20 may or may not be disposable, which refers to articles
that are intended to be discarded after a limited period of
ugse instead of being laundered or otherwise conditioned for
reuse. It is understood that the present invention is
suitable for use with various other absorbent articles
intended for personal wear, including but not limited to
diapers, feminine hygiene products, incontinence products,
medical garments, surgical pads and bandages, other personal
care or health care garments, and the like without departing
from the scope of the present invention.

[0040] By way of illustration only, various materials
.and methods for constructing training pants such as the pants
20 of the various aspects of the present invention are
disclosed in PCT Patent Application WO 00/37009 published
June 29, 2000 by A. Fletcher et al; U.S. Patent 4,940,464
igssued July 10, 1990 to Van Gompel et al.; U.S. Patent
5,766,389 issued June 16, 1998 to Brandon et al., and U.S.
Patent 6,645,190 issued November 11, 2003 to Olson et al.
which are incorporated herein by reference.

[0041] The pair of training pants 20 is illustrated in
Fig. 1 in a partially fastened condition. The pants 20
define a longitudinal direction 48 of the pants and a lateral
direction 49 thereof perpendicular to the longitudinal
direction as shown in Fig. 4. The pants 20 further define a
pair of longitudinal end regions, otherwise referred to
herein as a front waist region, generally indicated at 22,

and a back waist region, generally indicated at 24, and a
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center region, otherwise referred to herein as a crotch
region, generally indicated at 26, extending longitudinally
between and interconnecting the front and back waist regions
22, 24. The front and back waist regions 22, 24 comprise
those portions of the pants 20, which when worn, wholly or
partially cover or encircle the waist or mid-lower torso of
the wearer. The crotch region 26 generally is that portion
of the pants 20 which, when worn, is positioned between the
legs of the wearer and covers the lower torso and crotch of
the wearer. The pants 20 also define an inner surface 28
that faces toward the wearer when the pants are being worn,
and an outer surface 30 opposite the inner surface. With
additional reference to Fig. 4, the pair of training pants 20
has a pair of laterally opposite side edges 36 and a pair of
longitudinally opposite waist edges (broadly, longitudinal
ends), respectively designated front waist edge 38 and back
walst edge 39.

[0042] In the embodiment of Figs. 1-4, the training
pants 20 comprise a generally rectangular central absorbent
assembly, generally indicated at 32, and side panels 34A, 34B
formed separately from and secured to the central absorbent
assembly. The side panels 34A, 34B are permanently bonded
along seams to the central absorbent assembly 32 in the
respective front and back waist regions 22 and 24 of the
pants 20. More particularly, the front side panels 34A can
be permanently bonded to and extend transversely outward
beyond side margins 47 of the absorbent assembly 32 at the
front waist region 22, and the back side panels 34B can be
permanently bonded to and extend transversely outward beyond
the side margins of the absorbent assembly at the back waist
region 24. The side panels 34A and 34B may be bonded to the

absorbent agsembly 32 using attachment means known to those
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gskilled in the art such as adhesive, thermal or ultrasonic
bonding.

[0043] The front and back side panels 34A and 34B, upon
wearing of the pants 20, thus comprise the portions of the
training pants 20 which are positioned on the hips of the
wearer. The front and back side panels 34A and 34B can be
permanently bonded together to form the three-dimensional
configuration of the pants 20, or be releasably connected
with one another such as by a fastening system 59 of the
illustrated aspects. As is known in the art, the side panels
34A, 34B may comprise elastic material or stretchable but
inelastic materials.

[0044] The absorbent asgembly 32 is illustrated in
Figs. 1-3 as having a rectangular shape. However, it is
contemplated that the absorbent assembly 32 may have other
shapes (e.g., hourglass, T-shaped, I-shaped, and the like)
without departing from the scope of this invention. It is
also understood that the side panels 34A, 34B may instead be
formed integrally with the absorbent assembly 32 without
departing from the scope of this invention.

[0045] As shown best in Figs. 4 and 5, the absorbent
assembly 32 comprises an outer cover 40 and a bodyside liner
42 attached to the outer cover 40 in a superposed (opposed)
relation therewith by adhesives, ultrasonic bonds, thermal
bonds, pressure bonds, or other conventional techniques. The
liner 42 is suitably joined to the outer cover 40 along at
least a portion of the longitudinal ends of the pants 20. In
addition, the liner 42 is suitably joined to the outer cover
40. The liner 42 is suitably adapted, i.e., positioned
relative to the other components of the pants 20, for
contiguous relationship with the wearer’s skin during wear of
the pants. The absorbent assembly 32 also comprises an

absorbent structure 44 disposed between the outer cover 40
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and the bodyside liner 42 for absorbing liguid body exudates
exuded by the wearer and a surge management layer 45 disposed
between the absorbent structure and the bodyside liner. A
pair of containment flaps 46 are secured to the bodyside
liner 42 for inhibiting the lateral flow of body exudates.

[0046] With the training pants 20 in the fastened
position as partially illustrated in Fig. 1, the front and
back waist regions are connected together by the fastening
system 48 to define the three-dimensional pants configuration
having a waist opening 50 and a pair of leg openings 52. The
front and back waist edges 38 and 39 (e.g., longitudinal
ends) of the training pants 20 are configured to encircle the
waist of the wearer to define the waist opening 50 (Fig. 1)
of the pants.

[0047] As illustrated in Fig. 4, a flap elastic member
53 can be operatively joined with each containment flap 46 in
any suitable manner as is well known in the art. Suitable
constructions and arrangements for the containment flaps 46
are generally well known to those skilled in the art and are
degcribed in U.8. Patent 4,704,116 issued November 3, 1987 to
Enloe, which is incorporated herein by reference. '

[0048] To further enhance containment and/or absorption
of body exudates, the training pants 20 may comprise a front
waist elastic member 54 (Fig. 1), a rear waist elastic member
56, and leg elastic members 58 (Figs. 2-4), as are known to
those skilled in the art. The flap elastic members 53, the
waist elastic members 54 and 56, and the leg elastic members
58 can be formed of any suitable elastic matérial that is
well known to those skilled in the art.

[0049] The fastening system 80 of the illustrated
embodiment comprises laterally opposite first fastening
components 60 adapted for refastenable engagement to

corresponding laterally opposite second fastening components
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62. In one embodiment, a front or outer surface of each of
the fastening components 60, 62 comprises a plurality of
engaging elements. The engaging elements of the first
fastening components 60 are adapted to repeatedly engage and
disengage corresponding engaging elements of the second
fastening components 62 to releasably secure the pants 20 in
its three-dimensional configuration. The fastening
components 60, 62 can comprise any refastenable fasteners
suitable for absorbent articles, such as adhesive fasteners,
cohesive fasteners, mechanical fasteners, or the like.
Suitable fastening systems are also disclosed in the
previously incorporated PCT Patent Application WO 00/37009
published June 29, 2000 by A. Fletcher et al. and the
previously incorporated U.S. Patent 6,645,190 issued November
11, 2003 to Olson et al.

[0050] The outer cover 40 suitably comprises a material
that is substantially liquid impermeable. The outer cover 40
may comprise a single layer of liquid impermeable material,
or more suitably comprise a multi-layered laminate structure
in which at least one of the layers is liquid impermeable.
While it is not a necessity for the outer layer to be liquid
permeable, it is suitable that it provides a relatively
cloth-1like texture to the wearer. Alternatively, the outer
cover 40 may comprise a woven or non-woven fibrous web layer
that has been totally or partially constructed or treated to
impart the desired levels of liquid impermeability to
selected regions that are adjacent or proximate the absorbent
structure. The outer cover 40 may also be stretchable, and
in gome embodiments it may be elastomeric. Reference is made
to U.S. Patent No. 5,883,028, issued to Morman et al., U.S.
Patent No. 5,116,662 issued to Morman and U.S. Patent No.
5,114,781 issued to Morman, all of which are hereby

13
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incorporated herein by reference, for additional information
regarding suitable outer cover materials.

[0051] The bodyside liner 42 is suitably compliant,
soft-feeling, and non-irritating to the wearer's skin. The
bodyside liner 42 is also sufficiently liquid permeable to
permit liquid body exudates to readily penetrate through its
thickness to the absorbent structure 44. The bodyside liner
42 may also be stretchable, and in some embodiments it may be
elastomeric. Reference is made to U.S. Patent Application
Serial No. 09/563,417 filed on May 3, 2000 by Roessler et
al., U.S. bPatent Application Serial No. 09/698,512 filed on
October 27, 2000 by Vukos et al., both of which are
incorporated by reference herein, for additional information
regarding bodyside liner material.

[0052] The absorbent structure 44 is disposed between
the outer cover 40 and the bodyside liner 42, which can be
joined together by any suitable means such as adhesives,
ultrasonic bonds, thermal bonds, or the like. While the
illustrated absorbent structure 44 is shown and described
herein as extending from the crotch region 26 into both the
front and back waist regions 22 and 24, it is contemplated
.that the absorbent structure may extend from the crotch
region into only the front waist region, or only the back
waist region, without departing from the scope of this
invention. |

[0053] The absorbent structure 44 isg suitably
compressible, conformable, non—irritating to é wearer’s gkin,
and capable of absorbing and retaining liquids and certain
body wastes. For example, the absorbent structure 44 may
comprise cellulosic fibers (e.g., wood pulp fibers), other
natural fibexrs, synthetic fibers, woven or nonwoven sheets,
scrim\netting or other stabilizing structures, superabsorbent

material, binder materials, surfactants, selected hydrophobic
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materials, pigments, lotiomns, odor control agents or the
like, as well as combinations thereof.

[0054] The materials may be formed into an absorbent
web structure by employing various conventional methods and
techniques known in the art. For example, the absorbent
structure 44 may be formed by a dry-forming technique, an air
forming technique, a wet-forming technique, a foam-forming
technique, or the like, as well as combinations thereof.
Methods and apparatus for carrying out such techniques are
well known in the art. The absorbent structure 44 may
alternatively comprise a coform material such as the material
disclosed in U.S. Patent Nos. 4,100,324 to Anderson, et al.;
5,284,703 to Everhart, et al.; and 5,350,624 to Georger, et
al.; which are incorporated herein by reference.

[0055] Superabsorbent material is suitably present in
the absorbent structure 44 in an amount of from about 0 to
about 90 weight percent based on total weight of the
absorbent structure. The absorbent structure 44 may suitably
have a density within the range of about 0.10 to about 0.35
grams per cubic centimeter. Superabsorbent materials are
well known in the art and can be selected from natural,
synthetic, and modified natural polymers and materials.

[0056] In one embodiment, the absorbent structure 44
may be stretchable so as not to inhibit the stretchability of
other components to which the absorbent structure may be
adhered, such as the outer cover 40 and bodyside liner 42.
For example, the absorbent structure may comprise materials
disclosed in U.8. Patent Nos. 5,964,743, 5,645,542,
6,231,557, 6,362,389, and international patent application WO
03/051254, the disclosure of each of which is incorporated by
reference herein.

[0057] The surge management layer 45 may be attached to

. various components of the article 20 such as the absorbent
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structure 44 and/or the bodyside liner 42 by methods known in
the art, such as by adhesive, ultrasonic or thermal bonding.
The surge management layer 45 helps to decelerate and diffuse
surges or gushes of liquid that may be rapidly introduced
into the absorbent structure 44 of the article 20.

Desirably, the surge management layer 45 can rapidly accept
and temporarily hold the liquid prior to releasing the liguid
into the storage or retention portions of the absorbent
structure 44. Examples of guitable surge management layers
45 are described in U.S. Pat. No. 5,486,166; and U.S. Pat.
No. 5,490,846. Other suitable surge management materials are
described in U.S. Pat. No. 5,820,973. The entire disclosures
of these patentg are incorporated by reference herein.

[0058] Optionally, a substantially liquid permeable
wrapsheet (not shown) may surround the absorbent structure 44
to help maintain the integrity of the absorbent structure 44.

[0059] The training pants 20 of the present invention
include a wetness monitoring system for detecting the
presence of urine (broadly, an insult) within the pants 20.
Although the wetness monitoring system may take on other
configurations, this particular configuration of the system
monitors an electrical characteristic of the pants and
determines whether the child has urinated in the pants using
such electrical characteristic. After detection of urine,
the system informs a caregiver and/or a child of the presence
of the urine by generating an insult alarm. The alarm may
be, for example, either an auditory signal, such as a song,
or a tactile signal, such as temperature change, or a visual
signal, such as a blinking light. It is understood that the
system may comprise a device for sending a wireless signal to
a remote auditory, wvisual, tactile or other sensory alarm.

[0060] In one particularly suitable embodiment, shown

best in Figs. 2-4, one example of the wetness monitoring
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system is generally indicated by reference numeral 70. The
monitoring system 70 includes a sensor for detecting the
electrical property (e.g., resistance R) of the article. The
sensor includes a pair of spaced apart generally parallel
conductors Cl, C2 disgposed within the pants 20 that define a
monitoring area 74 of the pants disposed between the
conductors. The conductors Cl, C2 may be constructed of any
material that is generally electrically conductive. For
example, the conductors may be constructed of metal strips
(e.g., aluminum strips), metal films, coated films,
conductive polymers, conductive inks, or conductive threads.
Other conductors are within the scope of this invention. The
conductors Cl, C2 extend longitudinally from the front waist
region 22, through the crotch region 26, to the back waist
region 24 of the pants 20. As shown best in Fig. 5, the
conductors Cl, C2 are disposed within the absorbent assembly
32 between the absorbent structure 44 and the surge
management layer 45, although the conductors may be disposed
at other locations without departing from the scope of this
invention.

[0061] Current i from a current source B (illustrated
schematically in Fig. 6) runs through the conductors Cl, C2
of the sensor. The current source i may be a direct current
source such as a battery (as illustrated), or an altermating
current source. In the illustrated embodiment, the
conductors Cl, C2 are electrically connected to the current
gource by way of electrically conductive snap fasteners 79.
Other ways of electrically connecting the conductors to the
current source are within the scope of this invention. As
illustrated in Fig. 3, each corresponding end of each
conductor Cl, C2 is connected to a first snap fastener member
79A located in the front waist region 22 of the pants 20.

Alternatively, the first snap fastener member may be located
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in the back waist region 24, or other locations on the pants
20. A housing 82 that houses the current source i has
corresponding second snap fastener elements 79B for engaging
the first snap fasteners 79A and securing the housing to the
pants 20. In addition to the current source i, the housing
82 of the present embodiment also houses the remaining
components of the wetness monitoring system 70 that will be
described hereinafter, although it is contemplated that the
housing may include only some or none of the remaining
components. In the illustrated embodiment the housing 82 is
releasably secured to the pants 20 by way of the snap
fasteners 79, although it is understood that the housing may
be permanently secured to the pants without departing from
the scope of this invention.

[0062] A measuring device 85 (Fig. 6) of the sensor
measures an electrical property of the monitoring area 74 of
the pants 20. In one embodiment, the resistance R of the
monitoring area 74 of the pants 20 is measured. Because the
conductors Cl, C2 are spaced apart, current from the current
source i must pass through the monitoring area 74 to complete
the circuit. As illustrated schematically in Fig. 6, the
monitoring area 74 acts essentially as a resistor, as
indicated by reference character R. When the monitoring area
74 is dry (e.g., before the presence of an insult), the
resistance of the monitoring area is relatively high, for
example, some resistance above 200 kQ. When the monitoring
area 74 is wetted, for example by an insult, its resistance
drops, for example, to some resistance less than 200 KQ
because of the electrically conductive nature of urine.

[0063] In another embodiment, the conductance of the
monitoring area 74 of the pants 20 is measured. As stated
above, urine is electrically conductive and the article 20,

generally is not electrically conductive. Therefore, when
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the wmonitoring area 74 of the pants 20 is wetted, its
conductance is greater than when it is dry. Other
electrical properties of the pants 20, including impedance,
may be measured without departing from the scope of this
invention.

[0064] The measuring device 85 produces an analog
output signal (Fig. 6) indicative of the electrical property
of the monitoring area 74 of the pants 20. For example, the
measuring device 85 can measure a voltage drop across the
monitoring area 74, and produce an analog output signal
corresponding to the voltage drop. The output voltage signal
can be psed to determine other electrical properties, such as
resistance or current, by performing suitable calculations
known in the art or using a reference table. For example, as
is well known in the art, the voltage drop is indicative of
the resistance of the pants when the current is constant.
Thus, as explained below in further detail, the resistance of
the pants 20 may be determined using the analog output signal
of the measuring device 85.

[0065] In one embodiment of the present invention, a
percent difference test is conducted on the measured
resistance of the pants 20 to determine the presence (or lack
thereof) of an insult in the pants as the pants are being
worn by the wearer. In this embodiment, a proportional
difference (e.g., a percent difference) in the measured
electrical property of the monitoring area of the pants over
time is determined, and this proportional difference is
compared with a difference threshold value to determine if an
insult is present in the pants.

[0066] In one example of this embodiment, illustrated
in Fig. 7, an analog-to-digital converter 89 receives the
analog output signal from the measuring device 85 and

converts the signal into a digital output signal. A
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microprocessor 93 receives the digital output signal, which
is representative of the magnitude of the electrical property
(e.g., resistance) of the pants 20, and analyzes it to
determine the presence of an insult. If the microprocessor
93 detects the presence of an insult, then it activates the
insult alarm 95. The analog-to-digital converter 89 is a
conventional device for converting analog signals into
digital signal that can be read by a microprocessor. The
analog-to-digital converter 89 of the present embodiment may
be a separate device or it may be a component of the
microprocessor 93. For illustrative purposes, the electrical
property will hereinafter be referred to as resistance
although, as noted above, it may be any variable property of
the garment which reflects wetness.

[0067] Figure 8 illustrates schematically the
instructions of the microprocessor 93 for determining the
percent difference in the resistance of the pants 20 and
comparing the percent difference to a difference threshold
value to determine the presence of an insult. At instruction
100 the microprocessor 93 collects and stores in its memory a
first resistance value (R1) from the digital output signal.
The microprocessor 93 then delays sampling for a period of
time at instruction 102 before collecting and storing a
second resistance value (R2) at instruction 104. The delay
may be programmed or may be a function of the sampling rate
of the A/D converter 89 and/or the microprocessor 93.

[0068] With the stored first and second resistance
values (R1, R2), at instruction 106 the microprocessor 93
subtracts the second value (R2) from the first value (R1) and
divides the resulting difference by the first value (R1) and
multiplies the resulting quotient by 100%. The resulting
value is stored as a difference indicator value (DIV) at

instruction 108.
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[0069] At instruction 110, the resulting difference
indicator value (DIV) is then compared to a difference
threshold value (DTV) to determine if an insult is present.
For example, if the difference indicator value (DIV) is
greater than the difference threshold value (DTV) then this
is indicative of the presence of an insult. As an example,
the difference threshold value (DTV) may be a value between
10% and 20% (indicating a 10% and 20% decrease in
resistance), or more particularly, the difference threshold
value may be about 15%. If the comparison of the difference
indicator value to the difference threshold value is
indicative of the presence of an insult, then, if there are
no other indicators, the microprocessor 93 activates the
insult alarm 95 at instruction 112 to inform the caregiver
and/or the wearer of the presence of an insult. If, however,
the comparison of the difference indicator value (DIV) to the
difference threshold value (DTV) is not indicative of the
presence of an insult, then, if there are no other
indicators, the microprocessor 93 is instructed to repeat the
above steps for determining new difference indicator values
and comparing them to the difference threshold value until an
insult is indicated.

[0070] The percent difference test is meant to be more
accurate (that is, detects insults better and detects false-
positives less frequently) than the conventional magnitude
threshold test because the percent difference test is
independent of the magnitude of the resistance of the pants
prior to an insult. The percent difference test focuses on
the amount of change in the resistance and allows for more
accurate detection of multiple voids.

[0071] As an example, if the resistance changes from
200 KQ to 50 KQ, giving a difference indicator value of 75%,

and the difference threshold is 20%, then the insult alarm
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would be activated. As another example, if the resistance
changes from 60 KQ to 50 KQ, giving a difference indicator
value of 17%, and the difference threshold is 20%, then the
insult alarm would not be activated.

[0072] In another example of the difference embodiment,
the instructions for the microprocessor 93 may involve
determining the percent difference between previous
successive resistance values compared to a present value,
e.g., the difference between a third resistance value (R3)
and second resistance value (R2) and the third value (R3) and
a first resistance value (R1).

[0073] Figure 9 illustrates schematically the
instructions of the microprocessor for this embodiment. At
instruction 116 the microprocessor 93 collects and stores in
its memory a first resistance value (R1l) from the digital
output signal at a first time. The microprocessor then
delays for a period of time at instruction 118 before
collecting and storing a second resistance value (R2) at
instruction 120. At instruction 122 the microprocessor 93
delays, and then it collects and stores a third resistance
value (R3) at instruction 124. With the values stored, the
microprocessor 93 subtracts the second value (R2) from the
third value (R3) and divides the resulting difference by the
second value (R2) at instruction 126 to get a percent
difference. The percent difference is stored as a first
difference indicator value (DIV 1) at instruction 128 and
compared to the difference threshold value (DIV) at
instruction 130 to determine if the comparison is indicative
of the presence of an insult.

[0074] If the comparison of the first difference
indicator value (DIV 1) is indicative of the presence of an
insult, then the insult alarm 95 is activated at instruction

132. If the comparison is not indicative of the presence of
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an insult then the microprocessor is instructed at 134 to
calculate a second difference indicator value (DIV 2) by
subtracting the first value (R1) from the third wvalue (R3)
and dividing the difference by the first value (R1). This
second percent difference (DIV 2) is stored as the second
difference indicator value (DIV 2) at instruction 136. At
instruction 138 the second difference indicator value (DIV 2)
is then compared to the difference threshold value (DTV).
[0075] If the comparison of the second difference
indicator value (DIV 2) to the difference threshold value
(DTV) is indicative of the presence of an insult, then the
insult alarm is activated at the instruction 132. If the
comparison is not indicative of the presence of an insult,
then the microprocessor is instructed to repeat the above
steps for comparing a new difference indicator value to the
difference threshold value until an insult is indicated.
[0076] In the above example, if either the first
indicator value (DIV 1) or the second indicator value (DIV 2)
ig below the difference threshold value (DIV), the
microprocessor 93 activates the insult alarm 95. It is also
contemplated that only when both the first indicator value
and the second indicator value are greater than the threshold
value (i.e., both comparisons are indicative of the present
of an insult) would the alarm 95 be indicated. For example,
if the first, second, and third values are 85 KQ, 75 KQ, and
65 KQ, respectively, then the difference indicator values for
R3-R2 and R3-R1l are 13% and 24%, respectively. Assuming the
difference threshold value is 20%, the insult alarm would not
be activated when comparing R3-R2 to threshold value, but
would be activated when comparing R3-R1 to threshold value.
[0077] 1In another embodiment of the present invention,
a rate of change test is conducted on the measured electrical

property of the pants 20 to determine the presence (or lack
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thereof) of an insult. In this embodiment, a rate of change
of the measured electrical property of the monitoring area 74
of the pants 20 over a period of time is determined, and this
rate of change is compared with a rate threshold value to
determine if an insult is present in the pants.

[0078] In one example of this embodiment, the output
signal from the measuring device is converted to a digital
output signal (via the analog-to-digital converter 89, foxr
example) and received by the microprocessor 93 as explained
above and shown in Fig. 7. Figure 10 illustrates
schematically one example of the instructions of the
microprocessor 93 for determining the rate of change in the
resistance of the pants 20 and comparing the rate of change
to a rate threshold value to determine the presence of an
insult. At instruction 142 the microprocessor 93 collects
and stores in its memory a first resistance value (R1l) from
the digital output signal at a first time. The
microprocessor 93 then delays for a period of time at
instruction 144 before collecting and storing a second
resistance value (R2) at instruction 146. As explained
above, the delay is determined by the sampling period of the
A/D converter 89 and/or is programmable by instructions
within the microprocessor 93.

[0079] With the stored first and second values (R1,
R2), the microprocessor 93 subtracts the second value from
the first value and divides the resulting difference by the
sampling period at instruction 148. The resulting value is
stored as a rate indicator value (RIV) at instruction 150.
At instruction 152, the microprocessor 93 compares the
resulting rate indicator value (RIV) to a rate threshold
value (RTV) to determine if an insult is present. For
example, if the rate indicator value (RIV) is greater than

the rate threshold value (RTV) then this is indicative of the
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presence of an insult. If the comparison of the rate
indicator value to the rate threshold value is indicative of
the presence of an insult, then, if there are no other
indicators, the microprocessor 93 activates the insult alarm
95 to inform the caregiver and/or the wearer of the presence
of an insult at instruction 154. If, however, the comparison
of the rate indicator wvalue to the rate threshold wvalue is
not indicative of the presence of an insult, then, if there
are no other indicators, the microprocessor 93 is instructed
to repeat the above steps for determining new rate indicator
values and comparing them to the rate threshold wvalue until
an insult is indicated.

[0080] Like the percent difference test discussed
above, the rate of change test is meant to be more accurate
(that is, detects insults better and detects false-positives
less frequently) than the conventional magnitude threshold
test because the rate of change test is independent of the
magnitude of the electrical property of the pants and focuses
on how quickly the property changes.

[0081] For example, if the resistance changes from 200
KQ to 50k over a period of 0.3 seconds, giving a rate
indicator value of 450 KQ/s, and the rate threshold value is
25 KQ/s, then the insult alarm would be activated. As another
example, if the resistance changes from 75 KQ to 68 KQ over a
period of 0.3 seconds, giving a rate indicator value of 21
KQ/s, and the rate threshold value is 25 KQ/s, then the
insult alarm would be not activated. The drop in resistance
of this latter example may be caused by variations within
saturated pants, the presence of sweat, or a number of other
causations other than an insult.

[0082] As illustrated in Fig. 11, in another example of
the rate of change embodiment, the instructions for the

microprocessor may involve determining the rate of change
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between previous successive values compared to a present
value (e.g., the rate of change between a third value and
gecond. value and a third value and first value). This
example is substantially similar to the instruction given in
Fig. 9 with respect to the percent difference embodiment,
except that the first rate indicator value (RIV 1) between
third value (R3) and the second value (R2) is determined at
instruction 160 and compared to the rate threshold value
(RTV) at instruction 162, and the second rate indicator value
(RIV 2) between third value (R3) and the first value (R1) is
determined at instruction 164 and compared to the rate
threshold value (RTV) at instruction 166.

[0083] In another example of the rate of change
embodiment (Figs. 12 and 13) the output signal from the
measuring device 85 is fed through a responsive circuit 165
that produces an analog rate of change signal indicative of
the rate of change of the analog output signal from the
measuring device. For example, when the measuring device 85
generates a voltage signal, an operational amplifier, such as
a differentiator, may be used to generate a signal indicative
of the rate of change of the voltage. An exemplary
differentiator suitable for use with this embodiment of the
invention is illustrated schematically in Fig. 14. The input
169 of the differentiator 167 of Fig. 14 is the analog output
signal from the measuring device 85, and the output 170 of
the differentiator is a linear representation of the change
in the rate of change of the resistance profile.

[0084] Referring back to Fig. 12, in one example using
the responsive circuit 165 of the present embodiment, a
conditioning circuit 175 receives the analog right of change
signal from the responsive circuit 165 . The conditioning
circuit 175 is a threshold detector determining whether the

analog rate of change signal has a value greater than a value
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which corresponds to the rate threshold value. The
conditioning circuit 175 produces a positive output voltage
(e.g., +5 volts) if the output signal from the responsive
circuit 165 indicates a rate of change that is greater than
the rate threshold value. Otherwise, the conditioning
circuit 175 produces a different signal such as no signal
(e.g., 0 volts) or a negative signal. In response to the
output from the conditioning circuit 175, the microprocessor
93 recognizes the positive signal as corresponding to the
insult and activates the insult alarm 95 whereas the
microprocessor ignores the no signal or negative signal.
Alternatively, the microprocessor can be programmed to
respond to no signal (e.g., 0 volts) or a negative signal
(e.g., -5 volts) to activate the insult alarm 95.

[0085] Referring to Fig. 13, alternatively, in another
example using the responsive circuit 165, an analog-to-
digital converter 89 converts the analog rate of change
signal from the responsive circuit into a digital output
signal indicative of the rate of change of the resistance of
the pants. The microprocessor 93 receives the digital output
signal to collect and store rate indicator values. The
stored digital values are indicative of rate indicator
values, and the microprocessor 93 compares the stored values
to the rate threshold value to determine if there is an
indication of the presence of an insult in the pants.

[0086] In another embodiment, both the percent
difference embodiment and the rate of change embodiment may
be combined into a single embodiment, whereby the insult
alarm 95 is activated only i1f both the comparison of the
difference indicator value (DIV) to the difference threshold
value (DTV) and the comparison of the rate indicator value
(RIV) to the rate threshold value (RTV) are indicative of the

presence of an insult. Alternatively, the insult alarm may
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be activated i1f either the comparison of the difference
indicator value to the difference threshold value or the
comparison of the rate indicator value to the rate threshold
value are indicative of the presence of an insult.

[0087] One example of this embodiment (not shown) is a
combination of the examples of Figs. 8 and 10 (using R2-R1)
or Figs. 9 and 11 (using R3-R2 and R3-R1) where the analog
output signal from the measuring device is converted to a
digital output signal and the microprocessor is instructed to
compute both the rate indicator values and the difference
indicator values and compare both values to respective
threshold values to determine the presence of an insult using
the digital output signal.

[0088] Another example is illustrated in Fig. 15. This
example is a combination of aspects of the embodiments of
Figs. 7 and 12. The analog output signal from the measuring
device 85 is provided to both an analog-to-digital converter
89 and a responsive circuit 165. The microprocessor 93 uses
the digital output signal from the analog-to-digital
converter 89 to compute the difference indicator value (and
optionally a second difference indicator wvalue) and determine
if the comparison of the indicator value(s) to the difference
threshold value isg indicative of the presence of an insult,
as illustrated in Figs. 8 and 9. As explained above and
illustrated in Fig. 12, the conditioning circuit 175 receives
the analog rate of change signal from the responsive circuit
165 and produces a corresponding output signal to the
microprocessor 93 indicative of the presence of an insult.

As explained above, the microprocessor 93 may be instructed
to activate the insult alarm 95 if both the percent
difference test and the rate of change test indicates an
insult, or alternatively, the microprocessor may be

instructed to activate the insult alarm if either the percent
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difference test or the rate of change test indicates an
insult.

[0089] Yet another example of the present embodiment is
illustrated in Fig. 16. This example is a combination of the
aspects of the embodiments of Figs. 7 and 13. The analog
output signal from the measuring device 85 is provided to
both a first analog-to-digital converter 89A and a responsive
circuit 165. The microprocessor 93 uses the digital output
signal from the first analog-to-digital converter 8SA to
compute the difference indicator value (an optionally a
second difference indicator value) and determine if the
comparison of the value(s) to the difference threshold value
is indicative of the presence of an insult, as illustrated in
Figs. 8 and 9. As illustrated in Fig. 13, the analog rate of
change signal from the responsive circuit 165 is converted
into a digital rate of change signal by a second analog-to-
digital converter 89B. The digital rate of change signal is
then sent to the microprocessor 93, where the microprocessor
compares the digital wvalues to a rate threshold value to
indicate the presence of an insult. Again, depending on the
instruction of the microprocessor 93, either the insult alarm
95 is activated when either both the rate of change test and
the percent difference test indicates an insult or when
either test indicates an insult.

[0090] In another embodiment of the present invention
(Figs. 17 and 18), a false-positive check is implemented to
determine if a measured electrical property is either too
high or too low to have been caused by the presence of an
insult. For example, if the resistance of the pants 20 is
very high (e.g., above 5,000 KQ) then this is may be an
indication that the sensor has not been properly insulated.
As another example, if the resistance of the pants is very

low (e.g., below 0.5 KQ) then this is may be an indication
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that the conductors inside the pants are touching, for
example, thereby forming a short circuit. This false-
positive check embodiment may be used in combination with any
other embodiment of this invention or with any other
embodiment for determining the presence of an insult. For
example, this embodiment may be used to check if the
determined rate of change and/or the determined percent
difference are either too high or too low to be true
indications of the presence of an insult.

[0091] In one example, illustrated schematically in
Fig. 17, after the microprocessor 93 determines that the
comparison of an indicator value (e.g., difference indicator
value, rate indicator value, or magnitude indicator value) to
a respective threshold value is indicative of the presence of
an insult (indicated by reference numeral 180, the
microprocessor, at instructions 182 and 184,’respectively, is
instructed to determine whether the present resistance value
(R) is greater than an upper check value (UCV) or less than a
lower check value (LCV). If the present resistance value (R)
is either greater than the upper check value (UCV) or less
than the lower check value (LCV), then the microprocessor 93
is instructed to repeat the previous operations using a new
resistance value, when applicable. If the present resistance
value is neither greater than the upper check value nor less
than the lower check value, then the microprocessor 93 is
instructed at instruction 188 to activate the insult alarm
95, if no other intervening steps are present. A

[0092] In another example of this embodiment (Fig. 18),
a false-positive check circuit 190 is used to determine
whether a resistance value is above or below the upper and
lower check values, respectively. As illustrated
schematically in Fig. 18, the analog output signal from the

measuring device 85 ig sent to the false-positive check
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circuit 190. The analog output signal of the check circuit
190 is indicative of whether the present resistance value is
above or below the upper and lower check values,
respectively. In the particular example of Fig. 18, a
conditioning circuit 192 receives the analog output signal of
the check circuit 190 and produces an output signal to the
microprocessor 93 indicative of the resistance value being
above or below the upper and lower check values,
respectively. Alternatively, in another example (not shown),
the analog output signal of the check circuit can be
converted into a digital output signal using an analog-to-
digital converter. In this example, the microprocessor
receives the digital output signal from the converter and
compares the digital values to the upper and lower check
values to determine if there is a false positive.

[0093] As an example, the check circuit 190 may
comprise a window comparator circuit, as illustrated in Fig.
19. The check circuit 190 may comprise other types of
circuits without departing from the scope of this invention.
The input 195 of the check circuit 190 is the analog output
signal from the measuring device 85, and the output 197 of
the circuit is indicative of whether the resistance is above
or below the upper and lower check values, respectively.

[0094] In another embodiment of the present invention,
the microprocessor 93 is instructed to determine when the
pants 20 are saturated. Typically, when the pants 20 are
saturated, by urine for example, a microprocessor may
continue to indicate the presence of an insult (e.g.,
continue to activate the insult alarm) even though the wearer
has not produced another insult. This false-positive is
typical when the test or indicator for the presence of an
insult is comparing the resistance (or other electrical

property) of the pants to a magnitude threshold value, as it
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typical in conventional monitoring systems. The false-
positive occurs because the resistance of saturated pants,
for example, is typically continuously less then the
magnitude threshold value. Thus, according to this
embodiment, the monitoring system of the present invention
informs the caregiver and/or the wearer that the pants are
gaturated and that the pants should be changed and the
monitoring system (or at least the components of the system
within the housing) should be placed on a new pair of dry
pants.

[0095] In one example of the present embodiment, the
analog output signal from the measuring device 85 is
converted into a digital output signal and sent to the
microprocessor 93, as illustrated in Fig. 7 and explained
above. Referring to Fig. 20, the microprocessor 93, at
instruction 200, collects and stores resistance value (R1)
from the digital output signal. Although this illustrated
embodiment uses an all digital approach, it is understood
that other examples may also use in part or in whole an
analog approach, as would be generally understood by those in
the art. At instruction 202 the microprocessor 93 compares
the measured resistance value (R1) (broadly, the magnitude
indicator value) to a magnitude threshold value (MTV) to
determine whether the measured resistance is an indication of
the presence of an insult (broadly, a first test). For
example, the microprocessor 93 may be instructed to determine
whether the resistance is less a magnitude threshold value of
between about 30 KQ and 90 KQ, and more particularly about 55
KQ. It is understood that this first test may be a test
other than a magnitude threshold test without departing from
the scope of this invention.

[0096] If the comparison is not indicative of the

presence of an insult, then the microprocessor 93 is

32



WO 2007/027259 PCT/US2006/021464

instructed to repeat the above steps and continue collecting,
storing and comparing subsequent resistance values until the
comparison of such to the magnitude threshold value is
indicative of the presence of an insult. If the comparison
is indicative of the presence of an insult, then the
microprocessor 93 is instructed at 206 to determine whether
the last insult alarm 95 (if there was one) was previously
triggered within a preset time period. In one example, the
microprocessor compares the amount of time that elapsed
between the new insult and the previous insult and compares
that amount to a time threshold value. For example, the time
threshold value may be between 90 seconds and 300 seconds,
and more particularly about 120 seconds. If the last insult
alarm 95 was previously triggered within the preset time
period, then the microprocessor 93 activates a saturation
alarm at instruction 208. The saturation alarm is similar to
the insult alarm 95 except that it notifies the caregiver
and/or the wearer that the pants 20 are saturated and need to
be changed. For example, the saturation alarm may play a
different musical tune or make a different sound than the
insult alarm which informs the caregiver and/or the wearer
that the pants are saturated.

[0097] If the last insult alarm did not trigger less
than a preset time period, then the microprocessor 93
activates the insult alarm 95 at instruction 210 to notify
the caregiver and/or the wearer of the presence of an insult.
During the activation of the insult alarm 95 the
microprocessor 93 is instructed to cease determining the
presence of an insult (e.g., comparing resistance values to
the magnitude threshold value). The time of the alarm is
stored in the microprocessor's memory at instruction 212, and
the insult alarm 95 ig activated £for a period of time, for

example between 15 seconds and 60 seconds. The period of
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time that the insult alarm 95 is activated may be a preset
time built into the microprocessor 93 and/or the alarm.
Alternatively, the monitoring system 70 may comprise of an
alarm reset button (not shown), whereby the caregiver and/or
the wearer may push the button to deactivate the alarm at
anytime after activation thereof.

[0098] After the period of time of the activation of
the insult alarm 95, the microprocessor 93 is instructed to
delay further analysis for a period of time at instruction
214 before restarting its process of determining the presence
of an insult (e.g, delay comparing resistance values to the
magnitude threshold value). This delay function allows for
the resgistance profile of the pants to stabilize after the
occurrence of an insult. The example shown in Fig. 20A
illustrates the benefit of the delay. As shown in Fig. 20A,
at time Tl (i.e., at about 1.5 seconds) the resistance of the
pants drops to about 30 KQ because of the presence of an
insult. After the initial insult, the resistance slowly
increases over time due to the insult being absorbed and
mixing with the absorbent material of the pants. The insult
alarm 95 is deactivated (either manually by the caregiver or
user or by the wicroprocessor), at time T2 (e.g, at about 20
secondsg) . Without a delay instruction, the microprocessor 93
would begin comparing the resistance values to the threshold
value immediately after deactivation of the alarm (e.g., at
time 20 seconds). Assuming the magnitude threshold value is
55 KQ, this would lead to either a false insult alarm or a
false saturation alarm because the resistance of the pants at
time 20 seconds is 50 KQ. The resistance has not had ample
time to increase to its stabilization point (around 70 KQ in
this example) and is still below the magnitude threshold
value. With the present time delay embodiment of this

invention, however, the determination of a subseguent insult

34



WO 2007/027259 PCT/US2006/021464

by the microprocessor is delayed, for example, for 30 seconds
after the deactivation of the insult alarm, thereby allowing
the resistance of the pants to increase to its stabilization
registance (70 KQ) at time T4 (i.e., 50 seconds). This delay
function decreases the chances of the microprocessor 93
detecting a false insult or false saturation, thereby making
the monitoring system 70 more accurate in detecting insults.
[0099] As an example, the microprocessor 93 may be
instructed to delay for a preset time period between about 5
seconds and 600 seconds, and more particularly between about
10 seconds and about 60 seconds before restarting its
determination the presence of an insult (e.g., comparing the
present measured resistance to the magnitude threshold
value). The time delay may be dependant on the length of the
period of time of the activation of the alarm. For example,
where the insult alarm 95 is deactivated manually by the
caregiver and/or the wearer (such as by a push button) after
1 second, the time delay may be greater than if the alarm is
deactivated after 30 seconds. This aspect of this embodiment
of the invention is intuitive given the purpose of allowing
the resistance of the pants to stabilize, as stated above.
[0100] It is understood that the delay function and the
saturation detection function are not codependent functions
of the monitoring system of the present invention, and an
embodiment of the present invention may have one without the
other without departing from the scope of this invention.
[0101] Referring now to Figs. 21-23, yet another
embodiment of the monitoring system of the present invention
substantially combines aspects of the percent difference
embodiment illustrated in Fig. 9 and aspects of the rate of
change embodiment illustrated in Fig. 11 as a second test
(e.g., comparing a first difference indicator value - DIV 1

and a first rate indicator value - RIV 1, both of which are
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calculated using a third resistance and a second resistance,
to respective threshold values - DTV and RTV) and a third
test (e.g., comparing a second difference indicator value -
DIV 2 and a second rate indicator value - RIV 2, both of
which are calculated using a third resistance and a first
resistance, to respective threshold values - DTV and RTV) as
embodied in instructions 217 and 219, respectively. The
monitoring system 70 further combines the saturation
indicator and delay function embodiments illustrated in Fig.
20, as embodied in instructions 221 and 223, respectively.

[0102] In one example of this embodiment, illustrated
schematically in Fig. 21, the microprocessor 93 is instructed
at instruction 226 to compare a present resistance value (R3)
(i.e., a magnitude indicator wvalue) to a wet/dry threshold
value (W/DTV) to determine if the pants have been previously
insulted and are ready for subsequent sensing, or are still
dry and have not been insulted. Although this illustrated
embodiment uses an all digital approach, it is understood
that other examples may also use in part or in whole an
analog approach, as would be generally understood by those in
the art. As an example, the microprocessor 93 may be
instructed to determine if the resistance value is above, for
example, 200 KQ (wet/dry threshold value), which would
indicate that the pants are dry and not previously insulted.
If the comparison of the resistance value (R3) to the wet/dry
threshold value (W/DTV) indicates that the pants are dry
(e.g., R3 is greater than 200 KQ), then the microprocessor 93
is instructed at instruction 228 to determine if the present
electrical value compared to a magnitude threshold value is
indicative of the presence of an insult (broadly, a first
test). For example, the microprocessor 93 may determine if
the present value of registance is less than a magnitude

threshold of between about 30 KQ and 90 KQ, and more
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particularly about 55 KQ. If the comparison of the present
registance value to the magnitude threshold value is not
indicative of the presence of an insult, then the
microprocessor 93 continues.collecting, storing and comparing
registance values to the magnitude threshold value looking
for a comparison that is indicative of the presence of an
insult. As illustrated by Fig. 21, the microprocessor 93
does not run the wet/dry test again, although doing so would
not depart from the scope of this invention.

[0103] If the comparison of the resistance value (R3)
to the wet/dry threshold value (W/DTV) at instruction 226 is
not indicative of the pants being dry (i.e., it is indicative
of the pants being wet), then the microprocessor 93 is
instructed to skip the first test (embodied in instruction
228) of comparing the present electrical value to the
magnitude threshold value. Typically, after the first insult
(i.e., after the pants have been previously insulted),
comparing the resistance of the pants 20 to a threshold value
(i.e., performing the first test) is not beneficial because
of the inaccuracies of the test after a first insult.
However, this test may be beneficial when the pants are dry,
which is why the test is performed when it is indicated that
the pants are dry.

[0104] If either the comparison of the present
resistance value to the dry/wet threshold value is indicative
of the pants being previously insulted and ready to detect
subsequent voids (e.g., R3 < W/DTV) or the pants are dry
(e.g., R3 > W/DTV) and the comparison of the present value to
the magnitude threshold value is indicative of the presence
of an insult (e.g., R3 < MTV), then the microprocessor runs
the second test at the instruction 217 and possibly the third
test at the instruction 219 to determine the presence of the

insult. The second and third tests, which are explained in
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detail above, involve determining whether the percent
difference and rate of change between the third and second
values are indicative of the presence of an insult (e.g., DIV
1 > DTV and RIV 1 > DTV) and whether the percent change and
rate of change between the third and first values are
indicative of the presence of an insult (e.g., DIV 1 > DTV
and RIV 1 > DTV). If the second test or the third test is
indicative of the presence of an insult, then the
microprocessor 93 is instructed to perform the saturation
indication test at the instruction 221 and time delay
function at the instruction 223 as explained above and
illustrated in Fig. 20 and the present Figure. If neither
the second test nor the third test is indicative of the
presence of an insult, then the microprocessor 93 is
instructed to run the second test and possibly the third test
again with a new present resistance value (e.g., a fourth
value), until a present value passes one of the tests.

[0105] Another example (Fig. 22) of this embodiment is
gimilar to the example illustrated by Fig. 21. This example
includes instructions for calculating a new magnitude
threshold value to compare with the present resistance value
if the microprocessor 93 determines that the pants 20 have
been wetted, and are now detecting subsequent voids.
Although this illustrated embodiment uses an all digital
approach, it is understood that other examples may also use
in part or in whole an analog approach, as would be generally
understood by those in the art. As explained above, after
the pants 20 have been wetted, the resistance of the pants
when the resistance stabilizes is different from when the
pants were dry, and therefore, using the fixed magnitude
threshold value (e.g., 55 KQ) may not be beneficial because
it may falsely trigger the insult alarm 95. For example,

after a first insult, the resistance of the pants may
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gstabilize after the initial decrease to a resistance of 50
KQ. If the microprocessor 93 solely uses a test with a
magnitude threshold value being 55 KQ, then the
microprocessor will trigger the insult alarm even though a
subsequent insult has not occurred. Calculating a new
threshold based on the average resistance value of the pants
after the first insult helps to prevent this occurrence of
detecting false positives.

[0106] Figure 22 illustrates schematically instructions
for the microprocessor 93 for performing the above function
of calculating a new magnitude threshold value. Although
this illustrated embodiment uses an all digital approach, it
ig understood that other examples may also use in part or in
whole an analog approach, as would be generally understood by
those in the art. At instruction 231, the microprocessor
compares the present resistance value (i.e., a third value)
to a wet/dry threshold value (e.g., 200 KQ) to determine if
the pants are wet or dry, as explained above with reference
to the example of Fig. 21. If the comparison indicates that
the pants are dry (e.g., the third value is greater than 200
KQ), then the microprocessor 93 is instructed at instructions
233 and 235, respectively, to set the magnitude threshold
value to the predefined value (e.g., 55 KQ) and compare the
present resistance value to the threshold value to determine
the presence of an insult.

[0107]1 If the comparison indicates that the pants have
been wetted (e.g., the third resistance value is less than
200 KQ), then the microprocessor 93 is instructed at
instruction 237 and 235, respectively, to set an average
magnitude threshold value as the magnitude threshold value
and compare the present resistance value to the magnitude
threshold value. The average resistance value at which the

resistance in the pants has stabilized is calculated by the
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microprocessor 93 at instruction 240 after the activation of
the insult alarm 95 and the delay period. At instruction
237, this average resistance value is multiplied by some
percentage less than 100% to calculate the average magnitude
threshold value. For ekample, the average resistance value
may be multiplied by a percent between 50% and 95%, oxr more
particularly, a percent between 80% and 90%.

[0108] If the comparison of the present resistance
value with the averaged threshold value is,iqdicative of the
presence of an insult, then the subsequent instructions for
the microprocessor are similar to the instructions of the
previous example illustrated in Fig. 21, except that if the
third test (e.g., the comparison of the percent difference
and rate change between the third value and first value) is
not indicative of the presence of an insult, then the
microprocessor is instructed to return to instruction 231 and
compare a new resistance value (e.g., a fourth value) to a
wet/dry threshold value, and compare the new value to an
appropriate threshold (i.e., either the fixed magnitude
threshold or the average magnitude threshold).

[0109] Yet another example, illustrated schematically
in Fig. 23, is similar to the example given in Fig. 22 and
explained abo&e. The present example further includes
instructions for delaying the determination of the average
magnitude threshold value until the resistance of the pants
20 has substantially stabilized after an insult. As
explained above, after the panﬁs 20 have been wetted by an
insult, the resistance of the pants continues to generally
climb over a period of time after the occurreﬁce of the
insult. Thus, it is advantageous to instruct the
microprocessor 93 to wait to until the resistance of the
article has substantially stabilized before instructed the

microprocessor to calculate the average magnitude threshold
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value in order to calculate a more accurate average Of the
resistance.

[0110] In the present embodiment, change in the
electrical property of the article 20 is monitored to
determine if the electrical property has stabilized. For
example, the monitored change may be a rate of change
(determined, for example, in the manner described above), a
percent change, or any other change that is generally
indicative of the stabilization of the electrical property of
the article. In the example illustrated in Fig. 23, after
the activation of the insult alarm and the delay, the
microprocessor 93 is instructed at instruction 242 to compare
the percent change of the resistance of the pants to a lowerxr
preset percent (broadly, a lower preset value) to determine
if the resistance ig greater than the lower preset percent.
The lower preset percent may be, for example, between -0.1%
and -10%, or more particularly, about -5%. The
microprocessor may calculate the percent change of the
resistance in the same manner as it calculated the percent
difference, as illustrated schematically in Fig. 8. That is,
the microprocessor collects and stores a resistance value,
delays, then collects and stores a subsequent resistance
value. The latter value is subtracted from the former value
and the difference is divided by the former value to get a
percent change value. The resistance values collected after
the activation of the insult alarm are used in this
calculation. Other ways of calculating a percent change is
within the scope of this invention.

[0111] If the resistance of the pants 20 is not
increasing at a rate greater than the lower preset percent
(e.g., less than -5%), then the microprocessor 93 is
instructed to delay a preset time period at instruction 244.

For example, the delay period may be between 60 seconds and
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300 seconds, and more particularly about 120 seconds. After
the time delay, the microprocessor 93 is instructed at 245 to
compare a new percent change of the resistance that is
calculated after the time delay of instruction 244 to the
lower preset percent to determine if the resistance is
greater than the lower preset percent. If the resistance is
still not increasing at a rate greater than the lower preset
percent, then the microprocessor 93 is instructed to activate
the gaturation alarm.

[0112] If the resistance of the pants is increasing at
a rate greater than the lower preset percent (e.g., greater
than -5%) either before or after the time delay of
instruction 244, the microprocessor 93 is instructed at
instruction 246 to compare the percent change of the
resistance to an upper preset percent (broadly, an upper
preset value) to determine if the percent change is less than
the upper preset percent. The upper preset percent may be,
for example, between 1% and 10%, and more particularly about
5%. If the percent change is less than the upper preset
percent, then the microprocessor is instructed the
instruction 240 to begin calculating the average resistance
to be used in the average magnitude threshold value. That
is, after the resistance has stabilized as indicated by the
percent change being greater than the lower preset percent
and less than the upper preset percent, the microprocessor 93
is instructed to begin sampling the resistance and using the
sampled resistance for calculating the average resistance
(e.g., average resistance). If the percent change is greater
than the upper preset percent, then the microprocessor 93 is
instructed to continue testing for when the percent change of
the resistance is less than the upper preset percent, thereby
signifying that the resistance has substantially stabilized.

The computed average resistance is stored and used as needed.
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[0113] It is understood that the exemplary values and
range of values, given for the above tests/checks, including
exemplary values given for the difference threshold value
(DTV), the rate threshold value (RTV), the lower check value
(LCV), the upper check value (UCV), the magnitude threshold
value (MTV), the time threshold value for the saturation
indicator embodiment, the time delay period, the wet/dry
threshold value (W/DTV), and the upper and lower preset
percents, are merely examples, and the values and time
periods actually employed in the invention may change,
depending on such variables as material characteristics of
the pants (especially, at the monitoring area), the type of
sensor used, the type of conductors used, location of the
conductors within the pants, user preference, and any other
variables affecting the indicator values and time periods
used in the various tests.

[0114] When introducing elements of the present
invention or the embodiments thereof, the articles "a", "an",
"the" and "said" are intended to mean that there are one or
more of the elements. The terms "comprising", "including®
and "having" are intended to be inclusive and mean that there
may be additional elements other than the listed elements.

[0115] In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained.

[0116] As various changes could be made in the above
constructions, products, and methods without departing from
the scope of the invention, it is intended that all matter
contained in the above description and shown in the
accompanying drawings shall be interpreted as illustrative

and not in a limiting sense.
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WHAT IS CLAIMED IS:

1. A method of detecting the presence of an insult

within an absorbent article, said method comprising:

monitoring an electrical property of the article as the
article is being worn by a wearer, wherein the electrical

property changes in response to an insult;

comparing the electrical property to a wet/dry threshold
value to determine a wet characteristic of the article
indicating that the article has been previously insulted or a
dry characteristic of the article indicating that the article

is dry and has yet to be insulted;

if the comparing indicates a dry characteristic of the
article, then applying a first test to determine whether an
insult has occurred and, i1f the first test indicates an
insult, then applying a second test to the electrical

property to determine whether an insult has occurred;

if the comparing determines a wet characteristic of the
article, then applying the second test to the electrical
property to determine whether a subsequent insult has

occurred.

2. The method as set forth in claim 1 wherein said
first test comprises comparing the electrical property to a
magnitude threshold value, and wherein said second test
comprises at least one of 1) determining a difference in the
electrical property over a period of time and comparing said
determined difference to a difference threshold value to

determine the presence of an insult in the article, and 2)
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determining a rate of change in the electrical property over
a period of time and comparing said determined rate of change
to a rate threshold value to determine the presence of an

insult in the article.

3. The method as set forth in claim 2 further
comprising if the second test is not indicative of an insult,
then applying a third test to determine whether an insult is
present, said third test comprising at least one of 1)
determining a second difference in the electrical property
over a second period of time and comparing said determined
difference to a difference threshold value to determine the
presence of an insult in the article, and 2) determining a
second rate of change in the electrical property over a
second period of time and comparing said determined rate of
change to a rate threshold value to determine the presence of

an insult in the article.

4. The method as set forth in claim 1 wherein said
electrical property is resistance and said wet/dry threshold

value is greater than about 200 K Ohms.

5. A method of detecting the presence of an insult

within an absorbent article, said method comprising:
monitoring an electrical property of the article as the
article is being worn by a wearer wherein the electrical

property changes in response to an insult;

comparing the electrical property to a first threshold

value;
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getting a second threshold value as a function of the

comparison;

comparing the electrical property to a second threshold

value to determine whether an insult has occurred.

6. The method as set forth in claim 5 wherein the
second threshold is based on an average of available previous
values or the second threshold is based on a preset value if

no previous values are available.

7. The method as set forth in claim & wherein the first
threshold value is a wet/dry indicator value, and wherein
when the comparison of the electrical property of the article
to the wet/dry indicator value is indicative of a dry
characteristic of the article, then the second threshold is
based on the preset value, and wherein when the comparison of
the electrical property of the article to the wet/dry
indicator wvalue is indicative of a wet characteristic of the
article, the second threshold value is based on said average

of previous values.

8. The method as sgset forth in claim 7 wherein the
electrical property is resistance and the wet/dry threshold
value is greater than about 200 K Ohms, and the preset wvalue

is between 30 K Ohms and 90 K Ohms.

9. The method as set forth in claim 7 wherein the
threshold hold value when there is a wet characteristic of
the article ig a percentage of the average of the previous
values of the electrical property of the article, said

percentage being between about 70% and about 90%.
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10. A method of detecting the presence of an insult

within an absorbent article, said method comprising:

monitoring an electrical property of the article as the
article is being worn by a wearer wherein the electrical

property changes in response to an insult;

comparing the electrical property to a wet/dry threshold

value;

applying a first test comparing the electrical property
to a first wetness threshold, said first wetness threshold
being a function of the comparison of the electrical property

to the wet/dry threshold value.

11. The method as set forth in claim 10 further

comprising:

applying a second test comparing the electrical property
to a second wetness threshold, said second wetness test being
a function of the comparison of the electrical property to

the wet/dry threshold.

12. A method of detecting and communicating to a
caregiver and/or a wearer the presence of an insult within an

absorbent article, said method comprising:

monitoring an electrical property of the article as the
article is being worn by the wearer, wherein the electrical

property changes in response to an insult;

determining the presence of an insult within the article

using the electrical property of the article;
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activating an insult alarm to notify the caregiver

and/or the wearer of the presence of the insult;

monitoring a change in the electrical property of the
article to determine if the electrical property of the

article has substantially stabilized; and

returning to said monitoring of the electrical property
when the monitored change in the electrical property
corresponds the electrical property of the article being

substantially stable.

13. The method as set forth in claim 12 further

comprising:

activating a saturation alarm if the monitored change in

the electrical property corresponds to a saturated article.

14. The method as set forth in claim 12 wherein

monitoring the change further comprises:

determining whether the change in the electrical
property is between an upper preset value and a lower preset
value, indicating that the electrical property of the pants

has substantially stabilized.
15. The method as set forth in claim 13 wherein
determining whether the change in the electrical is between

an upper preset value and a lower preset value comprises:

comparing the change to a lower preset value;
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if the percent change is less than the lower preset

value, then activating a saturation alarm;

if the change is greater than the lower preset value,

then comparing the change to an upper preset value;

if the change is less than said upper preset value, then

returning to said monitoring of the electrical property;

if the change is greater than said upper preset value,
then continuing to compare subsequent changes to the upper
preset value until a change is less than said upper preset

value.

16. The method as set forth in claim 15 wherein

monitoring the change further comprises:

if the change is less than the lower preset value, then
delaying for a preset period and comparing a new change to

the lower preset value, and either

activating a saturation alarm if the delayed comparison

is less than the lower preset value, or

comparing the change to the upper preset value if the

delayed comparison is greater than the lower preset value.
17. The method as set forth in claim 15 wherein the

monitored change is one of a percent change and a rate of

change of the electrical property of the article.
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