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Abstract—Elderly patients, especially those with dementia may
suffer incontinence and related problems due to decline in
physical and mental abilities. This paper presents the design,
development and deployment of a smart wireless continence
management system in a nursing home which addresses the
pressing need for reliable continence assessment to alleviate the
inconveniences faced by the elderly and caregivers. Preliminary
results are promising for long-term incontinence care.
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I. INTRODUCTION

Urinary incontinence [1], defined as “the complaint of any
involuntary leakage of urine that is socially undesirable”, is
highly prevalent among elderly especially those with dementia.
It is a distressing and costly health problem that affects not
only the elderly but also the caregivers. A study [2] done in
Singapore shows that about 9.2% of elderly people above 65 
years old across the nation required incontinence aids, and
more than 50% of those residing in nursing homes or
institutions suffer from various incontinence related problems.

Currently, the common practice for continence
management is very labor intensive and involves the caregivers
having to conduct periodic checks leading to unnecessary visits
and delayed response. If there is a delay in responding to the
need for diaper change following an episode of urinary
incontinence, it will lead to a situation where the patient lies in
soiled diapers for a long period that may cause from
discomfort, anxiety, distress to possible skin breakdown and
bedsores. Hence there is an urgent need to find alternative
solutions to the problem of incontinence.

In this paper, we present the design, development,
deployment and evaluation of a smart wireless continence
management system for elderly with dementia in a local
nursing home. The system supports automated timely detection
of an incontinence episode and a gradual shift from the existing
manual procedure to an automated care management that will
enhance the quality of care.

II. SYSTEM DESIGN AND DEVELOPMENT

Prior to designing the system, surveys were conducted on
existing products and research prototypes related to 
incontinence care. Majority of the existing commercial
products [3, 4] are targeted at children for self toilet training
and operate in standalone unit only. Though there are some
active research projects [5, 6] on enuresis sensors for wetness
detection, there is limited work done for dementia elderly with
incontinence problems, either to alleviate patients’ or
caregivers’ problems, or to mitigate the problem through
controlled voiding in term of a holistic continence management
system.

In order to understand the real needs for managing
incontinence, we have hold numerous discussions with doctors,
caregivers, nursing staffs and patients at hospital or nursing
homes, taking into consideration the requirements for
providing quality incontinence care. A questionnaire survey
was also conducted with caregivers from two nursing homes to
investigate theirs views on the needs to perform diaper change
within a timely automated manner. From healthcare
viewpoints, we found that the sensor type, sensor size, cost,
reusability and safety issues are important factors to be
considered, and from technology viewpoint, we have to
consider factors such as robustness, extensibility, coverage area
and personalized intervention.

We design a smart wireless continence management system
based on the pervasive mote wireless platform [7] whereby
alerts such as call bell or SMS could be automatically triggered
once a diaper is wet using wetness sensors, prompting the need
for a diaper change. It supports the deployment of potentially
large quantities of wetness sensors with wider coverage and
with dramatically less complexity and cost, and once turned on,
it can be self-organizing. It also consists of intelligent relay
mechanism so that the residents are free to move about in the
nursing home, and allows personalized continence
management service. Figure 1 shows an overview of the smart
wireless continence management system. It consists of the
sensor nodes, relay nodes, gateway node, actuator nodes, SMS
gateway, CmsController server, etc. The sensor node,
composed of a wetness sensor and transmitter, will detect and
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report the wetness event. The relay and actuator nodes are co-
located, and will relay message and notify the caregivers
through a buzzer and a set of LEDs once urine is detected
respectively. The gateway node is connected to the
CmsController server through an Ethernet programming board.
The server consists of intelligence which acts as a bridge
between the sensor network and user applications.

Figure 1. Smart Wireless Continence Management System

The operation of the system is kept simple with minimum 
users'  intervention. First, the caregivers need to place the
sensing node inside the patient’s diaper. The system will
automatically notify the caregivers through appropriate alerts
such as buzzers, LEDs, SMS and 3D user interfaces once a
wetness event is detected. The caregiver clicks the “Replace
Diaper” user interface on the server and re-starts the whole
process for another monitoring. The system was tested in the
laboratory by simulating real world scenarios. We can achieve
a detection rate of up to 100% with no false alarm.

III. NURSING HOME TRIALS & RESULTS

We decide to conduct a trial in a nursing home after 
conducting many experiments in the laboratory. As a start, we
perform the trial with a suitable single elderly with high
continence aid requirements. We hope to continue to tune the
system for robustness before we conduct a bigger trial with
more elderly. The sensor-signal receiver node was deployed in
the vicinity of the patient such as on the bedside or the
wheelchair. Two relay/actuator nodes were placed outside the
patients’ room and near the common dining area respectively.
The gateway node was placed outside the nursing station, and
the PC with 3D user interface was installed in the nursing
station for the caregivers to monitor incontinence status and
interact with the system when an incontinence episode occurs.
Figure 2 shows the actual deployment in the nursing home.

Figure 2. System Deployments in Nursing Home

Preliminary results after a few weeks trial are very
encouraging as the system works fine in term of robustness and
stability, and the wetness event can be detected. There is no
single false alarm throughout the trial though the detection rate
is not as good as what we expected compared to the mock up 
we have done before the deployment in which it can reach up
to 100% detection rate. We found that the problems are due to 
the location of the wetness sensor that is being put in the diaper
unit and human factors such as improper user handling of the
sensor and system. We are still trying to fine tune the operation
process and find the optimal position in the diaper to put the
wetness sensor to improve the detection rate. We believe that
with more trials, the optimal position will be found and
usability of the system will be improved that will lead to a high
success rate of detection. In the next step, we will test the
system on multiple patients concurrently and provide more
features such as continence planning that will lead to further
improvement in quality of care for the patients

IV. CONCLUSION

Incontinence and its related problems are pressing problems
in eldercare and must be resolved efficiently in order to
enhance the quality of life of elderly and care-givers. A smart
wireless continence management system based on the mote
platform is designed to address the needs based on the
requirements of the stakeholders. Preliminary results from a
trial of the continence management system in a nursing home
for dementia patients with continence problems are very
encouraging. The next step is to improve the functionality and
usability of the system and the current incontinence
management practices for better quality of care.
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