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aged and the patient both mentally and physically. This paper presents a de-
sign and implementation of a real time wireless monitor system for urinary

Shanghai. We collect real time moisture information by using non-contact
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Published: May 26, 2017 nence, the sensor will send alert to mobile device via Bluetooth. If got the

humidity sensor designed and manufactured by us. When urinary inconti-

alert, the mobile device will send the alert to relatives of the aged or disabled
people and cloud computing platform, through which we can make this in-
formation managed and displayed and the paramedic can be informed about
the alarm. This paper gives a brief introduction to the framework of this sys-
tem, the design of the non-contact sensor, the transmission of wireless data
and the results of tests.
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1. Introduction

China has entered an aging society, the number of aging population increases
rapidly, which will increase 5960 thousand each year from 2001 to 2020 [1]. Ac-
cording to the survey in hospitals and nursing homes about the demand of a
monitoring system for the aged or disabled people, we find the importance of

monitoring urinary incontinence. In the traditional way, the paramedics need to
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do a manual comprehensive exam for each few hours to check whether the dia-
per is wet or not. Wet diapers not changed for a long time will result in pressure
sore, urinary tract infection, flamed skin and peculiar smell of the body. What's
even worse is that it will bring negative feelings to the aged or disabled people.
The artificial checking method also brings greater pressure to paramedics, espe-
cially in China, where is in a great lack of sufficiently qualified paramedics. Un-
der this current circumstance, the real time monitoring of urinary incontinence
will greatly decrease the response time for changing diapers after urinary incon-
tinence so the aged or disabled people can get rapid attendance and the para-
medics will release from the heavy and duplicate work.

Existing devices and products have already achieved non-contact urinary in-
continence monitoring, based on capacitance sensor and transmission of mois-
ture information through the wireless network [2]. Some other products, based
on built-in moisture sensor and RF transmitter, triggered and send alarm by
monitoring the change of humidity [3] [4]. And some can monitor the sensor of
Urinary incontinence and send the alarm to wireless gateway, then send to the
host PC [5]. But they have some limits in some aspect; some of them cannot re-
alize non-contact sensing, long-distance transmission or have problem in send-
ing and processing the urinary incontinence alarm information.

This paper introduces a real time wireless monitor system designed by us for
urinary incontinence of aged or disabled people in order to improve the quality
of attendance and reduce the pressure of paramedics. The main challenges we
face are non-contact humidity measuring, reliable transmission and handling of
urinary incontinence alerts. Based on non-contact resistance humidity sensor
which also supports shedding detection, we do many tests and collect these data
in order to determine the best threshold of urine moisture alarm. In the way of
transmission of urine moisture alarm, we designed a bidirectional protocol for
Bluetooth communication between sensor and mobile device and the wireless
communication between mobile device and cloud computing platform to ensure
the reliable and timely transmission of alert information. The cloud computing
platform will store and process urinary incontinence information and make
paramedics informed of the alert by sending messages and displaying alert on
the website. All the data stored in the cloud will provide a basis for big data
analysis.

The rest of the paper is organized as follows: Section 2 is an overall introduc-
tion of the system and the method of the system design. Section 3 is the intro-
duction of each module of the system: communication process, the design of the
humidity sensor, software design and hardware design of the acquisition and
transmission device, the design of the app on mobile device, design of cloud
computing platform and communication protocol between them. Section 4 is
the material object of the system and the testing result. Section 5 is the abstract
of the design and some potential improvement in the practical application.

2. System Overview

Figure 1 shows an overview of the system, which includes humidity sensor, ac-
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Figure 1. Overview of the monitor system.

quisition and transmission device, mobile device and cloud computing platform.

2.1. Humidity Sensor and Embedded Device

We designed and manufactured the humidity sensor, which will be put under a
diaper, based on measuring the change in resistance value. The humidity sensor
is non-contact and thin, so it won’t bring any foreign body sensation to the aged
or disabled people. As a result, they will not feel uncomfortable and the sensor
will not do harm to the skin.

Acquisition and transmission embedded device must be reliable and
low-power, at the same time, have some useful function like torch and manual
alarm. Due to the requirement of long time continuous monitoring and compli-
cated Bluetooth communication, real time operating system is necessary for
embedded system. The acquisition and transmission device is connected with
the sensor in the wired way so that we can replace the sensor easily, as a result of

which we can realize long time monitoring of the aged or disabled people.

2.2. Mobile Device

Mobile devices of the system are developed based on Android equipment. These
devices are equipped with Bluetooth hardware so that they can communicate
with the embedded device. Software on the mobile device has two parts: the
software for the aged or disabled people and the software for the paramedic. The
software for the aged or disabled people is used to communicate with the em-
bedded device, system configuration of the device and acquisition of alert in-
formation and system information from the device. Also, the software needs to
communicate with cloud server, register and manage devices, uploading alert
information and sending alert message to relatives in order to realize the multi-
ple reliable release of the alert. The software for the paramedic needs to commu-
nicate with cloud computing platform, getting the information of the aged or
disabled people needing attendance, and handling the alert in time. The record
of attendance will be stored on the cloud computing platform to analyse the

quality of attendance.
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2.3. Cloud Computing Platform

The cloud computing platform in the system is responsible for communicating
with the mobile device, and its main features are shown in Figure 2.

We establish a personal health information service. The aged or disabled peo-
ple submit the form on their mobile device to upload information to the plat-
form. Then, the operations like user registration, binding equipment and associ-
ating with the relatives and paramedics are completed. The information can be
viewed, edited or deleted on the website.

The platform receives alarm information from mobile device, and use data-
base to store massive amounts of healthcare data. Data are displayed through the
web page.

Provided with a remote service platform, paramedics and relatives use mobile
devices to access the web interfaces, and get alarm information and the corre-
sponding alarm status. Paramedics can make timely care, and relatives may use

these results as criteria for assessing the quality of care service.

3. Architecture Design

3.1. Non-Contact Sensors

Figure 3 shows the schematic of the non-contact sensor, which consists of two
parallel copper wires positioned at the bottom of the diaper. Resulting from low
cost, the sensor is disposable that it can be discarded with the used diaper to en-
sure the hygiene security of the aged or disabled people. The value of sensor re-
sistance fell sharply after the urinary incontinence attributing to the big differ-
ence between the electric conductivity of dry and wet diapers. Therefore, reliable

detection of urinary incontinence is implemented.

Personal information from the
> aged or disabled people’s
mobile device

Pass forms Authentication

YES

Alarm information from
the aged or disabled
people’s mobile device

Registration, binding equipment

and associating with the relatives
and paramedics

v

information store in the database Display through
the web page

Interfaces get data
from database

l

Relatives and paramedics get the alarm
information and the corresponding alarm status.

Figure 2. Logic diagram of cloud platform.
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Figure 3. Schematic of the non-contact sensor.

3.2. Acquisition and Transmission Device

The device placed at the bedside of aged or disabled people connects to a sensor
with a wire, so that there is no special limitation on the volume. While urinary
incontinence monitoring and alarm information transmission functions are im-
plemented, an alarm button is added to respond to emergency situations. In ad-
dition, a bright LED lamp module is used for night lighting to improve equip-
ment availability. Figure 4 shows the hardware and software block diagrams of

the device.

3.3. Mobile Device Software

APP development for mobile devices of the system is based on Android equip-
ment, designed in JAVA language, using the MVC framework, requiring an-
droid version of at least 4.2.2.

As to the client software for aged or disabled people, it is responsible for pa-
tient information management, real-time monitoring diapers wetness state and
hardware state. The APP can communicate with hardware devices, back-end
server, paramedics’ and their relatives’ phones. Communicating with hardware
devices via Bluetooth 2.0, humidity, battery level and other information from
hardware can be obtained in real time. After the hardware de-vice sends a wet
alarm, APP will push requests to the server, and the corresponding alarm infor-
mation will be sent to all paramedics APP, as well as a text message to relatives.
At the same time, the alarm information will be stored in log form in the
back-end server.

As to the client software for paramedic, it is responsible for tasking para-
medic, informing them patients’ information, monitoring and recording their
nursing situation. After aged or disabled people client APP pushes wet alarm in-
formation to paramedic client software through push server, each paramedic can
choose to click the alarm message, which is considered as answering to nursing
aged or disabled people. Only one paramedic can get the permit, and after an

alarm message is answered, it is shown inoperable in other paramedic client
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Figure 4. Hardware and software block diagrams.

APP. The alarm message needs to be clicked again when the nursing is finished.
All the operations of paramedic will be up-loaded to the back-end server so that

the corresponding nursing state can be monitored in real time.

3.4. Cloud Computing Platform

In our system, using a web server and a push server to complete the required
functions will get a result. The framework diagram of the web and push server is
shown in Figure 5.

The web server is responsible for maintaining all user information, alarm
state, and history of alarm handling results. Also, it will display the data to the
medical staff through web page. The development environment of the web
server is based on WAMP (Apache + Mysql/MariaDB + Perl/PHP/Python under
Windows), and the server uses MVC framework, which separates the input,
processing procedure and output, so that it eases the management and develop-
ment procedure. Web server communicates with mobile device via http proto-
col. The format of information transfer between the mobile device and the server
is a JSON string.

Push Server is based on the JPush development platform. The server is small
in size, simple in function, and designed in the JAVA language. The data sent by

push server are alarm information, and the format is JSON string.

3.5. Wireless Communication Protocol

Communication network of the entire system is consisted of the alert monitor-
ing layer and the alert management layer, completing the transmission of alarm
information with the help of these two layers. Particularly, two-way communica-
tion protocol was designed in two layers respectively, in order to ensure the re-
liability of transmitting alarm information.

Alarm monitoring layer applied to communications between the mobile de-
vice and the acquisition and transmission device. In order to achieve functions
like device authentication, device configuration and alarm transmission, the data
transmission protocols are rigorous and practically designed. First of all, valida-

tion is required when the first connection occurs. As the Figure 6 shows, the
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Figure 5. Framework diagram of web and push server.

Device Phone

GetID'r'n

$ID'r'n

OK'r'n

T T
| |
1 |
! !
Figure 6. Validation process in alarm monitoring layer.

mobile device sends a command to get the acquisition and trans-mission de-
vice’s ID, and return confirmation message after it obtains the ID. Secondly,

when the connection is established, the mobile device sends the time configura-
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tion command to the acquisition and transmission device, and transmits time
after receiving the confirmation message. When the acquisition and transmis-
sion device receives the time sent by a mobile device, it will return the confirma-
tion message again, which is illustrated in Figure 7. Thirdly, as shown in Figure
8, when the device detects the change of humidity, alarm information and the
time of occurrence will be sent to the mobile device. After receiving the confir-
mation message from the mobile device, it will send battery level information to
the mobile device, and the mobile device will still return message as confirma-
tion. In addition, since the mobile device is based on an embedded operating
system, its processing capacity is limited by the microprocessor computing per-
formance. So, there will appear packet loss during the communication process.
Based on this challenge, the Bluetooth communication processes of our device
were designed robustly, so that the alarm information can be sent out steadily
and rapidly.

Alarm managing layer is applied to communications between the mobile de-

Device Phone

|
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TH S

SetSysTime'r'n

OK'\r'n

$Time'r'n

-+
-+

SysTimeOK'r'n

| |
| |
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Figure 7. Time configuration in alarm monitoring layer.
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Figure 8. Alert process in alarm monitoring layer.
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vice and the cloud computing platform, processing user registration and alarm
information uploading. The server will feedback confirmation of success or fail-
ure to the mobile phone after receiving registration data or alarm messages from
the phone, as is shown in Figure 9 and Figure 10.

4. Implementation and Result

The whole system, from sensor to cloud platform, is accomplished. Figure 11
shows an overview of the system. And the detection of the sensor and the trans-

mission delay of alarm are tested to ensure reliability of the system.

4.1. The Detection of Sensor

Quantitative saline is dripped to four specific regions in diaper to simulate the
actual situation of urinary incontinence. The alarm threshold of the sensor is set
to 10M ohm and the sensor connects to the acquisition and transmission device
during the test. The embedded software specialized in test is developed so the
information about resistance and alarm can be received and stored in a mobile

device. Figure 12 shows the regions of the diaper in the test and Table 1 shows

Phone Server

1

.

{"patientName":"Tom",
"ID":"123123"}...

{ "patient™:0}

or {"patient":1}...

T T

Figure 9. Registration process in alarm managing layer.

Phone Server

$"1D":"123123" "type™:1,

"recordTime":"2016-6-15
21:05:26"} ..
{"alert":0}

or {"alert":1}...

1 1

Figure 10. Alert process in alarm managing layer.
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1. Non-Contact
Sensor

2.Acquisition and
Transmission Device

3.APP for Aged or
Disabled People

4.APP for
Paramedic

5.Cloud Computing
Platform

Figure 11. Overview of the monitor system.

Figure 12. Regions of the diaper in test.

Table 1. Result of sensor test.

Region Saline (ml) Res (ohm) Alarm
1 50 10 M+ N
1 100 5M Y
2 50 10 M+ N
2 100 23M Y
3 50 55M Y
3 100 0.8 M Y
4 50 27M Y
4 100 0.38 M Y
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the result of the test. Figure 13 shows the resistance change of the sensor during
the experiment. When the diaper is dry, the value of resistance is rather large-on
the order of 9. After the drop of saline, the value rapid decline to the order of 5
and finally be stabilized at 0.38 M ohm.

The results show in Table 1, 2 of 8 don’t trigger the alarm, during which the
saline can’t infiltrate to the area where lay the copper wire. In the other experi-
ment the saline reach and wet the sensor so the value goes down rapidly under 6
M, which is less than the threshold value set as 10 M ohm.

4.2. Transmission Delay of Alarm

The transmission delay of alarm is tested by sending the manual alarm to mobile
device. Sending message and uploading alarm to cloud platform via android op-
erating system is reliable, and the delay is decided by network status. Five testers
are invited and complete 282 sending alarm tests. All the manual alarms are re-
ceived by two apps, relatives and cloud platform. The time delay is recorded and
shown in Figure 14. Most of the time delay is less than 30 seconds, while the

longest time delay reaches to almost 100 seconds.

5. Conclusion

We have presented a real time wireless monitor system for urinary incontinence,
which is applied in two nursing homes in Beijing and Shanghai as probation.

The system is designed, reliable and rapid response to emergency situations. The
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Figure 13. Regions of the diaper in test.

70

60 B
50 B
40+ B
30 R
20 R
‘1 |
o— --—-. — — e — |

0 10 20 30 0 70 80 90 100

40 50 6
Time Delay(s)

Figure 14. Distribute of time delay.
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system can detect urinary incontinence accurately and transfer the alarm infor-

mation reliably owing to the self-design sensor and bidirectional transmission

protocol. The application of cloud platform makes the system can record all the

alarm information and handle emergency rapidly. There still exist some limita-

tions such as the time delay is too long in sometimes and the mobile device apps

are just supported by an android.
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