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Abstract Recently, with changing paradigms in health, the

focus of healthcare is shifting from treatment after contracting

disease to prevention and early diagnosis of disease.

Accordingly, the healthcare paradigm is changing from

diagnosis and treatment to preventive management, empha-

sizing prevention of chronic diseases, such as obesity. In

particular, obesity in children and adolescents has become a

global issue. Lifestyle and health management using BT–IT

convergence is needed to improve and manage the health of

children and adolescents, and convenience and accessibility

must be improved. For that, use of a machine-to-machine

(M2M) u-health cluster that allows wireless network con-

nection is increasing, along with wireless networks for mea-

suring biometrics. Expanded to communications between

people and objects as well as between objects, M2M refers to

the next-generation convergence infra-architecture that offers

intelligent services through various media. Because various

wireless devices form a cluster when building a service plat-

form using M2M, when the number of users with various

M2M devices increases, data traffic increases and causes

network overload, deteriorating system performance. To

solve this problem, services are increasingly being built by

combining a conventional network and Wi-Fi technology.

However, in an M2M network, there is a limitation due to low

transfer speed, because the network processes biometrics and

data through different sensor nodes, and wireless communi-

cations based on the system is composed of different wireless

sensor nodes. Thus, in this paper, we proposed a knowledge-

based health service considering user convenience using a

hybrid wireless fidelity (Wi-Fi) peer-to-peer (P2P) architec-

ture. For knowledge-based health services in conventional

M2M-based smart health services, hybrid Wi-Fi P2P and

wireless devices must be linked. Because there are different

ways to link hybrid Wi-Fi P2P devices, depending on the

network environment, in this study, a dynamic configuration

mechanism is applied to Wi-Fi P2P linkage of wireless

devices in an M2M environment. The proposed service pro-

vides a high-quality health service (whenever patients use the

knowledge-based health service) by building a network using

a dispersed cross-layer optimization algorithm that optimizes

variables of the transmission control protocol/internet proto-

col stack in order to improve the energy efficiency of the

u-health sensor network and system reliability.

Keywords u-Healthcare � Knowledge-based health �
M2M � Hybrid Wi-Fi � P2P � Human UX/UI � Healthcare �
Chronic disease

1 Introduction

Recent demographic changes have shifted the healthcare

paradigm to home healthcare, which has resulted in an

increase in u-health combined with e-health. u-Health uses
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convergence information technologies to provide preven-

tion of illness, or diagnosis, treatment, and post-manage-

ment of illness. As an expanded service, in comparison to

conventional remote healthcare, u-health encompasses all

healthcare services provided, based on a wired/wireless

communications infra-architecture and its devices. A

u-health system enables remote health management of

chronic-disease patients, and health maintenance and health

improvement for the general public. Medical services,

which used to be limited to individual sessions and treat-

ments, are now available in all areas of life without limi-

tations on time and space, because of this new medical

paradigm based on IT, BT, and NT technologies [1–4].

With changes in health paradigms, healthcare is also

directed toward prevention and early diagnosis of disease,

rather than treatment after diagnosis, which has led to an

emphasis on prevention of chronic diseases. In particular,

obesity in children and adolescents is becoming a national

and global issue [5–7]. Lifestyle and health management

using BT–IT convergence is needed to improve and manage

the health of children and adolescents, and convenience and

accessibility must be improved. For that reason, a u-health

system for obese patients is being introduced in Korea and

elsewhere, with its clinical efficacy being published. The

goal of treating these kinds of chronic diseases is not

complete recovery but in preventing secondary disease

based on continuous administration and activity recom-

mendations. For effective management, the clinic and

patients must cooperate, and this explains active research

and development of the clinical decision support system

(CDSS) and the health decision support system (HDSS).

A CDSS provides an evolved medical service that takes into

account various elements by accumulating bases needed for

diagnosis [7, 8]. Also, many studies are being conducted to

develop an open platform that connects the HDSS and

various mobile devices in order to provide accurate health

information. In a wireless body area network, a health

service includes mobile health management, online medical

information, disease monitoring, and telemedicine [9, 10].

A wireless body area network does not have a wide service

area, because it is a low-power, small-area network. How-

ever, for seamless health service, updates must be available

anywhere and anytime. In particular, ZigBee and Bluetooth

are widely used for medical-purpose networks and are

practically optimized for healthcare, given the current status

of the medical environment [11–14]. Wireless communi-

cations currently used for health sensor networks means

adaptation layer design with a small frame size compatible

with the traditional transmission control protocol/internet

protocol (TCP/IP) stack for energy efficiency. Through

standardization as a u-health application transport layer that

is highly compatible with the existing IP, this can be applied

to different types of network environment after developing

a sensor application based on traditional TCP/IP protocols

and applications. However, the conventional adaptation

layer requires a gateway that will interlink a wireless sensor

network with the internet for seamless integration of the

TCP/IP stack, which causes some difficulty when building a

u-health sensor network [15, 16, 28]. To solve this problem,

in IEEE 802.15.4, to build a local sensor network, the

existing network and wireless fidelity (Wi-Fi) technology is

combined to build the service. Building a health network

through Wi-Fi, in comparison to IEEE 802.15.4 and Blue-

tooth, enables compatibility with the conventional TCP/IP

protocol stack and, thereby, sensor integration with the

conventional IP network and old IP devices [17, 18].

In this paper, a knowledge-based health service con-

sidering user convenience using a hybrid Wi-Fi P2P

architecture is proposed to enable users to enjoy efficient

and economic healthcare through correct measurement of

various bio-signals, considering mobility and user con-

venience of machine-to-machine (M2M)-based smart

services. A knowledge-based health service requires

interoperation of hybrid Wi-Fi peer-to-peer (P2P) and

wireless devices under the conventional M2M-based

smart service. Because the method of building a hybrid

Wi-Fi inter-operational network differs, depending on the

network environment, in this study, a four-step dynamic

configuration mechanism for various network environ-

ments is applied for interoperation of hybrid Wi-Fi with

wireless devices in an M2M environment. The proposed

service provides a high-quality health service (whenever a

patient uses the knowledge-based health service) by

building a network using a dispersed cross-layer opti-

mization algorithm that optimizes the variables of the

TCP/IP stack in order to improve energy efficiency of the

u-health sensor network and system reliability. This

means the TCP/IP protocol stack is composed dynami-

cally rather than statically by the distributed background

algorithm for a smart health service network based on

Wi-Fi controlling the TCP/IP stack, for communications

between different types of system. By doing so, it can be

smoothly integrated with a ubiquitous Wi-Fi backbone

while improving energy efficiency and enabling reliable

communications. This allows users, medical staff, and

family to monitor, diagnose and even prevent disease

anywhere and anytime.

The composition of this study is as follows. Section 2

describes research related to the knowledge-based medical

service and mobile healthcare using a hybrid Wi-Fi P2P

architecture. Section 3 describes the hybrid Wi-Fi P2P

network-based health service. Section 4 describes the

knowledge-based health service considering user conve-

nience and activity. Conclusions are given in Sect. 5.

68 Inf Technol Manag (2016) 17:67–80

123



2 Related research

2.1 Knowledge-based medical service

One of the most well-known knowledge-based medical

services, the clinical decision support system (CDSS),

accumulates grounds for diagnosis in real time and pro-

vides an advanced medical service that takes into account

various elements. In other words, based on data provided

by and accumulated from different patients, it makes a

probabilistic judgment and gives advice. Figure 1 shows

the clinical decision support system architecture. The

CDSS is a system to help a specialist diagnose disease or

decide on treatment, and applies accumulated patient

information at the time of treatment and improves the

quality of the healthcare service. Applicable areas for a

CDSS include cautions, interpretations, assistance, criti-

cisms, diagnosis, and management, while core elements

required for implementing a CDSS include patient data, a

decision-making model or engine, a knowledge base, and

user–computer interaction [34, 35, 39, 40]. Although a

CDSS cannot replace diagnosis by a specialist, it can

improve self-management by automatically providing a

message according to rules.

Medical guidelines are needed in order to provide a

decision support system for chronic disease patients

through a CDSS, as well as the providence of intelligent

services and clinical decisions by the medical staff. Fig-

ure 2 shows the service process of the clinical rule editor

used for a CDSS. The clinical rule editor is a program used

for creating and editing the knowledge base of the infer-

ence engine used for clinical decision making and health-

care service personalization. An artificial intelligence

method that is mainly used for the CDSS to apply clinical

knowledge to actual diagnosis is a rule-based inference. To

provide customized recommendations, there should be

clear guidelines about the particular state of a patient

within the knowledge base for decision making [7, 34].

The condition editor within the system is a program used

for creating and editing an inference engine used for clin-

ical decision making and healthcare service personaliza-

tion. Here, by using an HDSS rule-based algorithm,

conditions for each chronic disease are defined and, based

on data from the Korea National Health and Nutrition

Examination Survey, pure hypertension patients, pure

diabetes patients, and pure hyperlipidemia patients were

selected and used as data. Examinations that can be used to

obtain and attribute data according to chronic disease

include blood pressure, heart rate, blood analysis, urine

tests, body fat tests, amounts of exercise, smoking, and

body mass index. The providence of health and disease

data is decided after classifying the data based on the

existence of examination results or health type, and mes-

sages are provided according to the category [35, 36, 39].

2.2 Mobile healthcare using hybrid Wi-Fi P2P

Exchange of medical data through an internet-based medical

infra-architecture and digitalization of medical data is one of

the changes that has spread most quickly in the healthcare

market. And mobile health is a product of technological

advances and constant efforts to improve the healthcare

industry [19–21]. Figure 3 shows the tele-health ecosystem

of the Continua Health Alliance, which provides healthcare

by connecting mobile devices with scales, sphygmo-

manometers, etc., to the internet. Also, it is an organization

founded to review standard technologies and establish

design guidelines that enable inter-connection of IT

Fig. 1 Architecture of a clinical decision support system (CDSS)
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Fig. 2 Service process of the clinical rule editor used for CDSS

Fig. 3 Tele-health ecosystem of the Continua Health Alliance
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technologies and healthcare devices [22, 30–34]. Currently,

over 230 global corporations, such as GE, Phillips, Intel,

Motorola, and Sony, are participating in this organization.

Continua divides devices into PAN-IF, LAN-IF, WAN-IF,

and HRN-IF for compatibility. This is part of an integrated

treatment process for a mobile healthcare service and allows

patients to manage their condition in their daily lives.

Patients can obtain customized education information

according to their needs and receive help in changing their

lifestyle, their medicines, and in tracking the treatment

process [23, 24, 28].

For special cases in particular, it provides services by

linking with a telemedicine health service. Currently, the

Korea Coast Guard provides remote medical services on the

sea through the convergence of telemedicine and an M2M-

based health service [25, 28, 32]. Figure 4 shows the mar-

itime telemedicine for Korean coast guard. This is expected

to be efficient by enabling the coast guard to perform first

aid during transportation from the dispensary in the coast

guard ship. In the ship, an automated external defibrillator

(AED), a patient bio-signal monitoring device (for blood

pressure, heart rate, oxygen saturation, breathing rate, tem-

perature, ECG), a webcam, and a wireless headset are

installed and, by using the wide-area network called KOS-

NET, the medical data are transferred between the ship and

the hospital to provide guidance on treatment.

3 Hybrid Wi-Fi P2P network-based health service

3.1 Mobility scenario of conventional M2M-based

smart health service

The knowledge-based health service proposed in this study

should be able to provide mobility, regardless of the

situation of a user, to deliver accurate data. In other words,

when a network moves and changes nodes on the internet,

the terminal within the internet must be able to connect to

the internet without changing its address. Mobility of the

conventional M2M-based smart health service [28, 41] is

represented as the network architecture in the inside and

the outside scenarios shown in Fig. 5. In the outside sce-

nario, because the user carries both a smartphone and a

sensor, both are within transmission range, and a star

topology is created, with the smartphone in the center

acting as an IP gateway. In the inside scenario, other static

sensors forming the network can interfere with communi-

cation between a smart health device and a sensor. Par-

ticularly when it has an access point (AP) like a picocell or

a femtocell, the signal of the AP is stronger than the sensor

signal, so the ISI and ICI of the sensor signal is generated.

Because the sensor communicating with a u-health device

can go out of range, a link is required to reach the desti-

nation [32]. Also, incompatibility with IP caused by the

sensor network access method in an M2M environment

demands a particular gateway, which has a negative effect

on optimal energy efficiency and network design.

In an M2M-based smart health service, network

requirements of the sensors will be different because it uses

various types of sensors. For instance, data from sensors

like a monitor need to reach the destination with minimum

delay and high reliability. By contrast, the sensor that

measures simple momentum does not necessarily have to

send the data, so a long delay is allowed. For instance, in

order to prevent data transmission through a link with low

reliability and subsequent energy inefficiency, the sensor

can buffer the data while the patient is being transported

and, when the patient is not moving, the data can be sent in

one large batch. To solve this problem and provide a

seamless knowledge-based health service in various

Fig. 4 Maritime telemedicine for Korean coast guard
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environments, the service must combine an M2M-based

smart health service and a hybrid Wi-Fi P2P architecture

[28]. Hybrid Wi-Fi P2P is a standard established to support

direct communications between Wi-Fi modules by the Wi-

Fi Alliance, implementing peer-to-peer between devices

through wireless communications. This replaces Bluetooth

and ZigBee, supports a high transmission speed and a wide

transmission range, and is expected to spread rapidly,

replacing part of the existing Bluetooth market. In addition,

as shown in Fig. 6, it allows up to eight devices to be

connected simultaneously through P2P without an AP.

Hybrid Wi-Fi P2P uses most physical layer protocols

except 802.11b of IEEE 802.11 for data communications.

Currently, most Wi-Fi chips support IEEE 802.11 g or

802.11n and can be used by firmware upgrade and mid-

dleware transplanted from a device with a Wi-Fi chip,

which facilitates fast distribution [26]. Both IEEE 802.11 g

and IEEE 802.11n used for hybrid Wi-Fi P2P use the

orthogonal frequency division multiplexing physical layer

protocol, and offer various transmission rates according to

the modulation system. When the application of Wi-Fi

Direct expands, it can be used for a home network and

M2M. It can lead to the introduction of a network service

for various devices, like home appliances, lights, and

cooling and heating devices. Also, when it is expanded to

industrial devices, a broadband M2M service capable of

large-capacity data transmissions, such as a real-time

image service, will become available [27, 28, 40]. Hybrid

Wi-Fi P2P technology is hybrid network communications

combined with flow net and power line communications.

Wi-Fi is becoming more widely distributed to various

devices, and, even for devices such as air conditioners,

refrigerators, and robot cleaners, low-power Wi-Fi is used

for integrated device management.

3.2 Network architecture of the proposed

knowledge-based health service

For the knowledge-based health service proposed in this

study, the authors propose an interworking architecture

between the existing M2M-based smart health service and a

hybrid Wi-Fi P2P network. For it, hybrid Wi-Fi P2P and

various wireless devices must interoperate in an M2M-based

smart health service, and Wi-Fi network interoperation dif-

fers, depending on the network environment. Interoperation

of hybrid Wi-Fi P2P in an M2M-based smart health service

uses an architecture and protocol stack shown in Fig. 7. The

data plane has a direct influence on data flow. The core

network component of the data plane is the network gate,

composed of BS and NG, and the data plane supports a

mobility anchoring function through tunneling between

network gates. Although the network control plane manages

the overall connection service, it is not directly involved

with data flow. Also, it is responsible for network access

control, mobility management, security management, and

session management. This is a cross-layer method to

improve energy efficiency and system reliability of the

knowledge-based health service network. This architecture

not only offers service continuity so that users can receive

service without resetting the activated session when they are

moving, but it also offers high quality of service (QoS) even

during hand-off. Therefore, it can provide real-time service,

even when patients are moving, according to hand-off

optimization of the data link layer and the network layer.

Fig. 5 Mobility scenarios of an M2M-based smart health service. a Outside scenario. b Inside scenario
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4 Knowledge-based health service considering
user convenience and activity

4.1 Mechanism of knowledge-based health service

Figure 8 shows the mechanism of the proposed knowledge-

based health service. The service mechanism is expanded

between the M2M network and the Wi-Fi network [32] as a

network interconnection stage in the existing study [28–30]

of the Network Mobility Home Agent Architecture.

A Level A mechanism requires a framework to support

authentication methods for health devices in the hospital,

and a network between gateways to connect them, and

must use a function, such as diameter, related to the proxy-

relay and signaling interface between networks. Also, the

interface for communications between devices and server

must be defined. On level B, layer 2 tunneling protocol

(L2TP), IPsec tunnel mode, IPsec ESP protocol, and other

functions are needed as a mechanism to enable services

that are only available on the ward network. Level C is a

Fig. 6 Structure of a Wi-Fi P2P network

Fig. 7 Internetworking

architecture of the M2M-based

smart health service and hybrid

Wi-Fi P2P
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mobile protocol of the network layer that can provide

service continuity for patients when they move within or

outside the hospital. This mechanism is included when

service continuity and patient mobility is desired. Level D

includes not only delay of each link during the handoff of

each network but also that of the network layer, as well as

request repeat for user data during handoff. This architec-

ture provides service continuity for users to receive service

without resetting the activated session, even while they are

moving, and also a high QoS during handoff. This enables

real-time service while moving through optimization of the

data link and the network layers.

4.2 Knowledge-based health service using hybrid

Wi-Fi P2P

The mobility mobile device of WBAN collects data mea-

sured by the sensor and sends it to end system corre-

sponding to destination through broadband router etc. This

end system may be a healthcare service provider and some

of a wireless service provider. Data measured here are

stored in a web-based system, promptly sent to the provider

and monitored by a person in charge in the medical agency.

A personal area network targets short-range heterogeneous

networks in the smart health service. Communication

consists of Bluetooth, IETF 6Low-PAN, Wi-Fi, and wire-

less HART. Zigbee, which is mainly used in personal area

networks, can play various roles as a coordinator, router,

and end devices, etc. For medium access control layers,

IEEE 802.15.4 defines two channel access methods, which

are access methods with or without a beacon. The beacon

method includes a coordinator that creates and sends the

beacon for synchronization. In the non-beacon method, a

device adopts carrier sense multiple access with collision

avoidance system to compete channel access. A mobility

mobile device is a terminal not communication module

simply processing only routing function and information of

all sensor modes can go through a mobility mobile device.

Its limitation is that communication is possible only when

the user should always carry a mobile device. According to

user mobility and network status, when there is no IP core

network, an inter-operational network can be formed by

building a Wi-Fi P2P network server farm [29, 30, 34].

Figure 9 shows a knowledge-based health service using a

hybrid Wi-Fi P2P architecture. In this case, the hybrid Wi-

Fi P2P network is placed below the ACR of the knowl-

edge-based health service network to perform LMA of the

ACR. On the other hand, to build a safe hybrid Wi-Fi P2P

network, security technology is required for user authen-

tication based on IEEE 802.1X, use of WPA2, change of

default SSID, filtering of MAC addresses and allocation of

fixed IP addresses, activation of a firewall between com-

puter and router, and physical protection of the router and

AP. Here, a dynamic configuration mechanism is applied to

optimize resource use in the network.

In Fig. 10, this mechanism relies on a configuration

mechanism and a context manager, and the configuration

mechanism receives input from the context manager to

apply the configuration set to the nodes. Here, considering

the dynamic environment for sensor operation, specific

Fig. 8 Mechanism of the proposed knowledge-based health service

74 Inf Technol Manag (2016) 17:67–80

123



traffic types and patterns, relevant communications dis-

tance, relevant sensor types, reliability, and delay condi-

tions, optimal values relating to maximum transmission in

each protocol layer, frame size, temporary pause of request

repeat, duty cycle, and connection speed are decided. As a

result of variable optimization, the sensors consider a frame

size that maximizes MAC transmission efficiency, frame

error ratio, and frame repeat, and reduces idle time between

frame transmissions.

Also, choosing a transport layer that satisfies reliability

and delay conditions and minimizes wasted energy can

maximize network efficiency and reduce energy con-

sumption [38–40]. Through context variables, the context

manager infers surrounding network information based on

network variables and user behavior and status.

Characteristics are decided based on data easily obtained

from the protocol stack, including network topology (sin-

gle/multiple hop), connectivity, interference level, number

and type of nodes, information that can be obtained from

nodes, such as traffic pattern, and connection requisites.

When there is strong interference due to mobility within

the network, unimportant nodes suspend transmission in

order to prevent efficiency deterioration. Also, to prevent

loss of packets, nodes that contain important data move the

data to reliable nodes for transmission. User context is

interfered by data collected by nodes. When a user is on a

network receiving u-health service, some static nodes are

formed, and because a node can be used as a packet

intermediary, a multiple-hop route can be configured

through each node. If a user does not move in an outdoor

Fig. 9 Example of a knowledge-based health service using a Wi-Fi P2P architecture
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environment, network stability is maintained for a short

time. Therefore, in case of low interference, the node sends

the suspended packets and prevents resending.

4.3 Simulation result

For simulation of the proposed method, we used a micro

mobility model [37] for inter-cell mobility, and a Markov

model [38] with two states. The model presents two states:

one is mobility (M), and the other is stationary (S). It is

assumed that, when the channel state is mobility, its

moving speed has a constant value. In addition, the traffic

of a user with mobility was classified as shown in Table 1.

Conversation traffic is a traffic class to provide the

highest QoS between networks. To offer remote medical

service and patient status information in real time over a

u-health network, it is necessary to provide high QoS.

Streaming traffic is a traffic class to provide a streaming

service in real time. To give feedback smoothly according

to each patient’s state, it is necessary to guarantee QoS to

provide medical images and the images of the patients’

states in real time. Interactive traffic is a traffic class to

provide a web service. To provide web-based patient

information through a P2P network service, it is necessary

to provide QoS to control the web service, which can cause

extra traffic. Background traffic is a traffic class related to

the web service, similar to interactive traffic. It is aimed for

e-mail service and file transfer protocol service. Since this

traffic features the best-effort transmission on the web, it

needs to provide as high a QoS as interactive traffic.

In the traffic environment, simulation for extended

mechanism levels was performed in between the M2M

network and the Wi-Fi network. The next figure illustrates

the processing amount of each traffic class in the extended

mechanism levels. As shown in Fig. 11, conversation traffic

showed a high processing amount in Level A to Level D.

That was because the best QoS should be provided for a

remote medical service. In particular, in the case of Level D,

service continuity should be guaranteed when users move in

the network; and QoS, including retransmission of user data,

should be provided at the time of hand-off. Therefore, the

processing amount was high.

Fig. 10 System architecture of

a dynamic configuration

mechanism

Table 1 Traffic characteristics

by traffic class
Conversation Streaming Interactive Background

Maximum bit rate BWave2 Spec BWave2 Spec BWave2 Spec BWave2 Spec

Maximum packet size B1500 B1500 B1500 B1500

Packet error rate 10-3, 10-4, 10-5 10-3, 10-4, 10-5 10-3, 10-4, 10-5 10-3, 10-4, 10-5

Transfer delay 150 max 250 max If available None
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Figures 12 and 13 show the throughput of streaming

traffic and interactive traffic. The reason that the early data

processing amount for streaming traffic and interactive

traffic fell was that the mechanism, in which users in Level

A and Level B are allowed to use specific services only in

the home network, did not guarantee service continuity at

the time of mobility. However, in Level C and Level D,

service continuity was guaranteed on the basis of mobility

protocol, and seamless handover QoS was supported.

Therefore, in the levels, a high processing amount appeared.

Figure 14 shows the throughput of background traffic. In

background traffic, as described below, because it is

transmitted through web of best-effort characteristics, even

for users with movement at all levels, it can be seen that

seamless data transmission and reception are provided.

The average delay time of traffic is presented in Table 2.

The average delay time for streaming traffic was larger

than that of interactive traffic, for continuous traffic

transmission occurred, and thereby, there were a lot of

packet losses in the handover process. However, its stan-

dard deviation was smaller than that of interactive traffic,

which caused discontinuous traffic transmission.

In Level A and Level B of the extended mechanism,

delay time was long in the four classes of traffic [41].

Therefore, it is not difficult for users to receive services

that are allowed only in a home network, but there is a

restriction in providing mobility in an actual u-health net-

work. In Level C and Level D, the average delay time fails

to meet the requirements for each type of traffic, which

makes it possible for service continuity in an actual

Fig. 11 Throughput of

conversation traffic

Fig. 12 Throughput of

streaming traffic
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u-health network. Therefore, it is possible to provide real-

time images and support mobility smoothly. In particular,

in the case of the Level D Intersystem Seamless Service

Continuity, it is possible to support diverse applications

and continuity in the u-health network through the required

condition and optimization process in the interoperability

of actual networks.

5 Conclusion

In this paper, we proposed a knowledge-based health service

considering user convenience using a hybrid Wi-Fi P2P

architecture. This service was designed for a program that

integrates a medical program into daily life, so that users can

easily predict and manage both health and disease. While

Fig. 13 Throughput of

interactive traffic

Fig. 14 Throughput of

background traffic

Table 2 Traffic of average delay time

Conversation Streaming Interactive Background

Level A

Avg. (s) 1618 4821 3929 11,090

Max (s) 9125 11,065 14,864 41,693

Level B

Avg. (s) 1576 3012 2461 4901

Max (s) 2832 4198 8889 26,631

Level C

Avg. (s) 278.29 497.44 620.18 1518.43

Max (s) 415.58 1172.21 2360.8 2581.11

Level D

Avg. (s) 119.65 365.4 486.2 925.67

Max (s) 201.21 691.8 1227.5 1821.9
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research and development of the conventional patient

management system has focused on professional monitoring

systems in hospitals, this system considers user convenience

for patients to receive continuous health service without

interfering with daily life while operating more economi-

cally and efficiently. The proposed network service, based

on a hybrid Wi-Fi P2P architecture, not only provides ser-

vice continuity through optimization of TCP/IP stack vari-

ables to improve energy efficiency and system reliability of

the knowledge-based health service network, but also high

QoS during handoff. This enables a real-time service while

moving through optimization of the data link layer and the

network layer. In an M2M-based smart service, the hybrid

Wi-Fi P2P architecture and each wireless device should

interoperate, and the method differs depending on the net-

work environment. In this study, a four-step dynamic con-

figuration mechanism for various network environments was

applied for interoperation of hybrid Wi-Fi with wireless

devices in an M2M environment. Also, a dynamic config-

uration mechanism was applied to optimize P2P connections

among devices and the use of resources within the network.

Considering the sensor environment, at each protocol layer,

optimal values are decided for each variable. As a result of

variable optimization, the sensors consider a frame size that

maximizes MAC transmission efficiency, frame error ratio,

and frame repeat, and reduces idle time between frame

transmissions. Here, each device detects a change in Wi-Fi

status through a connection manager and performs P2P

connection between devices, to manage device data and peer

data by using data generated by the event. Upon direct Wi-Fi

connection, to share peer data with each other, devices can

exchange data through the internal communication module

based on socket. The proposed u-health network service

based on Wi-Fi P2P access for mobility support, is already

operating on TCP/IP and, therefore, does not need a new

adaptation layer when building the network. And, by ana-

lyzing a scenario through the proposed mechanism, avail-

able resources can be maximized to reduce overall energy

consumption. Furthermore, through real-time monitoring of

context variables, the network can be applied to various

conditions and requisites, and the proposed network con-

figuration is expected to be easily integrated with existing

wireless devices because the MAC layer is not defined.

Also, because it supports service mobility, the proposed

service can enable users to receive accurate data regardless

of the user context and help patients manage their health

and respond to emergency situations at home. Furthermore,

it can help solve problems, such as obesity in children and

adolescents, healthcare costs, and national health problems.
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