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Abstract—Realization of ubiquitous connectivity in remote  connectivity is limited by range or the inefficient energy
health monitoring is a primary issue yet to be addressed. In  management leading to the realization of ubiquitous con-
this paper we propose a system architecture for IoT enabled nectivity a challenging issue. Ubiquitous connectivityais

remote health monitoring with smart transmission which can . tant tof loT bled te health itori |
also aid in ubiquitous connectivity by targeting multiple on- Importantaspect ot lo 1 enabled remaote health monitorimg.

chip radios (IEEE 802.15.4 & IEEE 802.11b in this case). this paper we propose a system architecture for smart remote
We also optimize the area overhead by using modified IEEE health monitoring which can aid for ubiquitous connecivit
802.1..5.4-PHY architecture which L!SBS Raised Cosine pulse by targeting mu|tip|e On_chip radios. We consider remote
shaping and the BER performance is also analyzed for same. Electrocardiography (ECG) monitoring system with two

The modified IEEE 802.15.4-PHY when used in multiple radio . .
architecture along with IEEE 802.11b can result in significat different radios IEEE 802.15.4 and IEEE 802.11b as a case

area savings by multiplexing the commonly available functinal ~ Scenario to investigate the performance of the proposed
units. The proposed architecture also aids for significanteergy ~ architecture. We introduced a multiplexing methodology

savings due to the presence of smart transmisison technique petween the two radio PHY architectures which can reduce
Performance of the proposed architecture is analyzed using he areq overhead and can result in a small form factor. The

energy consumption and BER as key performance metrics. The d hitect dati | ) based
BER performance shows that the usage of raised cosine pulse P'OPOSEC architecture uses an adaptive ruie engine base

shaping for IEEE 802.15.4-PHY achieves significant amountfo ~ Smart transmission mechanism proposed in [4] which aids

area savings without losing any performance in BER. in significant reduction of energy consumption and data rate
Keywords-Remote health monitoring, IEEE 802.15.4, Pulse generated. For the performance evaluation of the proposed
shaping, BER. architecture, data rate generated and Bit Error Rate (BER)
are used as key performance metrics.
. INTRODUCTION In the loT enabled remote health care monitoring ap-

In the last few years the way remote diagnosis beingplications, the data collected from the sensors should be
offered has gained a lot of attention. Plethora of developmade accessible from anywhere which requires ubiquitous
ments have been made in various aspects of the remoteetwork connectivity. If the remote health care monitoring
health monitoring such as low power architectures, smalbpplication, transmits the data continuously, the amount
form factor, non-invasive technologies and intelligent on of data generated will be huge which leads to the hyper
chip diagnosis [1], [2]. In the above mentioned technolsgie connectivity scenario. In hyper connectivity each device
the patient condition is monitored using a biological segsi which has an ability to connect to the network will be
units with widely communication facility. In [2], authors connected to the network. According to the predictions made
have developed an electronic patch for wearable healtbhy GSMA, the total number of devices connected will be
monitoring incorporating biomedical sensors, microetmtt 15 billion by around 2015 and 24 billion by the year 2020
ics, radio frequency (RF) communication, and a battery[5], [6]. In remote health care monitoring applications we
The architecture uses IEEE 802.15.4 standard for wirelessannot make use of the available bandwidth effectively,
communication, which supports low range and low data ratéf we use the traditional mode of transmitting the data
communications. |IEEE 802.15.4 is one of the widely usedcontinuously. It even leads to loss of data due to delay and
standard in Wireless Sensor Networks (WSNs) and Bodyuffer overloading, which is not acceptable particulany i
Area Networks (BANSs) due to it's low power consumption. the health care applications. In order to address the above
In [3], a demonstration of the capability of Personal Digita mentioned issues a smart transmission architecture with
Assistants (PDAs) to provide mobile, low-cost, and effitien multiple radios such as using IEEE 802.15.4 which supports
remote health monitoring through a mobile web serviceslow data rate and low power along with IEEE 802.11b which
based approach is provided. Indeed battery puts a primarsupports high data rate and long range communication with
constraint in using mobile web services based remote healtimtelligent controlling is an efficient solution.
monitoring. In all the above architectures discussed, the 1905.1-2013 - IEEE Standard [7] defines an abstraction
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Complementary Code Keying (CCK) modulation [8]. Raised Table I: Symbol to chip mapping
cosine (RC) pulse shaping in IEEE 802.11b constrains the
signal bandwidth and prevents the Inter Symbol Interfezenc SS—S—L———FYM'SS"ST
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Rest of the paper is organized as follows. Section I : ouree mapping preadig

discusses the IEEE 802.15.4-PHY architecture and explores ---------------———---, ‘
the architecture multiplexing between IEEE 802.11b-PHY | opsk || il
and IEEE 802.15.4-PHY. Section Ill discusses the adap- Modulationy ~ = ! Serial to

tive rule engine based smart transmission mechanism for : ! paralel
QPSK | "

conversion
remote health monitoring. In section IV, we discuss the
proposed system architecture for 10T enabled remote health : ! | Q-Phase !
monitoring with smart transmission for achieving ubiquio o " qdiu@g,mi
connectivity. Section V analyze_s the perfprmance of the Figure 1: Architecture of IEEE 802.15.4-PHY transmitter
proposed system architecture. Finally, section VI conetud

the paper.
Il. ARCHITECTURE MULTIPLEXING BETWEENIEEE constrain. Hence reusing the design is one of the primary
802.15.4-PHYAND IEEE 802.11-PHY approaches in reducing the area consumption. In order to

In this section we propose a novel architecture multiplex-exploit the design reuse the commonly available functional
ing methodology between IEEE 802.15.4-PHY and IEEEunits in different architectures have to be multiplexede Th
802.11b-PHY for reducing the area overhead when targetingdvantage in using the modified IEEE 802.15.4-PHY is
on-chip multiple radio architectures for remote health monthe reduced area overhead when targeting multiple radio
itoring. Fig. 1 shows the transmitter architecture of IEEEarchitecture with IEEE 802.11b. The same pulse shaping
802.15.4-PHY. It uses DSSS for spreading the informatiorfunctional unit can be used for both architectures with a
signal and makes use of Half-Sine (HS) pulse shaping withminimal adjustment and control in the clock frequency.
Offset QPSK resulting to Minimum Shift Keying (MSK)
for modulation. DSSS in IEEE 802.15.4-PHY maps four bit
message symbols to 32 bit chip sequences. The predefined
chip sequences are shown in TABLE I. Upon mapping, 1he rule engine plays a prominent role for achieving
the information signal is spread over a large bandwidth€nergy saving by reducing the data traffic in the network.
Selection of chip sequences uses the minimum similarity
criteria which is measured using the cross correlation. The
chip sequences used here are quasi orthogonal (not pgrfectl
orthogonal). In this paper we propose a modified IEEE
802.15.4-PHY architecture which uses Raised Cosine (RC) psebend T o ome 7| Moduator
pulse shaping instead of HS pulse shaping. The modified
IEEE 802.15.4-PHY is shown in Fig. 2.

IEEE 802.11b uses the Raised Cosine pulse shaping tech-
nique along with CCK spreading. For targeting multiple ra-Figure 2: Architecture of modified IEEE 802.15.4-PHY
dios in remote deployment applications especially in r&mot trgnsmitter
health monitoring applications, the form factor is a major

IIl. ADAPTIVE RULE ENGINE BASED SMART
TRANSMISSION SYSTEM




Clinicians in general use an ECG data collected over a
fixed duration for classifying the patient health condition

and diagnosing. The main problems with the traditionaltours
transmission of data are increase in network traffic, power

Algorithm 1 Adaptive Rule Engine

consumption and storage. Transferring this huge amount d]n|t|al:

Set Hard Threshold values

data leads to a very high power consumption. Keeping i€t S0/t Threshold = HardThreshold

mind the hyper connectivity scenario, limiting the networ
traffic generated should be given a significant priority. By 1

the use of adaptive rule engine, transmission can be made*
smart by transferring the data only when required which 3
limits the network traffic and reduces energy consumption. 4
Performance analysis of the adaptive rule engine based smar®:
transmission system has been analyzed in [4]. In [4], the au-6
thors have considered remote ECG monitoring system with 7:
ZigBee communication facility. The inputs to the adaptive 8
rule engine are the features extracted from the collected EC &
data by the feature extraction unit. Adaptive rule enginel0:
consists ofdecision making”section andtransmitter con- 1L
trol” section, decision making section analyzes the feature$?:
provided by the feature extraction unit and decides whethet3:
to transmit or not. The transmitter control section trigger 14
the transmitter and starts transmission, if the data is tol>:
be transmitted. The working principle of the adaptive rule 16:
engine is shown in Algorithm 1 17

In adaptive rule engine we use two thresholsisft 18
thresholdand hard thresholdto classify the data. The key 19
features that doctors use to classify the data are liste@®:
in the TABLE Il which are normal ranges of the ECG 2L
data for a healthy patient [11] and are used as hhed 22
threshold If the values of the parameters are in the range23:
listed in the table, the data is then classified as a normat4
data else it is classified as an abnormal data. $hf 25
threshold is an internal variable, which is initialized to 26
hard thresholdand whenever the sensed value exceeds thé”:
currentsoft thresholdthe sensed value is assigned tosbéi 28
threshold In ALGORITHM 1, initially the SoftThresold 29:
value is same as th&ardThreshold. Later the values of 30
the SoftThreshold parameters are changed based on the3l:
observed parameters of the data. In the first iteration, thé2:
parameters observed from the data are compared with th&3:
HardThreshold values. If any of the parameter exceeds, it 34

is classified as an abnormal data and it is again compareg®
with the Soft Threshold. In the first iteration the values of 36

the parameters irfoft Threshold and Hard Threshold are 37
same. Hence the parameters also excggtiThreshold, if 38:
they exceeddard Threshold. Then the parameter values in 39
which the data exceedeHardThreshold are assigned to 40
the Soft Threshold parameters i.e. if in a case the data of 41
a patient has a QRS interval of 0.14 seconds, it will be42
classified as an abnormal data by the static rule engine#3:

The same will be the case in the first iteration of the 44

K Setabnormal_count=0 and start timefT;

: procedure DECISION MAKER(FExtractedFeatures)
Comment: Calculate PR, QRS, QT intervals.
CalculateData.PR_interval;
CalculateData. QRS_interval;
CalculateData. QT _interval,;
if T expiresthen
ResetSoft Threshold; Restart timerT;
end if
Decide the data is abnormal;
if Data > HardThreshold then
Decide the data is abnormal;
Store the data in local storage;
if Data > SoftThreshold then
CONTROL SECTION(ON);
Transmit the data;
if abnormalData.PR_interval then
SoftThreshold.PR_interval=
Data.PR_interval,
else ifabnormalData. QRS _interval then
Soft Threshold. QRS _interval=
Data.QRS_interval;
else ifabnormalData. QT; nterval then
SoftThreshold. QT _interval=
Data.QT_interval;
end if
Setabnormal_count=0;
else
Do not changeSoft Threshold parameters;
abnormal_count = abnormal_count+1;
end if
else
Decide the patient is normal;
Do not transmit the data;
end if
: end procedure
: procedure CONTROL SECTION(ControlSignal)
if ControlSignal == onthen
Switch on the transmitter;
Wait for the data to be transmitted;
Switch off the transmitter;
else
Maintain transmitter in off state;
end if
: end procedure

adaptive rule engine. Now in the adaptive rule engine, the
parameter QRS interval value is changed to 0.14 seconds.
In the second iteration, if the same case is repeated, the



data will be classified as the abnormal data and the value

of the abnormal_count value is incremented but the data | |eceerepocessig Feawres || MapeRe || Medied
will not be transmitted. The valuabnormal_count is | |
used to determine the number of times the patient has ' Pre-processing blocks |

crossed theHardThreshold but is within the particular

SoftThreshold. If in the third iteration the data exceeds
the QT interval threshold, again the parameter QT interva
in the SoftThreshold values are adjusted accordingly. The
parametefT indicates the time to reset tH&oftThreshold

which can be defined by the doctor. After ev@ryduration L L
the SoftThresholds reset to theHardThresholdvalue. ‘

Figure 3: System architecture for smart remote health mon-
itoring targetting ubiquitous connectivity
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IV. HOLISTIC VIEW OF THE SYSTEM ARCHITECTURE Figure 4: Extracted features from Lead-l ECG Data
FOR SMART REMOTE HEALTH MONITORING
TARGETTING UBIQUITOUS CONNECTIVITY

Fig. 3, shows the holistic view of the proposed system V. PERFORMANCE ANALYSIS OF PROPOSED
architecture with smart transmission. For the analysisief t ARCHITECTURE
performance, ECG monitoring system is considered. The
pre-processing block includes the data acquisition system In this section we analyze the performance of the pro-
which acquires the medical data from sensors using variougosed system architecture. The performance analysis is
signal processing techniques and feature extraction una@nalyzed in two stages. First the performance of modified
which extracts the important features from the collected.da IEEE 802.15.4-PHY is analyzed and later the performance of
Many architectures for the data acquisition system hava beeadaptive rule engine based smart transmission is discussed
developed in the past [4], [12] & [13]. For the analysis
of pe_rf_o_rmance Lead | ECG data is considered. The data parformance of modified IEEE 802.15.4-PHY
acquisition system used has an upper cutoff frequency of 0.5
Hz and a lower cutoff frequency of 120 Hz with a sampling The BER performances of the proposed modified |IEEE
rate of 1000 Hz. Better proactive diagnosis can be given only02.15.4-PHY and IEEE 802.15.4-PHY are analyzed and
if the data collected from the patient is classied properlyshown in Fig. 5. It is observed that, the performance of
This intelligent classication can be achieved by extractin raised cosine and half sine pulse shaping along with DSSS
important features from the collected data, from which weis similar at low values of SNR, but gradually half sine
can discover the abnormalities in the patient. This procespulse shaping dominates the performance of raised cosine at
of collecting features from the patients physiologicaladat high values of SNR. The advantages of using Raised Cosine
is known as feature extraction. Feature extraction plays apulse shaping is the ease of digital FIR implementation
important role in automating the remote health monitoring.and architecture multiplex when using multiple radios. EEE
Features like P, Q, R, S and T points as shown in Fig. 4 fron802.11b uses raised cosine pulse shaping technique, which
the Lead | ECG signal plays prominent role in classifyingis a well established standard and is more suitable for long
the patient. For a detailed description of several featur@ange Personal Area Networks (PANSs). The other advantages
extraction algorithms available, kindly refer to [14], [1& of using modified IEEE 802.15.4-PHY architecture is the
[16]. Using these extracted features the intervals shown irase of adaptability since the IEEE 802.11b standard is
Table Il are calculated and fed to the on-chip adaptive rulevidely established and easily available. Upon using the
engine. The adaptive rule engine using the extracted festur modified IEEE 802.15.4-PHY, the area reduction achieved
decides the amount of data to be transmitted and triggers thie the multiplexed architecture of IEEE 802.15.4 and IEEE
transmitter section. 802.11b is significant.
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Figure 5: Comparison of BER performances for pro-Figure 6: Comparison of data rate generated with traditiona
posed modified IEEE 802.15.4-PHY and traditional IEEEtransmission and transmission using adaptive rule engine

802.15.4-PHY

for low data rate generation thereby reducing the energy
B. Performance of adaptive rule engine based smart transcOnsumption significantly and data rate generated signifi-
mission system cantly. The multiplexing of architectures among the mdstip

radios can result in low form factor and provide ubiquitous

The_ usage of adaptive rule engine _Ieads to a draStI(éonnectivitywhich are important challenges in remote theal
reduction in the data rate generated. Fig. 6 compares ”W\onitoring applications

data rate generated in traditional transmission mechanism Our future scope of the work is to develop the multiplexed

to data rat Qef‘erated using adaptive rule engine baseé{/stem architecture among multiple radios and analyze the
smart transmission mechanism. For the performance araly erformance tradeoffs

ECG data has been collected from ten different patients o

different age groups. The data rate generated depends on the ACKNOWLEDGMENT
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it is observed that the continuous transmission transomssi
for patient 1, leads to a data rate of 12 Kbps and remains
constant for all the patients, whereas the adaptive rulemeng [1] Paradiso, R.; Alonso, A.; Cianflone, D.; Milsis, A.; Vav@s,
generates a data rate of 1.6 Kbps. On an average over 10 T.; Malliopoulos, C., "Remote health monitoring with webla
patents, Upon using the adapive ule engine based smart [T VESIE Teble Sieny Toe Heatiesr pee
transmission the data rate generated is 2.5195 Kbps. The 30t Annual International Conference of the IEEEO., no.,
expected delay and losses in the burst transmission soenari  pp.1699,1702, 20-25 Aug. 2008.

will be high compared to the adaptive rule engine scenario. ]

Thus by using the adaptive rule engine based transmissiof? 3 Birkelund. K.. Thomsen, E\V.. "An Electronic Patch for

the network traffic can be significantly reduced compared to Wearable Health Monitoring by Reflectance Pulse Oximetry,”

the continuous transmission scenario. Biomedical Circuits and Systems, |EEE Transactions on |,
vol.6, no.1, pp.45,53, Feh. 2012.
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