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Abstract—We present a novel smart transmission technique  Many architectures for remote health monitoring proceslure
with seamless hand-off mechanism to achieve ubiquitous cen \were developed in the recent years such as [1], [2] & [3]. In
nectivity using multiple on-chip radios targeting remote health [1], the remote health monitoring system is based on thetsmar

monitoring applications. For the first time to the best of our h f bling th | ti itori d full Inte
knowledge, a system architecture for low power ubiquitoust phone for enabling the real ime monitoring and full Intarne

connected multi parametric remote health monitoring systen is  Protocol (IP) connectivity has been used. The problems that
discussed in this paper. The architecture proposed uses amgric  occur due to the improper data association collected from
adaptive rule engine for classifying the collected multi peametric  patients have been discussed in [2]. The architecture peapo

data from patient and smartly transmit the data when only in [2] consists of a central gateway which gathers the data

needed. The on-chip seamless hand-off mechanism proposedsa f Il th dt f it to th tral .
for the ubiquitous connectivity with a very good energy savags 10 all the users and transiters it to the central server per

by intelligent controlling of the multiple on-chip radios. The odically, where clinicians can classify the user’s heattius.
performance analysis of the proposed on-chip seamless hand One of the major issues in these remote health monitoring
off mechanism along with adaptive rule engine based smart gsystems is the continuous data transmission, which leads to
transmission mechanism achieves on an average of 50%3%f the hyper connectivity scenario [4][5]. In [6], intelligeindoor

energy saving and 51.0% reduction in duty cycle of transmitter O . . .
taken over 20 users compared to the continuous transmission positioning algorithm that fuses a Pedestrian Dead Reaigoni

From the hardware complexity analysis made on the proposed (PDR) system and an Received Signal Strength (RSS) based
seamless hand-off controller and adaptive rule engine shanthat  Wi-Fi positioning system is discussed. Wireless Body Area

they require 2196 CMOS transistors for implementation. Networks (WBAN) applications like intra-space suit radio
Index Terms—Ubiquitous connectivity, Seamless hand-off, Propagation channel in various frequency bands includiag 2
RSSI, path loss model, Random Waypoint Mobility (RWP). GHz is discussed in [7]. In remote health care monitoring

application we cannot make use of the available bandwidth
effectively, if we use the traditional mode of transmittitige

L . . . data continuously. It reduces the node life time, even leads
I N remote health monitoring the proactive diagnosis fdss of data due to delay and buffer overloading, which is not

mainly constrained due to the unavailability of the patienf,qiaple particularly in the health care applications.
under ubiquitous monitoring. The primary reasons for this qyher issue, the Internet of Things (I0T) architectures fiac
scenan(f) are the user 'Sd Pf(m',Stat'Cf (:]herezy userdc(jro;eestﬂb anywhere or ubiquitous connectivity, especially in WBA
range o connectivity) and life t|me-o the node. TO"’_‘ ress t applications where the patient is needed to be under cdnstan
issue we propose a system architecture for multi paramelgiG, o ision of the clinicians for proactive diagnosis.&both,
remote health monitoring which can be co_nnfected _Ub'_q% Bee and Wi-Fi are the primary suite of high level communi-
tously and consumes less energy. For achieving up'qu'm&ﬁ%ions used in WBANs. WBAN systems would have to ensure
connectivity, a seamless hand-off controlleris developeith oo, 1655 data transfer across standards such as Blue®oth L

int.ellﬁgently controls multiple on-chip radios during ddtans- ZigBee and Wi-Fi etc. to promote information exchange, plug
mission. The seamless hand-off controller drasticallyices and play device interaction. ZigBee and Bluetooth LE assist

thz_eneray thnsumdp;on by efficiently using r_nul'uple Onﬁc_h'in a low energy consumption with low data rate but offers
radios which have different energy consumptions. In additi ey, o\ range compared to Wi-Fi. Being a mobile user

to the energy saving achieved by the seamless hand-off cfiger monitoring, the chances of user loosing connectivty

troIIehr, a generic a}dgpg\/.e “If]le engg:_ne based shm?]rt :ras;.;?m crossing the range is very high which makes the delivery of
mechanism is included in the architecture, which classifies o2 ive diagnosis a difficult aspect.

dac;a and tr:anjmlts O”IJfY when ne_edgd._Thi_adagl)tlve_rrl:leenglnln this paper we propose a system architecture for multi
lre ucefzsdt € hata btra ic transmitte i St')glf" icantly withomy &, a metric remote health monitoring which can address the
0ss of data thereby maintaining refiability. issues discussed above. The rest of the paper is structured
*This work is partly supported by the DEITY, India under thEDT for as follows. Se(_;t'o_n Il discusses the holistic view _Of pragubs
Smarter Healthcare” under Grant No: 13(7)/20128€RT, Dated 25th Feb, low power ubiquitously connected system architecture and
2013. _ , _the internal functional units. In section Ill, we discusdbe
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neering, Indian Institute of Technology Hyderabad, 502208ia with email ) i
{ee12m1021,eel4resch11008 raji,amiharyyd @iith.ac.in respectively the performance analysis of the proposed system archiéectu

I. INTRODUCTION



and the FPGA based hardware prototype developed in | y
Hyderabad. It also discusses the hardware complexity sisaly | ‘ ‘
of the proposed seamless hand-off controller and adaptiee r 1 | L[ morTvee 1
engine. Section V concludes the paper by discussing thesfuti ‘ T
scope of the work.

s ---End of P wave
— Start of P wave
End of QRS Complex

Startof QRS Complex

08~

Il. HoLISTIC VIEW OF PROPOSED LOW POWER
UBIQUITOUSLY CONNECTEDSYSTEM ARCHITECTURE

The holistic view of the system architecture is shown i o4
Fig. 1. The signal acquisition acquires the multi pararoetr .
medical data such as Electro Cardiogram (ECG), body ter
perature, glucose levels, heart beat etc. from differens@es ¢ &
using various signal processing techniques. Better pik@act .
diagnosis can be given only if the data collected from tHg9- 2: PQRST complex from the collected Lead I Digital ECG
patient is classified properly. This intelligent classifica can ata
be achieved by extracting important features (such as PR,

QRS and QT intervals from ECG signal and body temperature

from temperature data) from the collected medical datanfrofrom the Lead | ECG signal plays prominent role in calculgtin
which we can discover the abnormalities in the patient. Thike required features and helps in classifying the patieoi.
process of collecting features from the patients physioklg a detailed description of several feature extraction dlgams
data is known as feature extraction. The features extraoeed available, kindly refer to [11], [12] & [13]. In following s
then supplied to adaptive rule engine, which then classifissctions the functionality of adaptive rule engine and dessn
the data into abnormal or normal. The adaptive rule engihand-off controller are discussed in detail.

after classifying the data decides whether the data has to be

transmitted or not based on an automated decision MakiRg Agaptive rule engine based smart transmission mechanism
algorithm. If the adaptive rule engine decides to transhmt t

data, the seamless hand-off controller chooses an apatepri Using the adaptive rul_e engine mechanism the transmission
radio from the available multiple on-chip radios depending can be made smart which reduces the amount of data to be

the range vicinity and radio energy consumption. As a profgnsmitted thereby reducing the energy consumptionoPerf
of concept, we are considering the system monitoring Ec®Bance analysis of the adaptive rule engine based smart trans

signal from the patient with ZigBee and Wi-Fi as the on—chiE]iSSion system has been analyzed in [9]. In [9], the authors
multiple radios available but no limitation on number oficed ave cor!5|d_ered re_r_note E(_:G monitoring system W'th ZigBee
communication facility. In this paper, we extend the aniglys

multiple on-chip radios scenario, where the selection dios
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>|seothf IS done intelligently. The inputs to the adaptive rule eegin
e are the features extracted from the collected medical diata.
ECG signal, these features primarily include PR interv&3Q
\ > Zighee interval and QT interval.
Signal Acquisihn e Seamless The adaptive rule engine makes_use of two threshsldﬁ;,
@% ot k| Rule Engine [~ | Handoffconvol | thresholdandhard thresholdto classm_/ th_e data. Considering
\ I ECG monitoring as the _target appllcatlon, the_ key features
that doctors use to classify the data are listed in the TABLE
I. The vaIu_es listed in the TABLE_ | are normal ranges of
Lol cotar the ECG signal for a healthy patient [14] and are used as
the hard threshold which is the bounding limit of perfectly

healthy ECG data. Theoft thresholdis an internal variable,

Fig. 1: System architecture of low power ubiquitously CONYhich is initialized tohard thresholdand whenever the sensed

25) (;telg;;r:;%tiir:ealth monitoring system with smart ransMiz e exceeds the curresoft threshold_the spft thresholdis
reset to the sensed value. In the first iteration, the paenet
observed from the data are compared with llaed threshold
Many architectures for the ECG signal acquisition systewalues. If any of the parameter exceeds, it is classified as
have been developed in the past [8], [9] & [10]. For the anadn abnormal data and it is again compared with #odt
ysis of performance Lead | ECG data is considered. The daltaeshold If the parameter values exceed theft threshold
acquisition system developed at IIT Hyderabad has an upparameters, the parameters in #udt thresholdcorresponding
cutoff frequency of 0.5 Hz and a lower cutoff frequency of 12 the exceeded parameters of the collected data are needsig
Hz with a sampling rate of 1000 Hz. Feature extraction playgith the parameters acquired from the user and transmits the
an important role in automating the remote health monitprincollected data. In the second case, where the parameters of
Identification of points such as P, Q, R, S and T shown in Fig.@llected data do not exceewft threshold will only enable



the abnormality indicator resulting in no transmission afad

but stores the data on the on board storage. Using this smart
transmission, the amount of data to be transmitted can be
reduced drastically without losing the accuracy on patient
condition and without losing any data.

Case Parameter Normal Threshold
1 PR interval 0.12 - 0.20 Sec

2 QRS interval < 0.12 Sec
3 QT interval < 0.42 Sec

Use
Cellular
Network

not available

Connect
and start
transmissioy

TABLE [: Threshold values of the intervals

TABLE I, depicts the flow of generic adaptive rule engine rig 3. |nitialization flow for communication by the user
with ECG monitoring for 3 iterations. The system is assumed

to continuously collect sets (1 set = 30 seconds duration) of

ECG data. Observed data is the average of features collected

With_in asingle set of d_ata. In iteration 1, the observedealfl calculates the Received Signal Strength from RSSI. RSSI
PR interval is 0.21 which exceeds both therd thresholdand indicates the power in the received signal and a procedure
soft thresholdHence the data is transmitted asaft threshold to measure RSSI has been depicted in [15]. Based on the
is a(_jjusted accordingly. In iteration 2, the observed valtie RSS| the gateway suggests the user to make a hand-off if
PR interval exceedbard thresholdbut does not exceesoft necessary. Fig. 5 shows the complete functionality of SHC
threshold Hence the data is not transmitted but stored onto @f scenario 1. For every packet received by the gateway, it
board storage thereby guaranteeing no loss of data. The msknowledges the user with a specific packet containing the
of the iterations work in similar fashion. After a particulainformation relating to the hand-off and the retransmissio
number of iterations (10 in this casepft thresholdis again The structure of the acknowledgement packet is shown in

reset toHard threshold Fig. 6. The retransmit indicator and hand-off indicatorsbit
contain the information pertaining to re-transmission loé t
B. Proposed intelligent seamless hand-off mechanism last sent packet and the hand-off respectively. Based on the

gﬁ;\nsmission quality, acknowledgement packets are @ledsi
into four types. The description of all the four types of
éa&knowledgments are furnished in TABLE VI. If the RSSI
value of the received packet falls below a particular thoégh

Seamless hand-off mechanism controls the hand-
(switching and selecting) between multiple radios depamdi
on the physical location of user predicted using Receiv

Signal Strength Indication (RSSI). The ubiquitous conivéygt hhen the gateway suggests the user for a hand-off by sending

of the user to the network is of primary importance, Whicat e Il or tvoe IV acknowledaement depending on whether
can be achieved by the help of seamless hand-off mechan myPe " or yp . 9 P 9
T received packet is error free or not. The complete flow of

controlled by the seamless hand-off controller (SHC). Maip .
) : . the SHC on the gateway for generation of acknowledgement

purpose of the SHC is to select appropriate radio dependin hown in Fig. 4

on the range vicinity and radio energy consumption. The sHE o 9. % .

selects the radio which consumes less energy and also hasonsidering a healthy patient as the end user, the duty

connectivity among the available on-chip radios. In thipgra CYCl€ Of the transmitter will be very low with the smart

we considered ZigBee and Wi-Fi as the available on-chjfgnsmission achieved using the proposed adaptive ruiaeng

radios for SHC, but equally adaptable to any number of radigl SUch cases the user may come out of the ZigBee network

such as Bluetooth LE and cellular networks. vicinity and when the user attempts a transmission, it tesul

At the beginning, the transmission always starts with tH8 @ l0Ss. To prevent such cases every time the user is in a
user ZigBee scanning for a network, if it finds one it join§|_eer’ mode, the user performs connection status mechanism

and starts communicating with the gateway else SHC decidélh the gateway periodically at an interval of T seconds,

to scan for any available Wi-Fi networks in the vicinity. ifwhere the user initially scans for beacon messages from the
none of the radios are available, the user starts usinglaellJaeway. If there are any beacon messages from the gateway
facility. The communication initialization flow is shown fig. IMMediately user transmits a connection status query frame

3. In the following sections each of the scenarios encoadtefVNich consists of source address, node id and destination
by the SHC is described in detail. address. In turn the user expects a connection responsé whic

has the acknowledgement frame shown in Fig. 6 embedded
) ) ) ) ~_into it. Upon using this kind of connection status mechanism
_C._ _SI_-|C scenario 1 (ZigBee available during communicatiqpe gateway can suggest the user with hand-off if the node
initialization) is about to go out of the vicinity of the ZigBee gateway
In scenario 1, user starts the communication with thbereby preventing the information losses. After crosshmg
gateway using ZigBee. Whenever the user transmits the padlenge of ZigBee and started the communication using Wi-
containing the payload, gateway upon receiving the packgt there are possibilities where the user comes back irgo th



Initial values Iteration 1 Iteration 2 Iteration 3
parameter Hard threshold| Soft threshold| Observed| Hard threshold| Soft threshold| Observed| Hard threshold Soft threshold Observed| Hard threshold Soft
(Sec) (Sec) value (Sec) (Sec) value (Sec) (Sec) value (Sec) threshold (Sec)
PR Interval 0.12 - 0.20 0.12 - 0.20 0.21 0.12 - 0.20 0.12-0.21 0.21 0.12 - 0.20 0.12-0.21 0.22 0.12 - 0.20 0.12-0.22

QRS Interval 0.12 0.12 0.11 0.12 0.12 0.12 0.12 0.12 0.11 0.12 0.12
QT Interval 0.42 0.42 0.41 0.42 0.42 0.40 0.41 0.41 0.42 0.41 0.42

Abnormality = Yes Abnormality = Yes Abnormality = Yes

Data transmitted Data not transmitted, Stored to on board memgry Data transmitted

TABLE II: Flow of generic adaptive rule engine for 3 iterai®in ECG monoitoring

User Gateway
Wakeup periodica{lly
/ Broadcast beacon fr
\ Scan durati
Listen mod Analyze receiyed
packet
Send connecti
status query
Is RSSI .
;rs?;:rl;t) below Send connection
P thresholdP / status response
\L \L Process the
Transmit acknowledgement
Acknowledgement generator

Fig. 4: Acknowledgment generation by SHC on the gateway Fig. 7: Flow of connection status process in scenario 2

Fig. 5: Process of SHC in scenario 1 on both user and gatewidy SHC scenario 2 (ZigBee is not available during commu-
nication initialization, but Wi-Fi is available)
In scenario 2, user starts the data transfer using Wi-Fi.
While the user is transmitting the data using Wi-Fi, useo als
o ) _performs the connection status mechanism using ZigBee as
vicinity of the _ZlgBee. In such cases th_e same connectigit-ssed in scenario 1 and proper hand-off is made accord-
status mechanism can be used for making hand-off backit@y The flow of the connection status process is shown in
ZigBee. As the Wi-Fi is in transmitting state and ZigBee is iRig. 7.
sleep mode, ZigBee on the user device wake up at the periodi¢, <ases where the user starts moving out of the range of
intervals and performs the connection status procedugBe# Wi-Fi, the RSS! values fall gradually. At a point, the RSSI
on user node, while performing the connection status pe0cgs,| e falls to a minimum threshold value where a hand-off is
it will have to co exist along with the Wi-Fi which operates,ecessary from Wi-Fi to cellular network. In this case therus
in the same frequency band of 2.4 GHz which may resylpqe immediately establishes connection with the locaébas

in co-interference between the radios. In [16], [17] & [18]gtation in case of 2G or remote radio heads in case of LTE
the performance of different technologies operating at 2{wwork.

GHz frequency during their coexistence have been analyzed.

The analysis shows that ZigBee has less effect on the Wi-Fi ) ) ) )
transmission. E. SHC scenario 3 (Wi-Fi and ZigBee are not available)

In scenario 3, the user position is assumed to be out of the
range of both the ZigBee and Wi-Fi. In such cases, user begins

Type (Retransmit, Hand-off) indicator Description . . . S . . . . .

| ©0) No retransimit, o hand-off required his communication initialization process with ZigBee stiaig

I 0. No retransmit, make a hand-off for any available networks with which the user can associate
1] (1,0) Retransmit, no hand-off required . . . .. .

v 1) Both retransmit and hand-off required Since the node is not in the vicinity of the ZigBee network,

the user switches to Wi-Fi and scans for any available access
points. Finally as the user does not find any access point, he
uses cellular network as the communication mechanism. The
communication initialization in scenario 3 is shown in .

TABLE llI: Types of acknowledgements

After starting the communication using cellular netwohe t

MAC lyer Retransmitindicator |~ Hand-off indicator user may come into the vicinity of ZigBee or Wi-Fi where the
acknowleagement 1-hi L-bi user will have to prefer communicating using one of them.
The user continuously performs connection status for both

Fig. 6: Structure of the acknowledgement ZigBee and Wi-Fi periodically. The connection status pesce

in scenario 3 is shown in Fig. 9. The user periodically perfer



Start Acquire training
data

scans for
ZigBee netwdgrk
Calculate Floor

Attenuation Factor

No ZigBee networks Factor (FAF)
Scans for WiqFi
access points
Estimate path loss usl

No Wi-Fi access po Attenuation Factor (A

model
Cellular
Network
Calculate distance threg

Fig. 8: Communication initialization in scenario 3 (Range estimation)

Fig. 10: Flow involved in environment and user mobility

modeling
Make hand-
to ZigBee
Make hand-p
to Wi-Fi

Transmit usi
Cellular

user selects a random destination around the area and starts
moving at a uniform speed which is uniformly chosen from
max speedand min speed The mobility pattern of the 20
users is shown in Fig. 11 and the parameters of the RWP
mobility pattern are depicted in TABLE IV. The pause intdrva

is uniformly chosen from 0 to 1 seconds and the minimum
and maximum velocities of the mobile node considered are
0.1 and 0.3 m/s, which is a valid assumption in mobile health
care monitoring applications.

Scan for
beacons frol
gateway

Available

Not available
Not available

Scan for
Wi-Fi accesgs
points

Available

Fig. 9: Connection status process in scenario 3 Parameter Value
Area 100 X 100 Sg.mt.
Minimum speed 0.1 m/s
o . o Maximum speed 0.3 m/s
communication status process for ZigBee and Wi-Fi. If any of Pause interval [0 1]

the two modes of communication is available, user then makes
a proper hand-off based on the hand-off indicator. If both of TABLE IV: RWP mobility pattern parameters
them are available user prefers ZigBee to Wi-Fi.

In Fig. 11, the position of the gateway is indicated using a
[1l. ENVIRONMENT AND USER MOBILITY MODELING red square at the center. The boundaries of the mobility for

For ana|yzing the performance of the On_chip adaptive ruleenty users has been indicated in different colors. The red
engine based smart transmission technique with on-chipsealashed circle indicates the estimated range of ZigBee ageer
less hand-off mechanism based multiple radio communicatigsing the Attenuation Factor Model[20], [21] & [22]. The
system, twenty users, having both the ZigBee and Wi-Fgst of the performance analysis is made using the mobility
based communication facilities are considered. The ntgbilipattern shown in Fig. 11.
of the users have been modeled usimgndom way point Observing Fig. 11, we can infer that users 13 and 1
mobility pattern and the path loss estimation is made usin{jndicated in red and blue path) lie ,most of the time within
the 'Attenuation Factor model'The users are assumed to béhe range of ZigBee coverage and uses Wi-Fi less frequently
moving randomly in a room of dimensions 100m X 100m. Th&hen compared to other users. The mobility of all the users
complete flow involved in the environment and user mobilitfer the entire one hour duration is shown in Fig. 12, where

modeling is shown in Fig. 10 and is described briefly ithe x-axis indicate the time in seconds and y-axis indictites
following sections. distance of the user from the gateway. One can observe the

times at which users are crossing hand-off boundary.

A. Random way point mobility pattern (RWP)

The mobility of the 20 users, has been modeled using Ran- Range estimation for ZigBee
dom Waypoint Mobility (RWP) pattern [19]. All the mobile The range of the ZigBee coverage should be estimated
nodes are distributed randomly around the entire area. Tioe deciding the hand-off threshold distance. In general th
parameteipause timedetermines the period of time the usereceiver sensitivity of ZigBee is -95 dBm, beyond which the
stays at one location and as soon as the pause time exp&esethor rate increases and quality of the transmission will be



Mobility pattern for all the twenty users
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Fig. 11: Mobility pattern for all the 20 users in the room, partitions in the room and user movements etc.
Mobitlity pattern Vs. time Hence the parameter FAF is found out using the RSSI values

obtained during the training phase. The FAF calculated from
different trials is found out to follow the normal distrifor.

2) Training phase:For the training phase, the data collected
using the in house developed ZigBee node at IIT Hyderabad
namely 'lITH mote’ [23] shown in Fig. 13 is used. During
the training phase, the RSSI which gives the received signal
strength at various distances is collected. Fig. 14 shows th
average RSSI over hundred trials measured at different dis-
tances. The received signal strength decreases as thecgdista
from the gateway increases. From the RSSI values collected

Distance from gateway

%*%560 o0 Te50 7000 550 3090 3590 4000 at different distances, the FAF is estimated using the éojuat
Timein's (2). For the FAF estimation is estimated to be 1m, which
Fig. 12: Coverage of all 20 users with time reduces the equation (1) to the form shown below.

PL(d)[dBm] = PL(do)[dBm] + 10nlog(d) + FAF[dB]

poor. For making a hand-off, a safer threshold of -85 dBm isdo = 1m

considered. The hand-off threshold distance of the ZigBee i 3
equal to the distance at which the received power equals the _ .
hand-off threshold power and is obtained using the Attaonat Now the path loss at a distance of 1m can be found using

Factor model and the RSS! values obtained from the trainiffef, €9uation 4, wher L (1m)[dBm] indicates the path loss at
data. a distance of 1m and;, P, are the transmitted and received

1) Attenuation factor modelMany indoor path loss models power at a distance of 1m respectively. The transmit power

have been proposed such as Log-distance model, Ericsgéﬁd is 3 dBm and the received power at 1m distance can be

multiple breakpoint model and Attenuation factor model YAF®2 culated from Fig. 14, which is -48 dBm approximate_ly for
[22] etc. From the AF model, the path loss at a distatide ann of 2.68. Based on the RSSI values collected at different

indoor scenarios, can be found using the equation (1) distances from the gateway, the FAF is estimated and the
’ " density function of FAF extracted from the collected datarov

PL(d)[dB] = PL(do)[dB)] + 10nlog(i) + FAF[dB] differ_ent _trials is shown in Fig. 15. The pro_bability d_elysit
- B do (1) function is evaluated over hundred trials at differentatises
PL(d)[dBm] = PL(d)[dB] + 30 and is averaged over different distances. It is found outttiea

In equation (1), thePZ(d)[dB] is the path loss at a distancedverage probability density function resembles the pribibhab

din dB, PL(dy)[dB] is the path loss at a distandg and FAF density function of a normal random variable.

is the floor attenuation factor in dB.represents the path loss PL(1m)[dBm] = P, — P,(1m) 4)
exponent value for the same floor. The equation (1) can be
rewritten as shown in (2) From the average probability density function of FAF calcu-

_ - d lated from training phase the mean of the FAF is calculated to
PL(d)[dBm] = PL(do)[dBm] + 10 10g(d—0) + FAF[dB]  pe 8.684 dB and standard deviation is calculated to be 2.3616

(2) For the rest of the analysis in the paper the FAF is assumed to

For a better estimation of the path loss, a better estimatelbaf a normal random variable with mean 8.684 dB and standard
the parameterg and FAF are required. The standard valuedeviation of 2.3616. Upon averaging the path losses over a
for the two parameters in different scenarios are given .[2 number of trials, the path loss obtained is shown in Fig. 16.
These parameters cannot be considered as a perfect estimakirom Fig. 16, we can observe that at a distance of 13 m,
since they are scenario dependent and the parameterstheepath loss is approximately 88 dBm, which is the hand-
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Fig. 18: Hardware prototype developed in IIT Hyderabad

The specifications of the ZigBee and Wi-Fi used are shown in
TABLE V.

Parameter Value for ZigBee  Value for Wi-Fi
Current consumption in transmit state 40 mA 625 mA
Current consumption in sleep state 3B 10 pA
Time for transition from sleep to transmit state 1.2 mSec ASec
Time for transition from transmit to sleep state 1 mSec 2 mSec
Transmit power 3 dBm 17 dBm
Receiver sensitivity -90 dBm -90 dBm
Range (indoor) 30m (approx.) 100 m (approx.)

Fig. 15: Probability density function of FAF extracted from

training phase
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Fig. 16: Average path loss estimation at distance d

off threshold.Thus theoretical analysis using the trajnitata
gives 13 m as the hand-off threshold distance.

IV. PERFORMANCEANALYSIS

TABLE V: Specifications of ZigBee and Wi-Fi devices used

A. Architecture of FPGA based hardware prototype

A FPGA based hardware prototype for the proposed adap-
tive rule engine based smart transmission with seamless-han
off mechanism among multiple radio communication system
architecture is developed in IIT Hyderabad. The architectu
of the prototype is shown in Fig. 17 and Fig. 18 shows the
Spartan 3E FPGA based hardware prototype developed in
IIT Hyderabad. For the prototype development, IITH Mote
is used as a ZigBee device and RCM5600W [24] is used as
the Wi-Fi device. Spartan 3E FPGA is used to implement the
adaptive rule engine based transmission system and sesamles
hand-off controller. Using the prototype developed, thadia
off boundary in a room of dimensions 9.8m X 7m is found.
The environment in the room is similar to an office scenario
having soft and hard partitions, with people moving randoml
The hand-off border is calculated as an average over 28.trial
Fig. 19 shows the hand-off border, RSSI values at different
distances and the partitions in the room.

In Fig. 19, the dashed line indicates the hand-off border.

In this section we analyse the performance of the propos€de area behind the soft partition comes out of the range of
system architecture for low power ubiquitously connectegigBee coverage, due to the presence of many obstacles. The
remote health monitoring system with smart transmissi@verage range of ZigBee coverage is approximately 12.6 m. At
mechanism and hardware prototype used for field trials. Thedistance of 6.7 m, the received signal strength by the user
performance metrics used for the performance evaluatien aode is observed to be -79 dBm which shows a very good
energy consumption, network node lifetime and data lossesrrelation between the theoretical path loss derived shaw



Hard partiion _ the ZigBee and Wi-Fi. The energy consumed is directly
proportional to the packet length. The ZigBee packet has a
maximum size of 133 bytes and carry 104 bytes of payload at
the maximum [27]. The rest of the 29 bytes accounts for the
header fields. Whereas Wi-Fi has a maximum payload support
of 2312 bytes in a single packet [28], but in TCP it is limited
by maximum transmission unit (MTU) which is 1500 bytes
[29]. Here the transmission using TCP has been assumed,
and the maximum payload that can be transmitted in a single
packet is considered to be 1500 bytes. A single packet in Wi-
Fi has a size of 1524 bytes, where 24 bytes account for header
fields. The number of packets required to be transmitted can

Handoft border be calculated using the equation (8) and total length of data
Fig. 19: Handoff border achieved from the field trials to be transmitted is given by equation (9).

Uses Wi-

== L - - - -
_ Soft partition

\

L ata
N = — —data (8)
Fig. 16 and path losses collected from the experimental field Limaz paytoad
trials. Li = N X Lypacket ()]

B. Energy Consumption and Life Time of Network Node N €quation (8),N refers to the number of packet&yaa

Analytic models for energy consumption of the sensoarnd Limaz payioad ar€ length of data and length of maximum
nodes are discussed in [9], [25] & [26]. For the analysigayload per packet in bytes. In equation (B),indicates the

. ata length to be transmitted by the radio in bytes.
they have considered energy consumed by the processo o . .
. ’ . he energy consumption is analysed in two scenarios,
transceiver and sensors. In this paper, we considered baly t

energy consumed by the transmitter with the seamless haﬁgpstant burst transmission and the adaptive rule engisedba

: . smart transmission.
off controller controlling the radios, as the other paraanet o .
. . : 1) Constant burst transmission with seamless handoff con-
remain constant for the analysis. For the modeling of ener

%Iler: In this scenario the user constantly transmits the data

consumption, the transmitter is assumed to operate only |pa data rate of 250 Kbps (maximum data rate supported
two states, on and off state. The energy consumed by the _. X : o ) )
ZigBee) and no intelligent transmission mechanism is

transmitter can be calculated as the sum of energy consumed? S ’ : . A
. . gy used in this scenario. The user mobility shown in Fig. 11
in a particular state (on or off) and energy consumed for tr?se

state transitions. considered for the energy consumption analysis. Fig. 20

shows the energy consumption for all the twenty users when
Econs = FEstate + Eirans (5) transmitting continuously at a constant bit rate. From tle F
20 we can see that user 13 consumes very less energy of 6.09

PrxL; J compared to users 2, 3 & 4 consuming 9.77 J due to the
Estate = Z R +FoyrsTory (6) fact that user 13 spends most of the time within the vicinity
: of the ZigBee. The lifetime of the individual nodes is shown
Etrans = X PonoffTon—off +k X Pogi—onToff—on in Fig. 21, where the user 13 has maximum life time of 0.511
) years.

2) Adaptive rule engine based smart transmission with
The E.,,, in equation (5) shows the over all energy conseamless handoff controllein the previous scenario, we used
sumption by the transmitter. It is the sum of energy consumadcontinuous burst transmission technique which consumes
in the two states (on, offl;.;. and energy consumed for statemore power and also increases amount of traffic. Energy con-
transitions (on to off, off to on)Ey,..,s by the transmitter. sumption by the twenty users in the adaptive rule enginedbase
The Prx and P,ss indicates the power consumption insmart transmission with seamless handoff mechanism isrshow
transmitting and off state respectivell),¢; is the total time in Fig. 22. From Fig. 22, we can see that user 13 consumes
the transmitter spent in the off staté,; and R indicates very less energy approximately 2.56 J compared to user 2,
the data length to be transmitted (headers + payload) anbo consumed approximately 4.86 J. When compared to the

maximum input data rate supported by the correspondingntinuous transmission scenario, the energy consumgption
radio respectively: indicates the packet numbeF,,_,;; adaptive rule engine based smart transmission scenarerys v
and P,¢f_,n indicates the power consumed during the statess. On an average of 20 users the energy consumed in
transition from on to off and off to on respectively and théhe constant burst transmission scenario is 9.3389 J, which
corresponding transition times af,,_,rr and Torr—on. j IS very high compared to 4.6329 J in adaptive rule engine
and k indicates the number of transitions from on to off statbased smart transmission scenario. This shows that there is
and off to on states by the radio respectively. 50.39% of reduction in energy consumption when using the
In analyzing the energy consumption for all the threadaptive rule engine based smart transmission when cordhpare
scenarios, we have to consider the packet structures for btat the constant burst transmission scenario. The lifetiftbe
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Fig. 20: Energy consumed with continuous transission fbr d&lig. 22: Energy consumption in adaptive rule engine based
the 20 users smart transmission scenario
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Fig. 21: Estimated battery lifetime in continuous transite Fig. 23: Estimated battery lifetime in adaptive rule engine
scenario based smart transmission scenario

|nd|y|dual ??dﬁs IS ?hlo\évzn in Fig. r2]3’ Wh_eret:]he Lésert.ls hfhsreshold value, which enables the suitable radio for trass
maximum 1ite ime ot 1.2 years when using the adapiive Tu&, , 1 threshold value used in this study is -85 dBm. Table

engine based smart transmission compared to 0.511 year, N+ Table VIl shows the total number of logic gates and
constant burst transmission scenario.

) L I tary Metal Oxide Semiconductor (CMOS) t is-
Fig. 24 plots the duty cycle of a node versus time in secon omplementary Metal Oxide Semiconductor ( ) transis

. S 8s required to implement the seamless hand-off controlle
Adaptive rule engine is operated on the 3 sets of data ( om the analysis made it shows that the seamless handoff

secon_ds of data) and it can be observed that the transr‘rﬁtte_%)ntro"er is very low complex that it requires only 608 CMOS
node is only awake for first set out of 3 sets, thereby reduc'ﬂ%nsistors for implementation

the duty cycle of transmitter by 66 compared to constant
burst scenario mechanism where the transmitter is in oe stat
always. On an average over 20 patients, the duty cycle of

Type of logic gate 16 bit comparator

AND 64
the transmitter is observed to be 48.99 which leads to a OR 16
significant saving in energy. Fig. 25, plots data loss fomgve NoR -

patient when using only ZigBee for communication and in the
presence of multiple on-chip radios. One can clearly olesserVABLE VI: Hardware complexity of Seamless hand-off algo-
the data losses are high upon using only ZigBee radio. Herfé8m in number of logic gates

the use of multiple on-chip radios can greatly aid in loss

less transmission of data with less delay and very less gnerg

consumptlon. Type of logic gate  No.of CMOS Transistors
AND 384
OR 9%

C. Hardware complexity analysis NoR o

1) Seamless hand-off controlleFig. 26 shows the hard-
ware archltectl_Jre for seamles_s ha_nd-off contr(_)ller. Thtml-hagorithm in number of CMOS Transistors
ware complexity depends primarily on 16 bit comparator.

It compares received signal RSSI value with the predefined

TABLE VII: Hardware complexity of Seamless hand-off al-
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Duty cycle of the node PR/QRS/QT PR/QRS/QT
2 . Interval Intervgl Previous
-+ Adaprive rule engine scenairo End point  Start point Timer value’ 1
—Constant burst transmission scenario
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Fig. 24: Duty cycle of the node in adaptive rule engine based b &;)
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Fig. 27: Hardware architecture of the Adaptive Rule Engine

soft threshold, abnormality count is increased using a 3 bit
adder and timer is incremented using second 3 bit addertdf da
intervals exceed soft threshold value the data is transchitt
using control section and resets abnormality count andrtime
The output of 3 bit comparator is also used to reset both
soft threshold and timer values when timer value exceeds the
predefined threshold value. Table VIII and Table IX shows the
total number of logic gates and CMOS transistors required

Fig. 25: Data loss per patient in adaptive rule engine basedimplement the proposed adaptive rule engine. From the
smart transmission scenario with single radio and multiplnalysis made it shows that the seamless handoff contisller

radios

Received Signal

RSSI value Threshold valu

|

16 - bit Comparator

Hand-off Signal

very low complex that it requires only 1588 CMOS transistors
for implementation.

Type of logic gate 16 bit subtractor ~ Two 16 bit comparators oTwbit adders 3 bit comparator ~ Total gates count

AND 31 64 4 12 112

OR 15 32 2 3 53
XOR 48 0 4 0 53
NOR 0 32 0 3 35
NOT 0 64 0 6 70

TABLE VIII: Hardware complexity of Adaptive Rule Engine
in number of logic gates

Type of logic gate  No.of CMOS Transistors

Fig. 26: Hardware architecture of the seamless hand-off con
troller

AND 672
OR 318
XOR 318
NOR 140
NOT 140

TABLE IX: Hardware complexity of Adaptive Rule Engine in

D. Adaptive rule engine number of CMOS Transistors

The hardware architecture of adaptive rule engine is as
shown in Fig. 27, which requires two 16 bit comparators, two
3 bit adders, one 3 bit comparator and one 16 bit subtractor. V. CONCLUSION
The 16 bit subtractor serially calculates the PR, QRS andIn this paper, we proposed a system architecture of low
QT data intervals of ECG signal from their respective stapower ubiquitously connected remote health monitoring sys
and end points from the input data. The data intervals aem with smart transmission mechanism. We proposed a
then compared with corresponding hard threshold valuegjusseamless hand-off mechanism to intelligently select tlagra
a 16 bit comparator and a decision is made normal or among multiple on-chip radios. Three different scenaribs o
abnormal. Based on the decision made at hard thresholdséfamless hand-off controller were investigated and thimper
the data is found to be abnormal second 16 bit comparatoance of the system is evaluated. For the performance evalu-
compares with the soft threshold values. If it does not exceation, ECG data of 20 patients with different age groups were



11

considered. The radio range obtained from the experimenta Mazomenos, E.B.; Biswas, D.; Acharyya, A.; Chen, T.;Hdeatna, K.;

results for the ZigBee matches very well with the threshol
range estimated using Attenuation Factor model. The pexpos

seamless hand-off controller (SHC) achieves a 5%.3%

reduction in energy consumption and 51%1of reduction in
duty cycle of transmitter. Irrespective of the user mogpilihe
proposed architecture guaranteed loss less transmissitatao

which is an important aspect in IOT enabled health monitprin

systems. The proposed generic adaptive rule engine aids

d Rosengarten, J.; Morgan, J.; Curzen, N., "A Low-Complei§G Fea-
ture Extraction Algorithm for Mobile Healthcare Applicatis,” Biomed-
ical and Health Informatics, IEEE Journal qfvol.17, no.2, pp.459,469,
March 2013.

[13] Cuiwei Li; Chongxun Zheng; Changfeng Tai, "Detectiodi BECG
characteristic points using wavelet transfornBidmedical Engineering,
IEEE Transactions on vol.42, no.1, pp.21,28, Jan. 1995.

[14] Standard[online]. Available: www.meds.queensyicemtra) modulegE

CG/normal ecg.html

Benkic, Karl, et al. "Using RSSI value for distance gstion in
wireless sensor networks based on ZigB&ytems, Signals and Image

'St

significant reduction in network traffic when applied on ECG  Processing, 2008. IWSSIP 2008. 15th International Confeeon, 2008.

data thereby enhancing the network node lifetime. Perfd#él

mance analysis of the proposed seamless hand-off comtro

Yue Tao; Xiang-Yang Li; Cheng Bo, "Performance of Caad WiFi
and ZigBee Networks,Distributed Computing Systems Workshops (ICD-

lle CSW), 2013 IEEE 33rd International Conference, pp.315,320, 8-11

and adaptive rule engine shows that the architecture is very July 2013.

low complex requiring 2196 CMOS transistors.

[17] Garroppo, R.G.; Gazzarrini, L.; Giordano, S.; Tavahtj "Experimental
assessment of the coexistence of Wi-Fi, ZigBee, and Bltietdevices,”

Our future work is to explore the hardware multiplexing  world of Wireless, Mobile and Multimedia Networks (WoWMpRO11

between the two radios and achieve a significant area reducti
éw] Shuaib, K.; Boulmalf, M.; Sallabi, F.; Lakas, A., "Codstence of

in the development of multiple radios based communicati
devices like an "loT chipset”. Envisaged loT chipset wil

IEEE International Symposium on gp.1,9, 20-24 June 2011.

Zigbee and WLAN, A Performance StudyWireless Telecommunications

| Symposium, 2006. WTS ’0gp.1,6, April 2006.

have features like adaptive rule engine based smart transnii9] Zola, Enrica; Barcelo-Arroyo, F., "Probability of hdvoff for users

sion technique to achieve low power and seamless hand-

ffmoving with the Random Waypoint mobility model,” Local Couter

0 Networks (LCN), 2011 IEEE 36th Conference on , pp.187,190,@ct.

controller (SHC) integrated for seamless hand-off between 5g11.

multiple on-chip radios to enable ubiquitous connectivity
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