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Abstract: The high pace emergence in wireless technologies ha video, and still images, which is eventually repdrto the

given rise to an immense demand towards Qualitgewice (QoS)
aware multimedia data transmission over mobile lesi® multimedia
sensor network (WMSN). Ensuring reliable commundézatover

WMSN while fulfilling timely and optimal packet dekry over

WMSN can be of great significance for emerging ledosystem.
With these motivations, in this paper a highly rsband efficient
cross layered routing protocol named network caonlitaware

mobile-WMSN routing protocol (NCAM-RP) has been deped.

NCAM-RP introduces a proactive neighbour table ngenzent,

congestion awareness, packet velocity estimatiomamhic link

quality estimation (DLQE), and deadline sensitivervice

differentiation based multimedia traffic prioritian, and multi-

constraints based best forwarding node selectiacharésms. These
optimization measures have been applied on netwayér, MAC

layer and the physical layer of the protocol stécht eventually
strengthen NCAM-RP to enable QoS-aware multimedita d
transmission over WMSNs. The proposed NCAM-RP pralto
intends to optimize real time mission critical (everiven)

multimedia data (RTMD) transmission while ensurlmgst feasible
resource allocation to the non-real time (NRT) datffic over

WMSNs. NCAM-RP has outperform RPAR based routirtgesee in

terms of higher data delivery, lower packet dropd deadline miss
ratio. It signifies that NCAM-RP can ensure minimefransmission
that eventually can reduce energy consumption, ydedad

computational overheads. Being the mobility basédSM protocol,

NCAM-RP can play significant role in 10T ecosystem.

destination node [1]. In last few years, world hatessed
the significantly high pace research, especially WOMSNs
that as a result has given a new dimension to eriat#rnet of
Things (IoTs) [2][3]. WMSN based IoT applicationsave
been gaining momentum because of the remarkable
development in embedded systems and associated
technologies, which has given rise to the sma# simbedded
devices and the never ending efforts towards optima
communication systems. It has given a new dimenesfahe
sensor network called WMSNSs that explore the felityitof
achieving recognition of their segregated endeabgrsther
networking community. However, the significance lofv-
power systems such as 6LowPAN [4] towards IPv6 also
motivates this research as it provides vital opputy to
employ WMSNSs for the applications such as Internated
remote monitoring and surveillance systems.

In fact, in major conventional multimedia systertigre is a
streaming server that takes multimedia data asnghg from
purpose-oriented sophisticated devices and trassinibver
wideband connections to multiple users to availsstibed
services. Here, the server is sufficient to perform
computationally intensive processes such as engodaing
techniques like MPEG and others. On the other hdedpder
that functions in a slave mode to the encoder pe$aontent

Keywords: Wireless Multimedia Sensor Network, Cross Layer decoding. Interestingly, the multimedia sensorslalegul in

Architecture, Network Condition Aware Routing Prodh Qos,
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1. Introduction

WMSNs suffer from various issues, such as resource
(bandwidth constraints), energy consumption, memory
allocation, and computation that make encoding @ggres an
infeasible solution to be considered. On the othend, the

The high pace emergence in wireless technologied armyeneric communication approach in WMSNs operatesaon

associated applications have motivated academissirids to
develop more effective and low cost communicatigstem to
serve major needs. The decentralized and Ad-hogrenaif

many-to-one transmission paradigm where a sink nedd to
be the final destination, where the sensors intentansmit
its data and is capable of performing decoding dtriave

Wireless Sensor Networks (WSNs) make it a potentiatransmit media content. In addition, the data gateer by the

solution to fulfii major communication requirement$he

sensors depict significantly higher spatial cotietabecause

tremendous growth in WSNs have given rise to a newf the dense node deployment across the network. are

communication paradigm called wireless multimedéaser

network (WMSN) which is capable enough to solve anaj networks,

in varied wiraes
links, ds&telli

Enabling multimedia communication
such as wireless broadband

real-world communication problems. WMSNs can playcommunication, and MANETS can enable an array ofises

significant role in major applications such as liigent
transport system (ITS), health monitoring, envire@mbal
monitoring, surveillance systems, industrial auttiome and

[51[6][7]. However, enabling timely data transfer the sink
has always been a problem to ensure quality ofice(@Q0S)
in WMSNSs.

many more. Generally, WMSNs are comprised of migtip There are a number of application scenarios, liateliite

wirelessly interfaced small scale electronic cormgrda that
enable retrieving different multimedia data such aaslio,

communication, ITS, security surveillance systemdustrial
process monitoring and control, health monitoringd a
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multimedia data transmission where transmissiomission
critical or the event driven multimedia data isparamount
significance. However, ensuring in practice engummission
critical multimedia data communication is a highihgricate
task, primarily because of link dynamism, chanregacity,
resource allocation issues etc. On the contragblérg time
critical multimedia data transmission over WMSNyital to
ensure QoS delivery. The optimization of multi-lege
metrics in the routing protocol stack may enableSQiata
delivery. However, as per the present knowledge moth
significant efforts have been made to optimize Maitered
routing protocols for WMSNs. The efforts made wiingle
layer optimization could not enhance overall networ
performance primarily because of the direct cougpliim
between the PHY and the upper layers of the protsteak.
Such limitations make the conventional routing pcot
inefficient for WMSNSs. Taking into consideration dhe
functional characteristics of WMSNSs the cross lagedesign
can be a potential
conventional routing protocols [8]. With an objeeti to
provide QoS delivery, a few efforts have been mggdgl].
These works emphasize on facilitating QoS to thkvidual
stream as per the current network conditions. Haenehese
approaches are not sufficient and adaptive to ensussion
critical multimedia data communication over WMSNSs.
addition, no significant effort has been made tomsier
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formulated [5]. Physical layer was scheduled inhsacway
that it adjusts transmission rate and the radiutherbasis of
deadline time and data rate expected. However, thielyend-
to-end delay based best forwarding node selectanit e
suggested as an optimal solution to assure QoS naedhere
can be volatility or the dynamism in the networlnditions.
In [6] [20], QoS-aware MAC routing protocol was posed
that applied bandwidth and delay as the parameteselect
best forwarding node selection. QoS-aware best geltttion
scheme, ASARC was proposed [23]. Geographical el
routing (GDR) [9] exploited the concept of directdidjoint
multipath communication, however suffered issueke li
flooding, congestion caused due to high data iigeatate and
duplicate packets. Service differentiation basetedaling
was suggested for delay sensitive data transmig&@n An
adaptive link quality based routing was suggestediWSN
[13][14]. Authors suggested geographic routing pcots for
WMSNSs due to its shortest path selection naturdg[165 A

approach as an alternative ® thmulti-constrained routing scheme was proposed 7ih, [here

they considered delay and reliability as the datéo select
best forwarding path. For RTD transmission, auttip&3[24]
proposed cross-layered MAC routing protocol. Howeve
didn't consider bandwidth as optimal that questicits
suitability for WMSN. A directed diffusion based egdy
routing protocol (GRP) was proposed to enable detagitive
data transmission over WSN [19]. Researchers pexfer

WMSN under mobility scenario, which seems relevantvarying the contention window size (CWS) and frasize so

towards emerging 0T applications. Mobility with V\BWIs
may cause various issues like topological volgtiliesource
allocation issues, data drop caused retransmissidnenergy
exhaustion etc. It may degrade overall performaotehe
network. To deal with these issues, the multi-pataic
optimization across the protocol stack can enableS Q
assurance of the WMSNs. Considering these motstion
this paper an enhanced cross layered routing pybhas been
proposed. The proposed system primarily emphasares
achieving an optimal mission critical multimedia tala

as to strengthen MAC layer that could provide défgiated
access of the prioritized multimedia data strearar B SNs
[20-22]. A SD and multipath transmission based guot was
proposed for RTD traffic over sensor network [2B].[26]
priority, link quality traffic and energy sensitivéAC
scheduling was done. In [27], a two tiered SD modab
developed for RTD delivery. Cross layer model aggssted
in [28] couldn’t address the issues such as adamssontrol,
link adaptation, and energy efficient protocols M¥CA and
TDMA based IQueue-MAC was proposed to enhance gnerg

(RTMD) communication over WMSNs. To ensure optimalefficiency and throughput during heavy traffic cdiwhs [29].

performance, the proposed system embodies an ezthano-

active neighbour table management, congestion aesase
model, velocity estimation, dynamic link qualitytiesation

(DLQE), and service differentiation based prioation to

ensure optimal QoS enriched RTMD data delivery. Ofine

key novelties of the proposed cross-layered WMSting

protocol is its node mobility feature that enableso be

applied in major mobility based low-cost heterogare
network, particularly for mission critical RTMD tramission
serving an array of 10T applications.

The other sections of the presented manuscripdisiged as:

Section Il discusses the related works, which [bfeed by

the discussion of our proposed cross layered rgunotocol

for mobile WMSNSs in Section Ill. Results obtaineadaheir

significances are presented in Section IV, while tverall

conclusion and future scopes are discussed indpe¢ti

2. Redated work

The cross-layer models was suggested for
constrained WMSN [1] and QoS provision [3, 12]. foss

Priority based traffic transmission and resourd¢ecation was
performed in [30]. In [31] mobility based WSN protd was
proposed to push RTD delivery. Researchers in §&hors
developed a real-time power aware routing protdBHAR)
to enable timely delivery of the real time data.eyh
considered power allocation and neighbor node digo
phase as the enhancement measure to enable tiratdy d
delivery. However, with dynamic topological var@ats and
respective link quality changes could not be adurésby
authors. In addition, they could not consider mtb#cenario
in WSN network. Recently, authors [34] made effoxt
developing a cross layer routing protocol for wessd mesh
network where they applied using coefficient oftiteon
concept. With intend to explore proactive QoS amsce in
wireless mobile Ad Hoc networks authors developeduging
scheme in [35]. However, they could not addressgbee of
mission critical data transmission while assignihigher
priority to the real time data transmission. Thised is of

resourdgmost significance, especially for the multimediata

communication. Thus, considering these existing@gghes,

layer model including transport, network and PHY swa it can be found that majority of the existing apwes have

either emphasized on singular network parametemagation
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based route decision or have considered MAC opétiur as
the solution to ensure timely data delivery. Howewveo

significant work has been done to address mohitityVSN

and respective link quality variation and resultingpact on
network performance. The effectiveness of [33] wehauthors
suggested incorporating packet velocity as an atdicto

signify node’s ability for data transfer motivatesto consider
it for best forwarding node selection. In additiothe

application of other parameters such as dynamic dimality

and buffer availability information retrieved thigiu proactive
node management motivate author to develop a deyes

model based routing scheme. Considering these atimns in
this paper, a robust cross layered network cardidaware
mobile-wireless multimedia sensor network routirrgtpcol

for mission critical communication has been devetbp The
brief discussion of the proposed routing schemprésneted
in the following sections.

3. Our contribution

In this section the proposed cross-layered WMSNtimgu
protocol is discussed.

3.1 Network Condition Aware Routing Protocol for
M obile WM SN (NCAM -RP)

For a WMSN network, delay sensitive data transmissind
optimal resource utilization are the key factord&ensured.
Similarly, with mobility the WMSN network might uedgo
turbulent topological variations, resulting into cgat
collision, node table management issues, datansstigsion,
elevated end-to-end delay and prominently energpaestion.
However, alleviating these issues might certaintplde an
optimal routing scheme that can facilitate a lowstco
communication paradigm to serve an array of apijitina.
Unlike major existing approaches, in this paperroaust
network condition aware routing protocol for mobiVISN
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Figure 1. Proposed Cross layer architecture

The overall proposed mobile WMSN routing protocsl i
discussed as follows:

311 Cross Layer Architecture

The QoS constraints of the WMSN network can be
characterized in terms of end-to-end delay, bantwid
utilization, link reliability, and energy consumgti. Primarily,
deadline sensitive, mission critical or the eveniveh
multimedia packet transmission without incurring yan
significant loss of packets and delay are the legjirements
for major WMSN applications. In major existing werkingle
layered optimization measures have been proposedevihis
intended to introduce optimization measures atlsifayer.
However, incorporating a cross layer model with tiplé
processes such as resource scheduling, congestientidn
and avoidance, delay sensitive prioritization, dyita link

(NCAM-RP) is proposed that can be of paramouniguality estimation (DLQE) and adaptive packet itifgt rate

significance for major applications, including adead 0T
ecosystem. The proposed system incorporates agesst
architecture, especially crafted for mobility bas@dviSN

control etc, can strengthen a protocol to yieldiroat
performance. This research is motivated with tlaist,f and
proposes a novel and robust cross-layered architedor

communication. The proposed work deals with bote th mobile WMSN network incorporates major constructsl a

mobile communication as well as time critical mukidia
transmission across sensor network. In the proposeting
scheme, the WMSN nodes handover multimedia padkets
the neighboring node which is selected on the lsissmulti-
constraints best forwarding node selection appro&ktiike
existing works, the proposed routing protocol ipoyates
mobility based neighborhood node management, ctinges
awareness and mitigation, velocity estimation, faisource
scheduling, data prioritization based on deadlineet and
dynamic link quality estimation (DLQE) models torfoem
mission critical multimedia data communication oweobile
WMSN network. Figure 1 represents the overall ctagsr
routing protocol. In summary, the proposed system be
stated as a multilevel optimization measure wittcrass-
layered design that intends to enable mission cafiti
multimedia communication over mobile WMSN network.

their optimized implementation at the different dayof
protocol stack. The proposed routing protocol oders
different optimization measures such as proactive
neighborhood node table management, congestiorctibete
and mitigation, velocity estimation, QoS oriented fesource
scheduling for RTMD data packets transmission, iserv
differentiation based traffic prioritization and rihmic LQE
(DLQE). As depicted in Figure 1, these optimizatinaasures
are incorporated at different layers of the prot@tack. Here,
congestion detection, neighborhood management,ingut
decision and service differentiation based trgffiritization
at the network layer, velocity and DLQE estimata&tnMAC
layer, and power switching unit (PSU) at physiegir (PHY)
that can play significant role in link adaptive katinjection
control. A brief discussion of the proposed crasget
architecture is presented as follows:
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3.1.1.1 Network Layer
In the proposed routing scheme, the network lagengrises
three prominent components or functions. These are:

a) Proactive Neighbor Table Management (P-NTM)
b) Service Differentiation Model (SDM)
¢) Congestion Awareness Model (CDM)

A brief discussion of these components is givefobews:
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b) Service Differentiation Model (SDM)

Being mission critical and deadline sensitive traission
paradigm multimedia data transmit over WMSN, thisr@an
inevitable need of a fair and QoS oriented trgffioritization.
In typical communication system there used to l= tiene
data (RTD) as well as non-real time data (NRT). Eaev, in
major loT application scenarios, ensuring QoS aeerRTD
delivery is of paramount significance. With thisjeatiive, in

. . this paper a novel SDM based real time multimediad
a) Proactive Neighbor Table Manager (P-NTM) _ (RTMD) prioritization scheme has been developede Th
As stated, this research proposed routing protfmomobile  proposed scheme gives higher priority to the RTMilivéry
WMSN applications that is prone to undergo turbtlen of NRT traffic; however it ensures that the RTMtaldeliver
topological variations. The change in network toyl even  gptimal throughput while ensuring that there isstegossible
with WSN alike greedy network may introduce numerou |gsses of NRT data. The proposed SD mechanismesppli
issues such as collision, packe_t drop etc. To @ealthls, this  ovel differentiation paradigm that gives higheiofity to the
paper proposes a pro-active neighboring node tablgission critical RTMD traffic over NRT data. Once i
management scheme (P-NTM) that updates node losaéi®  resource constrained communication scenario, aaiating
well as its associated significant features suchbaffer node finds its buffer capacity full and needs sapntary
availability, distance between nearest sink etenhlibles swift memory to perform transmit real time multimediafftca
and precise decision process to perform best falwgrmnode (RTMD) data, it borrows additional buffer space nfrche
selection. In the proposed model, individual nogdates its memory assigned for NRT traffic. In the proposedvBibwo
node table (NT) distinctly which is followed by the gjstinct buffers have been assigned for RTMD andr NRta.
transmission of a beacon message to its one-ha@ndis | this way, borrowing additional buffer space frotne
neighbor node. The beacon message embodies key noggecific buffer assigned for NRT traffic, RTMD tfiafdata is
information such as node ID, buffer capacity, buffe 55signed memory so as to support timely data dylive case
availability, current link quality, and the coordies of node \yhenever NRT buffer is filled, SDM performs schedglin

location. One significant novelty of the proposedhite-
WMSN routing protocol is that it avoids
acknowledgement message from the beacons. Inttidg, g0
transmit WMSN traffic data, the individual packétesof 42
bytes is selected, where each data packet is igptitthree

such a way that few of the NRT traffic are droppedyive

any required buffer space for RTMD transmission to é@aDoS

delivery without violating deadline time. In the oposed
SDM model, NRT traffic data is stored in first-imst-out
(FIFO) manner and hence dropping few of the laatlided

node ID, the second field of 192 bits comprises kieg
constructs (information) like node’s total buffeapacity and
current availability, link quality and packet infem rate of
the velocity. Similarly, the location coordinate$ mode is
stored in the third field of 128 byte size. To deéh collision
issue, each node sends a beacon message along naitdom
offset timer (ROT). Here, the ROT is decided baseda
uniform  distribution  mechanism.  Listening
transmission node resets its ROT. In the proposeding
model, the subset of the one hop distant neighboniodes
with equal or shorter distance to the nearest &lektination)
is updated to the NT.
Let, N; be the one-hop distant neighboring noNe,be the
possible best forwarding nodgg and Eq be the Euclidean
distance from connected BFN and the source to Herest
destination node, respectively. Then the total nemadf nodes
Nr stored in NT can be estimated as (1):

Ny = {N; € N;|E, — Er > 0} @)

For wireless multimedia sensor network, prioritiaat of
event driven or the mission critical data is of gmount
significance. Delivering multimedia traffic withinleadline
time plays vital role in assuring QoS. To enabldiroal
multimedia traffic prioritization (deadline sensi), in this
paper a novel service differentiation model (SDM)deal is

proposed. The proposed SDM and QoS oriented traffi

scheduling is briefed in the follwing sub-section.

significantly. Unlike generic paradigms, the propdamodel
neither drops high data elements (drops minimakifide
elements to meet current buffer need to transmMBRTdata)
not needs any additional memory space. It makeprtgosed
routing system cost effective and efficient for iable
multimedia data transmission over WMSNSs. In summtrg
proposed routing scheme intends to deliver maximom

packet pptimal RTMD data while ensuring minimal possibl®N

drop.

¢) Congestion Awareness

The typical WSN networks exhibits greedy naturet tim
conjunction with mobility raises issues of elevatemgestion
and collision problem. To deal with these issues,the
proposed routing scheme each node transmits a feaco
conjunction with ROT estimated on the basis of #&oum
distribution approach. Getting any transmissioruest, node
resets ROT and avoids feedback message that seymify
minimizes computational overheads. In addition,pghgposed
routing approach doesn’t save any source to déstineoute

and thus performs NT update proactively. To enable

congestion free traffic transmission over WMSN, tinis

paper, a congestion awareness model (CAM) has been

developed at the network layer that performs dycami
bandwidth or buffer availability estimation. CAM tdets
Puffer occupancy level dynamically and estimatesgestion
evel at a node. Applying detected congestion letred
proposed cross-layer routing model selects bestdialing
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node (BFN) and thus avoids congestion. The dynamiaodes to the nearest destination. It significarttBlps in

congestion level awareness plays significant raie the
proposed BFN selection scheme that as a resuls helQoS-
aware multimedia data delivery over WMSN networ&kihig
into consideration of real time network conditiorst, the
network layer each node is allotted fixed buffeaspto store

reducing data drop, especially when mission clitica
multimedia traffic data delivery is of utmost sifjoance for
WMSN network. Furthermore, the approach that thellest
distance between neighboring nodes to forward dataplay
significant role in reducing data drop, is appliexd decide

both the RTMD as well as NRT data. Considering e€venBFN selection. To calculate data velocity (in otherds, the

driven or the mission critical data transmissioreroWMSN
network the RTMD data is stored with a priority édshash
table. Here, it should be noted that the proposmding
scheme decides priority of the RTMD traffic on thasis of
deadline time to reach destination node. In thepgsed
routing model, the NRT data is stored in the geniénst input
first output (FIFO) queuing manner. In addition tbe
congestion level, the relative distance from souieesink
(destination) node is used for RTMD prioritizatioithe

RTMD packet with least priority has the Iov&é@ﬁ‘%,

1
where tgeaqiine i Signifies the remaining deadline time and

d’;states for the Euclidian distance in between tmevdading
nodei and the intended destination ngddo calculate the

remainin@geaaiine i, the arrival time of each packet is stored

and before transmitting any packet, the queuingogers
subtracted from its deadline titg, qiine -

To assist congestion awareness facility, individuedde
updates its current buffer capacity dynamically., As
practical WMSN scenario, the buffer capacity of @@ can
vary dynamically due to traffic variations, and ritfere the
proposed routing scheme introduces a factor calledulative
congestion degre@CD,.Here, CCD, contains the local node
information in addition to the impact of the neighing node
in a subset, say,. In mathematical formCCD, is calculated

as follows (2):
N 2
CDnor + CDpy;i N Z ceo,, (2)
i=1

CDnorMax + CDpriMax

whereCD,, andCD,,;
normal queue and prioritized queue, respectivelye Bther
parametersCDyormax @Nd CDprimax Fepresent the maximum
buffer capacity of the normal and the prioritizedeges,
correspondingly. In additiorGCD,; reflects the total number
of nodes irs,. In this way, estimating buffer availability the
BFN selection has been performed that avoids daitesion
significantly and thus supports other QoS conssristich as
minimal data drop, end-to-end delay and energy woipsion.

It results into timely multimedia data delivery oW&/MSN
network.

3.1.12 MAC Layer

In the proposed cross layer architecture, at MAgedatwo
models have been introduced. These are:

a) Velocity Measurement Unit (VMU),
b) Dynamic Link Quality Estimation (DLQE).

a) Veocity Measurement Unit (VMU),

One of the predominant novelties of the proposessser
layered routing protocol can be the implementatwna
velocity measurement unit (VMU) that employs trarssion
packet delay for calculating the distance betwéemeighbor

ccp, =

state the available buffer space in the

packet injection rate), in this paper four paramstdhe
Euclidian distance between the source and the steare
destination node, and relative distance in betwéea
neighboring node, average round trip time, andsieed of
radio signal have been applied (3).

In practice, to enable mission critical multimetfi@smission
over WMSN, the information about the neighboringd@o
velocity can be of paramount significance to perfaptimal
BFN selection or the nearest sifk because nearer the sink
node, higher the probability of successful RTMD
transmission. Equation (4) presents the proposddcie
estimation model.

where V5, represents packet velocity at transmission
powefTp, Dig, represents the Euclidean distance between
sourcei and the nearest sink node. The distance betweds no
i and the nearest destinatioig,s and the round trip time of

a packet is given Byr;. The maximum speed of the radio
signal is stated in terms Rfjaxspeea: Which is taken as the
speed of light over the distance from node the nearest sink
node. In this researciiyy; is taken as the difference between
the time of packet transmission and its acknowletaye
(ACK) receiving.Tgt; can be estimated using equation (4).

(4)

(DESD — Dis
Trri

3

Vrp = R
MaxSpeed

Iiv=0 R,Qt - SFi’t
N
where, S, represents the time when a packet is transmitted,

and R}, represents the time at which the ACK is received.
Here,N gives the total number of success transmission.

b) Dynamic Link Quality Estimation (DLQE- ¥)

Link quality of a node does have direct relationwsen the
probability of data drop that eventually leads aemission,
delay, and energy exhaustion. Therefore, for
communication network, transmitting data over aatsé link
can play significant role in assuring optimal overa
performance. The knowledge of current link quatian be of
vital significance to decide best forwarding no@#N) and
path selection. On the other hand, being mobilipsdul
WMSN; in the proposed routing protocol it is inedite to
assess current link quality of each node so agcald reliable
BFN for QoS-aware data transmission. The proposating
protocol introduces a novel dynamic link qualitytiestion
(DLQE) model at the MAC layer that measures thek lin
quality of a node and updates dynamically so asldocide
BFN for transmission. To estimate the dynamic hijlality of

a node, a well known and robust algorithm callechdfgiv
Mean Exponentially Weighted Moving Average algarith

Trri =

any
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[32] is applied. Mathematically, DLQEWY)is derived as velocity. It should be noted that in the proposeeBWNS
follows: model, the weight factor&,, B, and B,)which represents the

W=a+W+(1—a)*P (5) weight assigned to each constraint satisfies thewing
Where " condition (8).

(8)

Ny
N . F imulation, in thi the stati ightgpaet
Where N, signifies the total number of transmitted packetswggsl:rggda Ir?gwg\]/er 'ist Egﬁeg e :szi;gdwgg/% ami Cagi[gn
and.NrX gives the total numbers of r‘?ce"’?d packets. Irbxpected significance level. Thus, estimating ttmares matrix
addition to the packet received ré#@, in this paper an {or each node, the BFN selection algorithm has esetuted
additional factom(whereq € [0 ... 1]) is used. which is followed by transmission of the multimediata. The
3.1.1.3 PHY Layer proposed BFN selection algorithm is given in Fig@re

As the proposed mobility based WMSN routing protoso Algorithm: Best Forwarding Node Selection
formulated as a cross layered architecture, thigbacjection

rate or the velocity estimation can be introduced i  Input: One — hop distant Neighbouring nodes,
conjunction with a power switching unit at PHY.cln play Score matrix for each node.

vital role in tuning of the transmission power & pxpected Output: Best forwarding node
packet injection rate or packet velocity. In adsttiit can be Initialize Score o (SM) = —1;

of significant to optimize bandwidth utilization é@mmission foreach Neighbor node i do

critical data transmission. To strengthen the psegorouting SCOTecyrrent

scheme, a physical switching unit (PSU) has begfiezbon = B(weight).¥ = On — hop distant Nodel[i]. ¥
PHY layer of the protocol stack. + B.B,(Buffer remaining) * On

a) Physical Switching Unit (PSU) — hop distant Node[i]. B.(Buf fer remaining)

+ B.Vrp * On — hop distant Nodeli]. Vr,;
If Score pax < Scorecyrrentthen
Best forwardingnode (BFN;p) = I;
end
end

The proposed PSU at PHY layer enables tuning of the
transmission powefTp) to the expected velocity lev@h, ),
where VMU can function in association with the P§dJas to
vary the value ofTp. It can enable tuning of the packet
injection rate or the packet velocity estimationasoto meet
application demands.

Figure 2. Best Forwarding node selection

3.2 Multiconstraint Best Forwarding Node Selection 4. Resultsand Discussion
(M-BFNS)

Selection of the best forwarding node can playifiant role

in assuring QoS-aware transmission over WMSNs. Witk

Considering QoS-aware and mission critical multimedata
transmission over WMSN network, in this paper agi@voss
A . . - . - layer routing algorithm named network condition asva
motivation, in this paper, a multi-constraint béstwardin ! .

" baper, g routing protocol for mobile WMSN (NCAM-RP) was

node (BFN) selection scheme is developed. Consigeri . . .
requirement of minimal data drop, least possibledevelop. To achieve optimal network performance tiplel
retransmission.  minimum  end-to-end ' delay optimalnetwork constraints such as node table management,

throughput and minimum energy exhaustion, in thégpep, co_ng_estlon_t_ ”}'t:jgit'on'. ‘?'tY”atT“'C Im'?( tquallty_ ?.St'"‘tb.m
multiple constraints is applied to formulate a HoB&ENS mission critical data prioritization, packet velycestimation

scheme. Here, three constraints or the paramedgreamic ?‘”d efficient best .forwarding node selection were
link quality, buffer availability, inter-node distae, end-to- implemented at the different layers of the protostick.

. : . Primarily, the optimization measures were incorpeaat the
end delay, packet velocity etc are applied to @aeNM+BFNS .
model. The proposed routing protocol performs M-B-N Network layer, MAC layer and PHY layer. To del@oS-

estimation at each node. In order to estimate autative aware data delivery over WMSN’ tWO.dIStII.’ICt buf@aces
were allotted for each real time multimedia traffic data

score metrics while balancing the parameters sush a . h L
remaining buffer capacity, dynamic link quall#y and packet E}%ggﬂD)ggr?s?doer;i';eal trlgigg[: (%Rg%]}gzz'gnat :‘rﬁj'v'd dueag dlin
velocity, an additional parameter called weighttdad is X 9 opt
introduced. The node score matrix for each nodesisnated sensitive multimedia d‘?‘ta transmission over WM.SNVDd(’
using following equation (7): a fair resource scheduling scheme was developédihteaded
9 geq ' to provide optimal resource to the RTMD, while eivsgy best
Ngcore = B1 * ¥ + B,CCD + B3 * Vpp ©) feasible resource allocation to the non-real tim@dNRT. To
L ) perform simulation, in this paper, mobility basedW&N
where,Nscore signifies the nodeN) score matrix\¥’ presents  q4e| was developed using MATLAB 2015a simulation

the dynamic link quality of the node NBr gives the  ,atform. The simulation environment applied irsthésearch
remaining buffer capacity &f, andvy, reflects the packet is presented in Table 1.
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Table 1. Simulation Environment NCAM-RP exhibits 7.37% data drop (min. 1.6%, ma8%4d),
- - - while RPAR exhibits approximate 9.0% drop (min., 218ax.
Simulation Environment 21.1%)
System Windows 2010, 4GB RAM, Intel i3 processor. ' '
Configuration RTMD Packet Delivery Ratio (%)
Simulator | Matlab 2015a R 00 1 D5 0 N S S 0.1, P 80 7 B 0 0 08 BICARL .0
| s L e k. | —#-—NcamrP | |
Network Mobile WMSN 2 S s [ == —rPaR |4
Network | Network Condition Aware Routing Protocol for | B . i W 1
Protocol Mobile-WMSN (NCAM-RP) | b4 B R
Data Link | CSMA =7 % 1
Physical | IEEE 802.15.4 Bl 1
Nodes 50 F o s
Range 100m e b B o
Payload | 500, 1000, 1500, 2000, 2500, 3000, 3500, 4d00, g | T |
4500, 5000. R | e
Mobility Circular Mobility pattern (Running competitive 90 1
Pattern scenario) sl |
Simulation | 800 second | |
perlOd E’55DV‘D‘ i b1E)‘DD‘ ) ‘15‘30“ i .ZD'DD" ’ V‘Zf:DD. } 'JE:DD“ i -35‘00' - l‘4D‘DD’ - '-tlE:DﬂJl i .5600
For multimedia data transmission over WMSN network, ) _ Payload ) )
optimal resource allocation, minimum end-to-end agel ~ Figure3. Real ime multimedia data (RTMD) delivery with
minimum data drop and retransmission probabilitpd a payload variation
minimal deadline miss ratio is of paramount sigmifice. An NRT Packet Delivery Ratio (%)
assumption that lower data drop (i.e., higher digtivery B e e N e R |
rate) can result into higher throughput and minimum G B R | =pe=npAR
retransmission that as a result can reduce deldyeaergy L S R e b
exhaustion, has been considered in this researehre,H | i
performance assessment was done in terms of détergle §90" i sy
ratio, data drop ratio, and deadline miss ratio Both the 2 Doy il
RTMD data as well as NRT data traffic. To justifiiet 9: , Tt
robustness of the proposed NCAM-RP protocol, the ¥ & o
comparison was one with a well know mobile WSN gcot = o
named Real Time Power Aware Routing Protocol (RPAR) sol b
[33] was developed for multimedia data transmissower Z i
WMSN network. RPAR is an application specific, dela [
sensitive, power aware traffic forwarding WSN puab 7300 1000 1500 2000 2500 3000 5500 4000 4500 5000
However, it suffers from issues such as signalingrieeads, Rayload

etc. Unlike proposed NCAM-RP protocol which conside Figure 4. Non-real time muItimedia_data (NRT) delivery with
multiple network constraints for BFN selection, RRApplies payload variation

packet velocity of the nodes for transmission salied. As  Observing these results it can be found that the
depicted in Figure 3, it can be found that the pemgl implementation of proposed “dual-buffer each nodefieme
NCAM-RP protocol delivers RTMD traffic up to 98.2%n  with SDM based deadline sensitive prioritizatior aasource
average NCAM-RP exhibits 87.6% RTMD delivery, while allocation enables proposed NCAM-RP protocol touems
RPAR could deliver 84.9%. Similarly, for NRT traffi lower data drop. Being a QoS aware WMSN network,
transmission over WMSN network, it can be obserflégdure  NCAM-RP schedules its resource in such a way thengver

4) that the proposed NCAM-RP protocol delivers 835 a node requires additional buffer space during estign (to
average delivery. On the contrary, RPAR exhibitdd9%  transmit mission critical RTMD data over mobile-WMEBit
NRT delivery, which is 1.98% lower than the propbse borrows required memory space from NRT assignedebuf
NCAM-RP protocol. Consequently, the applied scheduling scheme draps (
Here, the significance of the implementation of pme®ed undergoing 100% resource utilization) some of teent data
service differentiation and deadline sensitive fitaf from NRT buffer. It should be noted that NRT buftessigns
prioritization scheme could be visualized throulgé tesults. memory based on FIFO manner and therefore dropiewg
Exploring in depth, it can be found that with lowaffic recently added data can't impact overall perforneanc
payload both the protocols exhibit similar perfono@, while  significantly. Now, being a mission critical commnication
increasing payloads RPAR depicts higher data dnep the scenario, timely data delivery plays the significaole.
proposed NCAM-RP protocol (Figure 4 and Figure 9n  Avoiding deadline miss can enable QoS delivery,eeigily
fact, increasing multimedia traffic load influencd8FN  for multimedia communication system. Figure 7 pntsehe
selection mechanism that as a result increasesie¢hdline deadline miss ratio performance by NCAM-RP and RPAR
violence (Figure 6). Observing Figure 5, it candeen that protocol, with RTMD traffic.

NCAM-RP protocol exhibits lower drop of 3.15% (mi2%,

max. 4.5%) for RTMD traffic, while RPAR shows onesaige

6.06 % drop (min. 2.9%, max. 9.3%). For NRT traffic
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Qi IMEPackat Brop Ratio (%) selection. In cumulative perception, the resulfsrafthat the
5 Rt | proposed system can be an effective solution forSMVeven
gt Ned - E el . . . . .
| Er 3 with mobile scenario and hence can be applied fajomioT
sl P/’,,n- | applications.
= .| 7 ] Table 2. Comparative Features
= !
a | ] (]
5 el i 8 o | 23 _%
| ! | 5 |8 |B|s5 |22 |8 |gsEd= |2
L |® 8|83 |35 |8 859z |E
| B R e a O | o3 5
4t v g s >
| = A o
3;}_/ DR A : Hl [5] x | V|V | ¥ X X X X
[risati: i 4 | QE:L"RF_% ‘ [6] X v x X X X v X
P i Bt S BRSOt RS IR RS R S T el [10] % V1 x % x x v %
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Payload [15] v X X X X X X X
Figure 5. RTMD Packet Drop ratio with payload variation [13] x | x| x X v v x x
14
NRT Packet Drop Ratio (%) [ ]
By Ty Ty T T P SRR [17] v v v X e e X X
—-#-— NCAMRP | |
| —=-—rPAR | | [18] X v X X X X X v
il
20| 1 [23] X X X X X v v X
o K [25]
_ e el [27]
= 5} o L J
g L j [28] v v x X X X X X
5 AT | [30] x x | x X X v X X
g = ‘ [33] v I x v % < < X
LB j NC v v v v v v v
,/:/.-* AM-
® = -4':?:",:“&_;"';:?;'/ ‘ RP
= - ¥ 1
i

N T ) 00 2020 e WA Here, it can be observed that the proposed NCAM-RP
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 protocol cosniders multiple constraints for BFNestibon that

Payload . -
; . Drop ratio with pavioad variation 2 @ rgsu!ts enables o.pt|mal performance for mattien data
Figure 6. NRT Packet P pay transmission over mobile-WMSN network.

Deadline Miss Ratio (%)
o b e sl

b 5. Conclusion
8 | —-=-—RPAR |4
j e Considering the significance of mobile wireless timdia

T T e 1 sensor network (WMSN) for real time applicationspecially
§af = { for the emerging 10T ecosystems, in this paperbasb QoS-
B L /_,E/ ¥ aware cross layer architecture based routing pobtoamed,
2 o pcnn pemn et Sl network condition aware routing protocol for mobBiéMSN
g4 i3 Laen e 1 (NCAM-RP) has been developed. The proposed routing
R o { protocol has applied multi-constraints optimizatimeasures
= £ ,/’i" [ at the different layers of the protocol stack. Tpreposed

B - R 1 routing protocol has introduced enhanced approashels as

e 1 pro-active neighbor table management, congesticarevess

i 10 T 0 0 6 O e e G model, velocity estimation, dynamic link qualitytiesation

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 (DLQE), service differentiation and deadline sewsit

Figure 7. Deadline miss r;at)i’g?é)r varying RTMD payloads Multimedia traffic prioritization and muiti-constras based

best forwarding node selection. Performance armlgtites
Table 2 presents a comparative presentation optbposed that the proposed NCAM-RP protocol exhibits higluata
routing scheme and other existing approaches. delivery (98.2%), lower data drop (7.3%) and lowleadline
Here, it can be observed that the proposed NCAM-RFhiss ratio (3.1%) than an existing protocol RPARichkh
protocol exhibits 3.1% deadline miss, while RACHfets  shows average data delivery of 84.9% RTMD traffite
higher delay and hence shows 5.01% deadline misssel proposed NCAM-RP protocol has exhibited packet dobp
results confirms that the proposed NCAM-RP protogot  7.3% and minimal deadline miss ratio (3.1%). Theults
only ensures higher real time multimedia data (RTMD exhibit that the proposed NCARP protocol can be of
delivery but also assures that the deadline migsrigmum or  paramount significance for real time multimediaadataffic
the minimum delay is maintained. It can be statetha result over mobile WMSNSs. In addition, the mobility basatMSN
of the proposed SDM based prioritization, deadbeasitive makes the proposed work highly applicable for IloT
resource allocation, adaptive packet injection sieeduling applications and other real time multimedia comroation
or the velocity estimation, and optimal best fordimag node
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scenarios. In future, the proposed routing schemddcbe
examined in terms of energy efficiency, overheddtency
and signal to noise ratio efficiency with real timalltimedia
payload (image or video data) transmission.
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