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Abstract. An efficient utilization and allocation of the limited
resources of a wireless sensor network (WSN) in aay that
maximizes the information value of the data colleed is a
significant research challenge. Within this context this result
concentrates on architectural approach as a meand @cusing a
sensor on obtaining the important data efficiently.Our goal is to
facilitate the development of a sensor network andlivide all
sensors into the distributed clusters. Division isself-organized
and fault-tolerant. The fully collision-free TDMA-based MAC
protocol is proposed for the inter-cluster communiation. As we
assume that in each cluster every node is one-hogr faway from
its neighbours, it is obvious that no routing prota@ol is needed
and it allows using very simple sensor nodes withintited
resources, which prolong WSN service life. Along th the upper
level, the content here refers to the automatic ruime selection of
service implementation and network resources to exate the
application specification in a resource-efficient ad context-
aware case.

Keywords: wireless sensor network, clustering, collision-free
hierarchical structure.

l. INTRODUCTION

With the development of MEMS (micro-electro-mectzahi
systems), the wireless sensors have become resebjetts
with great capabilities. Wireless sensors are gedupto the
network, thus enabling the careful and efficienthgang of
objects or environmental data. Wireless Sensor bidisv
(WSNs) are widely used in environmental monitoritigy
example, temperature, humidity, etc., as well as
army/battlefield, disaster, etc [1]. In the aboventioned
fields of interest, sensor nodes are deployed enutmanned
manner. Thus, various protocols such as commuaoitatnd
topology control protocols manage node cooperadiwh data
transfer to the sink. The main function a WSN nsaugiport is
self-organization. In some cases, self-organization
implemented by structuring a WSN in clusters [2].chse of
clustering, a special node arises in each clu3iee. node is

called a cluster head (CH), when it maintains eust
functionality. CH can be predefined or may be chose .

dynamically from the available nodes.

Grouping nodes into clusters provides the
network extensibility, as well as routing table mmization
because it is not necessary to have a network fab&ach
node. Also, the network topology becomes more stablthe
sensor node level. Stability is achieved becaussosenodes
maintain their connection to a CH only.

In the paper, a novel clustering scheme is propofed
scheme is specially designed for the collision-freedium
access control (MAC) protocol [3].
communication is required in medicine control apgtions

[7]. The applications suffer of data losses causedollisions
on receivers, thus decreasing the overall qualitgeovice or
even leading to the vital information loss. Thude t
opportunity of collision-free formation of clusterss
demonstrated in the article.

The proposed clustering scheme has been designébefo
hierarchical network described in [4], but it isdrto use it for
another similar hierarchical network.

Il.  RELATED WORK

Unfortunately, we could not find any clusteringlis@on-
free algorithms. Therefore, we will name only a fefsthem,
which are closely related to our problem.

The classical clustering approach — Low-Energy Aidap
Clustering Hierarchy — LEACH [5] and its extensidi.-
LEACH [6] are mainly aimed at minimizing energy
consumption by sensor nodes. Thus, the CH rotaison
assumed, and a CH is chosen in terms of minimunnggne
required for communication. Cluster establishmerg i
performed by broadcasting messages using CarrieseSe
Multiple  Access (CSMA). For the intra-cluster
communication, the Time Division Multiple AccessOWA)
scheme is used - in scheduling neighbouring nodes.
Moreover, the Code Division Multiple Access (CDMA)
scheme allows each inter-cluster communication ® b
collision-free to neighbouring inter-cluster comraations.
inowever, such an approach uses three medium access
techniques that only minimize collisions but notlexle them.

Another clustering scheme approach is describe@i7in
named Energy Efficient Heterogeneous Clustered E&EH
scheme. Clusters are formatted within k-hops fro@Ha CHs
are selected randomly with probability p. The aidn is
designed to be used in large networks with minichieaergy
consumption. The scheme does not work in the amllifree
manner — that is sometimes desirable or even regess

A PROBLEM STATEMENT

Some sensorial data gathering applications require

increasgfbterministic real-time medium access and the éraof data

to data aggregation nodes. Mainly, such applicati@me
intended to be used in a network with the two-level
architecture. If it is not defined clearly, thentlwia high
probability such a system can be reduced to a éwell
system. Consider Fig. 1, where the two-level system
architecture is depicted.

The first level is called the sensor node levelifs level,

Collision-free wireless sensor nodes are placed, which in FigeIdapicted

as circles with SN abbreviation inside. From thesse nodes
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CH is chosen. Sensors are placed within 1-hop rdistdrom
other inter-cluster nodes. The second level isedalthe
gateway level. More powerful nodes are placed th&éhey
are depicted as circles with GW/SN abbreviationdimgsee
Fig. 1). Gateway does not operate in sensorial stasht
performs cluster data aggregation. Then aggregdéal from
one cluster is routed among other gateways andeadell to
some central data storage unit / central compuberttie
analysis. Inter-gateway communication is performby
TCP/IP.

802.11g/ |,

|| 802.11g/

Fig. 1. The architecture of two-level system

In the paper, we propose an approach not onlyadriging
the real-time data gathering and deterministic on@daccess,
but also the collision-free communication betweeineless
sensor nodes. For that purpose, the novel MAC pobts
used that ensures the collision-free cluster foionadnd intra-
cluster communication. The cluster formation praredstates
that all cluster members are configured in the sarag for
one cluster and in a different way for another. Erample,

one cluster member nodes use the communicationnehan

with number 1, then another cluster selects fonddes the
communication channel with number 2. Respectivell,
nodes are preprogrammed — communication channelprar
defined. Such a case is shown in Fig. 1. Accordinghanual
communication channel separation, one clusteraopérate in
the frequency range, which is not the same forlaaratluster.
The same principle is applied in the case of masn ttwo
clusters. The only limitation is the number of dahle
communication channels.

Unfortunately, such an approach has a signifidamtdtion
because each node requires the explicit indicatafn
communication channel number. Such limitation ressinl the
complex network planning and maintaining. Moreowezlf-
organization and self-healing of a network canr®abhieved
in full because of static, hard-coded definition
communication channels of wireless sensor nodes.

sensor nodes are placed. Communication between each
wireless sensor node is established by the cailiBiee
TDAM-based medium access protocol. The protocosesses
self-organising features, which enable cluster bdistaing.
The protocol is fault tolerant if a network chang#s
configuration.

Intra-cluster 1-hop connectivity between nodes sedu
because it is necessary to achieve the fasterférang data
from a cluster to a sink (GW). That is why no detating
between sensor nodes is needed. As a result, niingou
protocol is needed that helps to prolong netwofé&tithe.
Furthermore, smaller latency in data delivery frthra sensor
node to the sink is ensured in comparison with data
delivery from the one which is n-hop far away.

Each cluster in a network is maintained by its @GHCH is
selected from wireless sensor nodes. The MAC pobtoc
defines an algorithm and its operation in the smh-free
manner with a guarantee of only one CH existenceria
cluster. After CH selection procedure, it performisister
maintaining and new member inclusion procedures.CGVMA
protocol defines a procedure of new member inclugiothe
collision-free  manner. That helps to avoid the ega
influence of new potential member request packetsthe
stabilized inter-cluster communication.

Master No master
“is detected detected ~

INITIALIZATION MASTER_ELE
_INTO_NET \ CTION
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.\
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7
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|
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Fig. 2. The original state machine of the collisfoee MAC protocol

In case of two-level system, there are some chaimg€sl
selection state [4]. The changes occur becauseGihe is
connected with the SN directly by electrical commation
interface. The connection is necessary because W G
inability to work in two-protocol systems simultansly
without adding additional hardware. Such hardwareome
sensor node from wireless sensor nodes. Accordmg t
fimitations of a system described in [4], the GWaidine-
powered device with unlimited energy source. Thiig

To solve the drawbacks, we suggest implementing &ngor node connected to the GW becomes unlimited i

clustering algorithm with the dynamic communicat@rannel

energy resource, too. This feature allows the senede to

changing mechanism. The algorithm expands the MAQnange its state to the CH, with sending a serpiaeket,

protocol functionality. The modified MAC protocobgdorms
and controls intra- and inter-cluster connectiomfation as
an additional subtask.

IV. THEPROPOSEDCLUSTERINGALGORITHM

The proposed clustering algorithm is designed todes at
the first level of a hierarchical system. At thévél, wireless
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informing all cluster participants. After sindiniget packet, the
original CH sends an ACK service packet to confire CH

change procedure. Then after receiving the ACK egch

new node switches to CH state with the same netwtatus.
Thus, other nodes will not suffer from the CH chiagg The

only limitation is that the CH change procedurd wtart only

after obtaining the network status information.
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In the paper, we try to eliminate one significagstem
limitation affecting the wireless sensor node dgpient and
network planning. The
arrangement in all wireless sensor network nodeksisussed
in [3, 4]. On the contrary, we suggest specifyingyoa
starting frequency of communication because inréfad world
wireless sensor nodes may be scattered randomlytheaid
number may also vary trough node breakage. In stases, it
can be a significant obstacle to extend the exjstiatwork.
Especially, when there are not available nodes witipecific
communication channel. Or in other case, it is ghd@ionly a
few of cluster sensor nodes will operate to fulfiltask. This
leads to the situation that the left nodes becosedess. And
still they are unavailable for other clusters beeaof hard-
coded communication channels. As a result, they raoe
suitable for replacement -—wireless sensor nodes
neighbouring clusters communicate on different cleds

Of course, the collision-free communication modmas
as a main feature of an enhanced solution. Als@
neighbouring clusters may exist in the radio rangegach
other without limitations. The only requirement i®t to
impede neighbouring cluster communication and vieesa. It
is achieved by dividing each cluster into its comination
channel, but now in the auto mode.

To enable new features,
modifications have been made:

fixed communication channetommunication

communication channel. After the communication cten
change, the sensor node continues listening. Ififoe {, no

is heard, the sensor node
MS_ELECTION phase, where it has a good chance ¢orbe

a cluster master. Other MAC protocol state maclstaes
remain unchanged. After master selection procedaraew

CH sends the network information data package hagetith

service information. At the next communication TDM#ot,

the CH data is transmitted to communication pastierone

cluster. TDMA frame ends with the initializationosl where

the uninitialized nodes send their initializatie@quests to the
CH.

Some changes affect the sensor node inclusion thrto
cluster, too. The sensor node and CH know its piaterole.
Sensor node is a wireless sensor node that isomotected to
tfe GW. Thus, its potential role is SN-role. In theginal
MAC protocol, the sensor node could change itsestat
MS_ELECTION if its CH runs out of power or stops

tfiunctioning. Now it is unnecessary because if no @H
available for the sensor node in its radio rangmedans that it
is far away from all CHs or the appropriate CH ffidlf it so,
the sensor node cannot deliver its data to a decdraputer;
thus, it becomes useless for a two-level system.

When the sensor node is powered on,

for time t, (Eq. 1). If it receives the packet from anotherant

¢ all wireless sensor nodes have been programmed toluster initialized sensor node, it stops the tirmed waits for
start communication on a common communicatiora CH service packet. After the service packet reéaepthe

frequency;
e between CHs communication for service
information exchange;

sensor node analyses the density of a clusteiit-isfable to
connect to it. If a cluster is too dense or nevsiduparticipant
registration is closed, the sensor node switchesrother

e a new type of service packet has been implementedommunication frequency, or it switches to a patéc

One is for the CH, telling its sensor nodes to
switch to another communication channel.

As aforementioned, in the new MAC protocol variatite
change is made in the CH detection if it is cone@db the
infinite supply power or not. Therefore, each sensode
knows if it is a potential CH. This feature is thmin in case
of a self-clustering procedure. If it is a potehi@H, after

powering on the sensor node enters MS_DETECTIOR sta

(Fig. 2) and starts listening to a defined commatidmn
frequency. In such a state, the sensor node waits fdata
packet at a current communication frequency foraét wime
tw, which is calculated as follows:

@

ty =t *2+tg +t5°

where { is the maximum communication cycle period time,
ts is the maximum sleep intervalp tis the time calculated

from the SN ID number. All these values are knowrSis,
but can be changed before programming them. Duiing
2* the sensor node radio receiver is switched onyellsas
the countdown timer starts from the samey2tfitne, which is

used for sensor node assurance to hear the intstecl

communication. If during this time interval the sen node

receives the data packet from another node or theemaster

communication frequency if the CH has informed akibin
its service packet. However, if no master packeetzived,
the sensor node switches to another communicatiostec
and enters MS_DETECTION state at once.

An enhanced MAC protocol with the clustering altjom
state machine can be developed from the origina. on
Consider Fig. 3, where the enhanced state machisigown.

CH role state machine

de«td
com. frequer y\

SN-role state machine

IN'ITIALIZATION
CIlTCK Rt "
i

|h||

S

INITIALIZATION o
_INTO_NET -

i

Let's check if SN

Fig. 3. The changed state machine of the colli§iea-MAC protocol

Though each wireless sensor node knows its poteota
in the wireless sensor network in general and sluater in
particular, the state machine is divided into tveotg. One part

packet it stops counting down and switches to amoth
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enters

it enters
the following MAC protocoMS_DETECTION state. In this state, the sensor nodés
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is dedicated to the sensor node, while the othdedicated to presented that is based on a newly developed icoHisee

a potential CH node.
A new state has been added to a state machine iBNR

role part — INITIALIZATION_CHECK — where the sensorsupports the collision-free communication,

node checks if it is able to initialize in the dis
The sensor node enters the state only

MAC protocol. The protocol is changed, thus gainingelf-
clustering feature. While the changed MAC protostill
it hascdme
more flexible for its use in real-life application& two-level

aftevireless sensor network planning procedure has esguced

MS_DETECTION, when a CH is detected. If the chegkinto a GW placement and sensor node scattering aear@W.
procedure ends with a positive result, i.e., ilig&tion is Moreover, a self-healing feature has been addedetdMAC
open, then the sensor node enterprotocol. The feature allows replacing the out-ofesy GW
INITIALIZATION_INTO_NET state. And the further stesp or/and the CH simply by adding the properly opagtone.

till the data packet is sent are performed as & dhginal

Moreover, the changed MAC protocol is shown with ttelp

MAC protocol [3]. If the checking procedure endsthwia
negative result, and the sensor node cannot balired in the
cluster, then the sensor node changes a communricati
frequency. Communication frequency can be changed
according to the full cluster CH service packewbiniation
about free-to-join clusters, or by changing comroation
frequency by the frequency counter incriminationhud,
switching to the next frequency is performed.

In the point of CH-role state machine part, a neapl in
MS_DETECTION has been added. According to a new, Ioo[ ]
MS_DETECTION state has been modified. A new procedu
has been added — CH detection on a particular caonwation
frequency. If a CH is detected, a potential CH desnits (4]
communication frequency by incrementing a frequency
counter. Thus successive communication frequermesme
checked. It helps not only to form a cluster widilision-free
communication and without negative influence on eoth
clusters, but also enables a network self-heakadufe. When

(2

(5]

of the state machine in the article.
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Romans Taranovs, Valerijs Zagurskis, Gundars Miettis. Efektiva klasteros sadalanas pieeja hierarhiskiem bezvadu sensoriktiem

Efektiva limiteto resursu izmantoSana un iz8aha bezvadu sensoildlds veidi, kas maksimiz savaktu datu infornacijas \ertibu, ir liela EtiSanas prokma.
Sini kontekst petijuma rezuliti koncentgjas uz arhitekiras pieeju, & rikiem efekivai svafgu datu ieguvei no sensoru mezglienérha sasnieg$anai as
piedivajam sadat visus 1kla pieejamos bezvadu sensoru mezglus klasteros. Rakgtedivata pieeja autofstiskai bezvadu sensoru mezglu sa&taiai
klasteros. Ir paidita &s at&iriba no orginalas pieejas, kur katrs bezvadu sensoru mezgls lwj#figurcts un tam bija uzatiita komunikicijas frekvence. Rakast
ir pieradts, ka modifiéta pieeja ir daudz izdgyaka par statisko. Tad paliefia bezvadu sensorikla paS-organicijas ipadbas, kuru rezudta tikls paliek
vieglak uzstidams un parvaldams, pat cilékiem bezipadm, specifiskm ziraSaram. Ka afi paidas jaura ipa3ba — bezvadu sensorikla padrstesaras. Kad
bojata klastera mezglus var viegli aizvietot ar jaumezglu iesigSanuikla bezipaSas viu prieks-konfigugSanas. Tas ir, komuriikijas skuma parametri ir
vienadi visiem mezgliem. Pie tam bezsadursmju TDM&évides piekuves protokols (MAC) paliek, resp&ki paliek hierarhiska bezvadu sensorkia
izmantoSanas iegfa kritiskos lietojumos, kur ir nepiecieSams add vairak defigu datu par determitu laiku. Bezvadu sensoru mezgli klasteros palieka
leciena atiluma viens no otra, kas liecina par mar8gainas protokola neizmantoSanu. Katrs mezgls Masdsniedzams citam mezglamtat datus apraides
veida. Protokolu steka minimé8analauj samaziat sistmas programmas saggtibu, kas samazina papildus baroSanasggasmepiecieSathu. Rezulita no
baterigm baroti bezvadu sensoru mezgli vaidit ilgak bez aizvietoSanas. Ka@r aug§jo varteju imeni tiek piedvata viegla un dinamiskigskonfigurgjama
bezvadu sensorikia struktira.

Poman Tapanos, Banepuii 3arypckuii, I'yngapc Muesuruc. IeKTHBHBIH NOIX0A K CaMOKJIACTepH3alHH B HepapxXHyeckoii OecnpoBoaHOM
CEHCOPHO¥ ceTH

Db dexTuBHOE UCTIONB30BaHUE U BEIICICHIE PECYPCOB I OSCIPOBOAHBIX CEHCOPHBIX CETeH B BHIE, YTO MAKCHMH3UPYET Ka4eCTBO COOpaHHOI MH(pOpMAIuH
SIBJISICTCSl OTPOMHOM HCCIIeJOBAaTEIbCKON MPpobiieMoil. B 1aHHOM KOHTEKCTE Pe3yIbTaThl HCCIENIOBAHNS KOHIICHTPUPYIOTCS HA apXUTEKTYPHBIX MOAXOAAX KaK K
cpencTBaM 11 3(G(HEKTUBHOTO MOTYy4YEHUs NAHHBIX M3 OCCIPOBOJHBIX CEHCOPHBIX y37OB. JUIs TOCTMXKGHMS LM MBI NpeUIaracM pas/eliuTh BCIO CETh Ha
KIIacTephl HX OECIPOBOIHBIX CCHCOPHBIX y310B. B pabore mpemmaraercss moaxoJ K aBTOMAaTHYECKOMY pa3/eleHHIO OSCIPOBOAHBIX CEHCOPHBIX Y3IIOB Ha
kiacTepsl. Iloka3aHO OTIMYME OT OPUIMHANBHOIO NOAXOAA, IZE KaXIblH CEHCOPHBIH Yy3en IpelBapHTENbHO NPOTpaMMHUpOBAJICA M HacTpauBajcs s
KOMMYHHKAIlUM Ha ONpEENEHHO BBIICICHHOM KOMMYHHKAIIMOHHOM KaHaie. B paboTe Moka3bIBaroTCs pasu4usi MEXAY ABYMs MOAXOAAMH M JIOKA3bIBACTCS
MIPEBOCXOJCTBO MOAU(DUINPOBAHHOIO JHHAMHYECKOTO IIOAXOJAa HaJ cTaTudeckKuM. Koria yBelIMYMBAIOTCS CBOMCTBA CaMOOPraHM3alUK OECIPOBOXHOH
CCHCOPHOMW CETH, B Pe3y/bTaTe 4ero CeTh CTAHOBHTCS JIETYe yCTAHABIHMBAIONIMIICS M yHpaBIsEMOH, faxe JUist mojeil 6e3 crennduyeckux 3HaHMHA. A Takke
THOSIBJISICTCSL HOBasi 0COOCHHOCTh CETH —CaMOJICUCHHE, KOTIa Y3JIbl MOBPEKAEHHOTO KIIACTEPa MOTYT OBITh JIETKO 3aMEHECHBI HOBBIMH Y3JIaMH MX BKJIIOYECHHEM B
ceTh, 6e3 0coOeHHOro KOH(GUTYpHpOBaHHS HX. UTO 03HAYaeT, YTO HaYaIbHBIC TApaMeTPhl KOMMYHHKAIUH AT BCEX OSCIPOBOIHBIX Y3II0B ONMHAKOBEL [Ipy 4ém,
OeckoyuT3HOHHBIN, ocHOBaHHBIT Ha TDMA moaxon k MAC mpoTOKON COXpaHseTcs KaKk OCHOBHAs OCOOCHHOCTh BHYTPHKJIACTEPHOW KOMMYHHKaluu. B
CIIEJICTBMU Y€ro OCTAETCS BO3MOXKHOCTh HCIOJb30BAaHUS CETH JUISl KPUTHUECKUX K JAHHBIM NPHJIOKEHMH, a Taike I NPHIOXKEHHH, Te HeoOXOoIMMO
rapaHTHPOBATh CKOPOCTh KOMMYHHKAIHU. Bce y3IIbl Kax0ro KinacTepa OCTaloTCs Ha paCcCTOSHUH OJHOTO XOIa APYT OT APYyTa, YTO IO3BOJIIET He HCIOIb30BaTh
MapipyTuzanuio. Kaxaplid y3en MoXeT JOCTHYb APYroro MIMPOKOBEIIATEIbHBIM COOOIICHHEM. YMEHBIIEHHE CTeKa MPOTOKOJIOB ITO3BOJISIET YMCHBIIUThH
HPOTrPaMMHYIO CJIOKHOCTB, YTO YMEHBIIACT TPEOOBAHHS K HMCIIONBb30BAHHS SHEPIUM NUTaHHA. B pesynbrare, OecrpoBOAHBIE CEHCOPHBIC Y3IIbI MUTAEMbIE OT
Oarapeil cMoryT padoTaTh JoiblIe 0e3 MX 3aMeHBl. BmecTe co BTOpBIM ypOBHEM MapUIPYTH3aTOPOB IPEATIOXKEH CIOCO0 AMHAMUYECKOH MepeKOH(Urypanuu
CTPYKTYpPbI OECIIPOBOTHOM CEHCOPHOI1 ceTu.
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