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ARTICLE INFO ABSTRACT
Article history: In mobile adhoc networks, the emerging propingbéged applications have led to
Received 10 December 2015 need for highly effective and energfficient neighbor discovery piocols. The first
Accepted 28 January 2016 step is Neighbor discoverg used to establish communication links betweersa:
Available online 10 February 2016 nodes; it becomes a fundamental building blockwoeless sensor networks. Earl
the neighbor discovery was working on same frequeHowever the escation of the
Keywords: mobile devices communication faces trials to netghdiscovery problem. In this pag
Sensor nodes-neighbor  discovery we implement a neighbor discovery system Baseduanumn system, which can bou
protocol- mobile adhoc networks- the latency in multichannel developments with loswpr consumptions. It ovides
Quorum System —latency 35% reduction in power latency compared toomnect and we derive the worst ¢

latency for symmetric duty cycles using Diff Codie.symmetric case, the maximt
worst-case progress is up to 65%.

INTRODUCTION

Neighbor discovery, is the aibjl for each node find the neighboring nodes inghegsicd propinquity, is one
of the steps and a fundamental Bing block in configuring and managing adhoc wnetrks. Anode first has to
find one potential target nodeithin its an no uncomment range before initializiny aata communications.
Central servers can be engagprhximity-basedapplications’potential can be betterxploitec providing the
ability of discoveringnearby devices in one's wireless communice This informationis needed by to apology
control and clustering protocols émhanc the performance and efficiency of thetworks Users can have the
convenience ofocal neighbor discovery at any instance. While sometilties centralized server might
unavailable for various reasor3enerally there are three provocations in desigrsngt a neighbor discovery
protocol. The first contest is energy efficiency. .1t shrimkaximum utilization of the poweand increases the
life time of the battery. The second challengefisotivenes, i.e., theneighbor discovery protocol should r
only guarantesuccessful detection between neighboring nodesglbatrealiz a shortatency at the same time,
which can be improved by quorum system an ideal case, neighboring nodesr discover each other
immediately if they turn to avake instar onerously upon synchronized clockgithout a central server, the
synchronization can be achievéiorougt GPS. Never the less, it is vast enecgypsumin for mobile
devices. Thus, how to deal withsgnchronizatio is the third challenge to ttaesign of a neighbor discow
protocol.

As glob al clock synchrorggion is not required, we propose an algorithmctostruct a synchronous
neighbor discovery system faiuty- cycled multi-channel mobile by utilizing the rotn closure property of
cyclic quorum systems. Our aldgthm can guaranteed the worse-case discovery latandyachieve minimum
discovery latency in theory akesied duty cycle. Mean while, our scheme producdsece: performance in
trade of between power consungptand discovery latency.
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We assess our method thrbutheoretical analysis. Evaluation results show that method reliably out
performs U-Connect in terms ofwer-latency product and fraction of findings underesel network conditions.

[l System Model:

Time is divided into equalized slots. Owing to rieséd energy budget, each node performs -cycled
operations. That is, it sleeps for the duratiomoft slots, while revolving awake during a few ravimy slots
which are called active slots. To be specific, isleeping slot, a node does not send or receivecansume
negligible energy. In contrast, in an active slthode communicates beacons at the opening andnthy
respectively, and listens for otheodes' transmissions in between. Each beacon osriteé MAC address of i
sender. A node discovers its neighbors by decotlirgreceived beacons and extracting the containad
addresses. Thus, in general, two neighboring nedasdiscover each oir when their active slots overla
Moreover, the neighbor discovery problem involvdee symmetric case, where all the nodes have the
duty cycle.

—4 slots—3 slots—

NodeA (170717070 0F1[1]0i170 0701
NodeBi i [10010000 110100
Node € 22 0TI T0 0 0 1] 1707 170]0]0

Fig. 1: Example: the slot offset between two no

In deterministic neighbor discovery, there an established activdeep pattern scheduling a node
alternate its state periodically between active sladpin. We formulate the activeleep pattern as «1 code.
A pattern code determines an ac-sleep pattern Containing slots in a cycle. Thaght of code with lengt
equalsthe number of active slots in a cycle. This isdg, ghe duty cycle is decided by the length andabight
of pattern code.
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Fig. 2: Overflowed active slots. (a) Overflowing schem&$.Active slot nonalignme.

We implement over floweactive slots to avoid the rare case when the slonbaries c neighboring
nodes are perfectly aligned, which makes two adiji active slots at two nodes no overlapping. As degidh
Fig. 2(a), an active slot is made eithestart a little bit earlieor to end later. As a result, - width of an active
slot is increased by, while the preceding slohisreened corresponding!

Evaluation:
A. Design of asynchronous neighbor discovery:

The design of asynchronoineighbor discovery protocol is presented in thistisa. Asynchronous
neighbor discovery permits sornodes with no prior clock synchronization infornoatito discover othe
networks or devices that will dynamically familzei their operating frequenabovedissimilai networks. In an
ideal communicatioenvironment, th discovery is completed in bounded time onlyen nodes are withitheir
transmission rangeWe have first provided the problem formulatiand thenintroduced the synchronol
neighbor dscovery problem in du-cycled multichannel mobile adhoc networks.
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B. Construction of Quorum-Based Neighbor Discovery System in Duty-Cycled Multichannel Mobile adhoc
networks:

Here we present an algorithm which uses a quonstes to construct a neighbor discovery sysfem
duty-cycled multichannel mobile WSNs namely, wecheebuild a set of BS8nd CSSf period.

Algorithm 1: Quorum-based neighbor discovery system construction algorithm:
Input:

a, b a channel set P={0,1,...,b-1}W={0,1, ..., a—1},moqum systenQ under Wand a binary variable d,
d = 0 demonstrates that we need to construct B&$herwise, to construct CSS m;
Output:

QS

(1)Q S =0;

(2) for i = Oto(|Q|-1¥o

(3) for x = 0Oto(b —1yo

(4) for j = Oto(a-1yo

(5) ifj €dthen

(6) if c = Othen

(7) 'y (+xb)=1;

(8) e =epss;

(9) dse

(10) y(j+x-b)=1;

(11) e =ess=x;

(12) end if

(13) end if

(14) ifz €githen

(15) y(j+x-b)=0;

(16)e= @, randomly elected from the set

{0,2,...,b-1};

(17) end if

(18) end for

(19) end for

(20)N = Nun, M=MuUm, Q S = NUM;

(21) end for

C. Congtruction of BSS:

First, we present the algorithm to create BSSwhkich could be easily modifietb construct CSS seis
well. For this we assume that each BS8onsistof 'b’' segments, where each segment has beentatioaith
'a' time slots. Therefore, the period of each BSS T=h and a=7 is defined as we have the following
construction process. (1)First, under a quorumesystie construct aniversal setWw={0,1,2,3,4,5,6}

For the sake of uniformity, when the node turrfstsfradio, we schedule the network to work onrotel.
Practically implementing synchronous neighbor digrg does notmake difference between these two cases
because it makes no sense to list an functionalreidor a node when its radio is turned off.(2)Batthe prior
procedure to make beacon transmission scheduleaftr of other segments andlitould be noted that in the
remaining segment, the time slot catalsigould be the modulo oveior assembling the previous two
equations .(3)Repeat stégr each of the other quorums and to constructratitee BSSso0. The four BSS's
are the elements of the set, where each sequesca pariod of. One quoruim used to construct a beacon
transmission schedule in. Thus, we can imply thard are two matching quorums used to constamck
individually. Every beacon transmission schedul&an the same perias a consequence of the connection
property of andjoin at leastimes on a specific channiel period off.

D. Construction of CSS;

We apply the same algorithm to construct CSS setept that in stepve use the following different
equation to design channel scanning scheme. ldéferent value is seto three segments, which indicates the
channel that a node should scan. Considelustration wherethe channel scanning schedules in, the vislue
set to 0 in the firsin seven time slots (first segment), and 1 in #woad seven time slots (second segment), and
2 in the seven time slots of third part (third segt). Therefore, the node should have look oveh ehannel at
least once in the period tifne slots. So that we divide the periotb segments.
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E. Quorum-Based Asynchronous Neighbor Discovery System in Duty-Cycled Multichannel Mobile Adhoc
Networks:

Here we introduce an asynchronous neighbor disgosgstem which does not in volve universal clock
synchronization constructed on the rotation clogurgperty of cyclic quorum system. The main detdciseto
design an asynchronous BSS aetl CSS set, so that overlapping by at leastdiaftime slot for every NDP
of period and even the time slot boundaries araligised by an arbitrary amount.

We extend the concept of the rotation closure ptgps® that it can applied to our asynchronous gig
discovery system.

F. Construction of Quorum-Based Asynchronous Neighbor Discovery System:
Here, we spread out the Algorithhtreated on cyclic quorum system presented to aeltiee objective.
Mostly, in stepsof Algorithm 1, we have constructed a relaxed cyclic (m,n)-déffersetsets={b1 b2, ... bk},

then we construct a cyclic quorum system Q whichsisis of group of cyclic quorum setet gj=
{b1+j,b2+j, ... ,bk+j} modn, whered{0,1, ..., n-1}.

For example, we construct a relaxed cyclic (7jfeent set s={1,2,4}and a cyclic quorum system Q
under S ,after building the cyclic quorum systene,construct BSS sahd CSS saising the same procedures
of stepby stepin Algorithm 1. We refer to this construction algorithm for quorbased asynchronous neighbor
discovery system as Algorithfn

Algorithm 2: Quorum-based asynchronous neighbor discovery system construction algorithm:
Input:

a, B, ¢, a channel set D={0,1, ..., B-1},and a binary vargab| n = 0 determines that we need to construct
BSSk, other wise, to construct C$S

Output:

QS

(1) Q S =0;

(2) construct a relaxed cyclic(a,c)-diference sébs1h2, ... b};
(3) construct a cyclic quorum system Q g{g1, . .. ,qmpsing the relaxed cyclic (a, c)- diferencesset
(4)for= Oto(|G|-1¥o
(5) for x = Oto(B —14do
(6) for j= Oto(a —1ylo
(7)if] €dl then
(8)if e = Othen
(9) y (+xB) =1;
(10)d =dbss;
(11)edse
(12)y(+x-B)=1;
(13)d =dtss=x;
(14)end if
(15)end if
(16)ifz &gj then
(A7)y(j+x-B)=0;
(18)d=d, randomly selected from the set
{0,1,...,B-1};
(19)end if
(20) end for
(21)end for
(22)K = KUk, L= LUl, Q S = KUL;
(23) end for
Due tothe rotation closure property of the cyclic quoragstem, it is obvious to infer that the neighbor
discovery systerof perioderected by Algorithn2 fulfills the rotation closure property.
Fig. 3 demonstrates the worst-case latency bodincardous neighbor discovery protocols restricted b
symmetric duty cycle.

B. One-to-One Neighbor Discovery Latencies:

In the one-to-one scenario, there are exactlymates conducting neighbor discovery, or equivayeral
node has only one neighbor in its proximity to diger. The discovery latency is the number of sfotstwo
neighboring nodes to discover each other sinceéhésr each other's transmission range.
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Fig. 3: Worst-case latency bound versus duty cycle.

» Discovery Latenciesin Symmetric Case:

In this set of simulations, we set the duty cydl&% and compare the performance of two differeifft Codes

to existing protocols. We set the cycle lengththeftwo Diff-Codes at 280 and 320, the pair of @s$nn Disco
at (37, 43), the prime of U-Connect at 31, the prokperiod of Searchlight-S at 40 slots, and thgvac

probability of Birthday protocol at 5%.
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Fig. 4: One-to-one discovery latencies of multiple Diffdes series with symmetric duty cycles 5%-1%.

I'V. Discussion:
A. MAC/PHY Compatibility:

Most deterministic neighbor discovery protocoigliiding (A) Diff-Codes in this work, design thetige-
sleep patterns that schedule the state transfarmatinodes between active and sleeping. The cointeeases
by one every time-slot, and the node can turn adivcorresponding slot indices. In practice, ezmtle can
store a whole. A Dif f-Codes series locally, anthtto a Diff-Code in the series according to itguieement on
the duty cycle. The counter will be tuned accorllindn mobile adhoc networks, neighbor discovery is
conducted among wireless devices.

Conclusion:

In this paper, We have explored a systematizedystdi designing highly effective and energy-effitie
neighbor-detection protocols in mobile adhoc neksoMWe have derived a constricted lower bound fier t
worst-case latency by exploiting active slot nagranent and designed Diff-Codes for the case of sgtrin
duty cycle proximity using quorum system. Speclfican the one-to-one scenario, Diff-Codes canuealthe
worst-case latency by up to 65% and achieve a megién of around 30% and we have also included the
guorum system for increase in power efficiency aodsist of beacon scheduling and channel look over
organizations. Isignificantlyreducesthediscoverylatencywithdesitggldyclebyupto 92% when we compared to
other techniques such as U-Connect, Search -Light e
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