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ABSTRACT

KEYWORDS

In the modern wireless sensor networks, greedy forwarding is widely
used in geographic routings. However, the “routing void problem” is
alwaysaround. In order to solvethe “routing void problem” in the modern
wireless sensor networks, arouting algorithm based on greedy forwarding
isproposed by introducing Virtual optimized hop nodes. In thisalgorithm,
aslong asthe network topology all ows, the greedy forwarding data packets
(GF) for data packet transmission is used, which will make the routing
path algorithm with very high robustness, aswell asthe final routing path
has been generated as close as possible to the shortest path routing. If
the greedy forwarding fails (when the routing void problem occurs), the
virtual optimal hop method isused to find the next hop node, and to make
the greedy forwarding recover work also. The algorithm is simulated in
the Wireless network simulation platform based on Java. When routing
void problem occurs, the performance of the algorithm is compared with
“GEDIR2” and “GPSR”, experiments show that onthe premise of the energy
consumption, virtual optimal agorithm is superior to “GEDIR2” and
“GPSR” on lifetime, datatransmission efficiency and stability; avoid using
flat graph algorithm and the flooding technology in many traditional
protocol, and solverouting void problem routing inside the node topol ogy.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Greedy forwarding;
GEDIR2 and GPSR,;
Routing void,;
Virtual optimized hop.

In recent years, the military communications net-
work construction hasmade great progress, but dueto
variousreasons, thereare deficienciesin some aspects.
For example, there exists in interconnection and
interworking, cooperation and coordination and the
overal guarantee. Inorder to adapt to the needs of the

future, vigoroudy promoting civil-military integration,
flexibly establishing and perfecting the network safe-
guard mechanism and promoting communi cation sup-
port ability hasimportant significance. Andto improve
thecommunication ability, first of dl, accurateposition-
ing and accurate datatransmission are needed.

With the exponential explosion of thenumber of
wirelessterminal box™deviceincreasing and perfor-
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mance growth, routing protocol based onlocationin-
formation become an important rolein modern wire-
lesssensor network routing protocol withitsflexibility,
robustness?, and high scalability!®. When the trans-
mission rangeislimited, themulti-hop transmissionis
necessary from the source node to the sink nodein
routing path. But in themodern wireless network, the
topological structureof thewholenetwork ischanged
rapidly and randomly, so before arriving at therelay
node, node of the choice becomesunpredictable. Itis
hard to determinean effectiverouting path. Asahighly
efficient, data packet transmission method of real-time
strong, greedy forwarding® iswidely used in routing
protocol based on location information. But the““rout-
ing hole” problemisawaysinevitable. So, how to solve
the“‘routing hole” probleminthetopol ogical structure
of aninterna node has becomeanimportant problem.

In geographic routing'* 7, a method to solve the
routing holeis GPSR® a gorithm, which combinesthe
right-hand ruleand graphi c technol ogy to sol vetherout-
ing holeproblem. Theright hand ruledefinesruleselec-
tion direction from the planein the network topol ogy
whentherouting void problem™ occurs. However, this
rulewill result in routing loops. Sometimes because
somecritical path are del eted | eading to some redun-
dant hop. Another one of the most classica methodsto
solvetherouting hole problemisthe CEDIR® proto-
col. Infact, itisavariant of the GPSR protocol, asitis
with greedy forwarding asamain modeof datapacket
transmisson. However, thered so exist somedifferences
between them. In the GEDIR, the nearest adjacent
nodesdistancefromthelodgenodewill bedirectly se-
lected asthe next hop, without considering the node
itsdlf holding datapacket. Inthisroute, each decisonis
made by thelocal information of nodes. Therefore, the
Structure of information can not beobta ned throughout
the network topol ogy information to get the optimal
result. In order tofind out therdativeoptima routing, a
flooding techniqueisused, which aso bringsalot of
extraenergy consumption. Maost routing protocol sbased
onlocationinformation are combined with greedy for-
warding routing and planerouting technology. Thistech-
nology iscalled greed - Surface- greedy routing pro-
tocol (GFGP®). In GFG routing, greedy forwarding rout-
ing protocol isthe main mode of transmission of the
datapacket; when greedy forwarding fails, that isto

say the node cannot find a more closer node to the
node than itsneighbor nodes, and then the planerout-
ing technology isused to savethisfailure. Inany case,
greedy forwarding routing can be applied. Planerout-
ing technology in GFG routing is based on theright-
hand rule. In order to ensureitscorrectness; it must be
applied without crossing edges of the planar graph. For
aplanar graph by the plane composition, planerouting
to each datapacket getsthrough aong theplaneuntil it
reachesaplane spanning subgraphs, whichismadeas
GFG routing base graph. In geographic routing, they
are often used as abase graph. For example, Bose et
al used the GGWand Karp and Kung used RNG How-
ever, GG and RNG* arerdatively sparse, which make
theminthe presence of ageographic routing havelong
routing.

If thegreedy forwardingfails (whentheroutingvoid
problem(*¥ occurs), virtua optimal hop method canbe
used tofind the next hop node, and to makethe greedy
forwarding restoration work. With theintroduction of
some*“virtual optima hop’ nodes, anew routing ago-
rithm based on greedy forwarding can be put forward,
which can usetheexigtinginformationinonehoprange
instead of topology information or flooding technique
and flat graph algorithm, and many redundancy hop
producing and efficiently solving the greedy forwarding
producing the““routing hol€” problem can be avoided.
By theoretical analysis, whichisbetter than GPSR and
CEDIR2 methods on the performance, while the
advantages of CF dgorithmisretained. Theagorithm
isarouting algorithm based on geographica location
information; geographiclocationinformationisused to
the statelessand efficient inthetopology structureina
hop.

Inthisalgorithm, aslong asthe network topol ogy
alows, it will usethe greedy forwarding data packets
(CF) for data packet transmission, and will makethe
routing path agorithm with very high robustness, aswell
asthefina routing path generation ascloseaspossible
totheshortest path routing. Whentherouting void prob-
lem(*¥ occursivirtua optima hop method can be used
tofind the next hop nodeto overcomeit.

THE PROPOSEDALGORITHM

When to use greedy forwarding as adata packet
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forwarding strategy, thereisachallengetoface. If only
thenelghbor’snodel ocationinformationisused asrout-
ing forwarding credentias, aninherent shortcomingsis
round. Datapacket sometimeshasto violate greed sirat-
egy insometopology structure, moveto geometricdis-
tanceto the nodeisfarther than the current node. For a
smpleexampleto describethesituation, asisshownin
Numbering of Figure 1., thedistanceisequa fromall
points of thedashed arcsto thenodeD. In Numbering
of Figure 1., the nodeA on the equivalence of arcis
more closetothetarget node G thanitstwo neighbor’s
nodes (the node B and C). Eventhoughtherearetwo
pathsA-B-E-GandA-C-F-GtonodeG butA
can’t select greedy forwarding with the data packet to
A node or B node. Because the nodeA islocal opti-
mum, in all itsneighbor nodes, no nodesiscloser than
thenode G
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Figurel: Routingvoid sketch

Greedy forwarding

Greedy forwarding strategy wasfirst put forward
in order to divide Internet datainto packet and opti-
mizethem, B. Karp introducethisthought pioneering
to wireless sensor network. In therouting algorithm
basad on thegeographiclocation information, each data
packet hasitslocationinformation from the sourcenode
to the host node. So, on the basis of it, of the current
node holding agroup data can easily make alocally
optimal choiceto choosethelr next-hop. In particular,
if anode know itslocation information of neighbors
nodeswithin ahop scope, thenthelocd optimum choice
will be selected for the next hop of the current node.
Datapacket will beforwarded to neighbor node of the
host nodepostioninthefidd until finaly the datapacket
isdistributed to the host node.

BioTechnology — ammm—

Greedy forwarding one of the biggest advantages
isthat it only usestheinformation of neighbor nodesto
handlerouting and search for thenext hop node. Thisis
akind of agorithm of statel essness, which hasnothing
to do withthedensity of nodesin wireless sensor net-
work and the total number of host nodes in the net-
work. Asthedensity of nodesdeployedinwirdesssen-
sor network (WSN) space increases, received by
greedy forwarding path ismoreand morecloseto the
shortest path between source node and the host node.
Asthedensity of nodesincreasingin wireless sensor
network, path received by greedy forwardingismore
and more close to the shortest path between source
node and the host node

Routing void

Evidentin Numberingof Figure 1., thecirclemakes
the connection line between thenodeA and node G as
theradius, without any neighbor nodes. From the vi-
sion of nodeA, the shaded areaof no any nodeiscalled
routingvoid area.

Numbering of Figure 2. comparestherouting path
of the GPSR algorithm and VOH/GEDIR2 a gorithm.
Thedotted linerouting path isrealized by the GPSR
method, the solid linerouting path isrealized by the
VOH method or the GEDIR2. Node Sisthe source
nodeand D isthelodge node, the node X isthe active
node current, othersare ordinary nodes. By theintro-
duction the node X in the face of the routing hole”
problem, nodesA and B areinthetransmission range
of X and C nodein thecommon. Therefore, based on
thetechnology of planar graph (RNG/GG) routing path
obtained from theclassical methodis(S-X-A-B-C-E-
F-J-D), whichisduetothecritical path (X-C) that was
removed in GG or RNG Soin thisscene, two redun-
dant hopsareincreased. With theincreaseof density of
nodesinthenetwork, redundant hop of the GPSR may
bemoreand more. For example, if some nodeslocate
the common region between A and B, so in order to
avoid routing loops, using theright-hand ruleof the pla-
nar graph technol ogy will removed path (A-B), sothere
will beadded two redundant hops. In wirel ess sensor
networks, each additiona hop meansthat the network
has more energy consumption and shorter life. How-
ever, the statelessof GPSR isneeded. Inthisscenario,
the current node X isnot required to maintain routes
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informationto al nodesinthenetwork. That isto say,
inthelocation information tableinthelocal node, X
only needto saveitsneighbor nodes (S, A, B, C) rout-
inginformation. Moreover, which make any routing
decisionisnot dependent on theinformation of other
nodes, and can make ajudgment ontheloca informa
tioninred time.

Figure2: A scenein theexamplegiven on wirelessnetwork
routing

Using GEDIR2™ agorithm, therouting paths (S-
X-A-B-C-E-F-J-D) may be obtained, which is the
samewiththeVVOH agorithm in the scene of the posi-
tive results. In this scenario, the cost of VOH and
GEDIR2 dgorithm seemsto be cons stent. However,
GEDIR2 agorithmisalso accompanied by the occur-
rence of another typical events. Inorder to obtainthe
routing path, thereisalot of extraenergy loss. Whichis
as shown in Numbering of Figure 1., X istheactive
node current and faces the routing hol e problem. Ac-
cording to GEDIR2 greedy forwarding rules, X node
will choose nearest neighbor node as next hop trans-
mission object distancefrom lodgenodeD, that isto
say, the node C will directly be selected by X asthe
next hop node of greed. However, out of the question,
intheneighbor nodesof C, without any nodesaremore
close to the lodge node D than the X node, the data
packet will beback to thenode X, so therouting void
problem occurs. At thistime, based on flooding tech-
nology, X sendsa‘“Path finder datapacket” todl neigh-
bor nodes (S, P, R, A, B, C) rather than the node D.
Then, thetwo hop nodeinformation of X nodescan be
obtained, such asthe node of E information. At this
time, X node can design arouting path of two hoprange
(X-C-E). Then, thedatapacketsare sent fromnode C
tonodeE. Infact, onepotentia problem may ill affect

agood routing decision. Hypothesized that R isnearer
to D than E, Cisthe active node current. Then, data
packetsaretransmitted tothe R instead of Einthenext
transmission. Therefore, inthiscase, the GEDIR2 will
introducean additiona overhead. But therouting path
whose achievement isvery efficient. Geographic loca-
tion information of neighbor nodeswithin the scope of
two hopsaso givesit enoughinformation to makethe
pilot guidancefor futurerouting decisions.

Therefore, in order to avoid many defects of two
kindsof traditiona dgorithm, asfar aspossibletomain-
tainther advantages, avirtua optima hop dgorithmis
proposed inthispaper (VOH) inorder toachieveina
structureto obtain astatel ess, efficient routing.

RESEARCH METHOD

When greedy forwarding fails, a so meansthat the
routing void problem happened. Asisshownin Num-
bering of Figure 3., theagorithmisinto the VOH pro-
Cess.

Dist(K_D) < Dist(A D)

Dist(F,v2)+Dist(H.v2)+Dist(G,v2)+Dist(J.v2) <
Dist(F.v1y+Dist(H.v1)+Dist(G.v1)}+Dist(Tv1)

Figure3: An application exampleof virtual optimal hop

Taking an example, thealgorithmisdescribedin
detail.

Asisshownin Numbering of Figure 4., Cisthe
activenode current, and facethe hole problem, thisis
no other node close to the lodge node compared its
neighbor nodesand C nodeitself. At thispoint, draw a
straight linebetween C and D, asaset of optima hop.
If thereisoptimal hop™ 9, it must beinthisline. Then,
theoptima hopisgeneratedinadtraight lineandacirde
of broadcast areafor C at theintersection, asisshown
intheformula(),
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A

Reduce priority close to
NS node’s

L ooking for neighbor nodes close
toNs

A

A

Traverse and go back to the
corresponding neighbor nodes

Figure4: Datapacket backtracking

Where C(x_, y,) isfor thecurrent node, D(x,, y,) as
thenode.
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Location information based on C andV, using the
formula(2) can be ca culated by thetwo node position.
Thepositionof V andV, iscaculated; fromtheV
and V, thenew virtua optimal hopisselected. Then,
Euclidean distance of the neighbor nodeof V_, V., to
node D such asF, G, H and Jnodes can be cal cul ated.

BioTechnology —

Inthiscase, becausetheV, isthe shorter distance™, it
was chosen asthe new optimal hop. Next, the neigh-
bor nodesarefound withinthesharingregiontoV, and
C, asisshownin equation (3).

In this case, two neighbor nodes can be obtained
(A andK). Findly, Euclidean distancetheV,, and be-
tween A and K nodesis calculated, the smaller dis-
tance of neighbor nodesis considered the next hop to
betheactivenodeC. Sofar, theprobleminthiscase
therouting voidis solved by VVOH algorithm, and fi-
naly found the next hop when therouting void problem
OCCUIrS.

Thelocation coor dinates of nodes.

Using greedy forwarding data packet transmission
hasto confirmlocationinformation of lodgenodeinthe
scene, inthisarticle, acquiescein therouting processin
aflat topology. Because of modern wirel ess network
topol ogy isthedynamic variation of themoment, sothe
coordinateinformationinthe datapacket will dynami-
cally update with each hop. Asfor theintroduction of
nodeids, in routing agorithm based on geographi cal
location information, index acorresponding node can
throughanID.

Ld: The plane coordinates set of neighbor nodes
within ahop scope of Lodge node.

Virtua optimal hop agorithm need to uselocation
information of a hop scope of the node for the new
virtua optima hop choiceand apply theinformationin
thislist to orientation routing decisions. If directly make
the shortest path between the current node and nodes
asthehalf-way line, innodedensity larger side, hole
routing problemsisrelatively small, so before make
routing decisions, which leadsto density oriented ahead
of time. Dueto the nodelocation information is dy-
namically changed, therefore, itsneighbor’snodesin-
formation are also changed. Makeit more after each
hop line, thenodelist isupdated.

Nsand Ps: identification and location information
of datagrouped into node.

When data packet transmission get to the current
node, if unableto find the next hop node usually there
aretwo solutions, oneisdiscarding the data packet.
Another istojump back to the previousrel ay routing
nodes. But, in the dynamic topol ogy, perhaps after a
hop of datapacket transmission, the source nodeloca
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tion haveran out of the current node of wireless com-
munication area, inthis case cannot Ssmply discard or
jump back to the previous node. Data packet back-
tracking agorithmisas Numbering of Figure 3.

Lp: passes through the set of the relay node ID
from source nodeto the current.

Lp recordsthetraversed relay routing nodes. And
can help usto do some optimization on therouting de-
cisons. InLp, for example, many idsof therepetitive
relay routing node are recored, which meansthat there
arealot of redundant relay routingin routing decisons.
If the next timetraverseto therepeated routing with a
certain number of relay routing, let their routing weight
down to aminimum. Givepriority to thechoice of the
other nodes so asto avoid too much redundant relay
routing.

Theincoming flag(1/0) of data grouped.

Whenincomingflagisl, thedatapacketisagreedy
forwardingto thecurrent node. Whentheflagiszero, it
isbelieved that theincoming node occursrouting hole
problems, thenintroduced virtua optima hop agorithm
transmit data packet to the current node.

IMPLEMENTATION OFVIRTUAL
OPTIMALALGORITHM

When adatapacket isforwarded to the new rout-
ing relay node, flag value of D will betested by the
node, if itisfound that D is cons stent with the coordi-
nate information of the current node, then the data
packet arrives at the lodge node can be determined,
datapacket forwardingiscompleted successfully. If not,
thenext step, check whether thegreedy forwarding data
packets can be used. Initsneighbor list by computa-
tion the Euclidean distanceva ueof D canbedrawn. If
thegreedy forwarding fails, then cal culatethe position
information of thefirst virtua best hop, and then with
thelocationinformation obtained (potentid virtud opti-
mal hop) locationinformation of twointersection points,
which calculatesthe positioninformation for the 2 in-
tersection point to Ld distancevaue, choosesthesmad ler
asthe new virtual optimal nodes. Next, in the cross
areato find new optimum virtual hop fromthe nearest
node asthe next hop node. Finally, the T flag valueis
set to 0 in the data packet and forwarded to the next

hop node. If itisagreedy forwardingtothe T flag, the
vaueissettol.

Whentousevirtua optima hop or greedy forward-
ing are unableto find the next hop node, in order to
make packet arrive at the next node, the data packet
goes back to the last successful transmission packet
node to find the possible successful next hop relay
node*¥ hasto belet.

Datapacket back isasshowninNumbering of Fg-
ure4., identity values of T will be determined at the
beginning, learned from the previous section, when the
valueis“1”, which meansdatapacket isfrom greedy
forwardingto the current node; when thevaueis“0”,
which meansdatapacket issent by virtua optima hop
tothecurrent node. If T valueis 1, makethe current
nodelieinitsneighbor list and look for neighbor nodes
closeto Nsdirectly; If thevalueisO, nodeback prior-
ity ismade descend closeto Nsin the neighborhood of
the current nodelist. Then, traversethe entire deploy-
ment neighbor list, choosethehighest priority of neigh-
bor nodesand go back grouping, in addition, therefer-
encevaueof Lpisjudged

If backtracking point iscons stent withthemarked
point, the coincidencerateisvery high. so, the back-
tracking nodewill begiven up and chosen anext neigh-
bor node as backtracking node. Because the entire
network topol ogy isdynamic®> 4 not only doeswhich
control the backtracking by anode D, but also intro-
ducethe concept of Ps, and combined with the calcu-
lation of nelghbor nodes near the Psposition to reduce
the selection range of neighbor nodes. Algorithm pro-
cessisasshown in Numbering of Figure5.

THE SSMULATION ENVIRONMENT
RESULTSAND DISCUSSION

Parametersof S mulation environment includeplat-
formand smulation parameters. Inthesmulation, each
object ssimulation platformisbased on Javaprogram-
ming.

Simulation parameters

AsshowninTABLE 1., thesmulation parameters
aredescribedindetail inthe TABLE 2.

Assume the initial energy of the node is
constant(20J). When a node makes the data packet
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Connection between the current node and lodge node

begin

Genetrate the virtual optimal hop nide on the connection

4

y
N
Greedy forwarding success

Let the virtual optimal multihops broadcast, and get the
two crossover points with the broadcast area current

Y

4

Calculating the Eucliden distance of the crossover points to

|adge node and its neighbour nodes to get new virtual
optimal hop

y
N
Arrived at the lodge node
Y

Radio newvirtual optimal hap,looking for the nearest neighbour

nodesin the intersection area

Generate virtual optimal hop node on the connection

Figure5: VOH routing algorithmflow chart

TABLE 1: Thevirtual optimal hop data packet

TABLE 2: Smulation parameters

A . 2
Data'p;atl)(iket The specific function The smulation nqwork area 1340%1340 m
variabie - Tiocat R The broadcast radius of nodes 250 m
D Iodegel rl]odéon an on coordinaes o The number of nodes 100
Ld Lodge node neighbor node set in one hop The routing void number 1
range. Therouting void area m* 30,000 m?
Ns The incoming node ID of data packets. primary energy 20J
Ps The incoming node geographica The transmission power 0.2
position information of data packet .
passing through the relay node The speed of the mobile node 30-60 m/hop
Lp Lg?’p@lﬁﬁg’: ﬁi;gm thesourcenodes (from source nodeto the sink node acomplete, suc-
. The introduction flag of data packets. ( cessful datapacket transmission). Eachtime 10% nodes

1/0)

transmission, which consumes about 0.4 joulesof en-
ergy. When anode receives adatapacket, which con-
sumesabout 0.2 joules of energy. Simultaneoudly, the
node moving speed va ueisdefined as 30-60 m/round

arerandomly selected and made it moving. Velocity
valueof nodeisarandomly val ue between 30 m/hop
and 60 m/hop, and the direction of movement isran-
dom. 8 specific direction position numbersare defined
asshownin TABLE 3. P(x, y) representsthe position
information of nodesin the s mulation scene, whichis

BioTechnologqy —
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the plane coordinates(x, y). Sisthe speed of mobile
nodevaue.

Thesmulation platform

UsngtheEdipsedasic3.5.2and DK 1.6 assmu-
lation platform, onthe basisof it, My Eclipse Enter-
priseworkbenchismadean IDE tool.

Thesmulation results
TABLE 3: Mobileparameter sconfiguration

direction location
east P(x+s,y)
northeast P(x+ s y+ ﬁ 9
2
north P(x,y+s)
northwest P(x—ﬁs, y—ﬁ s)
2 2
west P(x-s,y)
southwest p(x_QS, y_ﬁs)
2 2
south P(x,y-s)
southeast P(x+£s y7£5)
2 2

TABLE 4 : The average death round number of
GPSR,GEDIR2,and VOH

GPSR GEDIR2 VOH

desth round number (200

12452 6253 27710
nodes)
decth round number (110 0s 1 5149 20087
nodes)

When the number of nodesinthenetwork isless
than 30, the network isthe state of death. When the
network of deeth, thefind round of threekindsof ago-
rithms and survival nodes will be measured and
recorded(death round of GPSR, GEDIR2 and VOH
inNumbering of Figurel0.). Did 10times experiments
in the same simulation scenarios, and then get the 10
groups data packets. Toimprovetherediability of ex-
perimental dataobtained, whichismadeby grouping
theaverageresultsof the 10 values. Theeffectsof each
agorithm were showed. Scenesimulation of different
parameters of the experiment found that adding the
physica routing holesin the 1340* 1340 scene, prob-
ability of occurrenceof therouting void problemisfar
beyond other scenes. So the sceneitself canillustrate

e, Fyurr PAPER
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Figure9: Transfer efficiency assessment (200 nodes)

the problem. And set inthe simulation, only when a
routing hole problem occurs, node datapacket forward-
ing and recaivingwill consumeenergy.

Likewise, Numbering of Figure 6. showsasimilar
result to Numbering of Figure8.; thedifferenceisthe
node density addedin theexperiment scene. Inthesame
smulationenvironment thes mulation experimentisaso
done 10times, and then the averageva ueof theliving
nodes of thethreedifferent stagesintheagorithmshas
been made.
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Figure10: Each averagedeath round of GPSR,GEDIR2 and
VOH

Numbering of Figure 7. and Numbering of Figure
9. illustratesthe hop count routing path generated by
thethreea gorithmsand their changing trend with the
increasing datapacket forwarding round numbers. Three
agorithmsareevd uated in the sameexperiment scenes.
After 100 rounds of data packet transmission, ahop
count can be recorded each time. And also average
vaueof 10 simulation resultsare obtained asthefinal
experimentd eva uation va ues. About the experimenta
results, somemust fed very confused. That is, GEDIR2
can aways useless hopsto complete datapacketsin
the same round than GPSR and Virtua optimal hop
algorithm, but thelife cycleis much shorter than the
other two algorithms. It seemsto beaparadox; infact,
thereisnologica conflict betweenthetwo. First of al,
the hop number calcul ation isrecorded by detecting
nodeof relay routing list stored by asuccessful trans-
mission message object. However, to achievean effi-
cient transmission of the data packet routing path,
GEDIR2 need to consume more extraenergy than the
other two dgorithms, thereforeitslifecycleisshorter.

VOH is compared with GPSR and GEDIR2 on
simulationresults

In order to get better assess life cycle and data
grouping efficiency, smulaionwith 110 nodesarecom-
pleted. Numbering of Figure 6. and Numbering of Fig-
ure 7. describein 100 nodes distributed randomly sce-
nario, aperformance comparison of 3 methods. Simi-
larly, Numbering of Figure8. and Numbering of Figure
9. describe performance comparison in the 200 node
scene.

Numbering of Figure 7. and Numbering of Figure
9. givethedeve opment track of each kind of lifecycle.
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Asisshownin Numbering of Figure7.,inthesmula-
tion sceneof 110 nodes, GEDIR2 wasdepleted inthe
614.9 round. After the 370 round, which hasasignifi-
cantly reduce. Thecurveto GPSR dgorithmissmoother
than GEDIR2, and continuous 1096.1 rounds. When
therouting void problem occursat very high frequency,
lifecycleislong. Compared with theprevioustwo meth-
ods, VOH always adheres to the 2099 round before
being exhausted.

Numbering of Figure 7 and Numbering of figure9
showsthetrgectory of lifecydeof each kind of method,
whenrouting void problemishighfrequency, VOH has
alonger lifecyclethan GPSR and GEDIR2.

When node density increase in the experiment
scene, VOH agorithm havealonger lifecyclethanthe
other two methods. Numbering of figure 6 and Num-
bering of figure8 described hop trend of routing pathin
threedgorithm. VOH hasmoreefficient than GEDIR2
and GPSR on reducing the overhead to routing path.
Numbering of figure7 and Numbering of figure 9 has
been proved theenergy of consumptioninVOH ismore
closer to GEDIRZ2, and has higher data packet trans-
missonefficiency

In Numbering of Figure7 and Numbering of figure
9, before 800 round, VOH method hasalmost no desth
node on transmitting datagrouping, with theincrease of
thenodedensity, overal performance of VOH ismore
stablethan GPSR and GEDIR2.

Thedefect of the experiment

Becausedid not think of theMAC layer and physi-
cd layer, thesmulationwas conducted inanided envi-
ronment. That isto say, in awirel ess network without
sgnd collisonsand channd interferenceat MAC layer,
but merely to study the routing layer, supposeadl the
underlying environment isthe same. Threedgorithms
(GPSR, GEDIR2 and VOH) in dynamic simulation
scene, inall possible circumstances, use greedy for-
warding algorithm to transmit data packets. Among
which, virtua optima agorithmisprovedinvery scene
of therouting hole problem happening frequent, which
have alonger life cyclethan the GPSR and GEDIR2.
To reducetherouting overhead, VOH and GEDIR2
havehigher efficiency than GPSR for routing pathwhen
thenode density increases, theoverall performance of
theVVOH ismore stable than the GPSR and GEDIR2.
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Thesgnd collisonandinterferencedwaysexistin
real environment. So, inthefuturework and study, In
order to make the communication between nodesand
the probability of channd occupancy and distribution™,
adding matching optimization strategy of physical layer
and MAC layer isnecessary.

CONCLUSIONS

A new agorithmwith virtual optimal hop charac-
teristicsrouting hasbeen proposed. Theagorithmisa
routing a gorithm based on geographica location infor-
mation. Geographic location information is used to
achieve stateless, and efficient in ahop topol ogy struc-
ture. Inthisa gorithm, aslong asthe network topol ogy
allows, the greedy forwarding data packets (GF) for
datapacket transmissionisused, which will makethe
routing path a gorithmwith very high robustness, aswell
asthefina routing path hasbeen generated ascloseas
possibleto theshortest path routing. If the greedy for-
wardingfails(whentherouting void problem occurs),
thevirtua optima hop method isused to find the next
hop node, and to make the greedy forwarding recover
work also, it does not need to use to lead to redun-
dancy plansoptimization agorithms(suchasRNG and
GG), aswell as someflooding classforwarding tech-
nology. When routing void problemishigh frequency,
VOH hasalonger lifecyclethan GPSR and GEDIRZ2;
and hasmoreéefficient than GEDIR2 and GPSR onre-
ducing theoverhead to routing path. With theincrease
of the node density, overall performance of VOH is
more stablethan GPSR and GEDIR2.
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