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Abstract—EXxisting theoretical and simulation studies on geometric routing, or georouting. This latter approach is a
georouting appear detached from experimental studies in real memory-less and scalable approach, unlike the two others.
environments. We set up our test environment by using WSN430 Although existing routing algorithms are developed to deal

wireless sensor nodes. To overcome the need for significant num- ith | d bl lativel I b £ th
ber of wireless nodes required to perform a realistic experiment in with real world problems, a relatively small number ot them

high density network, we introduce a novel approach - emulation S actually implemented and tested on hardware. Most egsti

by using relatively small number of nodes inl-hop experimental solutions assume that an ideal physical layer and adjestabl
setup. Source node is a fixed sensor, all available sensors areange.However, in a real environment, the medium is not
candidate forwarding neighbors with virtual destination. Source reliable and message retransmission has to be considered.

node makes one forwarding step, destination position is adjusted, In additi ilable hard d d thei
and the same source again searches for best forwarder. We n addition, available hardware sensor nodes can adapt thel

compare three georouting algorithms. We introduce here Greedy range but not dynamically at each single transmission. Our
geographical routing AIgorithmsEiTnXa REal environment (GARE) goal is to narrow the existing gap between theoretical and
which builds a RNG by using EE as edge weight ETX(w)  experimental results. We introduce GARE (Greedy Algorithm

counts all transmissions and possibly acknowledgments between;, Real Environment). which are greedy cross-laver gedura
two nodes until message is received), and selects RNG neighborical routing al 0rithr)r,1$ whose rr?ain f)éature isyto ?aljegin?o
with greatest progress toward destination (if none of RNG g aig

neighbors has progress, all neighbors are considered). Our @ccount in their routing decision the state of the medium.
experiments show that GARE is significantly more #ficient than COP_GARE is an adaptation of existing algorithm from [4].
existing XTC algorithm (applying RNG on ETX(uw)) in energy GARE and COP GARE integrate a measure of the quality
consumption. COP_GARE selects neighbor with progress that of the communication links (denoted as ETX, counting all
minimizes =7,;=, and outperforms both algorithms. . retransmissions until reception at desired neighbor nauale)
Index Terms—wireless sensor network; routing; emulation; . . -
realistic environment. their routing decisions. They are scalable and memory-less
(no information needs to be stored), loop-free and locdlize
(only information about neighbor nodes is needed). Morgove
they aim at reducing the number of message retransmis-
Wireless ad hoc networks [1] , especially sensor networksipns and thus to reduce energy consumption. We evaluate
have received a lot of attentions in recent years due &md analyze their fRciency through implementations over a
their potential applications in various areas such as rapnit network test-bed composed of WSN430 wireless nodes [5].
ing, security and data gathering. However, they have sormgperiments show that GARE and COBARE outperform
limitations compared to wired infrastructure networks.- Erexisting solutions. In most scenarios, COBARE performs
ergy consumption and scalability are two challenging issubetter among the two. This paper also contributes toward
when designing sensor network protocols such as routiequlating large scale sensor networks with small humber
protocols, since they operate on limited capacity baterief available sensors, thus providing also human processing
while the number of deployed sensors could be very largefficiency with small sacrifice in validating obtained results.
In addition, they have to face new issues related to thghile the implementation of XTC in [6] uses all available
radio medium which induces unpredictabl&eets due to 7 or 33 sensors for the full network, we use them just to
interferences, collisions, fading and shadowing phen@nemrmulate a single hop. That is, one of sensors is the source
Being one of the "hot” research topics nowadays, the problemhile 6 or 32 others are its neighbors, and destination is at
of routing in wireless ad hoc networks has been a subjestime virtual position. The source selects the best neighbor
of significant number of studies. Routing in wireless sens@éifter doing it successfully, the routing actually contiisutfeom
networks is a challenging task. Manyfléirent approachesthe same source node, by adjusting destination position for
have been proposed in the literature. We can identify threggtual vector between selected neighbor and source node in
main classes of routing protocolé) proactive routing such the previous hop. The position of virtual destination could
as OLSR [2](ii) reactive routing such as AODV [3] andi) be also rotated around the source node to provide more

|. INTRODUCTION



randomness with respect to the neighborhood.The remaindeeded structure however requires significant communicati
of this paper is organized as follows. Section Il reviews sonoverhead.
of the existing georouting algorithms. Section Il deseslour Our work was motivated by the XTC algorithm [16]. XTC
concept of RNG based on new weight definition. GARE anzbnstructs RNG with the LQI (Link Quality Indicator) or RSSI
GARE_CORP are then detailed in Section IV. Then, Section YReceived Signal Strength Indicator) as the edge weight. In
details experiment setup and results and how the emulaiorour implementation of XTC, greedy routing is then applied
conducted. Section VI concludes this work and investigateser RNG links only. [6] implemented XTC with real sensors
future works. and described experiences. Authors first observed thatepack
loss increased drastically over time. They proposed then to
Il. RELATED WORKS use moving average as linear combination of current average
and latest value. Their experiments show that receivedakign
In greedy routing [7], S forwards the message to the nodgtrength and link reliability are only loosely coupled. Nimy
that is closest to destinatioD. Only neighbors closer t® average is then applied on packet loss to obtain a better link
are considered, otherwise forwarding fails. Greedy laeali quality predictor. XTC is then applied to source routing on
routing does not guarantee delivery, since a packet can teetbeds with 7 and 33 sensors. It prevents source routing
trapped in a local minimum. Simulations show that in denggom choosing unreliable links. It is not clear whether mut
networks the algorithm performs well with hop count agiscovery process was using acknowledgements, and whether
metric. However, several studies [8] have shown that greeg¥nder node repeats transmissions. That is, actual ptotoco
routing can perform poorly with power consumption as thgsed is not specified.
metric. Nodes tend to choose the long links, to reach theThe RNG based testbed used in [6] considers only close
destination in a minimum number of hops. Long links arfodes and thus does not consider suboptimal links in terms of
less reliable as argued in [4], leading to an increase fAessage consumption. The RNG graph in XTC is based on
retransmissions to reach particular neighbor. link qualities and prefers short links, thus making the iryt
Greedy georouting has then been enhanced in two dirgath long in terms of number of hops needed to reach the
tions, toward changing hop count to other metric, and towattéstination. We will describe here a new weight definition of
providing guaranteed delivery [9], [10]. Power aware gseetRNG link. Greedy routing in such RNG will select optimal
routing algorithms were first studied in [11]. An algorithmpaths from suboptimal links, instead of creating suboptima
with general cost metric was proposed in [12]. Cost ovgyaths from optimal links as in [6].
Progress based routing [12] (COP) is a localized metric awar To cope with the changing nature of realistic radio channel,
greedy routing scheme. A node forwards a packet to tRE7] propose an evaluation of hierarchical routing protoco
neighbor closer to destinatio® such that the ratio of the HLR on a simple test bed of 10 Mica2 nodes.
cost to reach neighbor to the progress made (measured as

the reduction in distance t®) is minimized. Cost could . ETX-Basep Recative NEiGHBORHOOD GRAPH
be an arbitrary metric, such as (expected) hop count, powele consider routing with retransmissions, such as in
consumption, reluctance to forward packet, delay etc. HHR [4]. In the HHR (Hop-by-hop retransmissions) model,

We make use here of a planar geometric structure calladpacket is retransmitted between two nodes until it is re-
Relative Neighborhood Graph (RNG) [13]. A relative neigheeived and acknowledged correctly. Both the message and the
borhood graph with the distance metric is built as followsaicknowledgment are of equal length. In such a setup, it was
The RNG of a grapl@ = (V, E), is the set of all edgesv e E  convenient to use expected transmission count metric (ETX)
such that there is no vertex such thatuw € E, wv € E, introduced in [18], as a measure of link quality between
weight(uw) < weight(uv) and weight(wv) < weight(uv). That two nodes. The ETX metric takes into account theeas
is, RNG preserves links that are not the longest one i link lost ratios, and also detects and appropriately fesd
any triangle. To planarize a graph, RNG is used with thEsymmetry by incorporating loss ratios in each directions |
Euclidean distance as the weight. Planarization relieshen tdefined as the predicted number of data transmissions eghjuir
strong assumption of the Unit Disk Graph (UDG) [14f. to send a packet over that link, including retransmissions.
the transmission range area of a node is an exact diskBecause of static nature of our experimental environment,
In a realistic environment, this assumption does not holkhgical approach was to try to apply physical layer model
Different pathologies during the planarization process inirdroduced in [4], in order to determine ETX based just on
realistic environment can be observed due to violation distance between nodes, without any message exchange. This
unit disk assumption: partitioned planar subgraph, uedir would consequently allow the computing of an optimal range
tional links, crossing links. In [15] authors propose Crosgor a set of optimal ranges) for message transmission as
Link Detection Protocol (CLDP), which enables to overcomim [19]. Unfortunately, preliminary experiments showedatth
mentioned problems. Proposed protocol in combination witxpressing such a function is not feasible. It appeared that
end to end geographical routing protocol GFG [9], [10probability of reception is extremely dependent on origota
have been evaluated on real test bed consisted of up toldsween the antennas (theffdrence in orientation of only
Mica2 nodes deployed infidce building. The construction of few degrees makes a hugeffdirence in link quality). For



a reliable propagation model, the antennas would have RNG with that weight (Fig. 2(c)) on the original graph platte

be omnidirectional, which was not the case with WSN436n Fig. 2(a). Fig. 2(b) shows the resulting graph by using the

nodes used for the experiments. We had to deal with "potatBTX as weight [6].

shaped radiation pattern instead of ideal circular shapas,T  For all experiments, we assume that nodes are aware of their

probabilities of reception had to be determined experi@fnt position. This can be achieved thanks to a locating devich su
The authors of [6] construct an RNG graph usE§X(uv) as GP$ or Galiled, or by any localization algorithms.

as a weight. This weight function favors high quality links ( We consider a grapt® = (V, E) whereV represents the set

with a low ETX value), which are reliable and thus consumef sensor nodes in the network and there is an edgduv) €

less energy to successfully transmit packets. For exampiepetween nodes andv if and only if a message from u to v

imagine simple testbed consisting of 11 nodes in straigiet lican be received in some fixed number of attempts. We denote

with distance of in between two successive nodes, as shovihe set of neighbors of nodeasN(u), i.e. the set of nodes

in Figure 1. The first node in row has to send (route) packet soch thatuv € E. Each edges € E is assigned its ETX value

the last one. In this topology, node currently holding thekga ET X(€). Applying an appropriate weight function over graph

would choose next node in row (closest neighbor in directidd = (V, E) results in a reduced gragRNG(G) = (V, Erne)-

to the destination) to forward the packet since it is the mogfe denote byNgng(U) the set of RNG neighbors of nodg

reliable one. In this way, routing would be done by perforgnini.e. the set of nodes such thatuv € Egng.

19 congecuuve hlgh_quahty hops. T_he potential problerrhw¢ V. GARE Axp COP GARE

this weight function is that the routing path becomes long in -

terms of total number of hops needed to reach the destinatiodn this section we describe two greedy algorithms GARE

since RNG is only based on link qualities, thus preferringrsh @hd COP_GARE. The former one is inspired by [6] while the

links. This is not always energyfficient since a succession oflatter one is a variation of the COP algorithm [12] describred

a great number of short edges can require more energy tiegftion Il, and is a general form of few algorithms described

smaller number of less optimal hops [11]. in [4]. They both use the ETX measure, a measure of the
To cope with this problem, GARE and COBARE use 9quality of the medium, in their decisions.

another weight function which chooses those links whicR caRe

have optimal ratio between link quality (ETX) and length

traversed in one hop (distance between nodes). This way, IgsG.A.RE kIJS adgree(:z algorithm V\i?l?h makles thg erUtll.ngd
reliable links (higher ETX value) with greater length whictcc'>'On based on e progress. 1t IS simple and focalize
e it needs only information about its 1-hop neighbodhoo

i

consume more energy for one hop are used. From the aspe 3 2

overall routing, we expect a decrease in total number of ho E runs over a ETX-based RN.G gr_aph, Wr."Ch IS con-
ucted by taking into account not just link quality, busal

needed to reach the destination and thus in the overall gne o - Lo
¥ nsidering the link length. The RNG construction is local.

consumption. If we imagine the same simple test topolo .
(Figure 1), this new approach will tend to use longer edg SaIIows GARE to take into account the average state of

(green links on Figure) or even direct links to destinatibn f e medium. The_underlymg goal pu_rsued behind the use
possible, rather than just high quality links between dbs of a graph reduction based on E.TX Is 1o decrease overall
neighbors (red links on Figure). The underlying idea behi(:m)p count, messages retransmissions and thus overallyenerg

this assumption is that such an approach would decre %tgsumptllon. In(?'eid, short_fhlnks arlt? g:e T;St r?fllliapletones
overall hop count and thus overall energy consumption. ut somefonger inks, even I 1ess refiable, stilay sunicien

reliability. Since they are longer, the overall routing dedo
follow less links and at the end spends less energy from end to

r i end in retransmissions. Longer links induce less relighidut

" S 2 e 0 . less hops on the final path. There is thus a traiidsetween
/\’/66\‘/\/\/666\ the length of links and thefiéciency of path to follow.
Q O OQ O In GARE, each nodes currently holding the packet con-

_# siders, among its RNG neighbokgng(u), the nodew closer

o T
%

to the destinatiord than itself (vd| < |ud]), i.e. nodes which

w provide a positive progress. Packet is forwarded to the node
that is closest to the destination among RNG neighbors. If no
RNG nodes with positive progress exist, routing will failew
can overcome this with the following strategy. If no RNG edge
with positive progress exists, the next node will be chosen

- . . . .among all other nodes, with the same criteria of minimal
every triplet of nodes in graph, the edge with the largesgintei distance to destination. In this way, the routing fails if no

is removed. This preserves edges with better &BX(uv) . . S
! ) S node among neighbors is closer to the destination than sourc
over progressw ratio, and in that way achieving more energy

efficient routings. Lhttpy/www.gps.goyindex.html
Figure 2 shows an example of resulting graphs by applying?httpy/ec.europa.gtransportgalilegindex_en.htm

Fig. 1. Difference in routing strategy between GARE and XTC

GARE builds a RNG by using 3 as edge weight. For
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(a) Underlying graph (b) RNG with ETX as a weight (c) RNG with GARE weight

Fig. 2. lllustration of RNG with dierent edge weights. Labels on edges are arbitrary numbegsTigrand length, respec.

node itself. Other routing failure may be due to a failingklin  Algorithm 2 formally describes COPGARE. Note that

on which the packet has been lost. GARE is memoryle€OP GARE algorithm is general form of few algorithms de-
and scalable since no routing information is needed to Beribed in [4]. In [4], few specific instances of that alghnit,
embedded in the message. It is also loop-free since at eaohresponding to symmetric links between two nodes, with
step, since the message is always forwarded to nodes thadl without considering acknowledgements, were presented

provide a positive progress towards the destination. with ETX metric being specifically replaced by correspormdin
GARE is formally described in Algorithm 1. values via packet reception probabilities, expressedragifin
of distance between two nodes. We extend here to values
Algorithm 1 GARE(s, d) from sources to destinationd of ETX(uv) measured from experimentation, and express the
1. U=Ss metric for the case of asymmetric links.
2: while notu=d do
3 build RNG by EX%) as edge weight. Algorithm 2 COP_GARE(s, d) from sources to destination
4: A« Nrno(U) N {vst.vd| < |udl} d
5:  {RNG neighbors with positive progrgss Lu=s
6 if A=0 then 2: while notu =d do
7: A — N(U) N {vstlvd| < |ud|} & A< NUN({vstivd < udl)
8: {If no RNG neighbors with positive progress, con-4  {neighbors with positive progress

sider every neighbor with positive progress. 5. if A=0then .
9: if A=0 then 6: {COP_GARE failed
10: {GARE failed 7. else
11: else 8: Vv« p e A which minimizes %
12: V « p € A which minimizes |vd| 9: Return {v}
13: end if 10: end if
14: else 11: U« v
15: V < p e A which minimizes |vd| 12: end while
16:  end if
i; enl:j vaxle V. EXPERIMENTS

In this section, we describe our experiments the results we
have obtained. We first describe our experimental set um,The
B. COP GARE we de_tail how we e>.<perir_nentally compute_d the ETX values

- ) ) on which every algorithm is based. We decided to evaluate our

COP_GARE algorithm also considers the state of thgyg algorithms by comparing them to XTC, the only algorithm

medium through the use of the ETX value. Itis based on th&,m the literature with same assumptions. We analyze two

following idea. Longer links induce less reliability butske values, the number of transmissions and the number of hops
hops on the final path. COFGARE is based on the COP geqg along the routing paths.

algorithm [12], described in Section Il. It has been adjdste

by using ETX as a cost function. In CORSARE, the nodes, A. Emulating large network with small network

currently holding packet, first selects its neighbors ming a Reallistic experiment in wireless sensor networks may re-
positive progress towards the destinatib(N(u)N|vd| < |ud]). quire a large set of devices available to construct a network
Among them,u selects the noder which minimizes the of appropriate size. However, there might not be enough
ratio of ETX(uv) over the progress towards the destinationodes available to conduct such an experiment. Time and

(v minimizes Eﬂ)i(l%?) human resources needed to maintain such a network is also




a bottleneck. To cope with this problem we propose a novelHz ISM/SRD band with very low power consumption al-
approach. Instead of constructing a large scale network, Wegving long life time and fast wakeup from sleep mode.
emulate such a network using a much smaller environment. Node currently holding packet (same node all the time) is
To emulate a high density network, we constructed a ptaced in coordinate origin while other 41 nodes are rangloml
hop neighborhood of nod& currently holding packet with and uniformly deployed within circle with radius ofnrbas
all our available nodes. Hence destination nddlés not a shown in Fig. 5(a) and 5(b). Topology was created using
real device but a virtual node positioned initially at dista WSNefWorldsens topology generator [20]. Radius for circle
much greater than radius of 1-hop neighborhood. N&de is chosen in such a fashion that the central node can reach all
which is always the same central node positioned in tlher nodes in one hop with constant transmission power. We
coordinate origin, forwards packet to one of its neighbotsave chosen to route to 16 virtual destinations placed aroun
(node B) which is selected by routing criterion. After thisa circle with radius of 5. Between every two successive
step has been successfully performed according to HHR modetual destinations, there is an angularfféeience of 25
(acknowledgment message has been received at ®)de degrees as shown on Fig. 4.
virtual destinationD changes its relative position according
to nodeS. The current position of virtual destination is now
translated by vectorSB to the new position, denoted &, . A
as illustrated by Fig. 3. Then, the routing continues ushey t . @ i @
same source nod® again. This process is repeated until the "
position of virtual destination moves within the transnoss N
range of source nod8, which is considered as a successful '
routing, or when there is no node in the neighborhood swgtabl
for routing, in which case the routing attempt is consideasd
a failure. Process can be explained as if destination igstat
This does not fully correspond to realistic situation sitice
neighborhood of the transmitting node always looks the same " ?
but it could be used as an appropriate model that allows us to - @ ' @
emulate huge networks with large number of devices by using | ’ '
a relatively small number of nodes. It already gives a fair P “ ] 0 n w0 ®
overview of diferent protocols and provides fair comparisons
since various algorithms can run by using the same test bed Fig. 4. Virtual destination placement
and assumptions.

-
-

£

20 9 | ?
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Our emulation consists of three steps:

D 1) Determining ETX as a metric of link quality, for every
possible link in our 1-hop environment.

2) Constructing RNG based on one of the twdtatient
weight functions for comparing GARE (weight =73
) to XTC [16] (weight= ET X(uv)).

v 3) Running dfferent routing algorithms using strategy de-

scribed above, and evaluating performance statistics for

each of them.

B. Determining ETX values

Version of the HHR protocol [4] that we used, assumes
that nodeu sends the message and waits for acknowledgment
from nodev. If no acknowledgment is received by node
the message is retransmitted again, until reception ofgsrop
acknowledgment. Thus, ifp(uv) is the probability that a
message sent hyis properly received by, and if we consider
the link to be symmetrical, the probability that receives

Fig. 3. 1-hop environment an acknowledgment ig?(uv). In this case, we consider that
expected number of retransmissions at nodis pz_luv and

We established 1-hop environment with total number of 48e denote this value asT X(uv). We only take into account
WSN430 nodes [5]. WSN430 sensor node is ideal fit for lotie number of transmissions at nadewhile disregarding the
power, low cost, open source platform designed for deptpyimumber of acknowledgment attempts made by ngde order
autonomous large scale sensor network applications. WSN480simplify the analysis. In case the links are asymmetrical
sensor node is designed to operate at/83%868 and 915 (p(uv) # p(vu)), we consider thaET X(uv) = m. This



perhaps makes the above mentioned simplification even maxeraged over 100 performed routings to every of 16 virtual
justified, because this definition of ETX eliminatefeets of destinations. Fig. 6(a) and 6(b) show graphical comparison

link asymmetry. of performances of algorithms, regarding needed number of
One of the important things we have noticed during odransmissions and hop counts per routing.
failed attempts to verify physical layer model introducedd], Success rate of all algorithms is 100% due to high node

is that in case the nodes are static and there are no movitensity of emulated network. Sender node degree is 41 (with
objects between them, the probability of reception does ribe source being in the center, theetive degree, which is
change significantly over time. This property allows us toumber of neighbors closer to current virtual destinativas
evaluate probabilities separately for each link only omcthe always about 10 which was dense enough to make progress),
initial phase of the experiment, and then to use that knogdedand neighbors are uniformly positioned, so the routing -algo
later on. No supplementary link quality evaluation is nekdeithms were always able to find a node with positive progress.
since links are stable. GARE achieves better results than XTC, which is roughly
For this part of experiment, we have set up a test bélde same algorithm run over afiirent RNG. It uses fewer
consisting of 42 WSN430 nodes. The nodes were set ttansmissions and hops to successfully reach variousndesti
transmit 8 series of 128 messages. In every series, all notless and since every transmission uses same energy amount,
were transmitting 128 messages successively one node dtt ases less energy for single routing. Since we assume that
time, while the other nodes were counting the number abdes cannot adjust their range, every transmission has the
received messages from every node separately. Total nushbesame energy consumption. Thus, under these conditiortg sin
messages sent by each node was® = 1024. After we have XTC induces more retransmissions, it is the algorithm which
read the statistics from referent node (central n8jjave have spends the most energy. GARE is on average case around 54%
calculated standard deviation in number of messages egteimore dficient than XTC in transmission count, hence total
in separate series, from each of the remaining nodes. Meztrergy usage for one successful routing. The reason is that
standard deviation for all nodes wa$s%%, which justifies XTC needs to perform more hops since it chooses only short
our point about the link stability. From these measuremeriisks when longer ones are féigiently reliable to be followed.

we compute: COP_GARE (marked with yellow color in figures) out-
p(Wy) = MSGw—v, (1) Performs both GARE and XTC. It does not use RNG edges
1024 to make routing decisions; rather it has freedom in every
whereMSG,., stands for the number of messages netias hop to choose edge with the best cost over progress ra-
successfully received from nodg tio. COP_GARE scored on average 62% better results than
MSG GARE. This can be explained as follows. GARE prefers RNG
Ve—u . .
p(vu) = 024 (2) edges, but unfortunately there is a relatively small nundjer
them (in our case, we have only 3 edges, as you may see from
and we deduce Figure 5(b)). So, while COPGARE always chose the best
ETX(W) = 1 3) edge among all possible edges, GARE is by its nature forced

to use RNG edges which might have relatively small progress,
increasing the total number of used nodes needed for routing
) This point is supported by our experimental results, where
To compare XTC, GARE and COFGARE, two diferent ;o might notice that gap between GARE and CGBARE

[p(uv) x p(vu)]”
C. Construction of RNG

weight functions are used for generating RNG graphs:  pherformances is shrinking in cases when our virtual detitina
1) wy = ETX(uv). is in general direction of RNG edges (destinations 1, 7 and
2) wp = ET|L(\E|”V)- 11). This can be observed from Fig. 6(a) and 6(b). Obtained
Weight function ;) was chosen as analogy to one used t@sults for hop and transmission counts considerably vary i
construct RNG in [6]w, is the weight used by GARE. the case of GARE routing depending on the position of virtual

Figure 5(a) shows RNG edges that include central nodégstination. This can be explained as follows. RNG edges are
obtained by using weight functiom,, while Figure 5(b) shows not distributed uniformly in all directions. In cases of sam

RNG edges obtained by using. virtual destinations (for example 3, 4 and 5, Fig. 6(a) arg))6(
) no RNG edge exists in their general direction so central i®de
D. Experimental results forced to make poor routing decisions based on progress only

We compared the performance of threffetient routing pro- and disregarding the link quality, which consequently ltssn
tocols (GARE, COP GARE and XTC) by performing series greater total length of route (more nodes and needed to reach
of emulations in 1-hop environment. We measured transmiestination). On the other hand, COBARE routing appears
sion count and hops for one successful routing. Transmmssioot to sufer from this problem because of its nature to always
count represents the total number of messages needed ko rehoose the best solution amongst all of the neighboring sjode
destination according to HHR model (message delivery witkgarding ETX and progress. Same parameters vary very
acknowledgment) and hop count represents the total numbkkghtly around mean value. In arbitrary networks, it istbet
of traversed nodes to perform the same task. Results hame biseuse COP GARE while in situations where RNG edges are
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Fig. 6. Comparison of algorithm performances

- . . . outing algorithm || Hit rate [%] | Nb.transm. (total)| Nb.hops (total)
weII. d|§tr|bqteq, less nodes will be as§a|led using GARE fors XTC 100 5196 =870
achieving similar results than when using CORPARE. GARE 100 4948 3103

) ) _ COP_GARE 100 2162 1536

During the course of our experiments, we have noticed orne = TABLE |

pOtentlal Conceptual ﬂaW n experlmental Strategy Whem_ rOUCOMPARISON OF ALGORITHM PERFORMANCES WITH RANDOMIZED GRAPH ORIENTATION

ing is performed towards some virtual destination, RNG grap

tends always to preserve approximately the same orientatio

along the same route, which would of course not be the case

in a real network. Thus, we have performed another seriesusfing this altered strategy, and the results are shown ile Tab
experiments with slightly altered strategy. During eadltirag We notice that even with these changes we have made
attempt, first we put virtual destination on random positioto make emulations closer to a real case, the relationships
but with fixed distance from the source node rfgGame as between performances of routing algorithms are roughly the
in previous series of experiments). Then, we route using ogame. GARE is shown to be moréieient than XTC, while

of the algorithms, and after each hop we update the positi@DP GARE outperforms them both in most of situations.

of virtual destination as we did before. The keyfelience is
that before we perform the next hop, the position of virtual
destination is rotated by random angle around the centralln this paper, we have introduced two novel position-
(source) node. In this way, we randomize the orientation based greedy routing algorithms for realistic environment
RNG graph in each hop, while preserving the distance fro®@ARE and COP GARE. We also proposed a novel approach
source. We have performed 100 routings for each algorithfior evaluation in a real environment to overcome a small

VI. CONCLUSION AND PERSPECTIVE



number of available hardware nodes. It is to setup test bgs|
for measuring one hop performance repeatedly with usinl%]
mobile virtual destination, instead of setting the wholevuzek
physically. GARE and COPGARE outperform XTC in our
test bed.

We intend to push further our experimentations. Based oﬁ]
the first feedbacks of these experiments, we will try to cdesi
other physical parameter in routing decisions. Then, wenitht
to investigate algorithms for real environments that goa
the message delivery to the final destination.

Our test bed has source node in the center, leading to al}
proximately 10 nodes as neighbors closer to virtual detitina
If we place the center in one of corners, we could emulat]
density about 40 with same sensors. Further, we observed
that long edges were preferred in our RNG construction. To
make more reliable conclusions, the distances betweenisengi 1]
should be increased so that RNG edges are approximately
between short and long edges. Another option is to chan[ggl
the weight definition in RNG graph. We will consider more
options. For instancey(uv) = |luv] — r x|, wherersx needs to
be determined, and is expected to be around 10m. The se{%rﬂe
weight could be also defined to better reflect the approximate]
slope away from the optimal distance. We also intend to itepea

. : : : 15]
experiments with dferent type of sensors, to investigate th
impact of actual hardware characteristics. We plan to adteso
more algorithms for comparison, such as few more describ@él
in [4] (one of them maximizes the produg@(x)|lvX — |ux|
of packer reception probability and advance toward the des-
tination. Further extension is planned toward adding powg]
consumption and network lifetime into the cost routing ricetr
[21].

(8]

(18]
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