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Abstract - In an ad hoc environment with no wired communarainfrastructure, mobile hosts
necessarily operate as routers, in order to prouelvork connectivity. Since mobile ad hoc
networks change their topology frequently and withprior notice, routing in such networks
becomes a challenging task.

To explicitly consider node movements, we prese®i, a movement-based routing algorithm
for mobile ad hoc networks. The algorithm is congdle distributed, since nodes need to
communicate only with direct neighbors within themnsmission range, and utilizes a specific
metric, which exploits not only the position, bigathe direction of movement of mobile hosts.
Extensive simulations evaluating the proposed pritand results of comparison with existing

methods demonstrate that MORA can provide an efiicand robust routing strategy.



l. INTRODUCTION

Mobile ad hoc networks (MANET) consist of wireldsssts that communicate with
each other in the absence of a fixed infrastrucftite They can be used in a wide
plethora of applications, ranging from tactical gi®ns, to quickly establish military
communications during the deployment of forces mknown and hostile terrain; to
sensor networks, for communication between intefligsensors mounted on mobile
platforms. In the last application, mobile ad hagtworks are likely to achieve wide
deployment in the near future because they greattgnd the ability to monitor and
control the physical environment from remote lomas.

In an ad hoc wireless network, mobility and bandiwidllocation are two key
elements representing research challenges. Noostt are within the transmission range
of each other and communication is achieved by irhold routing, where intermediate
nodes cooperate by forwarding packets between tstshDue to the hosts mobility, the
topology of the network can change with time andaessumption can be made about the
initial configuration. As a consequence, nodes havéuild and update their routing
tables automatically and effectively.

Traditionally, multi-hop routing for mobile ad hoetworks can be classified into
proactive and reactive algorithms.

In proactive routing algorithms, each node in thebitle ad hoc network
maintains a routing table that contains the pathslt possible destinations. If the
network topology locally changes, all routing tabtaroughout the network have to be
updated. These kind of routing algorithms (suclthasDestination-Sequenced Distance-

Vector Routing Protocol (DSDV) [2] or the WireleBouting Protocol (WRP) [3]) are



efficient only if the ratio "mobility over commuration” is low [4]. If the nodes in the

network are reasonably mobile, the overhead ofrobmessages to update the routing
tables becomes prohibitive. In addition, storinggéarouting tables in low-cost mobile

nodes might be too expensive.

Reactive routing algorithms, on the other handd froutes only on demand.
Routes are designed when they are needed, in twderinimize the communication
overhead. When a node needs to send a messagetheranode, the sender needs to
flood the network in order to find the receiver atetermine a path to reach it. The
flooding process can still use a significant amoointhe scarce available transmission
resources. Such algorithms are adaptive to "sleejpg' operation, since inactive nodes
simply do not participate at the time the routessablished. Two widely used reactive
routing protocols are the Dynamic Source Routin®RD [5] and Ad-hoc on-demand
Distance Vector Protocol (AODV) [6]. DSR builds tes on demand using flooded
gueries that carry the sequence of nodes they ga$sough, which is copied at
destination in the reply packet. A variation oftdisce vector protocols is AODV, which
maintains a routing table in all intermediate nodes the route. For additional
information, a detailed review of routing algoriterim mobile ad hoc networks can be
found in [7, 8].

An interesting approach is represented by posh@sed routing algorithms,
which require information about the physical pasitiof the participating nodes. The
forwarding decision by a node is primarily basedlus position of the packet destination
and the position of the node's immediate one-haghbers, typically learned through

one-hop broadcasts. The distance between neiglgoaondes can be estimated on the



basis of incoming signal strength or time delagimect communications. Alternatively,
the location of nodes may be available directlycbynmunicating with a satellite, using
GPS, if nodes are equipped with a small low pow&SGeceiver. In any case the
position can be affected by some level of approkiona A detailed survey of protocols
that do use geographic location in the routing sleniis presented in [9, 10] but the two
main algorithms are the Distance Routing Effectoiitnm for Mobility (DREAM) [11]
and the Location Aided Routing (LAR) [12]. In boDREAM and LAR a sender
forwards the packet to all neighbors in a limitese (restricted flooding) which contains
the expected region containing the destination.

This paper addresses the problem of routing indahaz network. An alternative
movement-based routing algorithm (MORA) is preséntghich exploits not only the
position, but also the direction of motion of mebilosts

The structure of the work is the following: Sectitinintroduces the method,
which is then analyzed in Section Ill. In Sectidhthe characteristics of existing routing
algorithms are presented, while extensive simuiatiof the protocol are reported in

Section V. Finally, Section VI concludes the paper.

[. THE PROPOSED METRIC
The desirable properties of any routing protocotlude simplicity, loop-free
operation, convergence after topological changesllsstorage, reduced computational

and transmission overhead. In a position-basedngwigorithm, each node makes a

1 A preliminary version of this work was presented in DMS



decision to which neighbor to forward the messaaget only on the location of itself, its
neighboring nodes, and the intended destinatiomuinapproach, this decision is taken
considering also which direction neighbors are mgyun. Moreover, the system is made
more robust by avoiding centralized information e@@ment, and easier to set up and
operate.

Most routing schemes use hop count as the costiagnethere hop count is the
number of transmissions on the route from a sotoce destination. However, different
metrics for choosing the best forwarding neighbgrimode in position-based routing
protocols were recently considered. The metric usedMORA (Movement-Based
Routing Algorithm) is a linear combination of thember of hops, arbitrarily weighted,

and a target functional, which can be independearatigulated by each node.

A. Thefunctional F

Since mobile ad hoc networks frequently change tiopiology and without prior
notice, the life time of connections between heatses appreciably.

Our goal is to exploit information about movingeditions of neighboring nodes
in order to route the data over an optimal patheréhare a lot of different strategies
reported in literature based on which a node céetsa neighbor for the forwarding of a
given packet (Most Forward within Radius (MFR), K=t with Forward Progress
(NFP)...) [9]. However, none of them take into ddasation that hosts in ad hoc network
are moving in directions that can introduce unptadile changes in the network

topology affecting already established routes astdiark connectivity in general.



In the definition of the routing algorithm, we’lsaume that each node will move
along a “regular” route, i.e. its movement pattesil remain constant during a packet
transmission. Moreover, changes in the networkigardtion hamper the stability of the
links and routes (as pointed out in the SectiomnlXhis study, we neglect the impact of
errors in the techniques used for position estiomatif the network nodes leaving it as an
open issue for future investigation.

The core idea of the approach is to develop a iomat which depends on the
distance of forwarding node from the line connegtine source and the destinatisd,
and on the direction the node’s movement. Thistfanal is required to be implemented
in a distributed way allowing any node to calculiate

The target functional should reach its absoluteimaxin the case the node is
moving onsd and it should decrease as the distance fsdrimcreases. Moreover, the
more a node moves towardd the higher should be its value, i.e. for a fixdstance
from sd the functional should have a maximum if the nalenbving perpendicularly to
sd Indeed, for nodes which don't lie d we prefer not to favor the movement
directions towards the source or the destinatiar, tb associate the highest value to
nodes which are moving straightda.

Let d, be a reference distance metric, chosen on thes lndisihe application
context (e.g. 1 meter, or 10 cm). L&t=d/d, be the adimensional distance of the
current node fronsdand y =1/d, the adimensional distance from the destinatiothef

intersection point betweead and its perpendicular starting from the node’srenir

position (see Fig. 1). The functiorfalis a function ok 1[0, ] anda [I[-72,71], wherea



represents an angle between the line of the movedirerction and the perpendicular line

to sd(see Fig. 1).
Figurel

We define the functiond as follows, in order to ensure the targeted progser

(x=0)?
al -
Fs,(xa) :sin%e | +cos%e 4 (1)

whered andy are two parameters set on the basis of the applicdh particular, they let
the curvature of F varyd defines the value of corresponding to the relative maximum
along thex axis andy leads to a smoother or steeper behavior downrto ¥éith such a
definition of F, more weight is given to nodes moving suh and also to nodes moving
towardssd (see Fig. 2) as required above. In fact

« for x=0 there are 2 absolute maximums, &or + 71/2 respectively;

o for O0<x<e¢ (& arbitrarily small) the trend is the same as above;

» for x — oo the function decreases;

e for x=0 there is a relative maximum correspondingite O;

« for xO[0-a;,,0+b; ] (a5, andb,  constants defined with the choice of

and y) there is a maximum correspondingac= . 0O

Figure2



The idea is to favor relatively stable paths antl mecessarily those with smaller
number of hops. Moreover, by carefully settidg andy, it is possible to adjust the
weight associated with node's movement directiod #merefore the curvature of
functionalF.

The functionaF will be sampled and put into a look up table.His way, each node
does not need to calculate at any iteration, but it can easily obtain theueal

corresponding to a given combinationxanda with a simple and fast table lookup.

B. Themetricm

Another degree of freedom of the metric employetMDRA is the weight assigned
to each node, which can be used to representctradnditions, application constraints,
etc. The goal of the weighting function is to ohtai fair distribution of the available
resources through the overall network.

For the purpose of the paper, the funciWdndefined fory [0, y .. ]iS given by:

O0<sw(x,y)<01

1
W(X,y) = {_ log,, W(X,y) 01<w(x Yy)<10 @

wherew(x, y) 00 [010] is the weight of nodewith coordinates, V.

Now the following metric can be defined, 1[0, Y, e - ]

m;, (x,y,) :§<\N(x, y) +F;, (%)) 3)



where bothW(x,y) and F; (x,a)U[-11] and thereforen; (x,y,a) U[-11]. Due to

the fact thak andy are the coordinates of nojeanda depends on the nodein

following sections we refer to; (X, y,a) and m without distinction.

The reader should note that, by choosing such epelre higher the value af

the higher the probability node is include into the active route from source to
destination.
The presented way of node weighing provides a pi$gito include other than

location and movement parameters into MORA routifige weightw(x, y) associated

with the node can be calculated based on such pteesnlike a level of node’s
congestion, an outgoing date rate, available poesources, etc. For example, in case

nodei is congested and therefavéx, y) - 10, therW(x,y) - —1.

1.  THE MORA ROUTING PROTOCOL
In position-based routing algorithms, usually shmndbe messages are sent into the
network in order to determine the position of tlestthation node, which is used for route
establishment. In more details, the sender floodsuse establishment request into the
network or its part. The destination replies to #ender with a route reply packet
including such information like its location. After route reply has reached the sender,
the data payload can be transmitted over the paihguposition-based routing

algorithms.



The proposed MORA approach exploits the exchangealde messages not only to
locate the destination, but also in order to gédrmation about the best available path
between the source and destination nodes.

MORA routing uses flooding for destination discoydike most of existing routing
protocols. The sender includes its location infdrarainto the route request flooded into
the network. Upon the reception of a route reqiresh the sender, the destination node
generates a route reply message which is routad nsetricm defined in Eq.(3).

On every hop, the current node receiving it potis ihformation its neighboring
nodes, considering only those with the higher v&loky in order to avoid loopsy(is
related to the distance from the destination &&eiction I1.A).

The coordinates of the source node, coordinateélenfiestination node, position of
the node last forwarded the packet, as well asnitsing direction, are included into
every MORA protocol message. As a result, each nedsle to obtain metrim for
itself as well for its immediate neighbors.

The values ford and a used in functional F calculation presented in Eqdre

obtained as follows:

d =i " MswX ~ G

4
t \/ (1+ msd)2 ( )

_ o d
a =cos (ﬁj 5)

where m,, and q,, are calculated using coordinates of the source dastination

nodes(x,, Yy, and(x,,y, ), respectively:



m,, =242 (6)
Xd - Xs
qsd = ys _MXS (7)
Xd - Xs

wheredistis the distance of the node fradalong the direction of movement.
The probe message is then forwarded to the nerghitb the higher value an
(see Section IB), attaching path information.

The routing metricm assumes an availability of up-to-date informatiomout
positions and moving directions of the source natstination node as well as nodes
located along thesd line and their immediate neighbors. The availapildf this
information is crucial in case of a highly dynaraat hoc networking environment.

The frequency of the updates is dependant on thecylar implementation of the
routing protocol. In this paper we consider two gible implementations of MORA
routing:

» Standalone This implementation, referred to as “MORA”, segias the
framework of the proposed routing protocol into tanslalone routing
layer. As a result, location and movement inforovatis carried by only
routing protocol messages (such as Route RequddRante Reply). The
main drawback of the standalone implementation hat tposition
information is not updated in correspondence orermatket exchange.

» Link layer integratedIn order to overcome the update limitations @ th

standalone approach, integration of MORA protocathwhe MAC

protocol at the link layer is considered as a modifon referred to as



“MORA+". In addition to the features of the stanola implementation,
MORA+ includes the location and movement informationto the
ordinary MAC protocol headers - which carry signglior data payload.
This technique enables a dynamic update of sudrnrdtion along the
entire data path for every transmitted packet, thusiding waste of

available communication resources.

IV. CHARACTERISTICSOF EXISTING ROUTING SCHEMES
This section outlines potential advantages anddgeatages of the MORA approach
with respect to other existing routing algorithrteking as a starting point the taxonomy
of position-based routing protocols proposed in.[I@ble 1 reports the selected features
of some routing algorithms. It is clear that nontlee existing localized routing

algorithms takes into account the movement of theth

Tablel

The knowledge of node’s postion could be not sigfitin a network with with
frequent topological changes, as analyzed in tix¢ &ection V. In such a situation it is
important to guarantee high stability of the lirdesd therefore the robustness of routing
protocol. An awareness of a node’s movement doadtnplemented in MORA routing
is an attempt to find a solution to this criticatoplem. In ad hoc networks, for

communication between fixed terminals such conati@ns will not improve the



communication, but if the terminals are mountednoobile platforms exploiting the
knowledge of direction of movement has relevantazges (see Section V).

If only position information is used, it is pos&lib lose some good candidates to
forward the packet. For example, considering LAR BfREAM, if one host, moving in
the direction ofsd and it is out of the "request zone" it will nexa considered for data
forwarding (extensive comparison with LAR is prost in the next Section V.).
Similarly, MFR makes no difference if the node m®ve or out from the destination or
even coverage area. Similar comments can be mad@»ofopass Routing (DIR) [13].

Depth First Search (DFS) [14] could appear sintitaMORA, since the decision
among direct neighbors is taken by minimizing datise function. However, the links
considered by DFS are unstable in highly dynanpolagy.

The solutions based on the shortest-path routicignigue are also very sensitive
even to small changes in network topology and #gtistatus of the nodes. On the
contrary, MORA is adaptive to the "sleep periodégtion, since power consumption is
extremely reduced for inactive nodes (not partitigain route establishment), and only

a few nodes are involved in packet routing.

V. PERFORMANCE EVALUATION
Performance evaluation of the proposed routinggmatwas performed by simulations
using GloMoSim 2.0 [15] network simulator. GloMoSim a scalable simulation
environment for wireless mobile networks based loe Parsec parallel discrete-event

simulation library. GloMoSim is chosen out of thet sf available network simulators to



the fact of the availability of physical layer mdgldairly approximating real-world
behavior as well as for an extensive support ofilitgln ad hoc networks.

IEEE 802.11 physical layer standard is chosen tierdet of conducted experiments.
An additional software module enabling MORA functidity was inserted into a
standard Glomosim package. In order to achievegiat®n between routing plane and
link layer protocol required by MORA+ the corresdorg modifications were performed
for the MAC protocol. The propagation of route reguis implemented using flooding
model. However after coordinates of a destinatiendiscovered the route reply message
as well as data payload packets are routed usingMt@chniques.

In case a node can not find the route to destinafwehich is probably caused by

wrong/changed coordinates of the destination)nitiseoute error message to source.

A. Simulation scenario

The simulations were performed for five routing tpamls: AODV, DSR, LAR,
MORA, and MORA+. The results are obtained for Valeanumber of nodes, their
moving speed as well as transmission range.

The nodes are uniformly placed onto a 1000 x 1Q@fifae meters two-dimensional
terrain forming mobile ad hoc network. The numbenetwork nodes is chosen to be 30
in order to have the topology connected.

Simulations use transmission range values equzd@p 300, 400, and 500 meters. As a
result, data communication between any pair of aada occupy from 1 to 7 hops. The

sender and destination nodes are randomly chosen.



Standard FTP client operating over TCP protocol whssen as a traffic source
application. For evaluation of routing overhead, HTP client was configured to produce
bulks of 10 packets in large (0.5 second) interagélBme. After each bulk transmission,
the routing table as well as the table with neighttmdes were cleared for all the nodes.
This resulted in route discovery initiated for gvgenerated bulk of packets. In other
scenarios, FTP application performs uninterrupteda dtiransfer up to the end of
simulation which lasts for 1000 seconds.

The random waypoint with pause time equal to zenased for mobility model. In this
scenario each node performs several moves durengithulation time without remaining
static between moves. The nodes move with an agespged of 5, 15, and 25 meters-
per-second.

Our simulation results are averaged over 20 rurth different seeds for random
generator. The results where the communication étwandomly chosen sender and
receiver nodes was not possible due to disconndofemlogy (which happened rarely)

were excluded.

B. Routing Overhead

Here we compare MORA routing overhead against atlialuated routing techniques.
The overhead is defined as the number of routingkgta (requests, replies, route
failures) sent over the entire network within agénburst transmission. Forwarding of
routing control packet is considered as a sepata@tsmission.

Figures 3, 4 and 5 presented for average speefis I, and 25 meters respectively

show MORA implementation behaves similar to floagdirouting algorithms which



comes from the fact that destination discoveryeggrmed by flooding request packets
into entire network. A slight difference from floogd curve is due to the difference in the
propagation of the route reply message which istesbuusing node movement
information in case of MORA. LAR scheme produce miawer overhead than flooding

schemes which is the result of its limited requeespagation region.

Figures3,4,5

However we recall the fact that the MORA protocokd not limit the technique used
for destination discovery to flooding. In fact MORperation starts from the point when
the position of the source node and the destinatmtes are available which happens
upon the route request message reaches the destinatallows an implementation or

any existing route request propagation schemergadithe corresponding advantages.

C. Performance vs Range

The throughput performance versus transmissionerdog different levels of the
mobility is shown in Figures 6, 7 and 8. FTP soualveays achieve lowest throughput in
case DSR routing is used. DSR fixes the routesdote reply propagation as well as for
subsequent data communication on the end-to-end. l#&s a result, any changes in the
connectivity between any neighboring nodes resulthie route failure, which can be

resolved by only generation of a new route discpver

Figures®6, 7



AODV protocol demonstrates better throughput penfonce if compared with DSR. A
per-hop based routing appears to be more stabfetteone fixed on the end-to-end
routes. The routes determined by MORA protocol arere stable in presence of
mobility. However, the fact that coordinates oftdestion are determined only during the
route request phase limits the performance of MORKAen the destination moves
relatively far from its initial position determinetliring the route discovery.

This problem is solved in MORA+ version of the matl which is an example of
close integration between routing plane and the MA@ocol layer. The location of the
destination as well as intermediate nodes is dycaliyi updated with every data or
control packet transmission. As a result, MORA-l®ost insensitive to mobility in the
presence of continuous data exchange along the.rout

The difference in performance of evaluated pro®®better shown for low values of
transmission range, while for high transmissiongesncommunication between nodes
occupy less number of hops limiting performancsimailar throughput values.

Figures 9, 10, 11 and 12 present the performanavaluated routing protocol versus
node’s mobility. It appears DSR to be the most isi@esto mobility. The performance of

MORA+ is consistently stable for low as well as fiegh nodes’ moving speeds.

Figures9, 10, 11, 12



VI. CONCLUSIONS

In this paper, a motion-based routing algorithm ddr hoc networks MORA is
proposed. The algorithm is completely distribut@dce nodes need to communicate with
only direct neighbors located within their transsios range.

The metric utilized in MORA routing provides a wdg utilize not only
positioning information but also the direction thedes move which is the concept not
accounted by any of the existing routing algorith@srrently available location-based
routing techniques operate using static models @fhac networks while MORA
approach considers tending changes of the netwodddition to available topological
information.

The extensive evaluation results outline the stgbénd high level of the
performace of MORA especially in case of high midpibf network terminals and
frequent topology changes.

Future work will consider the problem of accuracl techniques used for
positioning and its impact on protocol performanddewever at present moment our
work is focused on the extension of the metric useMORA algorithm. A new metric

will include the speed of the node’s movement iditoh to the movement direction.
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METHOD POSITION PATH STRATEGY METRIC SCALAB.
INFORMATION

SHORTEST PATH| NO SINGLE-PATH HOP COUNT NO

MFR, GREEDY ONLY POSITION SINGLE-PATH HOP COUNT| YES

DIR ONLY POSITION SINGLE-PATH HOP COUNT| YES

LAR, DREAM ONLY POSITION FLOODING HOP COUNT | NO

DFES ONLY POSITION SINGLE-PATH HOP COUNT| YES

POWER AWARE | ONLY POSITION SINGLE-PATH POWER YES

GFG ONLY POSITION SINGLE-PATH HOP COUNT| YES

MORA POS + MOVEMENT SINGLE-PATH COMBINED YES

Tablel
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Figure 12

FTP throughput (Kbps)
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