Location Management in Sparse Ad hoc Networks

Sumesh J. Philip Joy Ghosh, Chunming Qiao
Department of Computer Science Department of Computer Science and Engineering
Western lllinois University SUNY at Buffalo
Macomb IL 61455 Ambherst NY 14260
Email: sj-philip@wiu.edu Email: {joyghosh,gia¢@cse.buffalo.edu

Abstract — Geometric routing using source—destination localocalized nature of operation. While existing ad hoc routing
tions has been suggested as a scalable alternative to convpretocols make use of source routes (e.g. Dynamic Source
tional routing approaches in mobile ad hoc networks. PrioRouting [6]) or state based route construction/maintenance
studies have shown that the location of a destination cde.g. DSDV [7], AODV [8]), these routes are highly error
be found efficiently in large/dense ad hoc networks usimpgone due to node mobility or the unpredictable nature of the
intelligent location management schemes by recruiting nodesreless channel. On the other hand, in geometric routing, a
in specific unit regions of the terrain as location servers. Imobile node only needs to know the destination’s location,
this work, we show that certain location management protocdtscation of neighbor nodes in its locality (radio range) and
that use a grid based approach suffer from the empty senits own location in order to make a sensible routing decision.
region problem and that their performance can be seriousBince the position of a node’s neighbors is conveyed through
degraded with decreasing node density in sparse or irregulgeriodic broadcast messages, this information is readily avail-
ad hoc networks. In order to tackle this problem, we introducgble at each node.
proxy based location management, a novel enhancement thatiowever, it is well known that greedy geometric schemes
can be used in conjunction with existing location managemesffer from the local maxima problem, in which the metric to
protocols to operate efficiently in sparse or irregular ad hobe optimized cannot be improved further at an intermediate
networks. Extensive simulations show that proxy based locade with respect to its neighbors. In such cases, packets
tion management combined with routing on an overlay gragre dropped at the intermediate node even if a perfectly valid
constructed from the unit regions operates more effectivgdath exists between the source node and the destination node.
in sparse networks than SLURP/GPSR, an existing locatido recover from the error caused by greedy forwarding, face
management scheme and a geometric routing protocol thatting on a planar graph extracted from the static wireless
routes packets on a planar graph extracted from the unit disietwork was considered in [9], [10]. The wireless network
graph. is modeled as a geometrimit disk graph(UDG), in which
ettf_]e Euclidean co-ordinates of the mobile node represents a
vertex in the plane, and an edge exists between two vertices
if the Euclidean distance between the vertices is less than the
] unique node transmission range In general, the UDG is not
1 Introduction planar, but known techniques [11], [12] can be used to extract
a sub-graph from a connected UDG which is both planar and
Geometric routing (also known as position/location basewnnected. Face routing on the planar graph then guarantees
or geographic routing) has been widely suggested as an thke delivery of packets in a static wireless network.
ternative to conventional routing approaches in mobile ad hocA key obstacle in geometric routing is that a destination
networks to achieve routing scalability. In geometric routing, itode’s current location needs to be discovered before packets
is assumed that mobile nodes are aware of their own locaticen be routed via position based routing. The problem of
via the use of a GPS receiver or other localization schemesn#anaging locations in a distributed manner such that the
localized periodic broadcast protocol enables all nodes to hdseation of any node can be discovered prior to routing is
approximate knowledge of their neighbors’ locations. Severahown as thelocation managemenproblem, and has been
proposals have been described in literature that make usestfdied exhaustively by researchers. Several efficient solutions
this neighborhood position knowledge to route packets tofar this problem are available in literature. However, we note
known location of the destination. Most of these schemes ahat certain techniques that divide the terrain into logical unit
greedy in nature in that they minimize a metric locally t@egions and delegate location service duty to nodes located in
carry out routing at each intermediate node. The metric to e unit regions require significant node densities to operate
optimized can be the remaining distance to the destination [thrrectly. Under low node density conditions, location up-
[2], progress [3], [4], or direction [5]. date/query packets will reacdmpty server regionsand these
One of the major attractions to position based routing is ifgackets will ultimately be dropped by the forwarding nodes
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since they cannot be delivered to their desired destinations.
In such cases, nodes that are registered to these regions will
be temporarily disconnected from the network, even though

there are perfectly valid paths that connect them to the ad hoc
network.

To our knowledge, there has not been any prior study that
analyzed the effect of node density on the performance of
location management protocols for mobile ad hoc networks.e
In this paper, we propose a novel proxy based scheme for
location management to overcome the problem caused by
insufficient node density, whereby a server in a nearby region
is delegated the responsibility of location management for thee
empty region. A related protocol was introduced in [13], but
may encounter protocol incorrectness due to race conditions
during distributed operation. Thus, even if the notion of a
proxy is simple, the inherent difficulty in applying a distributed
proxy mechanism in ad hoc networks makes this problem
interesting and challenging.

The rest of this paper is organized as follows: Section

when a node that resides in the server region receives
the update packet for the first time, it carries out a region
wide geocasto update all other nodes that are resident in
that region of the updating node’s current location. Thus,
mobile nodes that are currently resident in a server region
form the locationserversfor all the nodes registered to
that region.

When a node moves into a new unit region, it also carries
out a maintenancephase, in which it requests nodes
already present in that region to forward new location
information that it must store as part of its server duty.
Finally, when a source node needs to find the location
of a destination node, it queries the destination node’s
server region using guery packet. The query phase is
terminated by theesponseghase, in which the first node
to receive the query will respond with the latest known
location of the destination node. Data is then routed to the
destination node by the source node using this location
and a geometric routing protocol.

briefly describes the role of location management in geometyig noted in [20], the class of protocols described in [14],
routing and the empty server region problem caused Py7] [18] were found to operate efficiently under high network
irregular node distribution or low node density. We proposgensity conditions, with greedy forwarding being chosen as
a proxy based enhancement that can be used with currgid position based routing protocol. In greedy forwarding,
location management protocols to tackle the empty servgs intermediate node chooses its next hop from amongst its
region problem in SectioB. We describe our simulation studyneighbors who is closest to the destination’s location than
and comment on the results in Sectiéerand conclude this jtself. If no such neighbor is found, then the packet is dropped.
work in Section5. Under high density conditions, greedy forwarding usually finds
a candidate neighbor, and most packets are routed correctly to
Location Management and the Effect their respective destinations.
However, in a sparse network, both the location manage-
ment scheme as well as greedy forwarding becomes inefficient
and can be problematic. More specifically, since most of the

One of the main components of geometric routing is IOp'roposed location management schemes delegate the location

cation management,_wnh which the current Iocatpn of tI,ﬂheervice task to particular unit regions in the topography, it
desired destination is discovered before geometric rou“%gimperative that there ist leastone node in the location
can.begln. To be deemed scalable W'th respect to geomelg, o region and that this region be accessible to the network.
routing, the overhead due to the location management protogQl yo. ow density conditions, unit regions may not contain

must be I_<ept _m_inimal so that the performa_nce of the routi%y nodes. We denote such a condition, in which a location
protocol is minimally affected. Many location manageme erver is devoid of member nodes by the tezmpty server

schemes have been proposed in literature, and a general ou '%?0“ Intuitively, the probability that a unit region becomes

of a class of these schemes is as follows: empty becomes significant with decreasing network density

« Divide the terrain into well ordered unit regions. Regiongnd high node mobility.
may be flat [14], [15], or aggregated for the purpose of | aqdition, greedy forwarding can fail due to the occurrence
routing scalability [16], [17], [18], [19]. Each node selectgt |ocal maxima during the forwarding process. Hence, even
one region as itserverregion. The mapping between &g 3 valid path exists to the location server, the packet will be
node and its server region is unique so that other nodggpped by the intermediate node at which the local maxima
who wish to know a node’s server region can easily dgccurs. Note that routing protocols that route along the faces
so using the unique mapping function. of planar graphs such as Greedy-Face-Greedy (GFG) [9]

« Each node carries out thepdate(or registration) phase, and the Greedy Perimeter Stateless Routing (GPSR)[10] or
in which update packets, _contalnlng the current |006_‘“Qibpth first search based approach such as the Geographic
of the node, are geometrically routed to server regiongouting Algorithm (GRA)[21] can be used to overcome this
The location of the server region is indicated by a uniquygroblem. Thus, the bottleneck in position based routing in
point inside the region (such as the lower left corner @fparse networks seems to be the incorrect operation of the
the center). The update phase can be triggered by a timgfation management scheme, and needs to be rectified for

(periodic) or by node mobility (crossing grid regions)eficient geometric routing.
In a sub-category of these techniques ([14], [17], [18]),
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3 Proxy based Location Management later on. R then retransmits the update in face routing mode
along the face intersected by the straight line connecting the
As a novel solution, we propose to use a proxy-baseéntersk andRz. A flag is turned on in the header to indicate
location management scheme to address the empty sethert the packet is to be routed via face routing, along with
region problem. If a server regioRy is empty, then the the grid identifier R to indicate where the face route mode
duty of that server needs to be delegated tpraxy server was initialized. A proxytimer is also started for this entry
Rp under the proxy based scheme. Although the conceptwhose timeout indicates that the packet either resumed the
proxies is simple, the task of distributed proxy selection andgular forwarding mode or reached its intended destination
management is non trivial in ad hoc networks due to theither Rx or a proxy that was already set up f&gz). The
inherent tradeoff between complexity and control overheaghlue of the timeout is set to the time required to traverse the
Consider the following two schemes: in the first scheme,tarrain perimeter. When the timeout occurs, all entries in the
node mapped to an empty server regiop simply selects the temporary database are deleted.
first non—empty grid as its proxy servép, and a network— R also snoops into location update packets in face routing
wide broadcast is carried out to make all nodes aware ®iode, and ifR notices that it has to forward an update packet
the new server. All future updates and queries are routeglany of the grids in its temporary database in face routing
directly to Rp. In the second scheme, aftér is selected mode, it checks the face route start point (unit region identifier)
as a proxy forRg, no network-wide broadcast is done, bupf the packet, as recorded by the routing protocol. If the
instead all location management packets routed tow&gs Euclidean distance between the closest point of that region
are redirected ta?p via the proxy selection scheme. Whileto the center of the empty server region is smaller than its
the first scheme is conceptually simpler, it incurs significaivn, or if the distances are equal but the identifier of the
overhead. On the other hand, the second scheme is resodtaét point is greater than its own, then it stops the timer,
efficient, but is more complicated. For example, if some timgeletes the temporary database and continues the packet’s
later Rp itself becomes empty, then the protocol has t@uting. This rule avoids potential race conditions that may
readjust the mapping without creatingce conditionsthat occur during proxy selection as indicated by Figure 1. If two
adversely affect the protocol operation. location updates for empty server regifiy; arrive at regions
In the following section, we outline our proxy based locatioik,, and Rs simultaneously, there is a possibility that we may
management scheme. We assume that there is a connept®@ two proxy servers forRy. However, Ry has a lower
planar graph defined on the non—empty regions of the terrgdgentifier thanR,,, and gives up its candidacy to be a proxy
(referred to as an overlay graph) and a routing protocol sufift Ry. Packets that loop around the graph faces are handed
as GTA [22] that can traverse the overlay graph faces. The
routing protocol can detect empty regions when regular packet
forwarding fails, and switches from the regular forwarding
mode to the face routing mode to get around empty regions. Ry
We also assume that the empty region is within a single face
and that the graph faces remain stable with respect to packet .
routing time (graph face changes that occur in between the
time two packets are routed do not affect the proper routing of
packets by the protocol). We note that there is a MAC protocol
that can reliably transmit a packet. All protocol packets from
a node are uniquely identified by a sequence number. We use
the term location server loosely to indicate any node who is Fig. 1. Potential race condition during proxy selection
a member in an unit region, since all nodes in an unit region
carry out the task of location management. up by the routing protocol to the location service layer. If all
copies of a previously retransmitted update looped around at
3.1 Proxy Selection R, it means thatRy is indeed empty, and that a proxy has
not yet been assigned fdkg. R then assumes itself to be
Proxy selection refers to the set of actions that need to te proxy server folR, stops the set up process, and copies
taken when update packets from mobile nodes to an empty entries forRg from its temporary database into its proxy
server region need to either set up a proxy server (if oit@ble. All future updates to the empty server regiBg are
has not yet been set up) for that region, or be routed toeatered into the proxy table of the proxy server
proxy server (if a proxy server has already been defined).Based on the above discussion and the observation that an
The proxy selection phase for regidty; is started by an unit empty server regioR g lies inside an interior face or outside
region R when greedy forwarding of an update packet to thiéae exterior face of the grid graph, we have the following
location server regiox fails in R. It enters this update into theorem and its informal proof.
a temporary database, indexed by the destination reBion Theorem 1:In a connected network, the selection phase
in the case thai? may have to be the proxy server féty creates exactly one proxy gridp for an empty server region

A




Rg and lies in the graph face containitgys. It is worth noting that the proxy delegation and maintenance

Proof: Face rOUting guarantees that the retransmitt%ases preserve the face Containing the empty sétyesuch

update packets will visit all edges of the face containing th its proxy R is also along the same face.
empty server region, and select one of the adjacent grids clos-

est to Rg that lies on the graph face. Moreover, if the upda . .

packet started its journey via face routing due to a tempora y3 Location Discovery

void, then regular forwarding resumes at an intermediate node . , o

that continues to route the packet to either the server regiin:‘ t?or:jeyntgat v;/lsh(teis rt]o fm? ?t{isjekitlr\]/\?r?onrcmﬁs Ckl; rrent
or to the face containing the empty server region. Finally, ra Qration sends a location query own servet,, by us-

e i ) ;
conditions that may create multiple proxies ®, are avoided ing the unique mapping betweenand k. The query is then
by either the distance rule or the unit region identifier ruke.

routed until it reaches eithdR,, or its proxy Rg. The server
that receives the query responds with a location response with
nodez’s current location. We have the following theorem and
its informal proof to establish the correct operation of the
Proxy location management scheme.

heorem 2:Assuming a reliable MAC protocol, and a

3.2  Proxy Delegation and Maintenance

Proxy delegation is required when a node is about to leav

roxy server regio empty and move into a new region__ . - . .
proxy 9 rRP_ Pty : g routing protocol that can visit all unit regions along the face
R, or if such a node is about to be shut down (either by a . .
. . Of a planar overlay graph, the location query is guaranteed to
user or due to low battery power of the device). If a location . . .
i return the last known location of a queried node in a connected
or proxy server becomes empty due to mobility, then a new work
proxy server has to be selected which is closest to the orlglnaﬁ PR
Proof: Since all phases of the proxy management result

empty regionfi; and which lies within the face containingin the proxy server lying along the face containing the empt
Rg. To this end, the last node to move out®f (when two proxy ying 9 9 Pty

or more nodes move out simultaneously, the tie can be brok&n o the guery will be responded tp as I_ong as t_he query
. . acket reaches the face under consideration. Similar to an
by using node addresses) starts the proxy delegation phas

by transmitting adelegationmessage in face route mode withUp(aate packet, a query packet.is forwarded until it rea ches the
Ry as the destination an, as the grid where face routegraph face containing the location server (and hence its proxy).
mode was initiated. If the r;essage loopsTa, then R, is Thereafter, face routing guarantees that the packet visits the

delegated as the new proxy server fog and the message is SRR SEREL 0 BR TR D 10 QBB L IR
discarded. On the other hand, &, notices that the message query P 9

returned with a closer grid, to Ry than itself, it forwards region which was in the process of executing the maintenance

all the entries forRy to R, and delegatest,’ to be the phase. H.owever, since any region which is currently waiting

. for a maintenance response caches every packet that passes
new proxy server forRg. In case that the proxy delegatlonth hit th il b d tall -
phase was initialized due to low battery power, the process gfough 1t the query will be answered eventualy.
server selection is carried out by excludiRg as a potential
candidate. 4  Numerical Study

Similarly, proxy maintenance is required when a regitn

which was hitherto empty, now contains a nadevhich just To test the performance of our proxy management scheme,
moved into it from an adjacent grid. IR, was a server we implemented our proxy enhancements on SLURP [14], a
sometime before, then must claim all location entries for simple and flat location management protocol in GloMoSim
which R, was a server prior to it being empty. Similarly, if[23]. The location management layer was built in to the
R, partitions/closes a previously close/open face in the planB€P/IP protocol stack that operated in conjunction with IP
graph, then: must claim all entries for an empty server regiomas the network layer protocol. Server selection in SLURP is
along the graph face whicl, just closed, from its proxy. based on a random function which maps the node address to
This can be accomplished as follows. Similar to the proxyne of the grids in the terrain. Main data structures in the
selection phase, nodestarts the proxy timer and transmits docation management layer consist of iJccation tableand
proxy maintenancemessage along all its graph edges in fad® a neighbor table When a location server node receives a
route mode. All proxies promiscuously listen to maintenandecation update packet from a node, the current location of
messages, and a server responds to it with a presgonseéf that node is updated in its location table. A periodic broadcast
this grid is currently a proxy foR,. or if R, is closer to any of protocol enables each node to realize its local connectivity,
the grids that it is currently a proxy for, than itself. Moreover, and records it in the neighbor table to assist in geographic
node inR, caches any update, query or maintenance messageting.
that it forwards in face routing mode if it is currently seeking We used GTA (Grid Traversal Algorithm) [22] as the routing
a proxy response, indicated by an active timer. In the evamiotocol for SLURP with the proxy enhancement. GTA is a
that a proxy response is received, the grid is updated with tfeee routing algorithm which routes on a planar overlay graph
new location entries, and all previously cached messages @e overlay graph is defined on the unit regions such that the
responded to, if possible. unit regions form the vertices of the graph and edges exist
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between the vertices if they are directly connected through
radio nodes), and is better suited for the proxy operations.
Since our objective is to test the effectiveness of our proxy
enhancement, we compared the scheme against a combination
of GPSR (as the routing protocol) and SLURP without using
the proxy enhancement. GTA has an adjacency vector table
to keep track of adjacent vertices, and a list of next best
hops to reach each adjacent vertex. GPSR implementation

Data Received / Data Generated (%)

60
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was borrowed from the NS-2 implementation of the protocol * apeSTAEroy —c
at [24] and verified against published results by running *o T )
the protocol using an ideal location management layer. The e o speedn)

location of a destination node is knowan priori using an Fig. 2. Fraction of successfully received data

ideal location management scheme, and serves as an upper
bound for the performance of a practical location management
protocol. The RNG scheme [12] was used to create the planar =~ ) ]
graph for perimeter routing in GPSR, since this scheme yielf§xima in greedy forwarding causes packets to be routed in
a less densely connected graph and leads to better performdf€@ route mode most of the time, causing additional delay.
of the routing protocol. HoweverZ node mob_lllty removes some of the voids that were
We ran our simulations on a 2000x2000 m terrain consistifjeSent in the static network, causing more packets to be
of 70 mobile nodes (average densityiof5 x 10~° nodesi2), forwarded greedily. Additionally, loops due to mobility cause
in which the unit region is @50m x 250m square region. face traversal to be unsuccessful. In general, successful face
Although this is not a very sparse network, choosing scenari§@versal also produces longer paths than greedy routing. Thus,
that are even sparse may lead to frequent network discé¢ measurement does not take all unsuccessful long paths
nections and possibly meaningless results. For the simulat@fiduced by face traversal into account which finally leads to
scenario000 Constant Bit Rate (CBR) connections were rarghorter end-to-end delays and explains why there is a drop
domly generated, with each session sending one packet witndata delay for both the plots. While RNG based routing
a 512 byte data payload. A session terminates successfulljsifiuite effective in GPSR, th2-hop adjacency vector based
the location discovery phase returns the correct location &J'ting and reduced control overhead (see Figure 5(b)) assists
that the data sent to the said location successfully reaches ¢ 0 obtain a slightly lower average end—to—end delay for
destination before the simulation ends. Simulation paramet8@f@ packets. The increased delay towards the end of the plot
for the scenario are shown in Table I. Each plot point presenti§gdue to a higher fraction of successfully received data.
in the next section is an average of seven simulation runs. Figures 3(b), 4(a) and 4(b) show the performance of the
Figure 2 shows the fraction of data packets that welecation discovery process using the proxy scheme over the
correctly received by destination nodes using both GPSR aiggular location management scheme. We note from Figure
GTA. The ideal location management plot serves as an up@éb) that not all the queries are responded to in either schemes.
bound for the maximum performance achievable by eithéfthough face routing guarantees packet delivery when the
routing protocol, since the exact location of a destination no@éaph faces remain stable and connected, this is no longer
is known as soon as the data packet arrives at the netwdit¢ when increased node mobility changes faces of the graph.
layer. Clearly, the proxy based scheme is effective in tacklifidius, packets that are in transit start looping using face routing
the empty server region problem as shown by the incred8eGTA as well as GPSR if graph faces change, and are
in the fraction of data packets received by either routingfopped eventually. Location discovery can fail either when
protocol over that of GPSR without the proxy enhancemerihe query itself is dropped or when a previous update from
As the average node speed increases, link changes odturode was dropped, and the server failed to respond to the
more frequently, and fluctuations in the planar graph caus@gery correctly. Thus, query success ratio is below’ even
temporary loops, resulting in packet drops. Since the locatif®r GTA. However, as shown by the relative performance
of the destination needs to be found before data can ieFigure 3(b), the proxy scheme fares better in responding
forwarded, the fraction of successfully received data packdgslocation query packets than GPSR without proxy, which
is directly proportional to the success of the location discovefgils to answer queries for nodes who have empty servers.
phase. As shown by Figure 3(b), the success ratio of querfgditionally, GTA is effective in finding proxy servers using
is slightly more for GTA, indicating a more resilient proxythe overlay subgraph, and is able to route queries faster, as
discovery as well as more stable planar graph for GTA. Thugdicated by the delay in hops as well as seconds in Figures
GTA combined with our proxy enhancement performs bettéfa) and 4(b).
than GPSR without proxy in terms of the fraction of data Figure 5(a) shows the effectiveness of the routing protocol
packets successfully received. in routing location update packets to their respective servers.
Figure 3(a) shows the average end-to—end delay exp@&ince the regular scheme does not have proxy servers standing
enced by data packets. When the network is static, lodat for empty servers, packets to empty servers simply loop



Data Delay (ms)

TABLE |

SIMULATION PARAMETERS
Simulation Time 900 sec Mobility Model Random Waypoint
Simulation Area 2000x2000m || Maximum Speed 0-30 m/sec
Unit Grid Size 250m Minimum Speed 0 m/sec
Number of Nodes 70 Pause Time 0 sec
Transmission Range 350m Traffic Type Random CBR
Transmission Speed 54 Mbps Number of Connectiong 1000
MAC Protocol IEEE 802.11g|| Data Payload 512 bytes
Beacon Interval 1 sec Buffer Size 1000 packets
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around before being dropped eventually. The update ratiohiased scheme is able to recover from the empty server region
quite low in this scheme, indicating the potential breakdowproblem, and update packets are typically routed to their
of the location management protocol. However the proxgspective proxy servers. Since graph faces do not remain
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