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Abstract— In this paper,we discuss how the location information pro- Subject and

vided by a GPS can be used at different layers of the TCP/IP stack of a mo- In Section 3.we discuss the application of position informa-
bile host. Our discussion focuses an application of the two GPS based net- ’

working protocols we have designed and implemented.The Network topol- tion provided by GPS.t_O aq hoc ro_Utmg' We pre'sen't a rou“ng
ogy we are considering is composed of fixed Internet with base station at Scheme that uses position information of the destination in mak-

the edges, ad hoc network and sensor network. In the network, base sta- ing routing decisions. We show that our scheme has significant
tions and mobile nodes are GPS equipped. The idea is to leverage the in- . L _
formation of the mobile and base station positions ,obtained via the GPS, advantages over other methods that do not using position infor

to improve performance of the ad hoc routing, to adaptively determine the Mation.

appropriate base station capacity to be reserved strictly for handoffs, to col- In a cellular network,a mobile connects to a fixed base sta-
lect data fror_n sensors scat@ered to the medium and to inform mobile about tion. As the mobile moves, its connection needs to be handed
the prospective future location.

off from one base station to another base station. Typically, the

strength of radio signal that the mobile or the base station hears

is used for this purpose. In Section 4, we show that the per-
PS (Global positioning system) enables a device to detéprmance of such handoff schemes can be improved by using
mine their position (longitude, latitude, and altitude) byosition information.

getting information from the satellites. GPS satellites first or- In Section 5,we discuss the application of position informa-

bited in 1983 and from that time efforts have been under wéign in collecting information from sensor nodes.

to include GPS in everything from marine navigation to guided In Section 6, we present the performance analysis to prove

missiles to tracking golf balls. The GPS Industry Council hdbe better performance of our algorithms and In Section 7, we

forecasted the markets for GPS applications at approximatelg@clude the paper.

10 Billion by the year 2002.

Wireless networks have also experienced explosive growth. [I. MOTIVATION

Different types of wireless networks are emerging. Second gen-aqyanced Traveler Information Systems (ATIS) is one of the

eration cellular networks which provided only voice servicgggaq areas of the California Partners For Advanced Transit and
are evolving |nto_ third ggneratlon systems whlc_h also prov"ﬂ%ghways (PATH)research [1]. ATIS aim at collecting and pro-
packet data services. Wireless LANs are becoming prevalentitkqing useful information about transportation conditions and
buildings. There is s|g_n|_f|ca_nt interest in using mL_I|tl-h0p Wil avel options in order to allow people to take full advantage
less networks for providing internet access to residences. Sy¢hpe transportation system. In addition to this traffic man-

multi_-hop gdhoc wireless networks are also being used for nﬁb’ement, vehicle users want uninterrupted Internet service.We
working distributed control systems. Another type of ad hod:esigned our scheme regarding these.

wireless networks are sensor networks where tiny sensors Witl’\1N

; , : . ) e propose a network structure that consists of sensor net-
radios are used to collect information about thewenwronmen(mork ad hoc network and cellular network as seen in Figure

In this paper we are going to investigate the application 9f ke the current sensor networks that sensors construct a
the position information provided by GPS to wireless network, ge network in them selves in order to connect to a fixed base
Currently, most work concerning wireless networking has begfliio, e consider GPS equipped mobile bases(vehicles) that
done without using position information. Most protocols anfly,m in sensor scattered area in addition to the GPS equipped
algorithms used in wireless networks do not use position infQfyay hases. They form immediately a small scale sensor net-
mation. But as GPS receivers become cheap, they maybe Gigsy in their roaming area and send sensor data multi-hop to
bedded into cell phones, base stations and other wireless acgessiyed bases stations by ad hoc routing. This overcomes the
devices. A§ we dls_guss_ in this paper, there are several adv@vrﬁrhead of large sensor network formation and sensor locations
tages to using position information in the protocols and alggte predicted more accurately. Sensor data is gathered in a Man-
rithms used in wireless networks. _ _agement Center, processed and sent to the mobiles for informa-

We consider the application of position information provideglon apout location they are reaching. Mobile IP is implemented
by GPS in ad hoc wireless networks,cellular networks and gg |ntemet connectivity, mobiles connect a fixed base (Foreign
sensor networks. In Section 2, we present the network strygsant) and register to its Home Agent. 1. Connection to a base
ture and scenario we aim to establish and our motivation on thi§, ot restricted to be a one hop, it may be multi-hop. Since the

Research supported by the Office of Naval Research and National Semiddr€rs perfqrm fre.q_uen.t hand-qffs » our focus is to Improve the
ductor handoffs with position information.

I. INTRODUCTION



In the next sections we will describe our protocols that wihen forward the packet to that neighbor
used in our scheme in detail and compare them with the previ@isRoute Discovery Protocol: If a node cannot send a packet to

proposed ones. a destination because of a physical barrier it will use a Greedy
DFS algorithm in order to find an alternate route to the destina-
Mobile Nodes Correspondent Node Ma?:aeii::em tlon + Property 1 Sentence

4. Tear Down Protocol:

Of course, for any routing algorithm, the packets forwarded
according to the algorithm must not get caught in loops. The
precise claim for GRA is:

Theorem 1:In a static networlG, if the route discovery pro-
cess works as explained above, then packets forwarded accord-
ing to the GRA do not get caught in loops forever.

Of course, ad hoc networks are not static, but as we show in
the paper [7], the packets may loop till the routing tables have
not converged. But once they converge the packets reach the
destination almost surely. This is proved using an inductive ar-
gument, and the key is the way RDP updates the routing tables
(see [7] for details).

Transport Layer

Sensors

Sensor Layer

Home Agent;

Mobile Foreign Agent

Ad Hoc Network IP Network

(GRA) Moreover, the GRA initiates less than O(log n) route discov-
eries on average per node, and this makes the algorithm efficient
in terms of routing table sizes, and hence communication over-
head.

Sensor Network

Fig. 1. Network Architecture

lIl. AD HOC ROUTING WITHGPS '_I'heorem 2:Given that node locations come from a P(_)iggon
) ) ) _ point process, the expected number of route discoveries initiated
Geographical Routing Algorithm (GRA) is a asynchronougy a node is less tha@(logn). And the mean routing table
real-time distributed and scalable algorithm for ad hoc routingze is bounded above (L, logn)), whereL; is the mean

with incomplete knowledge of network topology. We assumength of the shortest path between any pair of nodesimade
that each node gets its geographical position from GPS and Ra$dom network.

the means to find the position of the destination node. When arpe details of the proof can be found in [7].
node has a packet for a destination, it chooses from the nodeﬁ1 real networks

. _ n €, It M@¥mation, as long as there is consistency of information. This
get redirected again, and so on until it reaches the destlnanori)S argued in detail in the paper

The routing table consists of subsetof all nodes in the One problem that is particularly relevant to geographical net-

network, the_ir positions_, .(With time-stamps), and cc_)rrespondi%rks is the problem of sending data to all nodes in a given
next-hop neighbors. Initially, nodes know about neighbors onfy, ., jirespective of their identity. For want of a better name,

g
and later other nodes get added to the routing table till the tabi\er% not to confuse with multi-casting, we call it geo-casting as
are “complete”, i.e routing to any node can be accomplished Lilmsl ’

ing the tables. When nod€ receives a packet for a node at
positionpos(D), it finds thep; in its routing table which is clos-
est topos(D) and forwards the packet to the neighlsor When
pos(S) is closer topos(D) than any othep; in the table, we
then say that the packet is "stuck” it Then, a route discovery tion of its Voronoi view with the regiork. Let V1, ..., V; be the

protocol is invoked that finds the route and updates the tabl ronoi cells with non-empty intersection with regid Then,

?er(]qi(iar’et(;]e tables are “complete, no more route discoveries %r%opy of the packet is forwarded to the appropriate next-hop

neighbor,N; with destination regioiz N V;. Then, the follow-
1. Location Advertisement Protocol: Each node will periodi- g g

i ing shows that geographical routing can be naturally extended
cally broadcast route advertisement packets. A route advert|§g- eocasting
ment packet consists of an Ethernet heade_r and a geograpntg, o 5 em 3:1f the Voronoi views are complete, all nodes in
header. When a node receives a route advertisement it will Ch%%k . ; .

; . o o e regionR will receive the packet almost surely.

its routing table and update it if necessary and it will not re-

broadcast this packet.

2. Geographical Routing Protocol: When a node receives data
packet it will first check the final destination, if the final desti- A major problem in Mobile IP arises in providing real-time
nation is a neighbor it will forward the packet, else it will checlservices due to frequent handoffs resulting from mobility. Dur-
its routing table, find the closest neighbor to this destination amdy each handoff, the mobile registers to its home agent, which

Without loss of generality, we will assume that the region is
convex (otherwise, it can be taken as a disjoint union of convex
regions). Now, when a nodg gets a packet with regioR as
destination instead of a destination node, it takes the intersec-

IV. FAST HANDOVER WITH GPS



is the agent keeping mobile user current access point in the regttions where the sensor nodes may be located with overlapping
work, and loses the packets coming during the handoff. Thegions. As a result, each node hears at least one location infor-
most common way to make this handoff adjustment period fasteation. One approach to this problem is to localize these nodes
is to send all packets to the potential future access points in #&mlthe centroid of the reference points that they hear beacon[3].
dition to the current access point [4], [5], [6]. The assumption of If some sensor nodes cannot hear beacon from any reference
these algorithms is the manual configuration of adjacent accpsint, more constraints are required on their location pattern in
points. order to determine their position. For instance, in a parking lot,
The usage of GPS in each access point together with thetloe pattern in which the sensor nodes are placed is predeter-
cation advertisement messages eliminates the manual configined in addition to the location of the base stations. The in-
ration of adjacent access points. Each access point contairisrasting problem here is to find the tradeoff between decreasing
GPS device so knows its location. Location advertisement mése density of the reference points and increasing the constraints
sages are used in order to send this location information to otlarthe location pattern of the nodes.
access points. Each access point updates its table, the entries
of which include the IP address and the location of each accéds | NTEGRATION OF THE ALGORITHM FOR THESCENARIO

point in the network, upon receiving location messages. TheThe scenario consists of two threads; One of them is collect-
location advertisement messages are broadcasted either peﬂﬂjjfnformaﬂon from sensors and Sending them to the manage-
ically or due to a change in the location of an access point @fent center (see Figure 1.) and the other is performing han-
the addition of a new access point. We do not consider locatiggver.
messages as a burden on the network since the probability of /hen collecting data handover is not necessary because it is
change in the place of an access point or the connection of a nifylhg to be one way from mobile to the foreign agent. For-
access pointis very low and the period of messages is very higfyn agents advertise their presence by geo-casting to specific
e.g. 1 day. area, mobile roaming in the area learn its new care of address
Putting GPS to mobile nodes in addition to the access poiisd GPS position.Mobile send their registration and connect to
decreases the burden of extra data packets by decreasingatfgreign agent via GRA. When registered, mobile is ready to
number of potential future access points. When the current @end and receive packets. While mobile is roaming mobile ini-
cess point of the mobile node knows the location of the mobilgate wake up process for the sensors. This is same as advertise-
it does not need to send to all of its neighboring access poinisent messages but small scale. This procedure is used to form
Instead, it can specify the access points that are in the directipe "mesh” network between sensors and the mobile. Since it
of the mobile movement and only send to them. is small scale, movement does not cause trouble. Each sensor
This eliminates the packet loss in handoff and time intervalho gets the message sets its gateway route and duplicate the
between packets is reduced that is important for satisfying qualessages. Message is limited by a hop-count number. Hop-

ity of service for real time data. count also used to eliminate loop route formation by assigning
the hop count number as a level number for each sensor [3],[2].
V. INTEGRATION OF SENSOR NETWORKS WITHGPS Sensors send their data with these network to the mobile and

Environmental monitoring through wireless sensor networkgobile send them to its current foreign agent by using GRA.
requires the determination of the physical location of each nodgnsor information is processed in management center and sent
Naming sensor nodes with location instead of a particular 1D g&ck to the mobiles who need information.
more suitable since the main focus will be on where instead ofMobiles periodically update their registration, in each regis-
what is the ID of the sensor node the data, such as magnetic fig@dion update foreign agent learns the mobiles current position
data to detect car, is coming from. and estimate the prospective base stations on the mobiles way in

Relying on GPS in all sensor nodes is impractical due to théfder to send the packets. Foreign agent duplicate the mobiles
power, cost and small size constraints. Clever localization tedfacket to the adjacent foreign agents. When mobile reaches to
niques are essential to estimate the location of large propapother foreign agent's responsible area , it hears the beacons
tion of sensor nodes based on RF communication with referer@gl send registration. If mobile hears more than one beacon, it
points containing a GPS receiver. These reference points, whighect the one near.Foreign agent reduce the wireless bandwidth
can be mobile nodes with GPS receiver transmit a beacon gighsumption, by suspending the packet transmission to a mo-
nal containing their own location information in order that othddile, if the mobile reaches the vicinity of another foreign agent
sensor nodes can determine their approximate locations. ~ responsible area.lt only sends the packets to the next foreign

RF based localization can depend on either signal stren@@ent via wired network.
or connectivity. Signal strength based localization consists of
measuring the signal strength of the received signals to estimate
the distance from the transmitting end by using an outdoor ra-In this section, we are going to investigate more the perfor-
dio signal propagation model[2]. This approach is discardedimance of GRA and FASTMIP. The performance of a routing
sensor networks since at short ranges, fading, multipath andatgorithm can be measured in terms of the memory requirement
terference makes the signal strength uncorrelated to distancet the nodes, and the bandwidth used due to the communication

Connectivity based localization can be classified accordingdawerhead. We quantify the performance of the algorithm by sim-
the density of reference points in the network. The referenakating the GRA running over random graphs of varying size. In
points being dense means that their coverage include all thedach case, we sample enough random graphs to put our results

VIl. PERFORMANCEANALYSIS



in a 95% confidence interval.

nication is because of the bandwidth used due to the route dis-

On the other hand, the performance of a handoff scheme carcbeery packets and the updates.Figure 2 shows that geographical
measured in terms of the packet loss, throughput,time intervaliting algorithm in a non-mobile network, achieves complete

between packet reception in a handoff.
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Fig. 3. GRA protocol packets per node

Figure 2 shows that the mean routing table size is small.

routing tables with communication overhead of less than two
route discovery packets per node. The average number of pro-
tocol packets per node is approximately constant. Therefore the
growth in the number of protocol packets is linear in the size of
the network.

Figure 4 compares the mean routing table length of the GRA
routing algorithm with other routing algorithms such as DSDV
which need to keep all nodes in their routing tables.
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Fig. 5. Instantaneous Throughput vs Time packet rate=50ms

Figure 5 shows the instantaneous throughput during a handoff
when the packet size is 200byte, which is an average real-time
audio packet size, and inter-sending time is 50ms. This figure
shows that basic Mobile IP (MIP) loses all the packets during
handoff, which causes an unrecoverable throughput decrease for
3 seconds. These 3 seconds include the time necessary for the
detection of the new access point, which is equal to beacon pe-
riod(100ms) of access points at maximum, the time necessary

the registration request to reach home agent and for the reg-

fact, for a 1024 node network, the mean routing table lengi&ration request to reach the access point back. On the other
is only 12.1. The plots show the 95% confidence interval f@fang our scheme (FASTMIP) buffers the packets at the prospec-
the mean with 50 simulation experiments.As expected, it 9rofge access points and send the packets that the mobile missed
with the size of the network. Some of this growth is the Simp'éfuring the handoff when mobile is connected. The period dur-

the growth in the number of neighbors.
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Fig. 4. Comparison of GRA with DSDV
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ing which the throughput decreases is around 300ms, which is
less than 3 sec in MIP since FASTMIP registration is done only
to a specific foreign agent in the local region instead of the home
agent in a far away network. In FASTMIP, although the instan-
taneous throughput decreases during handoff, it is compensated
after the handoff by sending back the packets that mobile host
has missed. Since this forwarding operation inter-sending time
is less than 50ms(they are already in the buffer) the throughput
is above the average throughput for about 500ms.

Figure 6 shows the instantaneous throughput during a handoff
when the packet size is 200byte and inter-sending time is 20ms.
The throughput graph behaviour for Mobile IP is the same as
that with 50ms inter-sending time. The reason is that the handoff
time 3 sec does not depend on sending rate and the inter-arrival
of packets reaches the average value since there is no compensa-

Figure 3 shows that the small routing table sizes are achieved’he overall throughput graph for different rates, as given in
at very little communication overhead. The overhead in commbiigure 7, shows that the throughput increases as the sending rate



increases and FASTMIP performs better than MIP. The reason

for the throughput increase is that more packets are sent overall
although the number of packets lost increases as the sending
rate increases. FASTMIP performs better than MIP since the

number of packets lost is smaller in FASTMIP as we have seen

in instantaneous throughput graph.

The number of packets lost depends both on the size of buffer
used to store packets for potential handoffs and the sending rate
as seen in Fig. 8. The number of packets lost is constant for
MIP since no buffer is used and increases as the sending rate
increases since more packets are sent while mobile is unable

Number of packets lost during handoff

2

18

14

to receive during handoff. On the other hand, the number of

I . .
[¢) 5 10 15 20 25
Buffer size

packets sent decreases as buffer size increases for FASTMIP.

This means that the packet loss can be totally eliminated if the

Fig. 8. Packet Loss vs Buffer Size

buffer size is chosen large enough. Furthermore, this buffer size

can be adjustable to the sending rate since the number of packe
lost increases as sending rate increases for constant buffer s'gl
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VIIl. CONCLUSION

East handover protocol leverage the position information and
fminates the packet loss during a handoff by sending multiple
copies to the prospective bases.

This algorithms are integrated to a scenario where sensor net-
work , ad hoc network and Mobile IP is involved. Sensors form
a "mesh” network and connect to a mobile node.Mobiles form
an ad hoc network connect to a fixed base station. This network
is intended to satisfy traffic management and Internet service for
mobiles.
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In this paper, we have proposed novel routing and fast han-
dover protocols for ad hoc networks using geographical infor-
mation of the nodes.The basic intuition behind the routing al-
gorithm is that to route a packet far away from the destination,
only a "coarse” knowledge of the network topology is required.
As the packet reaches near the destination, nodes in that area are
expected to know the topology around the destination in greater

detail and will be able to route the packet to the destination.



