Dynamic channel allocation in wireless ad-hoc
networks

Shaan Mahbubafli Anup Tapadig, Liang Cheft*

“IComputer Science and Engineering, University off@alia San Diego
#2Electrical and Computer Engineering, UniversityGilifornia San Diego

‘smahbuba@cs.ucsd.edu
*anup@ucsd.edu
*lecliangchen@ucsd.edu

Abstract—

With the explosion of 802.11 network deploymentsere exist co-
located wireless networks in many densely populagegias (such as
residential buildings, complexes, etc). Deploymeot a mesh
network in these locations would result in conteoi for the

wireless spectrum from competing networks, leadingp

performance degradation.

The 802.11 standard specifies the use of severahagonal

channels which can be used to reduce interferencedhe spectrum.
However, many wireless access points (APs) use obfnthat are
statically allocated at the time of installation. Nén taking into

consideration the fact that wireless traffic exhibi temporal and

several. One source occurs in an area in whichipfeilinks
on the same network overlap. In such an area ctotefor
the channel on the same network causes transmidsiays
on at least one of the links. Another source ofacép
degradation occurs from the wireless channel ieterfce
caused by transmission on co-located interferirtg/orks.

To alleviate the contention on a given channelyval as
the interference caused by other wireless traffith@ channel,
802.11 provides for multiple orthogonal channelsaigiven
spectrum. 801.11b allows 3 channels in the 2.4Qiéztsum,
while 802.11a allows for 12 fully orthogonal chalé a

spatial locality, we contend that at different tiraiplaces, some of 5GHz spectrum. At the time of deployment, the moifea

the channels are relatively underutilized.

We propose an ad-hoc network which contains monitwodes at
multiple locations. These monitor nodes observe astdre data
about the traffic in the vicinity. This data can besed, via our
dynamic channel allocation algorithm, to determinthe optimal
channel to use at that place/time. We can therefawitch the
channel used by a link in that vicinity to try andmprove
performance across the wireless link.

We observe several properties about the wirelesanobl, and
correlate those with network performance. Using sheorrelation
we propose a dynamic channel allocation scheme. &eluate the
effectiveness of this scheme for providing improvetktwork
throughput. In some cases this scheme can boostpghgormance
up to 2 to 3 times the throughput of a staticallifacated network.

I. INTRODUCTION

Wireless mesh networks are an attractive option
providing wireless connectivity in an enterprisecommunity
setting due to relatively low deployment costs. fapées of
such deployments and their benefits include Rooftéi.
Such networks can be overlaid in areas where atfredess
networks already exist.
network usage has led the co-location of severatless
networks in an area to be a relatively common oecwe. For
example, a community mesh network in the area of
apartment building may be co-located with an 802édtivork
put up by each apartment resident.

However, the performance in these static mesh nm&svo

suffers due to interference from other devices gisihe
wireless spectrum. The existence of co-locatetvordds in
the same physical location reduces the throughpuany
network in that area. The sources of capacity dkgien are

static mesh network are configured to use a spefified
channel. Unless specifically forced to, nodes wilver
change the channel they are transmitting on throtigh
duration of their use. This may lead to physicatalions
where some channels are utilized to a greater exttem
others.

In addition to the possibility of multiple nodes &ngiven
area being configured to transmit on the same aianhe
traffic in any given area at any given time on ahannel
exhibits temporal and spatial locality. Over longripds of
time, the traffic will vary in both the number ofers on each
channel, and the amount of traffic they are geimagafThus, a
mesh network that has the channels for each liakically
allocated will at times face a greater level otifgerence and

fspntention than at other times. However, a linkttha

dynamically changes it's channel based on temparal
spatial traffic can attempt to achieve optimal perfance by
adapting to the current level of interference aodtention on
each channel. Therefore,

nodes at any given time, we can dynamically seldith link
each channel in the mesh network should be on.

an'he problem therefore becomes one of how to chtiuse
best channel for any given link at any given tiGéven that
traffic exhibits temporal and spacial locality, w@&n analyze a
short history of the traffic in an area, and us# tb determine
which channel to use for links in that area. Bagedcertain
properties of the traffic on each channel at amemgipoint in
space/time, we want to predict which channel wfféious the
best performance.

to minimize the amount of
The recent explosion of .BD2 interference and contention faced by the link betwany two



To know how to pick the best channel, we must firshe key factors restricting capacity in wirelessareeks is the

perform some experiments which correlate propeniethe
packets on the wireless channel. Hopefully thersoime set
of factors pertaining to the traffic on a channéiah will able
us to predict the performance of a transmission tloait
channel. This prediction can then be used to raalkchannels
available, and allow us to pick the best channel.

Once we have decided how to pick the best chanmetan
then build an experiment that contrasts the perdoce
achieved on a dynamically chosen channel against
performance achieved on a statically allocated blrOne
important consideration that needs to be takenaotmunt is
the overhead and frequency of switching the chan@elr
assumptions and goals can thus be summarizedlawsol

Assumptions:

- Traffic characteristics on a channel vary over time
These characteristics exhibit some level of shermt
temporal and spatial locality.

Some of these characteristics, given their vamatod
temporal/spatial locality, can be correlated withe t
obtainable performance on that channel.

We can therefore measure these characteristiceaakda

need for all nodes in the domain to share the alathey are
using with nodes in their local neighborhood.

Studies [2] have shown that links that use the scima@nel
as neighboring links introduce interference, redgctotal
path throughput. This study also shows that usingtipte
radios can improve the end to end throughput inesoases.
Routing metrics like ETX [5] have demonstrated thap
count is not the only metric which should be coasid to
thuild routing decisions. This leads to an explamatiof
whether dynamic channel selection can improve nétwo
throughput.

Jangeun Jun and et al. [6] investigated the capadita
wireless mesh network on a single channel by shelyhe
traffic collision domain, defined with respect tdhet
geographical area of the network. Their resultsaatb that
the throughput of each node decrease as O(1/nyewhis the
total number of nodes in the network.

Richard Draves and et al. [9] refined a routing niein
multi-radio multi-hop wireless mesh networks. Thaultin
radio multi-hop wireless mesh networks allow usétect the
optimal path by taking into consideration the déeechannel
and path length. The idea of their paper is to findhigh-

set of channels based on the performance we caevachthroughput path between a source and a destinhtianpath

on each.

Goals:
Determine which properties pertaining to the tafin a
channel are correlated with achievable performamce
that channel.

Implement a mechanism for choosing the channel of®
link dynamically based on the appropriate channg?

characteristics.

Evaluate the performance gains obtainable by démjoy

the dynamic channel allocation algorithm.

To achieve these goals, we propose, implement,
evaluate a wireless ad-hoc network with dynamic
allocated channels. To sense and evaluate thentuinannel
conditions, our network includes channel sensoresodThe
channel detection sensors monitor and record thféictron
each channel. Using this network, we can first grenf some
experiments to determine the best set of propeatiesit each
channel to be able to rank all available channmelgeims of

achievable performance. We can then build a chan

allocation engine that will, according to the appiate set of
properties about the current channel utilizationpase and
dynamically assign the best channel for the linksour
wireless mesh network. We can then evaluate tHenpeance
gains offered by this allocation engine.

Il. RELATED WORK

The capacity of a wireless network is affected bg t

interference on the channel. The interference cofmam
contention on the channel from other wireless nodad the
background noise in the environment. As noted n¢he of

metric, which depends on the loss rate and bantivafipaths.
They proposed a link metric, Expected Transmissiane
(ETT), to evaluate the loss rate and the bandwoéithe link.

The individual link weights are combined into alpatetric
called Weighted Cumulative ETT(WCETT), which exfilic
accounts for the interference among links that thgesame
hannel. The WCETT metric is incorporated into $veirce
uting protocol, so that the optimized route cansklected,
resulting in improved throughput.

Roofnet[10] focuses on the unplanned wireless mesh
network. The unplanned mesh network is easy téogleput
may suffer from performance degradation. The raofnay

ck connectivity to an isolated node island. Thpgqr shows

at Roofnet works well with a route selection aiton that
that considers loss rate and bandwidth, such as ETT

To improve the capacity of wireless mesh netwosksne
work has been done in the area of community baseki-m
radio multi-channel wireless mesh networks. Theaeshers
focus on how to improve the throughput with chanaet
LQute selection. A. Raniwala and et al.[3] addrede® issues
in" a multi-channel wireless mesh network. Theseudss
include how to assign a channel in the mesh netwodkder
to avoid intra-network interference from each ligkd how
packets should be routed through a multi-channetless
mesh network. To optimize the throughput of theiesim
network, the paper adopted the channels accordingtst
traffic load and network topology.

K.N. Ramachandran et al. [4] proposed the multierad
mesh AP. Each mesh AP has one radio to capturesfsack
each supported channel for a small duration. Odie @ways
stays on the default channel, and one radio adapthe
optimal channel for the performance improvement.e Th

{%;ﬂ/e multiple gateways to provide external accbas,may
al



channel allocation algorithm depends on two sepathannel
rankings: one is the ranking of interfering radéosl the other
is the channel utilization. A channel assignmenmtveseuses
the information from the mesh APs to optimize tharmel
assignment as well as the routing configuratiorgreby
optimizes the throughput of the mesh network.

Compared to the work of [4], we combine the monitatio
of each mesh AP into the Cognet database provigechiit2,
which provides detailed channel information of eawsh AP.
Since we have more knowledge on the interferenceach
channel, we expect to achieve a better channefrassint
algorithm to fully utilize the multi-radio mesh madrk
capacity.

I1l. IMPLEMENTATION

A. CogNet Testbed

We decided to use the CogNet testbed at Calit2ofor
experiments. This testbed consists of several mong nodes
spread around the building. These nodes colleca dat
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Figure 2: Ad-hoc network setup with CogNet

B. Ad-Hoc setup

802.11 b/g channels. The nodes sample each 802d1 b For our experiments we decided to add two new CbgNe

channel for about 1 second in a round robin schdiis. data
is updated to a database which can then be queried.
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nodes to the testbed which had the Atheros carfigtoed in
monitor mode. We added another Prism 2.5 802.14rd for
our throughput tests on this same node. This edul a
single box which monitored as well as communicatee the
wireless links. In order to avoid interference fraar own
traffic, the monitoring updates go over a wire @ast of
wireless. The Prism 2.5 cards were configured toiruad-
hoc mode with RTS-CTS switched off. Data ACK wasad
on with a retry limit of 8. We changed the monitayiscripts
to restrictively sample only channel numbers 1,6 ah, for 1
second per channel. This meant that in a 60 seadmdow,
we get 20 seconds of sample data for each chaangbled;
each channel was sample every 3rd second in thésval.
These samples can be used to infer actual chapnditions
and statistics. Figure 2 shows the ad-hoc setupoméigured
for all of our experiments. The channel controllex

Figure 1: Flowchart of the operation of the CogNestbed. Components areresponsible for dynamic channel allocation basedtatistical

grouped by color.

Figure 1 shows a high level flow of the way thisteyn
works. The CogNet nodes run a stripped down versfahe
Linux 2.6 kernel with madwifi driver on an AMD geed
board. These nodes have an Atheros chipset wirelass
which is configured to run in monitor mode. Thisables the
node to capture all the traffic from any node ia thcinity on
the tuned channel. These nodes shift frequencidssample
all the 802.11 b/g channels under the directionacshell
script. Tcpdump captures all the packets into @& dihd this
file is uploaded to the Cognet Controller every thute via
the wired network. The CogNet controller uses owdified
version of tcpdump to parse these packets andtidata from
the packet headers into the CogNet repository MySQL
database.

information queried from the CogNet database alibet
previous channel conditions.

C. Channel Controller

The channel controller has been implemented ag afse
java classes that run on a linux machine. Thesévacé
modules include a query engine, and a main drivet t
includes decision logic. Together, these modulesqeeery the
database in real time (if required), make a degigio which
channel to assign to a particular link, initiateh@nge channel
message to any node(s), and fire command line peaicce
testing tools such as ping or iperf.

The query engine establishes a connection to thegimy
database with a JDBC driver. The mysgl databasedadre
indexed by epoch time to make executing queriesimwia
specific time range very fast. This connection JRBC is
maintained throughout the duration of the experim@s



opposed to setting up and tearing down the corme&very
time a query needs to be run) to allow fast quascation.

switcher; the switcher communicates with each ARradhe
wired link to instruct the nodes when to switch erhiradio

Queries are only executed for our dynamic chanrehd to which channel. The channel switcher cont&ims

allocation scheme (the static and random scheme®idoeed
any information from the database). An NTP clientun on
the channel controller machine to allow time syocization
with the database and the wireless nodes. A typicery
involves getting the current time (with java's Qalar class),
subtracting an offset (based on the length of tippen which
we want to choose our channel), and getting theageeof a
field (or count) of the packets within that timendow. Fields

modules: a console based program to receive actrainand
from the channel controller, and a connection manag
maintain TCP connections with the mesh APs. Thesalen
program and the connection manager communicatéoui
IPC. Because they are decoupled, the channeldlentcan
call multiple mesh APs at the same time, which ceduavoid
the latency of synchronous channel switching. Ttaldished
TCP connections are expected to provide reliablel&tency

include properties of the packets such as RSSI,180fate, message transactions with mesh APs.
etc. The results of the query is passed immedidiatk to the
main driver. The fact that the JDBC connectiondagtantly
maintained, the database tables are indexed byhepoe,

and our queries are essentially range queries tipppackets
within specified epoch times results in our quenieaning

very fast, typically on the order of milliseconds.

The main decision engine will periodically run treguired
guery upon each table in the database. Typicalth eaiffer
node will have it's own table in the database. un testbed,
each data node is co-located with a sniffer notkerdfore, to

Channel Controller

Decision Logic

Channel Switcher

Channel Switch Message Channel Switch Message

Connection
Stub

Connection
Stub

choose a channel for a particular link in our netydhe i '

decision engine will query the two tables correstiog to the it iwib

sniffer nodes co-located with the data nodes that a ¥ Probe :

connected by the link we want to change the chaforel  switn E0ol Reply 802.11 Switch
.. . Channel Driver Driver Channel

Upon receiving the results of the queries for ect@nnel, the 7 7

decision engine will average the data received dih sniffer
nodes. The channels can then be ranked based eredff
opportunity, and the optimal channel chosen.

After the optimal channel is chosen for a spedifig, the . .
decision engine will call the command line tool iflen in C) W€ implement a connection stub at each AP. The
to actually change the channel of the nodes. Trengh connection _stub receives the chaqne_l switch comniami
channel command is invoked on both of the nodéseasame channel switcher, and calls the iwlib library [ s$witch the
time to ensure that they change as simultaneosspoasible. channel at the given time. The iwlib will send IOCT
After the change channel command is invoked andrmet Messages to the 802.11 driver, and instructs theerdto
with the success or failure of the change, thesiegiengine switch the channel, and the driver similarly insteuthe

will start a ping to check if both nodes have careé to each 802.11 hardware. _ _
other on the new channel and the link is up. Theettaken When the channel controller switches the channal laik,

after the channel is changed and before the pingne is it sends conFroI message to the two APs of the Mdken the
timed so we can measure how long the link is utiavte for. WO APs switch their channels, they send probe gscand
As soon as one ping returns, the decision engitieirwbke SCan for the available 802.11 nodes within the sBrSS_ID.
whichever iperf test we want to run, depending te t\When one AP hears the probe packets from an AP saithe
experiment. After the iperf test finishes and themmand BSSID, it will reply to the AP and re-associate fwihe AP.
returns, we sleep for a certain period in orderifow the After that, it will send ARP request packets to afed its

80211 HwY 80211 R

Figure 3: Channel Switcher

network to recover to it's natural state.
The decision engine will loop over each scheme aatwo
test (e.g.static, dynamic, random), changing thenokl for

knowledge of the IP-MAC address binding of it'sgiddors.
In our current implementation, the re-associatiakes
considerable amount of time, about 2-12 sec. Becaftishis,

the link then executing iperf to measure perfornearithis the issue of synchronization at each AP is not idcar
loop will be executed for many iterations over aggeriod of concern. To reduce the overhead of reassociatiergomsider

time to measure performance for each scheme owginga Modifying the 802.11 MAC. _ _
channel conditions. Because mesh networks have a static topology antthgo

among mesh APs, we can expect that the nodes dednleyg
a link are always same after we switch the charirterefore,
D. Channel switcher each mesh AP can use it's knowledge of it's neighbefore
Figure 3 demonstrates the implementation of ourhmeie channel switch. If the 802.11 MAC maintainssthi
network. When the channel controller decides thanokl knowledge during the channel switch, we can remthee
allocation of the links in the mesh network, itlsa channel messages transaction for re-association.



Another concern in our implementation is the time
synchronization among mesh APs. If the two APs pah
switch their channel at the same time, the linK taieak until
it is re-established. Our current implementatiorsublTP to Tx
synchronize the clock among the mesh controlleradhichesh | T :
APs. As reported in Jigsaw[8], NTP is not good egiotio 15 sec silence Time to transfer
provide fine grained time synchronization; we camsider interval 1 MB file
implementing a refined synchronization mechanisnfuinre
work.

Figure 5: Parameter evaluation test timing

We did some initial tests to try and determine fuifferent

IV. ALGORITHM DESIGN surrounding factors affect our traffic. The goalswa study

Figure 4 shows the hourly packet count over variowghich parameters should be considered when sejethia
channels received during a regular working day.nmdke& 6 best channel to use. In this experiment we traresfe¥B file
seems to be the most utilized channel throughoeitddy. It from one wireless node to another using TCP. Tliesavere
can also be observed that the packet count of ehdnand 11 locked on channel 6 during this experiment. The wess run
are almost the same until 12:00pm. After 12:00pfre tseveral times, and each test result is recordegpimbiently.
utilization on channel 1 increases suddenly to 80féckets, Figure 5 shows the test timing diagram. The trattsrgi
which is more than the packets received on charthel nodes are silent for 15 seconds before every wandfe refer

Channel 6 (the busiest channel until 12:00pm) selentarry
fewer packets during this time. Channel 11 stithagns the
least utilized channel until midnight. If these phals were
utilized optimally, each channel would have carr&gdequal
amount of traffic. Unfortunately, it is very hard tely on an
optimal static configuration, because the amourtraffic on
each channel varies with time and space. This i an
investigation into which factors are responsible dffective
throughput on 802.11 networks.
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Figure 4: Traffic on Thursday 26th April 2007 atli€a6th floor

There are several factors which affect throughputao
802.11 network. There has been previous work [1hjciv
shows that throughput is also affected by interfeeefrom
non 802.11 devices such as microwaves, Bluetootlce®

to this interval as the silence interval, and thekets captured
during this interval as silence packets. In thesstst we
correlate factors about packets observed during itiierval
with the time taken to transfer the file. We makee t
assumption that the channel conditions observedrbehe
transfer starts continue through the duration ofe th
transmission; this leads us to correlate the cHaroralitions
before the transfer with the effect of those cdondg of the
transfer. To study the effect of various trafficadts on
transmission performance, we programmed a randaffictr
generator which randomly bursts between 1kbE000kbps
for a random duration of time, ranging betweeb ininutes.
Figure 6.1 shows how the transfer time for 1 MB fiaries
with respect to the packet count of the packetsemiesl
during the silence period. It can be observediti@tower the
number of packets captured on the channel duriegilence
interval, the shorter the time required to tranglfier file. With
around 50 packets observed during the silencevaitiethe
transfer time was around 2 seconds. The greateruimbder of
packets observed during the silence interval, tteatgr the
time required to transfer the file. Figure 6.2 camgs the time
required to transfer the file against the otherkp&s observed
in the air while we are transmitting. Like Figurel6we
observe that as the count of other packets incseasedoes
the transfer time. This shows that our transferedpeare
affected by the observed number of packets of uhesnding
traffic. The variation in the packet count is ore tarder of
100%-400%. This large variation means that the @iackunt

and cordless phones. These interfering devices haveS€€ms to be a sound predictor of how busy is taerwi, and

significant impact on 802.11 traffic performanceydacan
cause broken links or extremely low throughput.

how our throughput may be affected if we use ttianmel.
Therefore, we can infer that our throughput mayrdagghly

There are other factors such as observed packett,coliversely proportional to the packet count.

average RSSI of packets, and 802.11 rate whichlase a
considerable effect on the throughput. We decided
investigate these factors in our study. We do raisider
external interference factors, as they are nonrénéstic and
very difficult to detect.

t
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Figure 7.1 shows the average 802.11 rate of therobd
packets during silence period. This rate is ex¢hdtom the
Prism headers of the packets observed at the nimgjtnode.
It can be observed that the average 802.11 ratetludr
packets during the silence period was slightly aiglthen the
file took longer to transfer. However, the variatim rate is
not very large, roughly only 25%. This would indiedhat the
observed 802.11 rate is not a strong predictor tfoe
throughput on that channel. Even though the obsed@2.11
rate could possibly be used as a basis for predidtie file
transfer time, the low variation in rate leads adbelieve that
other factors with more variation would provide maiccurate
predictions. Figure 7.2, which compares transfeetagainst
the observed 802.11 rate of other packets when ree
transmitting also shows a similar trend where thgation is
about 25%.

Figure 8.1 shows the average RSSI of the othergtadk
the air during the silence period. It can be obsérthat the

average RSSI of other packets remains almost aunst

between 40-50db, while our transfer time variesveen 2 to
8 seconds. Figure 8.2 shows the average RSSI ef pHtkets
when our traffic is present. We can observe thataherage
RSSI of other packets while we transmit is highenpared to
the silence period, when our transmit time was telnoiwWe
hypothesize that our packets affected the othekgtacwith
lower RSSI, and therefore the average RSSI wasehigh
comparison to observed RSSI of other packets dutimey
silence interval.
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We did some further tests by varying the rate afpackets
to see how our traffic affects the RSSI and packent of the
traffic around us. In these tests, one node semR packets
to another node in the presence of other interferin
background traffic. Between every attempt, the natheys
silent without transmitting any information for Il&econds.
This interval is known as the silence interval &ne packets
received during this interval are called silencekeds. Figure
9 compares the average RSSI of packets during \cdxer
during the silence period, and that of the othexkpts during
the time we are transmitting. It can be observeat the
average RSSI remains almost constant in both thases
until we reach 3000kbps. After 3000kbps, the aveR§SI of
g1e other packets increases as our rate increases.

The reason for this may be as previously noted;packets
affect the packets with lower RSSI, causing themndtop,
resulting in and increased average observed RSSI.
Furthermore, the average RSSI variations are affediy
many other factors such as multi-path, free spaesmw@ation

And interference from moving people. The variafioiRSSI,

like observed 802.11 rate, is low: about 10%-20%e RSSI
therefore does not seem to a very strong prediévor
attainable throughput on the channel. From thidystue can
conclude that our packets mildly affect the RSSIotfer
packets received by the monitoring node, but the&SIR&
received packets in not a good metric to use wheakimg a
channel selection (due to low variation).
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Figure 9. Effect of our transmission rate on otHRE&SI

These experiments made us believe that the obs&S&d
and 802.11 rate of background traffic packets arestrong
predictors for the achievable throughput. We tremeef
decided to compute a channel rank metric basedosareed
count of the packets observed from the surrounttafc.

C = Nip + Ny
: 2
C= imlerlll(ci)

Ci is the rank of channel i. This rank is compute@roa
timing window of t seconds, counting the numbepb$erved

We average these packets to compute the channetnigt
is the best channel based on rank of the channglcm&he
lower the rank, the better the channel. Thereforeselect the
channel with the minimum channel metric when chogsh
channel with our dynamic channel allocation scheme.

V. EXPERIMENTS ANDRESULTS

A. Experiment

Having chosen to use the packet count per chammela
metric for choosing the best channel in our dynaahiannel
allocation scheme, we can make the two closelyeélalaims.
Firstly, we claim that the channel with the greataamber of
packets on it will offer the worst performance. @ersely, the
channel with the lowest number of packets will offfee best
performance. We further propose that since thdit¢raih a
channel exhibits temporal and spatial locality,cae sniff the
packets on each channel for a short period of temel, pick
the best channel with the assumption that the itraff
characteristics of the channel will be maintainen fhe
duration of our tests. To validate these claims,deeised an
experiment to test the effectiveness of this scheie use a
static channel assignment as the base case, wheefix the
channel of the link to channel 6. We compare théopmance
of file transfers over the link using our dynamicheme
against the static assignment. We also includenapadson
with a randomly selected channel, to test whethisrtiuly the
optimality of the channel we have chosen rathen thst a
different channel from the statically allocated aiéf that
provides us with performance gains.

120 sec query window
m m

15 sec silence

15 sec silence

Figure 10: Experiment timing diagram

To pick our dynamically allocated channel, we geérihe
database over a 120 second window. We used 12(hd®co
because the sniffer nodes updated the databasg meute,
and therefore 120 seconds would provide the minintiome
for both nodes in a link to update the databasepaodde as
recent information as possible to our decision eagiWe
count the number of packets on each channel duhed 20
second window at each node, and choose the chasithethe
lowest average number of packets. After changiegcttannel,
we send a 3MB file across the link using iperf andasure
the time taken to transfer the file. After the fitansfers, we
pause for 15 seconds to allow the network to revack to it's
original state. We then change the link to chaithahd send
the file over the link again, giving us the perfemmse for the

packets on that channel,,Nand N, are the observed numbesStatic scheme. We finish the test by pausing forsé&onds,

of packets on channel i on nodes p and q respéctinethe
specified timing window.

changing the link to a randomly chosen channel, ance
again sending the file. The transfer times of thiasee iperf
bursts are considered as one test. We repeaestis humber



of times over a long period of time to measure
performance of each scheme in the face of varyiaffid
patterns. Figure 10 summarizes the timing in thjgeeiment.
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Figure 11: Variation in background packets durirgeziment
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thae channel switching time was very long (this wiée

explained in more detail in the Analysis); it maavk been the
case that the results we excluded happen to be freareent
when the chosen channel was 11. Another possilidityat
Java's Random function may not have been behaviryg t
randomly.
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Figure 13: Dynamic allocation vs Static allocatferformance

B. Results

Figure 13 compares the transfer times of the dymam
and static schemes in each test. The blue linéneyevtransfer
times are the same. Points clustered on the bdgtinof the
graph around the blue line indicate that for mahthe tests,
the transfer times using either scheme was lowurato5
seconds each. These points indicate tests whelechatinel 6
and the channel chosen by the dynamic channel gedvi
equally good performance. The vast majority of pbénts are
clustered near a time of 5 seconds with the dynatiacation,
indicating that most of the time the dynamicallyosén

Figure 11 shows how the number of packets on ea@t@nnel allowed good performance. However, thoseesa

channel varied over the course of the experimestsifown in
the graph, channel 6 is consistently highly utdizAccording
to our theory, this would have a negative impacbruphe

points are spread out over a range of 5 to 23 sicavnth
respect to the static allocation axis. This indisathat the
performance achieved with the static scheme wastoms

static scheme, which always set the channel to Ie T@ good as with the dynamic scheme, but was oftachm

implications of this will be further discussed imet Analysis
section. There are a few instances where channglmore
highly utilized, while channel 11 has consistendlys packets
than the other two channels. As we will see, theans that
our dynamic scheme picked channel 11 most often.

worse. There are a few points where the transfik between
15 and 20 seconds with our dynamic allocation seheas
well as a single point where both schemes perforpuly.
Possible explanations for these results can bedfdnnthe
Analysis section.

Figure 12 shows how often each scheme picked eacHrom these observations, we conclude that the digadim

channel. The static scheme (by definition) alwayskex

chosen channel consistently offered good performanc

channel 6. As expected from observing Figure 1k tMhereas the performance on the statically chosemrz

dynamic scheme picked channel 11 most frequentlyew

varied considerably. Our dynamic scheme is abladapt to

times it picked channel 1, however channel 6 wasgene changing channel conditions and switch to a betiennel.

chosen. This conveniently provides a large amotiobotrast
to be drawn between the performance of the dynamit
static schemes since they always picked differdwinnels.
One further observation that can be made is tretrandom
scheme picked all channels, however with a nonoomf
distribution. This may be due to several factotse Tests may

Figure 14 contrasts the transfer times betweemyhamic
and random channel allocation schemes. The gragibaites
by the color of the points the cases when the dymand
random schemes picked the same channel, and wiesn th
picked different channels in a single test. Thiapgr shares
some characteristics with the graph contrastingdyr@amic

not have been numerous enough for a more unifoﬁﬁd static schemes. One Slmllal’lty is that thera dduster of

distribution to occur. We had to exclude some iteswhere

several green points around the point (5,5). THisster



indicates that while the two schemes often pickdtergnt
channels, both picked channels that
performance. Another similarity is that most of hants lie
along the line where the transfer time with the aiyic
scheme was around 5 seconds. The points are spueader
a range of the random scheme axis. This indicdtas the
channel chosen by the dynamic scheme consisteffdyed
good performance. In contrast, the randomly chasemnel,
while allowed good performance most of the timke- tluster
of points around (5,5) also sometimes chose chanimelt
offered poor performance. Also similar to the dyiarms.

also a good channel to use. There are more poaas the 5

allowed gosdcond mark on the random allocation axis thanhenstatic

allocation axis. This indicates that the staticroted offered a
large variation in performance, whereas the rangiathbsen
channel was often good.

Several red points lie in the upper right regiorraf graph.
These suggest tests that occurred when the staimnel was
bad (since both schemes picked the same channeB. O
interesting observation is the small number ofgenhts in the
lower right and upper left corners of the graphe3#are tests
where both schemes picked the same channel, yétathefer

static graph, there are a small number of pointereh time took much longer when the channel is randochigsen.

performance was poor on the dynamic channel, bat gm
the random channel. These points are all casesewter

random and dynamic channels were different. We rdefe

possible explanations for these points to the Agialgection.
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These points will also be discussed further inAhalysis.

Scheme Dynamic Static Random
Avg Rate | 4042 kbps | 2100 kbps | 2742 kbps
Average 6.08s 11.7s 8.96s
Transfer

Time (3MB)

Table 1: Summary of allocation schemes

Table 1 summarizes our results for all of the teRtansfers
on the dynamically chosen channel achieved a masteif
rate than the other two schemes, averaging neaupld the
average rate of the static scheme. However, thes dot take
into account the overhead of changing the chanimahsfers
on the randomly chosen channel also achieved ehtp@9%
average rate over the static channel transferss ifltiicates
that changing the channel will avoid the bad penfonce
suffered on a loaded static channel. However, asviNesee,
this may only be due to the fact that the statianctel
conditions were bad during the test (see Figure The
average transfer times produce identical compasisand are
included for completeness (since they are simpdyfile size
divided by the rate, and the file size was consfantthese
tests).

VI. ANALYSIS

A. Possible experiment criticisms:

Our experiment made the following claims and
assumptions. We claimed that the channel with tteatgst
number of packets will offer the worst performance.
Conversely, the channel with the lowest number adkpts
will offer the best performance. Finally, the tiafpatterns we

We include Figure 15 for completeness, comparing tRbserve during our sniffer period will continue dbgh the

transfer performance with a randomly chosen chaagainst
that of the statically allocated channel. This frégas points
scattered around 4 main regions. Once again, ikesdarge
cluster of points around (5,5), indicating testsevehboth the
randomly chosen channel and the static channeteaffgood
performance. Most of these points are green, itidigahe
channel chosen by each scheme was different.

This would suggest that the static channel waghwobnly
good channel, and some other channel during tistwas

duration of our file transfer.

As can be seen from Figure 11, channel 6 was th& mo
heavily utilized during the time our tests werefpened. Our
static channel was also configured to use channel 6
According to our hypothesis, the channel with thghbst
number of packets is the channel where performavitebe
the most severely impacted. Our dynamic channekcator
never chose channel 6 during our tests, as caredr fsom
Figure 12. This provided a good contrast betweansfiers on



our dynamically chosen channel and the static oblafimom
the facts that our dynamic channel never chosestme
channel as the static scheme, the static chanrelhgavily
loaded, and transfers on our dynamically chosenroslavere
on average much faster than those on the staticnehawe
can infer that our hypothesis is valid. That iss&y, we can
infer that better performance can be achieved oglaively

unloaded channel as opposed to a channel with ya high

number of packets being transmitted on it. Thisdeaés our
first claim - that the channel with the greatesimber of
packets offers the worst performance. However, iy not
strongly validate our claim that the channel witte fowest
number of packets offers the best performance.ekample,
if our static channel had been configured to chhdde the
static performance may have been consistently glothat
experiment, our dynamic scheme would have chosesdame
channel as the static scheme most of the timeurlfdgnamic
channel occasionally chose a different channel atilll

offered better performance than the static chartheln we
would have been able to more strongly infer that ¢hannel
with the lowest number of packets is the best cahnut
another way, since our static channel was
overloaded, it can be hypothesized that the statiteme
performance was negatively impacted. Therefore,peoed to
this scheme, any other channel which was not soaaded
and on which performance was not negatively imghateuld
seem like a good channel.

B. Anomalous result explanations

There are several observations that can be madsurof

results which do not agree with our hypotheses.eHge
propose possible explanations for these resultsluding

possible violations of our assumptions and hypabe$hese

anomalous observations are repeated here.

In our graph contrasting the dynamic and staticeswds,
there are several points on the lower right hantderoof the
graph. These indicate tests where even though yhandic
scheme picked the channel with the lowest numbeaokets,
the static scheme offered much better performaficere also
exists a single point in the upper right regiontloé graph,

indicating that both schemes chose channels on hwh

performance was bad. Similarly, in the graph ccting the
dynamic and random schemes, there are severakpehgre
performance was good on the random channel, bubbate
dynamically chosen channel. Finally, in the graphtrasting
the random and static schemes, there are red gmitiisin the
upper left and lower right regions of the grapht timalicate
occurrences where performance was bad with onehef

the traffic locality may be changing faster or séovthan our
observation window. There may be a burst of trafiit a
certain channel that adversely affects our trangfere,
although that burst was not present during ouryguéndow.

Any and all of these reasons are plausible explamafor the
cases where performance on our dynamically chokanrel

is worse than the random or static channels, orreviests
where two schemes that picked the same channel have
contradictory performance measurements.

Our hypothesis is based on the idea that we canause
certain property, namely the packet count on a whkrto
predict the performance on a channel. However,easan see
from Figure 6.1, above a certain threshold of ptckae
performance achieved is sub optimal (around 1G@erupper
graph). Therefore, it is possible that even thoaga channel
has less packets than another, both channels nfery pafor
performance if both channels have enough packethem to
cross the threshold. This may explain results siscthe point
in the upper right region of Figure 13

relgtivel

Figure 16: Time switching cost analysis

C. Switching time analysis:

Figure 16 shows what the rate on our dynamicallyseh
channel (the dynamic rate) must be in order faiouschieve a
ain in switching channels. The dynamic rate depesrdthe
amount of data left to transfer, the rate on tkicschannel,
and the time taking to change channels. The sméikefile
size, the faster our rate must be in order to @mmee the
transfer time lost in switching. In addition (anduite
intuitively), the longer our switching time or tHaster our
static rate, the faster our dynamic rate must keskown by
Figure 16, our switching time was 5.7s on averdgi¢h a file

schemes yet good on the other even though bothn@ehegj;e of 3MB, our dynamic rate needed to have bastef than

picked the same channel.

We stated in the Introduction the assumption thaffit
exhibits a certain amount of temporal and spatedlity. In
addition, we can measure the short term propemies
channel to predict performance on that channelha riear
future. The traffic patterns may change betweentithe we
sniff the channel and the time we transfer. Theatdon for
which we sniff the channel may be too long or tbors i.e.

4096kbps for us to achieve a gain from switchingwiver,

as shown by Table 1, our average dynamic rate eethievas
slightly slower than required, at 4042kbps. Obsehat if our

file time was any larger, the average achievedcstate any
slower, or the average channel switching time asyefr, then
we would have achieved some gain in switching. This
naturally leads to what further work can be donthis area.



D. Further experiments:

In addition to these immediate optimizations whaem be
made to our current scheme, there are several i@uhlit
experiments we can propose that would allow a raocerrate
prediction of which channel is optimal. For example can
vary the size of the query window in order to deti@e how

As shown in our switching time analysis, the minfmu much locality is exhibited by traffic patterns atyagiven

dynamic rate depends on the file size (or datatéeftansfer),
the switching time, and the static (or currentprafhe most
obvious optimization we can attempt to achieve igduction
in switching time. In our experiment, there weréew tests
where the linked failed to switch channels, or efdilto

converge on the new channel after switching favreylperiod
of time (e.g. longer than the query window). We Hhad
exclude these results because they would not makses for
example, the measurement of transfer performananwihe
channel took longer than the query window to swiwatuld

time/place. For example, would a 60 second or 3fbrsd
qguery window be better? We can dynamically charige t
weight given to multiple factors used in our demisbased on
observed traffic patterns at any given time. Fareple, if we
observe that at a given time, the average RSSI speaific
channel is extremely high, even though the packentis
low, we can give more weight to RSSI when decidihgnnel
optimality. We can use a more long term or movingrage
of factors, in conjunction with the average obsdrgaring the
guery window snapshot, in an attempt at followirgserved

mean that the 120 seconds prior to our transfer w@iarnal traffic patterns. All of these experimentgwever,

completely disjoint from our query window and tHere not
correlated to our observation of the channel caorust

require significantly more involved considerationam we
have described.

Given the time to more closely analyze the process

involved in switching a channel, and
firmware/driver/software components to minimize tehing
time would yield more accurate results, and plaess |

optimizing

VILI. CONCLUSIONS
We propose a dynamic channel allocation scheme

demands on how fast the new channel must be. Asbeanassigns to a link the channel on which the loweshimer of

inferred from the equation, as the switching tireeds to O,
the dynamic time must simply be greater than thécstime
for us to achieve some gain in switching.

Our current dynamic predictor is very simple, takinto
account simply the number of packets on each chammen
making a decision. This can also be modified inesahways
to optimize how we switch channels.

packets is being transmitted. This scheme improtres
throughput on an 802.11 ad-hoc network by a fagtap to 2
times the throughput achieved with a static chaafietation.
Dynamic channel allocation provides an improvementy
when the statically allocated channel suffers framarge
amount of contention, and other channels are velsti

The simplesinderutilized. When the allocated static channkicated is

modification would be to attempt to factor in othenot overused, our dynamic allocation scheme woegdlt in

considerations when choosing a channel. As careé&e som
the Figures 7.1, 7.2, 8.1 and 8.2, other factoch as RSSI
and rate have some correlation with achieve ratethis
experiment, we chose to use packet count becasseihed
to offer the most variation with regards to achikvate; we
considered packet count therefore to be the simgtest
accurate factor out of all we had observed. If wenapt a
more detailed analysis on how multiple factors (ahdir
interaction) correlates with achieved performanae can
more accurately predict what our dynamic rate mewflwe
switch to a specific channel. In a further atteraptmore
accurately measuring how accurate our predictowes,can
build a cache of the values of various factors messwhen
taking our decision against achieved performantés ¢ache
could be built up over a longer period of time iarying
channel conditions in order to more concretely raeafiow
accurate our predictions are. We can take all
optimizations further, and use them to actuallydpre not
only what channel to switch to, but actually whetbenot we
should switch at all. Once we have achieved a raopeirate
prediction of exactly what our rate would be if swgitched to
a new channel, we can decide whether we would aehée
performance gain in switching, given our knowleagevhat
our average switching time is and the rate at whighare
currently achieving.

these

performance that is equivalent to that achieved witstatic
scheme. Taking into consideration the spatial ardpbral
variations in traffic over various channels throaghthe day,
our dynamic channel allocation strategy allowsdanetwork
to adapt to varying channel conditions; it can depted as an
additional way to improve the throughput in mestwoeks.
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