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ABSTRACT

Heterogeneous applications could be adated within the sam
wireless sensor network with tlaed of modern motes thaave
multiple sensor boards on a singbalio board. Differentypesof
data generated from suchpgs of motes mighthave different
transnissioncharacteristics in tersnof priority, transmission rate,
required bandwidth, tolerable paatkloss, delay demands etc.
Considering a sensor netwodonsisting of suchmulti-purpose
nodes, in this paper weropose Prioritized Heterogeneous
Traffic-oriented Congestioi©ontrol Protocol (PHTCCP) which

ensures efficient rate control for prioritized heterogeneous traffic.

Our protocol uses intra-queue and inter-queue priorite@s
ensuring feasible trangssion rateof heterogeneous data.dlso
guarantees efficient link utilization by using dyarmic
transnission rate adjustemt. Deailed analgis and simlation
resultsare presentedlong with the description of our protocol to
denonstrate its effectiveness in  handling prioritized
heterogeneous traffic imireless sensor networks.

Categories and Subject Descriptors
C.2.2 [Computer-Communication Neorks]. Network Protocols

General Terms
Algorithm, Design, Performance.

Keywords

Heterogeneous, Congestion, Intenge, Intra-Queue, Scheduler

1. INTRODUCTION

The sophistication of variousommunication protocols [1&nd
rapid advanceents of Micro-Electro-Mechanical $stens
(MEMS) technologies[2] have created a great opportunftyr

wide-spread utilizations of various innovative sensor network

applicationsin near future. Toddg sensor nodes are capable of
sensingmore thanone pararater with the aid of niltiple sensor
boards mounted on a single radio bo&tssbowMICA2 mote
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[3] is an example of such typd sensor node. ExScal mote, an
extensionof MICA2 mote designg by CrossBow Inc. and Ohio
State Universityalso supportsmultiple sensing units [12][13].
Instead of using nitiple nodes withvarious functionalitieg4],
deploying such tpes of nodes mighdffer cost effectivesolutions
for many applications. For example, a volcarmonitoring
application might requiréemperatre, seismic, and acoustic data
from the target location. Severapplications could everun at
the same time based on various figs of data sertiy the multi-
purpose nodes in action. Differenpgsof data in such a network
might have different levelsf importanceand accordinglytheir
transmission characterttcs might differ.

In this paper we consider a wireless sensor network where all the
deployed nodes are uiti-purpose nodes and thegenerate
heterogeneous traffic destinedttee base station. Variouspys

of data generated liye sensors have various priorities. Hence, it
is necesary to ensire degred tranmission rate for each pe of
data based on the given priority to meet the demands dfase
station. In such a network, thenser nodes could in fact generate
simple periodic eventgo unpredictable bursts of messages.
Congestion becomes even mdikely when concurrent data
transnissionsover different radio linksnteract with each other or
when the reporting rate to the base station increasesitiWwthe
increase of number of nodes in the netwarthgestionmight
occur frequently Therefore, it isnecesary to have efficient
mechanisms so that congestioould be controlled by ensuring
balanced transmission rates fdifferent types of data. Bearing
these requirements in mind, reewe propose an efficient
congestion control protocol fa multi-purpose sensor network,
so tha the desired transmissionrates of prioritized data could be
maintained throughout the network’s lifetenin addition, our
schene also targets to ensuréfieient link utilization by usinga
node-priority based hop-bjyop dyamic rate adjustment
technique.

The rest of the paper is organizasl follows; Section 2tatesour
motivation for this work and the relevant workSection 3
presentsour network model, dggn goals, and preliminaries for
PHTCCP, Section 4 presentsettescription of PHTCCP. The
MAC layer featuresare presnted in sction 5. Detailed anatis
and $mulation resilts are presrted in Section 6 to shouhe
efficiency of PHTCCP, and finally Section 7 concludethe paper
mentioning the achievenents of this work with future research
directions.



2. MOTIVATION AND RELATED WORKS

A number of previous works have addressed tbmue of
congestion control in wireless sensetworks [5] But mostof
the works have dealt with the rate control tesmogeneous
applications. In fact, no other work except STCP [@jas
considered the use ofulti-purpos sensor nodes in the network.
Sensor Transmission Control Ryobl (STCP) isa generic,
scalable and reliable transport ¢éayrotocol where a majoritgf
the functionalities ar@mplementedat the base station. However,
STCP has some drawbacks like; i) it doesn'’t provide explicit

and detailed mechanism for controlling congestion in the network,

i) the ACK/NACK based reliabilitymechanismmight not be
feasible for wireless sensor m@rks in terms of delayand
memory usae.

CODA (Congestion Detection andvéidance)[7] is a congestion
mitigation strategywhich uses botbuffer occupancynd channel
load for measuring congestion levatsthe network. It uses two
strategies for handlingoth persigent and transient congestions.
CODA performs rate adjustment through traditiofaP-like
AIMD (Additive Increase Multipicative Decreasejnechanism
and thusoften leads to the occurrence of packes.los

Fusion [8] detects congestioby measuring the queue length. It
controls congestion bycombining three techniques; hop-bgp
flow control, source rate litting, and prioritized MAC. Fusion
claims to achieve good throughpamd fairness at high offered
load.

In [9], the authors proposed a congestiontroltechniquewhich
uses packet srvice time to infer the availableesvice rate and
therefore detects congestion in each intsliate sensor node. It
controls congestion in a hop-wpp manner and uses exaate
adjustment based dts availableservice rate and number of child
nodes. However, it cannot utilize the available link capacity
efficiently when some nodes are in sleep state.

Siphon [10] is another congestiomitigation schema which
detectscongestion using queuenigth. But instead of using any
rate adjustnent technique, it uses traffic redirection to mitigate
congestion. Veryrecently a node-priority based congestion
control mechanism, PCCR.1] has been proposed for WSN. It
introduces an efficient congesti detection technique addressing
both node and linlevel congestionHowever, it doesn’t have any
mechanism for handling prioritizedeterogeneous traffic ithe
network.

The scarcity of an efficient congestion control protocol for
handlingdiverse data within a single node motivate us to design
and develop PHTCCP. Our protoames an effective congestion
detection mechanism which addses both node and link level
congestions. It also ensuragplication prioritybased rate control
as well as high utilization of link capacity

3. DESIGN GOALS, NETWORK MODEL,
AND PRELIMINARIES

This section w@testhe desgn considerations, network model, and
preliminaries for PHTCCP whic we have takennto account
while constructingour algorithm. This is to be mentioned that,
throughout the paper the termate control and congestion
control are ugd interchangeably
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Base Station

Figure 1. Network model.

3.1 Network Model and Assumptions

We consider a wireless sensor netwarkere hundreds and
thousandsof multi-purpose nodes are depky over a specific
target area. All the nodes are equippéth the samenumberof
different sensor boards (for our case wansiderthree types)
mountedon a single radio board. Each of the nodes can sense
different types of data at theame time and sendBoseto the
basestation. Figure 1 shows a model for our network where the
data are forwarded in a maty-one multihop single pattouting
fashion. We consider congesin control in such a network
setting.

All nodes are supposeid use CSMA (Carrier Sense Multiple
Access) like MAC protocol. The details olur MAC protocol
featuresare presnted in ection 5. V& asume thatthe network
structure and the routds the base station have been established
by using some efficient routing protocol. While establishing the
structure of the network, the d¢m station dyamically assigns
individual priority for each type of data. During forwarding
heterogeneous data towards these station, each senswwde
transmits route data of itshildren nodes as well as its own
generated data. So, at agiyen time a sensor node magt both

as a source node and a forwarding node. Wdeensornode
transnits its data to the upstreadirection,thenit is called a child
node and its immediate upstream ndslealled itsparent.Each
link between anyparent and child ibidirectional that isf the
child gets its parenwithin its transmission range, the parent also
gets the child within its transmission rangéNe denotethe
number of the child nodes for a parent nddeasC(K). As

shown in Figure 1, node B h&schildren, D has 2 and node H
doesn’thave anychild node. For each node in the network, there
is a sngle path to reach to the leestation.

3.2 Queuing Model

Figure 2 depicts the queuing model inparticular node. We
assune that each node hasn number of equakized priority
queues fom types of sensed data. For example, a sensor node
might sense temperature, lighhdehumidity at the samtime. In

such a cas, there are 3eparate queuefr each type of data. The
number of queues in a noddependson the application
requirements. As shown in Figur2, a clasfier has been
provisioned in the network lay. The purpose ofutting this
claséfier is to clasify heterogaeous traffic either generated by



the same node or incomirigpm other nodes. Based on the type
of data, theyare placed in the apposite queue.

Originating
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Figure 2. Queuing model for a particular node.

3.3 Definitions
Now we note downsone important definitions that will be used
throughout the rest of the paper.

Originating Rate: Therateat which a sensor node originates data.

i L )
Ror denotes the originating rate for nade

Scheduling Rate: As shown in Figure 2, in our model, a scheduler
is placed between the network é&yand MAC layer. The
scheduling rate is defined d&®w many packets the scheduler
1

sch -

The scheduler forwards the packetsthe MAC layer from which
thepackets are delivered to the next node (i€l) along the path
towards the baestdion.

schedules per unit time from the queues. Hasotedby R

Average Packet Service Rate: This is the average rate athich

packetsare forwarded fronthe MAC layer. It is denoted byR; .

Inter-Queue Priority: We mentioned earlier thathe basestation
assignsthe priorities for heterogeneous traffic. Therefore, each
dataqueueshown in Figure 2 has itswn priority. This is termed

as Inter-Queue priority. The scheduler schedules the queues

according to the Inter-Queue prioritly decidesthe service order

4. PRIORITIZ ED HETEROGENEOUS
TRAFFIC-ORIENTED CONGESTION
CONTROL PROTOCOL (PHTCCP)

In this section, we describeur proposed protocol. Theajor
goals for our scheenare: i) Generating and trangting the
heterogeneous data on priorttass. ii) Adjusting the rate while
congestion occurs and ii) to ensure efficient link capacity
utilization when sornodes in a particular route are inactbren
sleep mode. PHTCCP uses \Waied Fair Queuing (WFQ) for
scheduling. Here, we illustralHTCCP in detail using several
subsections to addresthe isswes of congestion detection,
notification, and rtigation.

4.1 Congestion Detection Method
In our protocol, we use packet service ratiff) to measire the
congestion level at each notePacket grvice ratio is defined as

the ratio of average packetesvice rate (Rsl) and packet

scheduling ratechh) in each sensor nodéhat is

l"(l) = R: /Rsl:c‘h

)
Here, the packedervice rate RS" is the invere of packet ervice

timet;. The packet &vice time ti is the tine interval when a
packet arrives at the MAC layer and when it issuccesfully
transnitted towards the next hop.ti includes packet waiting
time, collision resolution, and packet transsion tine atMAC
layer. In equation 1, in order to obtaRyj, the average packet

service time, t; is calculated usingxponentialveightedmoving

average formula (EWA). By using EWMA, t; is updated each
time a packet is forwarded,as
th=@Q-w,)xt +w, xinst(t.) @)

where, jnst (t;ﬂ) is the instantaneous service déirof the packetthat

of the data packetfrom the queues and manages the queues has just beentransnited and W, is a constant where,

accordingto their priorities. This ensures the data with higher
priority to get higher service rate.

Intra Queue Priority: All the queues shown in Figure 2 are
priority queuesPriority queuesare used for giving the route data
more priority than originating da. The reason behirtHisis that,
as route data have already traversed soopés),their losswould
caug more wasage of network remirces than thatof the
originating (i.e., source) data. Ham it would be better to forward
those as soon as possible after receiving fronthe inmediate
downstream node. We term thispeyof priority as Intra-Queue
priority. The clasifier can asign the priority between the route
data and originating data xamining the source address in the
packet header.
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O<w, <1l

The packet service ratio reflects the congest®rel at each
sensor node. When this ratio igual to 1, theschedulingrateis
equal to the forwarding rate (i.eaveragepacketservice rate).
When this ratio is greatehanl, the scheduling rate is less than
the average packeersice rate.Both of thes cagsindicate the
decreaseof the level of congestion. When it is less than 1, it
causes the queuing up of packets at the queueaBusdicates
link level collisions. Thus, the packservice ratio is an effective
measure to detect both node level and link level congestion.

4.2 Implicit Congestion Notification
PHTCCP uses implicit congésn notification. Each node

piggybacks its packet scheduling ratéjch; total nunier ofchild
nodes, C(f) ; numberof active child nodes at time 4,(C(7));
andthe weighted average queue length of its active child nodes in



its packet header. Becausf the broadcdsnature of wireles
channel, all the child nodes of nodeoverhear the congestion

notification information. Whenever the value ot(i) goes below

a certain threshold (depends oe #ipplication requirement), rate
adjustment procedure is triggered.

4.3 Rate Adjustment

PHTCCP uses hop-Hyop rate adustment which ensures that
heterogeneoudata reach to the bmstation at their degred rates
The output rate of a node is controlled dnjustingthe scheduling

rate,R' .. We have sated earlier that the infomtion of packet

sch *
serviceratio for congestion detection is pigggcked in the packet
header along with other parameters. Each nodedates its
scheduling rate if this ratio goes below thessholdor if thereis

any changein the scheduling rate of its parent node. The initial

init

scheduling rate is set t,,, .

Table 1. Bagc Notations used in the paper

R, Scheduling rate of node 7
R;r Originating rate of node 7
R?, Scheduling rate of the parent of node 7
A4,(C(p,) Total number of active child nodes of the
! i parent of node 7at time ¢
Total number of child nodes of the parent
C(p, P
(17, ) of node 7
E (l ) Excess link capacity at time ¢
; ® Weight factor for node 7at time ¢
o Priority for the jth queue of node i, where,
/ j=12,..n
q Current queue length for jth queue of node
J 1, where, j=1,2,..,n
Weighted average queue length of node 7at
avg! () timegr . ’
N Number of queues in node 1

Before presenting the ratejustnent algorithm we present the
notations and their illugrations in Table 1. The entire rate
adjustnent algorithmis shown in Figure 4.Fe algorithm works as
follows:

Each nodei measures its scheduling rate bgalling the
Calculate_Scheduling Rate() method. In this nethod, at firsteach
nodei calculates its packet servicatio. When this ratio is equd
to 1, it meansthat the inconmg rae of packetsto the MAC layer
is equal to the average packet seeviate (that ithe rate at wich
packets are forarded fromthe MAC layer). Thisis the ideal cas
so that no congestion (node level or link levetcurs.In this

case, the scheduling rate of R!, remeins unchanged.R’,

remains unchanged as long as fhecket service ratidoesn’'tgo
below the specified threshold. Ifact, when the packet service
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ratio (r(i)) is less tharhe specifiedthreshold value (sagoted

by u), it indicatesthat theschedulingrate of packets is larger than
the average packet service rateslicha case, packetsould be
queuing up at the MAC lay buffer and night cause buffer
overflow indicating conggion. To control congestion, in this
ca®, the sheduling rate igest (i.e., decreased) to thalue of
packet service rate.

When 7(i) reachesbove 1, it indicatethat the packet service
rate isgreater than theckeduling rate. In thisas, the scheduling
rate is increased usg the equation,Rs’:ch= yij *RS". Here the

value off is chosen to a valuemaller than but close to 1. In our
protocol, it is set to 0.75.

sch

Parent

R, 14 RY, 14 R 14 RY, 14

@)

Parent

(b)
Figure 3. Any of the chld nodesis termed asi, and the grey
colored node is the parent of i, (a) All child nodes are active
(black colored nodes) (b) Two child nodes are idle (white).

After determining the desired scheduling rate, eacde i
adjusts itoown scheduling rate acating to the scheduling rate of
its parentnode. This is done awnically by calling the nethod
Dyn_Rate Adj().

The rate adjustemt depends on two cases:

When node i deternines that all the child nodes of its parent
(including itself) are active at tien¢ (in Figure 3(a),
A, (C(p,))=C(p,)). then nodei makes adjusment in its
scheduling rate. In thisase.eachnode I sets its scheduling rate
equal to ]/C(pl,)th of its parent’s scheduling rate. Figure

3(a),if the scheduling rate of the parent nodeRS, , each child

Sch’

node has the scheduling ra ih /4. This ensres that the

total schedulingate of all the child nodes is not greater than the
scheduling rate of their parent node.



Algorithm: Rate Adjustment

Input: Each node 1i;

Output: Scheduling rateRi Originating rateR’

ch '

Initialization()

Rsich = r;:}:[ i I"(l) =1;

Calculate Scheduling Rate( R;'Ch /R

s

r(i)=R' IR’

sch
1t r(()<p then R ,- R Ena 1t

1t 7(i)>1 then R,- f*R' &Ena 1f
return RS"M

Dyn_Rate Adj (R[4, (C(p,)).C(p) E())

sch ¥ 47t
1t A4,(C(p,))=C(p,) then R(, =R, 1C(p,)
End If
£ 4,(C(p,))<C(p,) then R, =R, +¢,()E()
End If

Calc_ExcessLinkCapacity (R”, , 4,(C(p,)),C(p,))

sch

C(p) 4,(C(p:)
n=1 n=1

return E(l)

Calc_NodeWeightFactor ( (ZI/ ,q; , At (C(pl )) )

N . .
> xd,

av q t :jzli
g/ (1) I
avg!(t)
— B e 4,(C(p))
0,()=1 D avg!()
ie4,(C(p;))
0 otherwise

return g, (t)

Calculate SourceRate(R'  a,)

Ri _ R.::ch (t) * ai

or

a,+a,+ta,

i
return Ror

Figure 4. Rate Adjustment Algorithm.

When nodei deternines thatsome of the child nodes of its
parent (i.e., its  dblings are idle that is
when 4, (C(p,)) < C(p,). it again adjuss its scheduling rate.
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To achieve higher link utilization btaking advantage of exces
link capacity FE(f) is distributed to the active child nodes

according to their wight factor ¢, () at aparticulartime 7.
o, (t)is deternined dynamically using the

Calc_NodeWeightFactor() method. Herethe weight factor of the
node depends on its weighted average queue lengtheat tim

The weighted averagequeue length is calculated hysing the

formula,
N . .
1 1
Z a;xq;

avg!(t) = FlT (3)

Here Otj. is thepriority and q}'_ is the length for queygat time ¢.

The weight ¢, (¢) reflects howthe excess link capacitg to be
allocated arang the active nodes and is natized such that,

PHAGES! @
ied, (C(p;))
The excess link capacitis measured byusing theprocedure
Calc_ExcessLinkCapacity(). It can be calculated just by
subtractinghetotal schedulingate of active child nodes frothe
total scheduling rate of all the child nodes.

After calculating the scheduling rate, each n@deupdates their

originating  rate ﬁ;r) according to the msthod

Calculate_SourceRate(). The originating rate dependsn the
scheduling rate asell as on the priorityfor eachtype of data
assigned by the base station.

5. TRAFFIC PRIORITY BASED MAC
PROTOCOL

It is highly desirable in the seos network environrant that the
MAC protocol operatewithout anycentralized controlThus,our
MAC protocol is nainly baseél on distributed CSMAwith
RTSCTS collision avoidance folloimg the strategy of DCF
(Distributed Coordination @mnction) node of 802.11. The
prioritization of traffic can be achieved by differentiating inter-
frame-spacing (IFS) and back-offiechanisrs. The basic idea is
to assignshort IFS and back-off to the higher prioriraffic so
that theycan accesthe channeleatier than lover priority traffic
[15] [16]. Hence,we adopt IEEE 802.11e [1§jrioritization with
sorre minor changes. The prioritfor each queué mappedto
one MAC priority class. Hnce, each queue has differents
(Arbitration Inter Frare Space), CWContentionWindow), and
PF (Persistence Factor) value accaglto its priority This way,
we can ninimize the inter-node prioritinversion such that higher
priority packet in one node is not likely to be blocked bgveer
priority packet in another node.

6. PERFORMANCE ANALYSIS AND
SIMULATION

We have performed extensive simlation to evaluate the
performance of PHTCCP in ns-2 [1L4We have deterined a
feasible threshold value of paclgsrvice ratio (pndfound that



the proposed protocol amtainsa moderate queue length to avoid
buffer overflow. W& have also studied the application priority
based throughput, bandwidth utilizati and energefficiency of
our proposed protocol.

The smulation sttings for evaluating PITCCP were asfollows:
100 sensors were randbnteployed in 100 x106x’ sensor field.
Thetransnissionrangeof each sensor & set to 30 mMaximum
communication channel bit rate was 28ps. Each packet size
was set to 33 higs. The controbacket sizg(RTS CTS, and
ACK) was set to 3 hgs. Theweight used in the exponential
weighted moving average calculation of packet service dim
(equation 2) was set 1@.1. We considered three sensing units
(e.g., temperature,seisnic, and acoustic) ounted on the single
radio board for each node in which fegmature flow issetthe
highest priorityvalued as 3; saisic reading is given the priority
value 2, and the acoustic as Each queue size wagtto hold
maximum 10 packets.That s, the total queue length for a node
was 30 packets (10 packets for each quetlikjough out the
simulation, we used a fixed workbm that consists of 10 sources
and 1 sink. The initial originating rate \&s 4 pps (packetsper
second) and eximum originating rate waimited to 16 pps. V¢
have comared our protocol with CCF[9sit also performs the
distributed rateadjustnent of the child nodes based on the
parent’s transmsion rate. Here, we have used the tbufierand
gueue interchangeably

The IEEE 802.11e MC protocol prowiled in ns-2 [17kimulator

was used in our siation. As a routing protocol Directed
Diffusion [18] was used. The msulation was perforred for 60

seconds.

—m=—4 pps
—e—8 pps
—A—16 pps
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Figure 5. Percetiage of packet drops versus packet srvice
ratio for different origin ating ratesto determine the threshold
value of p.

Figure 5 denonstrates how to detmine the threshold of packet
service ratio. It shows thpercentage of buffer packet drops
(irrespectiveof the traffic type) for different packet service ratios
considering different packet origitingrates. It's noticeable from
the figure that the increase in tfaio reduces the percentages of
packet drops. For different packet originating rajgs ¢ packet
per second), the buffer packet drpprcentagegradually goes
below and reaches to an aish stable state (about 2%hen the
packet service ratio bec@n0.5.This is a tolerable value before
notifying anycongestion. Hence, weet the value of thiareshold
(u) to 0.5.
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Figure 6 illusrates the inpact of packetservice ratio over
weighted average queue Iengthvgl.q (#) at the node closest to

the sink. It shows that theveighted average queue length
increases because of the increasgaifket service ratiorhis is
because, increase in packet g@vratio speeds up theacket
servicerate. In such case, schdidg rate should be increased in
such a way that it doesn’'t cause abuffer overflow [As
increasing the scheduling raite the parent node also increases
the scheduling rate of the child node throughnDRate Adj()
method]. By setting the valueof g to 0.75, a raderate queue
length could be ®intained. W& have run the simation for 60
seconds andneasured the weighted average queue length over
time as shown in the Figure 7This figure shows that the
maximum weighted averagequeue length reaches to 9 packets
and on an average it sg&jn betveen 3to 5 packets throughout
the simulation period. This indicatesthat RHTCCP maintains
moderate queue length to avoid overflow.

1

=18

8h

Weighted Average Queue Length

1 2 3 4 5 B
Packet Service Ratio

Figure 6. Weighted Average queue length for different packet
service ratio at the node near the snk.

Weighted Average Queue Length

i 10 20 a0 40 50 0
Simulation Time (seconds)

Figure 7. Weighted Average quee length over time at the
node near the sink reflecting the moder ate queue length.

We have analged the maximum memory requirenents basedon
the queue sizesnd nunber of sensing units considered onboard.
The Figure 8 shows the maximum memory requirenents for
different packetsizes (considerin@9 byte, 33 bye, 41 bye, and
64 byte packets). The emory requirenents canbe calculatedoy
using the following equations:

M, =Nxp, xgq,



where, 2 is the packet length)N is the total nurber of queues, a_nd ac_oustic _packets were the loweshimrber throughoutthe
simulation period.
and g, is the size of each queue.sAve have considered three

gueues in total and each queue cantain naximum 10 packets,

the memory requirenents are870, 990, 1230, and 1920tbyg for a0 | 5T [emperare
packetsizes29, 33, 41, and 64 lbgsregectively. Thus it fiows 3504 | —A— Acoustic I
that for packet size of 64 byteshich is long enough for a sensor s00.] /-/"'/'
network application, the emory requirenent is less than 2 KB. § /
Hence, if a sensor ote hasat least 4KB (4096 Btes) onboard &8 250+ L
memory, the maximum memory occupancywould be less than g 200 .H'/ oo
50%andon an average it is less than 30% which proves that our 2. i N aatad
protocol could well be supportedith current specifications of g ] - /o/ofo'o
‘G O
motes. g 100 /C.;;rorozo‘o/ Lk AAAAAA
E 50+ }3/ AAAAA/AA
é }3/ /AA,AAAA
ﬁ e 0 aauﬁliii*
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2 station over time.
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Energy Efficiency

Figure9 shows the remory requirenents for different number of
queuesconsdering 33 byte packets It illustratesthat with 33 05} 1
bytes of packet size, evenwie have similtaneously5 different
sensing units (i.e., 5 differemjueues), the protocol has 41% % 5% i i = = 5
memory occupancyif the note has at least 4 KB onboard Simulation Time (seconds)

memory. Whenthe number of queues is 3, the occuparisyabout Figure 12. Normalized system thr oughput ove time.
25% of total available onboardemory.

Figure 11 corpares the noralized system throughputbetween
Figure 10 shows the nuoar of differentypesof packetgeceived PHTCCPandCCF [9]. The sptembandwdth is normelized to 1.
by the basestationover time. As per the prioritygiven to the  Within the time between 30 to S@condssone nodes are set as
diversedata,the nunber of packet received i.e. the sink received idle. In that interval PHTCCRchieves highesystemthroughput
highest nurber of tenperature packets and then sdismpackets
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than CCFsince it allocateshe excess link capacityo the active
nodes.

In our simulation we define energfficiencyas:

T

RH
WhereT is the nunier of bytestransnitted in the vinole network
during a period of tim, R is the nurber of data bies received by
the base station during the satime andH is the average numer
of hops a delivered packetavels. A smaller value indicates
better efficiency. This neasurerant includes the actual
transmission of data, the energyaste due to colli®on, and the
energywaste due to packet drops.

Figure 12 corpares the energgfficiencies in three cases: &
Congestion Control, CCF, and PECP. The figureshowsthat
CCFand MHTCCPachieve rach better energegfficiencythanno
congestioncontrol becauseof lower packet drop rate. gain
PHTCCP perform better than CCF.

7. CONCLUSION AND FUTURE WORKS

In this paper, whavepresentd PHTCCP, an efficient congestion

control mechanism for heterogeneous data originated from

multipurpose sensor nodes. éVhave deranstrated through
simulation resits and analgis that FHTCCP achievesi) desred

[6] lyer, Y.G., Gandhant., aad Venkatesan, S. STCP: A
Generic Transport Lay Probcol for Wreless Sensor
Networks. InProceedings of IEEE ICCCN 2005, San Diego,
CA, 17-19 Oct., 2005, 449- 454,

[7] Wan, C-Y., Eienman, S B., and Gnpbell, A T. CODA
Congestion Detection and Avoide in Sensor Networks. In
Proceedings of ACM SenSys, 5-7 Nov. 2003, 266-279.

[8] Hull, B., Jamieson, K., and Balakrisnan, H Mitigating
Congestion in Weless Sensor Networks. Rroceedings of
ACM SenSys, 3-5 Novenber 2004, 134-147.

[9] Ee, C.T. and BajcsyR. Congstion Control and Fairness for
Many-to-One Routing in Sensor Networks.Rroceedings
of the ACM SenSys, 3-5 Novener 2004, 148-161.

Wan, C-Y., Eienman, S B., Canpbell, A T., and
Crowcroft, J. Overload Traffic Managent for Sensor
Networks. ACM Transactions on Sensor Networks Vol. 3,
No. 4, Article 18, October 2007.

[11] Wang, C, Li, B, Sohraby K., Danesimand, M, and Hj, Y.
UpstreamCongestion Control in Weless Sensor Networks
Through Cross-Lagr Optimization./EEE Journal on
Selected Areas in Communications, Vol. 25, No. 4, May
2007, 786-795.

(10]

throughput for diverse data according to the priority specified by [12] Gu L., Ja, D,, Vicaire, P, Yan, T, Luo, L., Tirunala, A.,

the bas dation, ii) high link utilization, iii) moderate queue
length to reduce packet loss, i8latively low packet droprate.
Therefore PITCCPis energyefficient and provideslower delay:.

It is alo feagble in terns of memory requirenents consdering
the configurationsof todays multi-purpose notes As our future
work, we would like to work on integrating end-to-end reliability
mechanismand inproving fairness for PHTCCP.
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