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Abstract—The use of wireless sensor networks for gathering readings changing rapidly or exceeding user-specified thresh-
environmental and safety-critical data in real time is increasing olds. Though CSMA-based protocols can report increasing

at a rapid rate. Some of the main criteria in designing sensor amqnt of data in theory, increased contention for the wireless

network architectures are energy-efficiency, self-management and di . I t of th twork leads to | d
self-healing. However, most protocols for data gathering and medium 1n-a small part o € network leads 1o Increase

routing in sensor networks implicitly assume a regular rate of Message collisions and retransmissions.

data gathering by individual nodes. While this is sufficient for Recently, researches are employing TDMA-based protocols
sensing parameters that change slowly over time, individual nodes to achieve collision-free communication [3]. TDMA-based
in a small part of a network may need to increase the rate of data ygt0cols separate nodes in time, which means that nodes
gathering considerably for reporting important data in real-time. . . . . .

Though CSMA protocols can report increasing amount of data in &€ Only active (transmit or receive) during their scheduled
theory, increased contention for the wireless medium in a small Slots. The main challenge of this scheme is to allow nodes
part of the network usually results in increased message collision to adjust their schedule according to their current sensing
and retransmission. In this paper, we present a novel TDMA requirement. TRAMA [4] is an example of a TDMA-based
protocol for transferring time slots from one part of the network protocol that allows nodes to adjust their schedule according

to another part to support non-uniform and reactive sensing in ) . . . .
different parts of a network. We discuss the design of this protocol to traffic conditions through regular neighborhood information

and show that it performs much better compared to CSMA €xchange. If a node has few packets to send, it may release
protocols both in terms of energy-efficiency and supporting non- its slot for the remainder of the frame to other nodes that

uniform sensing. have many packets to send. This scheme results in a high
bandwidth utilization, however TRAMA does so at the ex-
pense of high latency and high algorithmic complexity [3].
Wireless sensor networks (WSNs) consist of a large numidairthermore, Miller and Vaidya [5] propose a two-radio based
of sensor nodes equipped with one or more sensing units tMAC protocol to allow senders to wake receivers using a
are used to gather information in diverse settings including natcond low power radio if a specified number of packets are
ural ecosystems, battlefields, and man made environments fijffered. Neither of these protocols support rescheduling based
These sensor nodes work under severe resource constrant®iodes’ current sensing requirements.
such as limited battery power, computing power, memory, In this paper, we propose systematic resource transfer
wireless bandwidth, and communication capability. Therefor(GRT) method that allows time slots (resources) from one
every activity in wireless sensor networks must be run ebart of the network to be transferred to another part. This
ficiently without consuming too many resources. Typicallallows non-uniform and reactive sensing in different parts of
sensor nodes are deployed in remote and harsh conditions anaetwork. We use a novel TDMA-protocol called Flexible-
so they need to be able to self-configure in the event of failureshedule-based MAC (FlexiMAC) [6], to support resource
without prior knowledge of the network topology, and ideallytransfer among nodes in the network. FlexiMAC schedules
to self-manage without human interventions. node communication and continuously and efficiently collects
Most protocols designed for data gathering and routing and disseminates data, to and from sensor nodes in a data
WSNs implicitly assume a regular rate of data gathering lgathering tree. The problem of systematic resource transfer
individual sensor nodes. While this is sufficient for sensinig interesting by itself and is an important property for most
parameters that change slowly over time, individual nodes WISN applications. To the best of our knowledge, this problem
a small part of a network may need to increase the rate ltds never been investigated before.
data gathering considerably for reporting important data in There are three main contributions of our SRT method. First,
real-time. For example, in structural monitoring applications, can reconfigure the traffic patterns of sub-networks in the
sensor nodes are deployed to monitor vibration (e.g., wind anetwork based on the analysis of sensor data by enabling
earthquakes) that could damage the structure of a building [@].node to get extra slots from other nodes in the network.
It is critical for sensor nodes to send their data more often Thhe requesting node can specify the number of extra slots
the base station when they detect event triggers such as sensquired in a data gathering cycle and specify or change how
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long these extra slots will be required for. Second, when the
SRT method is used with FlexiMAC, FlexiMAC scheduling -
and routing scheme ensures slots are systematically transferred
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(decentralized) scheme, sensor nodes can autonomously per-
form the chal SRT function based on their local neighborho 19. 1. Nodes’ schedule in the data gathering tree. RSL of a node overlaps
state. Whilst, the central scheme enables the central manag%arTSL of the node’s children.
(base station) to actively perform the central SRT function
based on global states of the network. The main advantage
of the centralized scheme is that the central manager danal time synchronization and is utilized for resource transfer.
distribute loads among sensor nodes to prolong the lifetinfe MFS, each parent node in the network synchronizes its
of the network by determining which sub-networks need momhildren. This regular time synchronization scheme ensures
slots than other sub-networks. For example, if data reporttdt nodes’ TSL match with their parent's RSL. Thus, when
by nodes in certain parts of the network are stable overtle®e sender wants to transmit it is guaranteed that the intended
period of time, the central manager can reconfigure the trafficeiver(s) are awake and listening.
pattern of the network to conserve node energy. DependingFlexiMAC uses a depth-first-search token passing mecha-
on the application management policy, the central managasm for nodes to build their data gathering schedule. When
may decide to shut down that sub-network completely, i.ea,node holds the token, it can claim a slot if the slot is not
nodes in that sub-network are relieved of sensing task aligied in its RSL, TSL, andConflict Slot List(CSL). The slot
do not send their data to the base station for a period of tingelection phase always starts from slot number 2. In Figure 1,
Alternatively, the central manager may allow that sub-networiode A claimed and listed slot number 2 in its TSL. Node
to sense and send data to the base station less frequedtlyhen broadcasted the slot information to its pareB§) (
or transfer slots from that sub-network to other parts of trand neighbors. Nodé's neighbors are any node within its
network. Thus, central SRT provides the potential for bettepmmunication range, which are no@S B, and E. Since
monitoring, control, and management of sensor networks. BSis the intended receiver dk's transmission, BS listed the
In the remainder of this paper, we briefly describe thglot in its RSL, whileB and E listed the slot in their CSL.
FlexiMAC protocol in Section 1l. We then describe the locaf\gain, BS B, andE broadcasted the slot information to their
and central SRT function in Section Il and IV respectivelyneighbors and henc€ and D also listed slot number 2 in
In Section V, we show that the SRT method performs mudheir CSL. In this way, a slot claimed by a node is informed
better than CSMA protocols both in terms of energy-efficiendp neighbors that are within twice of the node’s communication
and supporting non-uniform sensing. Finally, conclusions afange. Since FlexiMAC prevents nodes that are potentially
drawn in Section VI. within the interference range of each other to claim the same
slot, collision-free traffic can be guaranteed. Note that node
Il. FLEXIMAC E can reuse slot number 6 because this slot does not appear
The SRT method can be added to any TDMA-based pro+ E's CSL. Thus, in slot number 6, both nofleand E send
tocol that allows nodes to build, modify, or extend theitheir packets to their parents, whilzandBSexpect to receive
scheduled number of slots during execution. In this papér,packet from their respective children in that slot. After all
we use the FlexiMAC protocol as a base for SRT. The mairodes in the network built their data gathering schedule, they
feature of the FlexiMAC protocol is its synchronized and loosgaimed their MFS.
slot structure. Nodes can claim or remove a slot based on
the current information in their lookup table (see Figure 1)
without exchanging information with any other nodes in the The human manager can define thresholds on sensor nodes
network prior to modifying their schedules. The schedule onthat are used as event triggers and specify management tasks
represents a list of slots when a node should be active andiede executed when the events occur. Throughout this paper,
the slots are not contiguous in time (discrete). we will describe the SRT method using the following terms:
In FlexiMAC, slot number 1 is dedicated fault Tolerant- self-reporting nodeefers to a sensor node that detects an event
Listening Slo{FTS) that is simply a short CSMA period wherdrigger and requests for extra slots, ardource-supplier node
all nodes in the network are in listen mode. This featurefers to a node whose sensor data do not change much and
allows nodes to adjust themselves according to their locallows the temporary use of its slots by a self-reporting node.
neighborhood state. Nodes switch to the receive mode forln the decentralized scheme, a sensor node becomes a self-
their scheduledreceive Slot Lis{RSL), transmit mode for reporting node upon the occurrence of externally triggered
scheduledTransmit Slot List(TSL), or else they switch to events. It then initiates information exchange to try to get
the sleep mode. A Multi-Function Slot (MFS) is used foextra slots from nodes in its neighborhood through executing
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the local SRT function. A neighboring node is a prospective
resource-supplier node if it is not a self-reporting node and
it has not lent its slots to a self-reporting node. A resource-
supplier node only lends its data gathering slots not its MFS.
The rationale behind it is to keep nodes in the network
synchronized at all times, and to allow the human manager to
access (query) the nodes even if their data gathering schedule
are shut down or borrowed by other nodes. Note that a self- @ (b)

reporting node uses a resource-supplier node’s schedule only o AN sz Mltipelink

for a specified length of time. They then simply resume to

their previous schedule once this time expires. Fig. 2. (a) Four self-reporting nodes in the netwdBkF, G, andH need to

Figure 2 (a) shows that nod® F, G, andH sense a sensorfind a resource-supplier node. (b) After they execute the local SRT function,
reading that exceeds the user-defined threshold. These ndi&sandH manage to get extra slots from the resource-supplier @d&

. K respectively. ThusB andF use their existing path, artd uses multiple
then become self-reporting nodes that request for one extra g& s, to send their data to the base station more frequently. WajlEtand
in a data gathering cycle from nodes in their neighborhook,shut down their schedule temporarily.
in order to report their readings to the base station more
frequently. The main task of the local SRT function is to
find and select a resource-supplier node. Three techniquedniierms the self-reporting node that the extra slot is available,
finding a prospective resource-supplier node are to get ex@d also informs the selected resource-supplier node to shut
slots from: down its data gathering schedule temporarily. For example,
Figure 2 (a) shows that node is unable to use its children’
data gathering slots (node and H) because they are also
self-reporting nodes. NodE then requests extra slots from
its parent, nodeD. Since nodeE is a prospective resource-

A self-reporting node first checks if it can get extra slotsupplier node, nodP allocatesE’s TSL slot toF. Thus, in the
from its sub-network. It checks if any of its children anchext data gathering cycle, the self-reporting nédeses the
descendants can be a prospective resource-supplier node.réssurce-supplier nod€'s data gathering schedule in addition
example, in Figure 2 (a), the self-reporting noBewaits to its own schedule.
for its children and descendants to send their packets to itif none of children or descendants of the self-reporting
during their scheduled data gathering slots. The children andde’s parent can lend their data gathering slots, the self-
descendants are prospective resource-supplier nodes if theyefsbrting node waits for the FTS to send its extra slot request.
not piggyback an extra slot request or a notification that thais technique allows the self-reporting node to try to get
have become a resource-supplier node for other self-reportigra slots from its neighboring sub-networks. In FTS, a
nodes. The self-reporting node then selects the immedigtsf-reporting node broadcasts SRTsignal indicating that
available slot and claims the resource-supplier node's datarequires extra slots. A neighboring node replies to the
gathering slots. In the example, no@ethe only child of the SRTsignal only if it has any child or descendant that is
self-reporting nodeB, can lend its resources . In MFS, eligible to become a resource-supplier node and so the self-
the self-reporting nod® then informs the selected resourcereporting node can use that node’s child or descendant’s data
supplier nodeC to shut down its schedule temporarilygathering slots to send data to the node. Following the previous
Since the self-reporting node is one of the resource-suppliegigample shown in Figure 2 (a), no@&andH are unable to
routers, in the next data gathering cycle, the self-reporting noget a resource-supplier node during the data gathering period.
just claims the resource-supplier's data gathering slot thatlis FTS, nodeH receives a reply from nodd that it can
already listed in its TSL table, i.e., the transmit slot that igse nodeK's data gathering slots (nodks child) and soH
originally used by nodeB to forward nodeC’s data is now can useK's slot to send its data td. After FTS finishes,J
used for sending its own data. Thus, this approach does irfbrms K and K’s routers to update their lookup table with
require extra communication slots to perform the local SRhe new schedule, by piggybacking the schedule update onto
function and hence reduces energy consumption. data gathering and MFS packets in the current data gathering

If none of the self-reporting node’s children or descendantgcle. In the next data gathering cycke uses multiple paths to
could become a resource-supplier node, the self-reportisgnd its data more frequently to the base station, Hegets
node tries to get extra slots from its parent’s sub-networkxtra slots for data gathering by using its resource-supplier
It piggybacks its extra slot request onto the data packet s@ide’s path in addition to its own path. These multiple paths
to its parent using one of its descendant’s data gathering slatee: 1) H-F-D-Base station and 2) H-J-1-Base station. The self-
The parent then checks if any of its children or descendameporting nodeG is unable to get any resource-supplier node
other than the self-reporting node can lend its slots. Agaiwjthin its communication range and so its extra slot request
the parent selects the immediate available resource-suppigepropagated up to the base station in the next data gathering
node for the self-reporting node. In MFS, the parent thaycle. This is where the central SRT function comes into place.

1) a self-reporting node’s sub-network,
2) a self reporting node’s parent’s sub-network, or
3) a self-reporting node’s neighbors’ sub-network.
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The central manager has an unlimited energy and so it|is
able to execute a wide-range of management functionalities
by regularly analyzing sensor readings reported by all nodes
in the network. For example, Figure 3 shows sensor readings
in the shaded sub-network change rapidly compared to the | Regiont Region 1 Region 2
rest of the network. This phenomenon cannot be detected @ ®)
locally as individual nodes have no global knowledge of the
network. The central SRT function is then executed to allocdtig- 3. (a) Sensor readings in the shaded Region 1 change rapidly in a period
extra slots for that needy sub-network and so nodes in (e, e supplyof i ot rom e e netuord = hoher har e
sub-network can send their data to the base station mesgdings in both shaded Region 1 and 2 change rapidly. The supply of extra
often. In the centralized scheme, the central manager perfonﬁw is less than demand of extra slots by self-reporting nodes in the Region
sensor data analysis, processing and resource allocation. Tl’]ufé‘,d 2.
the central SRT function is cost-free since it removes the

computation burden from energy-constrained sensor nOdﬁgdes is less than supply, any eligible resource-supplier node

The central SRT function consists of four main steps: resource supply their slots to each individual self-reporting node

demand, resc_)urce-supplier selec_tion, resource assignment, Q&:%rding to the above criteria. For example, Figure 3(a) shows
resource delivery. The steps will be illustrated through PHat any nodes other than self-reporting nodes in the shaded

example shown in Figure 3. Region 1 can lend their slots, e.g., nodelL, N, andO can

Resource_ demand The cent_ral manager demdes_: the extrigecome the resource-suppliers for the self-reporting nBdes
slots (let this number be) required by a self-reporting nodeE

. . . , G, andH respectively.
to send its data in a data gathering cycle based on manageme P y

olicy of a particular event. When a node asks for one extraP:tlgure 3 (b) shows an example where extra slots in the
policy P ) nefwork are limited such that demand is higher than sup-

%‘:té;ﬁ c(:)tfarl:]rzl Srgﬁ_r;ggiiﬂihoﬁ? d:’lssoroil'ltgfst?rr?gse ?ﬁg?ofpl) t. We propose three techniques to address this issue: data
porting ) : § gregation, round-robin cycle strategy, and combination of
number of data gathering slots required to meet the seff : .
) ) . - ata aggregation and round-robin cycle strategy. The data
reporting node’s request is equal domultiplied by the self- ’ .
. ; . aggregation technique can address the demand-supply problem
reporting node’s tree level (the number of hops required . s .
all srelf-reportlng nodes within a sub-network report similar
A values over a period of time. The nodes’ data can
hops away the self-reporting node is from it. For simplicity, e aggregated ms_tead of forwarding the nodes |n_d|V|duaI
O:%ta, hence reducing the number of extra slots required. For

each self-reporting node in Figure 3 requires one extra s ) . I
in a data gathering cycle. But in general, each self—reportir?é(ample’ the self-reporting nodg G, andH in Figure 3(b)

node may ask for more extra slots. Thus, the number of ex{raoorted similar data values in the past three data gathering

. . - . cycles because their locations are within proximity of each
slots required by self-reporting nodes in Figure 3(a) is equ

. ) other. The central manager then allocates fewer extra slots to
to nine slots: one slot fob, two slots forE, three slots for

G, and three slots foH. these npdes by al'lowmg node to aggregate t.hese'nodes
. . data prior to sending them. Instead of allocating nine extra
Resource-supplier selection The central manager deter-

. : . slgts, only five extra slots are assigned to these nodes: one
mines which nodes are eligible to supply extra slots requestsq t each forH and G to send data tdE. one slot forE to
by a gelf-reportmg node_, and determines how many reSOUr®nd the aggregated data of its children and its own data to
supplier nodes are required to meet the demand. The resoufce.

. ; ) . . one slot forD to forward the aggregated data received
supplier node’s ordering of selection criteria are as foIIow:s:from E to the base station and one slot ®rto send its

1) Path sharing The resource-supplier node shares thgyn data to the base station. In the round-robin strategy, self-
same path as the self-reporting node and so someyghorting nodes may share the same extra slots and use them
the self-reporting node’s routers may not need to rebuilghernately in alternate data gathering cycles. For example,
their schedule. self-reporting nodes in the shaded Region 1 can use extra slots

2) Same tree leveThe resource-supplier node has the samg the immediate data gathering cycle after receiving them in
tree-level as the self-reporting node. the current cycle, then wait for one cycle before using the

3) Higher tree level The resource-supplier node has @xtra slots again. Consequently, when self-reporting nodes in
higher tree-level than the self-reporting node. the shaded Region 2 receive the extra slots in the current cycle,

4) Lower tree level The resource-supplier node has ghey need to wait for one more data gathering cycle prior to
lower-tree level than the self-reporting node. Thus, MO{Ring the extra slots.
resource-supplier nodes are required to meet the selfResource assignment The central manager is responsible
reporting node’s demand. for ensuring that the supplied slots do not conflict with the

In the case where the total demand of all self-reportirgchedule of self-reporting nodes and their routers (parents

knows the network connectivity, it can determine how ma



and ancestors). This approach avoids schedule duplicatmopagated to intended nodes, not all nodes in the whole
and collisions by simply checking whether the supplied extreetwork. Thus, the central SRT function allows the network to
slots exist in the tables (RSL, TSL, and CSL) of a selfreconfigure its traffic pattern within one data gathering cycle
reporting node and its routers. The central manager performsan energy-efficient manner, i.e., in a data gathering cycle,
this function by coupling node schedule information witlthe self-reporting nodes can get extra slots and the resource-
node neighborhood information and so the central manageipplier nodes are informed to shut down their data gathering
can construct the RSL, TSL, and CSL table of nodes in tlsehedule. After the timer for borrowing or releasing extra slots
network. For example, in Figure 3(a), the resource-suppliexpires, the self-reporting nodes and their routers remove extra
node C can lend its schedule to the self-reporting ndéle slots from their tables, while the resource-supplier nodes and
Say, nodeC’s data gathering schedule is slot number 5, @heir routers resume their previous schedule. Note that the
and 7. Since nod€ has a higher tree level thadf only two central manager can extend the timer before the timer expires
slots of C is given toE that are slots 5 and 6. The centraby simply propagating timer extension information in MFS.
manager checks whether slot number 5 i€is tables. Since
E is one ofC’'s neighbors,C's TSL is recorded irE's CSL. V. SIMULATION RESULTS
However, nowE can use slot number 5 becauSehas given  We have developed a C# simulator to model the behavior
up its schedule, i.eC will no longer be transmitting data of FlexiMAC data gathering sensor networks and simulate the
during that slot for a specified period. Again the same sI&RT method. All of the simulation results are based on the
checking is performed at each of the self-reporting nodeasean value of 50 different network topologies involving 200
routers. Thus, the next slot checking is performed on nodedes with a default transmission radius of 30 meters (m),
D (E's parent) andB (C's parent). If a resource-supplier noddocated randomly in a network area of 300 m x 300 m. The
shares the same path as the self-reporting node, a slot checkiogtion of the base station was fixed at the top-center of the
is only performed on uncommon paths. In Figure 3(a), theetwork map. The base station was programmed to find at least
resource-supplier node and the self-reporting node shares three children in order to spread energy dissipation among
the same path at nod® andE. NodeH can simply usé=’'s nodes. In all experiments, the self-reporting node is restricted
existing data gathering schedule that is already listed at th&irask for one extra slot in a data gathering cycle. Though,
common routers. Furthermore, in the case where a numbettlid SRT method allows a self-reporting node to ask for more
resource-supplier nodes is required for a single reporting noéfra slots.
the central manager first filters and sorts extra slots providedn the first experiment, we gradually generated sensor data
by the resource-supplier nodes in an increasing order, and théth value exceeding the user threshold in some nodes in
the similar slot checking process is executed. a network. We started with introducing the event-triggered
Resource delivery- In MFS, the central manager prop-sensor data to 10 nodes and then gradually introduced it
agates the extra slots allocated to self-reporting nodes andup to 70 nodes in a network. This experiment is used
the information on how long these reporting nodes can use measure the performance of local SRT and pure CSMA
those extra slots. Thus, the systematic resource transfer paakeerms of energy efficiency and capability to support non-
is piggybacked on the MFS packet. The systematic resourt@form sensing. In our simulations, we compare local SRT
transfer packet contains a list of extra slots, a list of seléonfigured with FTS (CSMA period) equal to one second to
reporting nodes that should update their schedules with there CSMA configured with acknowledgement scheme and
allocated extra slots, a list of resource-supplier nodes tratrandom backoff of 26 to 130 ms (equivalent to 1 to 5
should release their slots, and the timer for the extra sldiexiMAC slots) if the channel is busy. The period allowed
and temporarily released slots (in terms of the number fir all nodes in a network to try to send their data using pure
data gathering cycle). A node that receives the packet che€kSMA is equal to FlexiMAC data gathering cycle period for
whether its ID or any of its descendant’s ID is on the list athat particular network topology.
self-reporting nodes or resource-supplier nodes. If a node oMWe measured energy efficiency by calculating the total
a node’s descendant is on the list of self-reporting nodes, tin@nsmissions required by a self-reporting node to try to send
node updates its table with the allocated extra slot and sets itisedata. In pure CSMA, the total transmissions is equal to
timer for the extra slot. Whilst, if a node or a node’s descendathie number of transmissions and retransmissions made by a
is on the list of resource-supplier nodes, the node shuts doself-reporting node to try to send its data. In local SRT, if a
the corresponding released slot (i.e., the data gathering detf-reporting node gets extra slots from its sub-network, the
that belongs to the node or the node’s descendant), and aismber of transmission is one, which is for sending a packet
sets a timer for the temporarily released slots. The node theninform the selected resource-supplier. If a self-reporting
updates the systematic resource transfer packet by remouvigle gets extra slots from its parent’s sub-network, the total
the retrieved data from the packet prior to propagating thimimber of transmissions is two: one for sending an extra slot
packet to its children. If a node and a node’s descendantgégiuest to its parent and one for receiving extra slots from
not on the list, the node will drop the piggybacked systematihe parent. Furthermore, the total number of transmissions
resource transfer data and only propagate the MFS pack#t.a self-reporting node that tries to get extra slots from
In this way, the systematic resource transfer packet is ortg neighborhood sub-networks is equal to the number of
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transmissions and retransmissions during contention in the TABLE |
FTS. Figure 4 shows local SRT maintains a very low energy UNMET DEMAND VERSUS RAPID DATA CHANGE LOAD (NUMBER OF
overhead compared to pure CSMA across diverse demand. NODES WITH DEMAND).

In local SRT, self-reporting nodes always try to get extra
slots through FlexiMAC scheduled-communications before
resorting to CSMA in the FTS. Whilst, in pure CSMA, as ]
the demand increases, the contention increases and so reSGfsOr nodes perform the local systematic resource transfer
in high collision and retransmission. function based on their local neighborhood state. Upon the oc-
Figure 5 shows the percentage of unmet demand usify’ence of externally triggered events, a sensor node becomes
either pure CSMA or local SRT. As the demand increased Self-reporting node and initiates information exchange to try
pure CSMA performance in supporting non-uniform sensiﬁ& get extra slots from nodes in its neighborhood. The central
starts to deteriorate significantly, while local SRT still meet&'anager regularly analyzes sensor data reported by all sensor
around 90% of the demand. In pure CSMA, we calculated thedes and performs the central systematic resource transfer
percentage of self-reporting nodes in a network that are unaBfgction when it detects event triggers, providing the potential
to send their data within the given period, which is equal {9" Detter monitoring, control, and management of sensor
the FlexiMAC data gathering cycle period for that particula’Pet‘NorkS- Our Slmulatlo_n results confirm that local systematic
network. In local SRT, we calculated the percentage of seffSource transfer function performs better than pure CSMA
reporting nodes that are unable to get extra slots locally withifh {erms of energy efficiency and capability to support non-
a FlexiMAC data gathering cycle. Note that although a selfiniform sensing. In the_S|muIat|ons, a sglf—reportmg node only
reporting node fails to get extra slots locally, it may get th@Sks for one extra slot in a data gathering cycle. Clearly, pure
slots centrally through central SRT. CSMA will perform much worse if a self-reporting node asks
In the second experiment, we generated rapid data Chan&gsmore than one extra slot. Furthermore,_ central systematic
in 50 to 175 nodes in a network to measure the performarﬁ,’eéourCe trans_,fer performs well _under varying demand, due to
of central SRT. In the experiment, a parent and its children 1@ 2ggregation and round-robin allocation strategy whenever
a sub-network reported similar sensor data. This sub-netwdf}e deémand is higher than supply.
st'ate allows central SRT to utilize the data aggregation tech- REFERENCES
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