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ABSTRACT:

Fast data collection with the goal to minimize the
schedule length for aggregated converge cast has
been studied by us in, and also by others in, we ex-
perimentally investigated the impact of transmission
power control and multiple frequency channels on the
schedule length Our present work is different from the
above in that we evaluate transmission power control
under realistic settings and compute lower bounds on
the schedule length for tree networks with algorithms
to achieve these bounds. We also compare the efficien-
cy of different channel assignment methods and inter-
ference models, and propose schemes for construct-
ing specific routing tree topologies that enhance the
data collection rate for both aggregated and raw-data
converge cast.

1. INTRODUCTION:

Converge cast, namely the collection of data from a set
of sensors toward a common sink over a tree based
routing topology, is a fundamental operation in wire-
less sensor networks (WSN). In many applications, it is
crucial to provide a guarantee on the delivery time as
well as increase the rate of such data collection. For in-
stance, in safety and mission-critical applications where
sensor nodes are deployed to detect oil/gas leak or
structural damage, the actuators and controllers need
to receive data from all the sensors within a specific
deadline, failure of which might lead to unpredictable
and catastrophic events. This falls under the category
of one-shot data collection. On the other hand, applica-
tions such as permafrost monitoring require periodic
and fast data delivery over long periods of time, which
falls under the category of continuous data collection.
In this paper, we consider such applications and focus
on the following fundamental question: “How fast can
data be streamed from a set of sensors to a sink over a
tree based topology” In this paper study two types of
data collection:
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(i) aggregated converge cast where packets are ag-
gregated at each hop, and (ii) raw-data converge cast
where packets are individually relayed toward the sink.
Aggregated con-verge cast is applicable when a strong
spatial correlation exists in the data, or the goal is to
collect summarized information such as the maximum
sensor reading. Raw data converge cast, on the other
hand, is applicable when every sensorreading is equally
important, or the correlation is minimal. We study ag-
gregated converge cast in the context of continuous
data collection, and raw data converge cast for one-
shot data collection. These two types correspond to
two extreme cases of data collection.

In an earlier work, the problem of applying different
aggregation factors, i.e., data compression factors,
was studied, and the latency of data collection was
shown to be within the performance bounds of the
two extreme cases of no data compression (raw-data
converge cast) and full data compression (aggregated
converge cast). For periodic traffic, it is well known that
contention free medium access control (MAC) proto-
cols such as TDMA (Time Division Multiple Access) are
better fit for fast data collection, since they can elimi-
nate collisions and retransmissions provide guarantee
on the completion time as opposed to contention-
based protocols. However, the problem of construct-
ing conflict free (interference-free) TDMA schedules
even under the simple graph-based interference model
has been proved to be NP-complete. In this work, con-
sider a TDMA framework and design polynomial-time
heuristics to minimize the schedule length for both
types of converge cast.

Fast data collection with the goal to minimize the
schedule length for aggregated converge cast has
been studied by us in, and also by others in, we ex-
perimentally investigated the impact of transmission
power control and multiple frequency channels on the
schedule length Our present work is different from the
above in that we evaluate
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transmission power control under realistic settings and
compute lower bounds on the schedule length for tree
networks with algorithms to achieve these bounds. We
also compare the efficiency of different channel assign-
ment methods and interference models, and propose
schemes for constructing specific routing tree topolo-
gies that enhance the data collection rate for both
aggregated and raw-data converge cast.We evaluate
transmission power control under realistic settings and
compute lower bounds on the schedule length for tree
networks with algorithms to achieve these bounds. We
also compare the efficiency of different channel assign-
ment methods and interference models, and propose
schemes for constructing specific routing tree topolo-
gies that enhance the data collection rate for both ag-
gregated and raw-data converge cast.

The use of orthogonal codes to eliminate interference
has been studied by Annamalai etal, where nodes are
assigned time slots from the bottom of the tree to the
b top such that a parent node does not transmit be-
fore it receives all the packets from its children. This
problem and the one addressed by Chen etal are for
one-shot raw-data converge cast. In this work, since
we construct degree-constrained routing topologies
to enhance the data collection rate, it may not always
lead to schedules that have low latency, because the
number of hops in a tree goes up as its degree goes
down.

Therefore if minimizing latency is also a requirement,
then further optimization, such as constructing bound-
ed-degree, bounded-diameter trees, is needed. A study
along this line with the objective to minimize the maxi-
mum latency is presented by Pan and Tseng, where
here assign a beacon period to each node in a Zigbee
network during which it can receive data from all its
children. For raw-data converge cast, Song etal. Pre-
sented a time-optimal, energy-efficient, packet sched-
uling algorithm with periodic traffic from all the nodes
to the sink. Once interference is eliminated, their algo-
rithm achieves the bound that are present here.

However, they briefly mention a 3-coloring channel as-
signment scheme, and it is not clear whether the chan-
nels are frequencies, codes, or any other method to
eliminate interference. Moreover, they assume a sim-
ple interference model where each node has a circular
transmission range and cumulative interference from
concurrent multiple senders is avoided.
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Different from their work, we consider multiple fre-
quencies and evaluate the performance of three differ-
ent channel assignment methods together with evalu-
ating the effects of transmission power control using
realistic interference and channel models, i.e., physical
interference model and overlapping channels and con-
sidering the impact of routing topologies. Song etal.
extended their work and proposed a TDMA based MAC
protocol for high data rate WSNs. Tree MAC considers
the differences in load at different levels of a routing
tree and assigns time slots according to the depth, i.e.
the hop count, of the nodes on the routing tree, such
that nodes closer to the sink are assigned more slots
than their children in order to mitigate congestion.
However, Tree MAC operates on a single channel and
achieves 1/3 of the maximum throughput similar to the
bounds presented by Gandham etal. Since the sink can
receive every 3 time slots.

The problem of minimizing the schedule length for
raw-data converge cast on single channel is shown to
be NP-complete on general graphs by Choi etal.Maxi-
mizing the throughput of converge cast by finding a
shortest-length, conflict-free schedule is studied by Lai
etal.where a greedy graph coloring strategy assigns
time slots to the senders and prevent interference.
They also discussed the impact of routing trees on the
schedule length and proposed a routing scheme called
disjoint strips to transmit data over different shortest
paths. However, since the sink remains as the bottle-
neck, sending data over different paths does not re-
duce the schedule length.

As we will show in this paper, the improvement due
to the routing structure comes from using capacitated
minimal spanning trees for raw-data converge cast,
where the number of nodes in a sub tree is no more
than half the total number of nodes in the remaining
sub trees. The use of multiple frequencies has been
studied extensively in both cellular and ad hoc net-
works, however in the domain of WSN, there exist a
few studies that utilize multiple channels. To this end,
here evaluate the efficiency of three particular schemes
that treat the channel assignment at different levels.

2. SYSTEM ANALYSIS SYSTEM:

a) Architecture:
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Existing work had the objective of minimizing the com-
pletion time of converge casts. However, none of the
previous work discussed the effect of multi-channel
scheduling together with the comparisons of different
channel assignment techniques and the impact of rout-
ing trees and none considered the problems of aggre-
gated and raw converge casts, which represent two
extreme cases of data collection.Fast data collection
with the goal to minimize the schedule length for ag-
gregated converge cast has been studied by us in, and
also by others in, we experimentally investigated the
impact of transmission power control and multiple fre-
quency channels on the schedule length Our present
work is different from the above in that we evaluate
transmission power control under realistic settings and
compute lower bounds on the schedule length for tree
networks with algorithms to achieve these bounds.

We also compare the efficiency of different channel as-
signment methods and interference models, and pro-
pose schemes for constructing specific routing tree to-
pologies that enhance the data collection rate for both
aggregated and raw-data converge cast. Advantage of
TMCP is that it is designed to support converge cast
traffic and does not require channel switching. Howev-
er, contention inside the branches is not resolved since
all the nodes on the same branch communicate on the
same channel.

B) Modeling And Problem Formulation:

In this model the multi-hop WSN as a graph G = (V, E),
where Vis the set of nodes, E={(i,]) | i,j V}is the set of
edges representing the wireless links.
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A designated node s V denotes the sink. The Euclid-
ean distance between two nodes i and j is denoted by
dij . All the nodes except s are sources, which gener-
ate packets and transmit them over a routing tree to
s. We denote the spanning tree on G rooted at s by T
= (V, ET ), where ET E represents the tree edges. Each
node is assumed to be equipped with a single half-
duplex transceiver, which prevents it from sending
and receiving packets simultaneously. We consider a
TDMA protocol where time is divided into slots, and
consecutive slots are grouped into equal sized non-
overlapping frames. We use two types of interference
models for our evaluation the graph-based protocol
model and the SINR based physical model. In the pro-
tocol model, we assume that the interference range of
a node is equal to its transmission range, i.e., two links
cannot be scheduled simultaneously if the receiver of
at least one link is within the range of the transmitter
of the other link .In the physical model, the successful
reception of a packet from i to j depends on the ratio
between the received signal strength at j and the cu-
mulative interference caused by all other concurrently
transmitting nodes and the ambient noise level. Thus,
a packet is received successfully at j if the signal-to-in-
terference-plus-noise ratio, S I N Rij, is greater than a
certain threshold B, i.e.,

S1NRij=Pi o gij/ k_=iPk ¢ gkj+N

Where Pi is the transmitted signal power at node i, N
is the ambient noise level, and gijj is the propagation
attenuation (link gain) between i and j. We use a simple
distance dependent path-loss model to calculate the
link gains as gij = d-aij, where the path-loss exponent
a is a constant between 2 and 6, whose exact value de-
pends on external conditions of the medium (humidity,
obstacles, etc.), as well as the sender-receiver distance.
We assume that the level of interference is static and
does not change over time. For simplicity and ease of il-
lustration, we use the protocol model in all the figures.
We study aggregated converge cast in the context of
periodic data collection where each source node gener-
ates a packet at the beginning of every frame, and raw
data converge cast for one-shot data collection where
each node has only one packet to send. We assume
that the size of each packet is constant. Our goal is to
deliver these packets to the sink over the routing tree
as fast as possible. More specifically, we aim to sched-
ule the edges ET of T using a minimum number of time
slots while respecting the following two constraints:
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* Adjacency Constraint:

Two edges (i, j) ET and (k, I) ET cannot be scheduled
in the same time slot if they are adjacent to each oth-
er,i.e, if {i,j} _{k, 1} _= . This constraint is due to the
half duplex transceiver on each node which prevents it
from simultaneous transmission and reception.

* Interfering Constraint:

The interfering constraint depends on the choice of the
interference model. In the protocol model, two edges
(i, j) ET and (k, I) ET cannot be scheduled simultane-
ously if they are at two hop distance of each other. In
the physical model, an edge (i, j) ET cannot be sched-
uled if the S I N R at receiver j is not greater than the
threshold .

Since we consider data collection to be periodic in
aggregated converge cast, each of the edges in ET is
scheduled only once within each frame, and this sched-
ule is repeated over multiple frames. Thus, a pipeline
is established after a certain frame, and then onwards
the sink continues to receive aggregated packets from
all the source nodes once per frame.

In this system explain further details about the pipelin-
ing in the next section. On the other hand, in one-shot
data collection for raw-data converge cast, the edges
in ET may be scheduled multiple times and no pipelin-
ing takes place. Here use the terms link scheduling and
node scheduling interchangeably as they are equiva-
lent in our case. Note that the two other scenarios,
which we do not consider in this paper due to space
constraints, are one-shot aggregated converge cast
and periodic raw-data converge cast. The key differ-
ence in terms of scheduling between periodic and one-
shot data collection is that a node in the periodic case
does not have to wait for data from its children before
being scheduled. This is because a link is scheduled
only once within each frame and each node generates
a packet in the beginning of every frame, so a pipelin-
ing is eventually established. However, in the case of
one-shot data collection, a node needs to wait for data
from its children before being scheduled, which we re-
fer to as the causality constraint.

To summarize the steps in this design, we start with
tree construction and then continue with interference
aware scheduling.
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If the nodes can control their transmission power,
scheduling phase is coupled with a transmission power
control algorithm. If the nodes can change their oper-
ating frequency, channel scheduling can be coupled
with time slot scheduling as it is the case with the JFTSS
algorithm (Section 5.2.1) or first channels are assigned
and then time slot scheduling continues as in the case
of RBCA. However, the TMCP algorithm considers tree
construction and channel assignment jointly and then
does the scheduling of time slots.

3. SYSTEM DESIGN:

a) Data Flow Diagram:

A data flow diagram (DFD) is a graphical representa-
tion of the “flow” of data through an information
system, modeling its process aspects. Often they are
a preliminary step used to create an overview of the
system which can later be elaborated. DFDs can also
be used for the visualization of data processing (struc-
tured design).

A DFD shows what kinds of information will be input to
and output from the system, where the data will come
from and go to, and where the data will be stored. It
does not show information about the timing of pro-
cesses, or information about whether processes will
operate in sequence or in parallel (which is shown on
a flowchart).

The DFD is also called as bubble chart. It is a simple
graphical formalism that can be used to represent a
system in terms of the input data to the system, vari-

ous processing carried out on these data, and the out-
put data is generated by the system.

% Sink Server
Sink I:
Data converge
|: cast

Component Diagram

Sensors
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b) Class Diagram:

Class-based Modeling, or more commonly class-orien-
tation, refers to the style of object-oriented program-
ming in which inheritance is achieved by defining class-
es of objects; as opposed to the objects themselves
(compare Prototype-based programming).

4. Module Description:

a) Periodic Aggregated Converge cast:

Data aggregation is a commonly used technique in
WSN that can eliminate redundancy and minimize
the number of transmissions, thus saving energy and
improving network lifetime. Aggregation can be per-
formed in many ways, such as by suppressing duplicate
messages; using data compression and packet merg-
ing techniques; or taking advantage of the correlation

in the sensor readings.

b) Transmission Power Control:

We evaluate the impact of transmission power control,
multiple channels, and routing trees on the scheduling
performance for both aggregated and raw-data con-
verge cast.. Although the techniques of transmission
power control and multi-channel scheduling have been
well studied for eliminating interference in general
wireless networks, their performances for bounding
the completion of data collection in WSNs have not
been explored in detail in the previous studies.

The fundamental novelty of our approach lies in the
extensive exploration of the efficiency of transmission
power control and multichannel communication on
achieving fast converge cast operations in WSNs.
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c) Aggregated Data Collection:

We augment their scheme with a new set of rules and
grow the tree hop by hop outwards from the sink.
We assume that the nodes know their minimum-hop
counts to sink.

d) Raw Data Collection:

The data collection rate often no longer remains lim-
ited by interference but by the topology of the net-
work. Thus, in the final step, we construct network
topologies with specific properties that help in further
enhancing the rate. Our primary conclusion is that,
combining these different techniques can provide an
order of magnitude improvement for aggregated con-
verge cast, and a factor of two improvement for raw-
data converge cast, compared to single-channel TDMA
scheduling on minimum-hop routing trees.

e)Tree-Based Multi-Channel Protocol (TMCP):

TMCP is a greedy, tree-based, multi-channel protocol
for data collection applications.

Schedule generated with TMCP

It partitions the network into multiple sub trees and
minimizes the intra tree interference by assigning dif-
ferent channels to the nodes residing on different
branches starting from the top to the bottom of the
tree. Figure shows the same tree given in Fig. which
is scheduled according to TMCP for aggregated data
collection.

Here, the nodes on the leftmost branch is assigned fre-
quency F1, second branch is assigned frequency F2 and
the last branch is assigned frequency F3 and after the
channel assignments, time slots are assigned to the
nodes with the BFSTime Slot Assignment algorithm.
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CONCLUSION:

In this paper, we studied fast converge cast in WSN
where nodes communicate using a TDMA protocol to
minimize the schedule length. We addressed the funda-
mental limitations due to interference and half-duplex
transceivers on the nodes and explored techniques to
overcome the same. We found that while transmission
power control helps in reducing the schedule length,
multiple channels are more effective. We also observed
that node-based (RBCA) and link-based (JFTSS) chan-
nel assignment schemes are more efficient in terms
of eliminating interference as compared to assigning
different channels on different branches of the tree
(TMCP).

Once interference is completely eliminated, we proved
that with half-duplex radios the achievable schedule
length is lower-bounded by the maximum degree in
the routing tree for aggregated converge cast, and by
max (2nk - 1, N) for raw-data converge cast. Using op-
timal converge cast scheduling algorithms, we showed
that the lower bounds are achievable once a suitable
routing scheme is used. Through extensive simula-
tions, we demonstrated up to an order of magnitude
reduction in the schedule length for aggregated, and
a 50% reduction for raw-data converge cast. In future,
we will explore scenarios with variable amounts of
data and implement and evaluate the combination of
the schemes considered.
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