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Abstract
A wireless sensor consists of a small processor, memory, power, 
sensing and transceiver units. Additionally, a sensor can have 
location finding system, mobilizer and a power generator which 
are application dependent sub-units [5]. The size and weight of 
a sensor limits the processing capability, amount of memory and 
the amount of power that it can store. A Major part of power 
consumed by a sensor is used to run the transceiver circuitry. 
As, the transmission range of a sensor increases the power 
consumed by the transceiver also increases. Since they have 
limited transmission range sensors together form a multi-hop 
radio network to accomplish communication amongst themselves. 
Collisions occur in a wireless network when multiple nodes 
simultaneously transmit to the same node over the same channel 
or a receiver is in the transmission range of another communication 
taking place over the same channel. Such collisions waste resources 
(e.g. bandwidth and energy) as well as increases data latency 
and hence they are undesirable. For broadcast and convergecast 
to work in a collision-free manner. In this paper we propose a 
CFCSA(Collision-Free Converge casting Scheduling Algorithm), 
an efficient spanning tree for data collection, transmission and 
allocating channels in wireless communication. We also evaluate 
the performance of various channel assignment methods of multi-
frequency scheduling to eliminate most of the interference. The 
spanning tree constructed shows significant improvement in 
scheduling performance over different deployment densities.
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I. Introduction
A sensor is a device that can be controlled and queried by an external 
device to detect, record, and transmit information regarding a 
physiological change in the environment. A sensor can also have 
location finding system, mobilizer and a power generator which 
are application dependent sub-units. A wireless sensor consists of a 
small processor, memory, power, sensing and transceiver units. The 
size and weight of a sensor limits the processing capability, amount 
of memory and the amount of power that it can store. A Major 
part of power consumed by a sensor is used to run the transceiver 
circuitry. As, the transmission range of a sensor increases the 
power Consumed by the transceiver also increases. Since they 
have limited transmission range sensors together form a multi-
hop radio network to accomplish communication amongst them. 
Many sensor applications require broadcasting and/or converge 
casting. Broadcasting is the process of information dissemination 
from a node in the network to all other nodes in the network. 
Convergecast is the aggregation of data collected at each node 
in the network towards a central node in the network. Collisions 
occur in a wireless network when multiple nodes simultaneously 
transmit to the same node over the same channel or a receiver is 
in the transmission range of another communication taking place 
over the same channel. Such collisions waste resources as well as 
increases data latency. For broadcast and converge cast to work in 

a collision-free manner, we have to construct a tree and allocate a 
schedule that specifies for each node in the network the time-slots 
in which it will receive data from other nodes and the time-slot in 
which it will send data to other node. This schedule is assigned for 
a particular duration of time and it gets repeated for each such time 
duration.  Instead of all the nodes contending for the channel, the 
nodes use the channel in a synchronized manner thereby increasing 
reliability. Each application will have an upper limit on the time 
within which it has to aggregate and/or disseminate the data. The 
number of time-slots we can allocate and the duration of time-
slots is constrained by this time limit which in turn depends on 
the tree constructed.  
We also explore a number of different techniques that provide 
a hierarchy of successive improvements. To achieve further 
improvement, we combine transmission power control with 
scheduling, and use multiple frequency channels to enable more 
concurrent transmissions. We show that once multiple frequencies 
are employed, the data collection rate often no longer remains 
limited by interference but by the topology of the network. Thus 
we construct network topologies with specific properties that help 
in further enhancing the rate. Combining these different techniques 
can provide an order of magnitude improvement for aggregated 
and collision-free converge cast. 
Current standards for low power networking allow the usage of 
multiple channels. For example, in IEEE 802.15.4, there are 16 
channels in the 2.4 GHz band. However, only a limited number 
of protocols leverage the possibility of channel switching in case 
a channel becomes unusable due to interference. We add channel 
switching in our design by using the same idea of adding additional 
control information into the acknowledgement. In our current 
design, we add information about the next two channels to use 
into each acknowledgement. If a node does not receive any data 
message from its children, it blacklists the corresponding channel 
1. More details can be found in the next section.

Fig. 1: Converge Casting in Wireless Sensor Networks

It was shown recently that under the idealized setting of unlimited 
power and continuous range, transmission power control can 
provide an unbounded improvement in the asymptotic capacity of 
aggregated converge cast. In this work, we evaluate the behaviour 
of an optimal power control algorithm  under realistic settings 
considering the limited discrete power levels available in today’s 
radios. 
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II. Related Works
The system consists of n sensors placed randomly in the environment 
that is being monitored. These sensors are controlled by the base 
station (node number 0) placed away from the environment 
of interest. Each sensor has an omni-directional antenna. The 
sensor nodes, including the base station in the network have equal 
transmission range (say d). We also assume that the base station 
has complete information about the location of the nodes and 
the nodes in the network use synchronized clocks and there is 
no drift between them. The data aggregation starts at the leaf 
nodes and propagates towards the base station which does not 
have mobility in the network. All nodes generate equal amount of 
data. The communication channel is divided over both time and 
code. Formally, the network is modeled as a graph G = {V,E}. V 
is the set of nodes {0. . . n} in the network and E is set of edges 
between nodes. We define the edges as follows for all x and y, 
V (x, y) = E_ dist(x, y) d, where d is the transmission range of 
sensor nodes in the network and dist(x, y) is the Euclidean distance 
between nodes x and  y. Nodes x and y are said to be neighbours 
of each other. The set of neighbours of a node x is denoted as 
neighbours(x). For a tree T constructed for converge casting from 
a graph G, we call a set X (V), a group iff X = {y} belongs to Z 
where y is the parent nodes of Z in the tree T. Proximity of one 
group’s parent p to children of another group leads to interference 
at p. Our primary aim is to construct a tree for a given graph G, 
which will reduce the total time required for converge casting for 
a given set of nodes. 
We call this problem as Collision-free Converge casting Scheduling 
Problem (CFCSP). A solution to CFCSP is to construct a tree and 
to assign to each node i a code called PCC (i) and a slot called 
PCS (i) to communicate with its parent node. All nodes in a group 
except the parent node share the same PCC. The parent node of 
the group uses the PCC of its children while it Receives data from 
its children. This it calls it CCC. The following are the constraints 
that an algorithm should consider in order to compute a valid 
solution for this problem:

Fig. 2: Sample Network With Schedule Assignment for Converge 
Casting

A. Constructing a Data Gathering Routing Tree
The constructions of routing trees are similar under various 
interference models. Given a communication graph G = (V,E), 
we select a tree T of G by using an existing approach . We then 
construct a spanning tree TG by connecting each node to a 
neighbouring dominator. For the i-th query, we prune every node 
u ∈ V and the corresponding link u→p(→u) (the link from u to 
its parent p(u)) in TG if the intersection between Si and the sub 

tree of TG rooted at u (denoted as Tu G) . The pruning operations 
result in a routing tree Ti for the i-th query.
CFCSA with the goal to minimize the schedule time for aggregated 
converge cast has been studied. We experimentally investigated 
the impact of transmission power control and multiple frequency 
channels on the schedule time. We proposed constant factor and 
logarithmic approximation algorithms on geometric Networks. 
Raw-data converge cast has been studied where a distributed time 
slot assignment scheme is proposed to minimize the schedule 
time for a single channel. The problem of joint scheduling and 
transmission power control is studied for constant and uniform 
traffic demands.

III. Proposed System
The CFCSA algorithm presented in this section utilizes a greedy 
approach for tree construction and channel allocation. The formation 
of the tree takes place one level at a time and simultaneously 
allocates channel for communication. The algorithm starts channel 
allocation from the root node (basestation) and proceeds in a 
breadth first manner. The root node runs the algorithm and after 
termination the root node transmits a broadcast packet with the 
schedules allocated for each node in the network. The algorithm 
takes the neighbor list of each node at the current level and starts 
assigning a channel for each node in the list such that it adhers to 
the constraints and these nodes become part of the next layer of 
the tree. The algorithm is provided with the list of valid codes that 
can be assigned, a set of nodes and the position of the nodes.
The algorithm maintains a list called “currentlist” and a list called 
“nextlist”. Initially the currentlist consists of all nodes in level 
1 (i.e. the root node) and nextlist will be empty. For each node 
(P) in level 1 it chooses the children and allocates a channel for 
the each of the child nodes to communicate with P. It uses the 
proximity criterion while choosing children for each node. All 
these child nodes are inserted into the nextlist. Once allocation 
for all nodes in the currentlist is done, all nodes in the nextlist 
are copied onto the currentlist. Now the algorithm chooses each 
node from the currentlist (i.e. all nodes in current level (level 2)) 
and chooses children for them and also allocates channel for the 
child nodes. For convergecasting the slot allocated to a parent 
node should be greater than the slot allocated to the child node. 
But in our case after allocation, the time slot for a parent node 
will be lesser compared to the slot allocated to a child node. We 
reverse the order in which the slots were allocated to the nodes 
in the network by finding the slot with the highest number and 
from that we subtract the slot number allocated to each node to 
get the actual slot number
Neighborlist(N, d): Returns neighbour list information for each 
node in the network. It takes information about all the nodes in 
the network along with the fixed transmission range d.
Choose-slot(S): Returns least value of slot which will not interfere 
with the communication of nodes in S.
currentList: Array for storing the nodes in the current level.
InterU(a.nl,b.nl): Does the union of arrays only if a.nl contains a 
node which is also part of b.nl.
Choose-code(orthCode, parent): This function aggregates the 
neighbors of the parent node and the neighbors of all child nodes 
and chooses a code that is least used by this aggregated list of 
nodes.
currentlevel: Variable which holds the current level of the tree for 
which assignment is being done.
orthCode: List of orthogonal codes (given as input).
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nextList: Array for storing the nodes in the next level.

Union(a, b): Performs a = a ∪ b. This is used to aggregate 
all child nodes to form the parent list for the next level.
Sort(currentlist): The sort function takes care of sorting the 
currentlist in ascending order of number of children each node 
has.

d: Transmission range (given as input).

N: Set of nodes and their coordinates (given as input).

Each node maintains the following information:

pcc: Code used for communication with its parent

psc: Slot used for communication with its parent

ccc: Code used for receiving information from children

csc: Set of slots used to receive information from children

nl: A set that contains information regarding neighbours

  
Fig. 3: (a) Sample Network, (b). Final Tree Convergent Cost

We illustrate the working of  CFCSA algorithm . At level 1 only 
node 0 is present. The children for node 0 are chosen based on 
proximity criterion. Since there are no other nodes in current 
level except node 0, all neighbors of node 0 are chosen as node 
0’s children. Therefore node 1 and 2 become the children of node 
0 and the channel is allocated for nodes 1 and 2. Now since no 
other node is present in the current level we move on to level 2 
which contains nodes 1 and 2. We select a node from the current 
list which has the maximum number of neighbors. In this case 
it is node 1. Now node 1 uses proximity criterion to choose its 
children. Let us assume that the dist(1,5) > dist(2,5). Since dist(1,5) 
> dist(2,5)the algorithm assigns nodes 3 and 4 as the children for 
node 1. The channel is allocated for nodes 3 and 4 and then we 
start the allocation of child nodes for node 2. Since node 5 is the 
only neighbour of node 2 and dist(1,5) > dist(2,5) we make node 
5 as the child node for node 2. Since all nodes in the network have 
a channel to communicate with their parents we then do the slot 
reversal to obtain the network in Figure 3b.

Collision-Free Concergecasting Scheduling Algorithm:

IV. Experimental Results 
For comparison purpose we assume that the channel is divided 
only over time and each node generates 1 unit of data. Consider 
a sample network for which we construct a tree using converge 
casting approach and do slot allocation to obtain the resultant 
network. If the tree is constructed using CFCSA we get the tree 
which makes use of proximity criterion that aids in distribution 
of load experienced during data aggregation and avoids depletion 
of power at a few selected nodes in the network. We investigate 
two cases: (i) when nodes transmit at maximum power, and (ii) 
when nodes adjust their transmission power according to the 
algorithm. In both cases, nodes communicate on the same channel 
and use spanning trees. In the first case, time slots are assigned 
for aggregated raw data.   In the second case, we follow the 
scheduling rules. 
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Fig. 4:(a) to (c) Shows Total Duration for Convergecasting Over  
Existing Tree Generated, (d) to (f) Shows Total Duration of 
Convergecast Over CFCSA Generated Tree

Fig. Shows the variation of schedule length with density for 
different values of α on spanning trees. We observe that the 
schedule length decreases as the deployment gets sparser. This 
happens because at low densities the interference is less, and 
so more concurrent transmissions can take place. In the densest 
deployment when all the nodes are within the range of each other. 
However, in sparser scenarios, using power control the network 
can be scheduled with fewer time slots as the level of interference 
goes down. 

V. Conclusion
In this paper we have proposed an collision-free converge casting 
scheduling algorithm that constructs a tree and assigns schedule 
for converge casting. Our algorithm constructs the tree such 
that it reduces the total time taken for converge casting and this 
will be useful in reducing the wastage of power. This is done by 
the implementation of transmission power control that helps in 
reducing the schedule time. The transmission is initially started 
with single channel frequency and later shows the efficiency when 
multi-channel frequency is used.  We have also shown that the same 
tree can be used even for broadcasting and performs as efficient as a 
tree explicitly constructed for broadcasting. We finally proved that 
this algorithm reduces magnitude for aggregated schedule time 
and also half the reduction rate for convergecasting raw-data.
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