
Ambika Bai, IJRIT  229 
 

IJRIT International Journal of Research in Information Technology, Volume 1, Issue 7, June 2013, Pg. 229-234 
 
 
 

International Journal of Research in Information Technology (IJRIT) 
 
 

www.ijrit.com ISSN 2001-5569 
 

 

Converge Cast in Tree Based Wireless Sensor 
Networks  

1Ambika Bai, 2K.Goverdhan Reddy 

1 M.Tech(CSE), Sri Kottam Tulasi Reddy Memorial College of Engineering,  

Kondair, Mahabubnagar, Andhra Pradesh, India. 

2Professor, Kottam College of Engineering,  

Kurnool, Andhra Pradesh, India. 

 

Abstract 

In this paper we explore a technique using realistic simulation models under the many-to-one communication paradigm known as 
converge cast. Converge cast the collection of data from many sources to a single sink is a common operation in Wireless Sensor 
Networks. Early-warning systems and alarms, but also habitat monitoring and precision agriculture are examples of applications 
where data are collected from outlying nodes to the root through a direct spanning tree. The simplest approach forwards as-is, 
without performing intermediate processing or compression on transit data. However, saving energy is crucial for prolonging the 
lifetime of sensor nodes. Hence, some functions might be applied to use only a fraction of maximum schedulable load. Finally, 
the application of compressive sampling theory to data gathering in WSNs has recently emerged as a viable solution for reducing 
communication costs and extending network lifetime without introducing intensive in-network computation. Efficient data 
collection in wireless sensor networks (SNs) plays a key role in power conservation. It has spurred a number of research projects 
focusing on effective algorithms that reduce power consumption with effective in-network aggregation techniques. Time 
Division Multiple Access (TDMA) scheduling algorithms are widely used for quick delivery of data with the objective of 
minimizing the time duration of delivering data to the sink that is, minimizing the delay. In this paper, we propose a new 
centralized TDMA scheduling algorithm that is based on nodes congestion for general ad hoc networks. 
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1. Introduction  

Wireless sensor networks (WSNs) have a broad range of applications consists of a set of autonomous sensor 
nodes which spontaneously create Communication link and perform tasks without help from any central servers. 
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 wireless sensor networks (WSN) and is crucial to provide a guarantee on 
delivery time as well as increase the rate of such data collection in many applications. Efficient data collection and 
aggregation algorithms for sensor networks (SNs) exploit the fact that a sensor node consumes significantly less 
energy for  information processing than for communication. Aggregating information at the node level such as 
computing the sum or the average of sensor readings reduces the need for communication: instead of transmitting 
the packets of each individual node separately, a node first aggregates the incoming packets of the nodes in 
communication range and then communicates the aggregated information to the next node in the collection path. 

Most approaches for data collection, do not explicitly address query selectivity while computing an efficient 
data collection path. There are two main directions in SN query processing for optimizing the data collection process 
for selective queries:  

(1) Preventing that a query is sent to nodes that do not fall into the scope of that query and, therefore, are not aware 
of the query and do not need to respond, and  

(2) Minimizing the number of non-participating nodes in the collection path. 

Many-to-one collection of data is a common operation in many scenarios, from early-warning systems to habitat 
monitoring. This process in Wireless Sensor Networks is referred as Converge cast: the gateway collects data from 
the nodes through a direct spanning tree, and most of data processing and decision is performed out of the network. 
The simplest approach forwards raw-data as-is, without performing intermediate processing or compression on 
transit traffic. However, saving energy is crucial for prolonging the lifetime of sensor nodes. Since the wireless 
communication module is usually accounted for most of the power consumption, an effective way of reducing 
power consumption is to reduce the amount of transmitted data. Hence, some functions might be applied to 
aggregated and compress data, so that the actual payload uses only a fraction of the maximum allow load. 

Three major techniques for efficient data collection and aggregation are packet merging, partial aggregation, 
and suppression. The communication cost in wireless networks is determined by the number of packets a node has 
to transmit. Each packet has a fixed size and the size of a sensor reading, record, is typically such smaller. Packet 
merging combines several smaller records into a few larger ones and thus reduces the number of packets and thereby 
the communication cost. Partial aggregation computes intermediate results at the node level such as the sum or the 
average of sensor readings. Suppression based techniques only transmit values if the sensed values have changed 
from the previous transmission or differ from the values of neighboring sensor nodes. Orthogonal techniques 
minimizing communication are compression techniques, topology control, or approximation of sensor readings. 

In general, TDMA scheduling algorithms allocate time slots to the links or to the nodes to minimize the number 
of time slots. Current TDMA scheduling algorithms consider that each senor node transmits at least once a frame. 
They are based on graph coloring to avoid conflicts, and their goals are to maximize the slot spatial reuse for all 
nodes in a network to minimize TDMA scheduling length and delay by slot assignment scheme. In Ergen proposes 
two centralized scheduling heuristic algorithms using graph coloring: one is node-based scheduling and the other is 
level-based scheduling. In node based scheduling, first the original network is colored. In graph coloring, the color 
of each node must differ from that of all nodes in conflict with it. For coloring the original network, the nodes are 
ordered in a decreasing degree of conflict. So, the nodes having upper conflict degree are in priority for coloring. 
Then, scheduling is accomplished based on coloring the original network. The nodes that have a same color can 
send simultaneously. After determining the nodes corresponding to current time slot, other nodes that other colors 



Ambika Bai, IJRIT  231 
 

are allocated to, are added as long as the resulting set is non-conflicting. In the level-based scheduling, first the 
linear network is obtained. Afterwards, the linear network is colored. If two nodes in two levels are in conflict with 
each other, their corresponding levels conflict with each other. The color of each level should differ from that of all 
levels that are in conflict with it. Scheduling is accomplished based on coloring the linear network. This algorithm 
schedules a non-conflicting set of nodes corresponding to levels of each color for the current slot and then schedules 
additional nodes, if possible. A super slot in node- (level-) based algorithm is a set of sequential time slots such that 
each node (level) having at least one packet at the beginning of the super slot sends at least once during the super 
slot. 

In this paper, we survey TDMA-based scheduling algorithms for data collection in sensor networks. We first 
classify the algorithms based on their common objectives, and then identify different design constraints and 
assumptions, and provide taxonomy according to these metrics. We identify the following four objectives as the 
most studied in literature and the most fundamental with respect to data collection in WSN:  

(i) Minimizing schedule length,  
(ii)  Minimizing latency,  
(iii)  Minimizing energy consumption, and 
(iv) Maximizing fairness.  
 

We also find that some algorithms target joint optimization of multiple objectives, such as minimizing delay as 
well as energy. We note that there exist many other studies, not necessarily about converge cast, that focus on these 
objectives. However, in this paper, we consider only studies that use TDMA scheduling for tree-based data 
collection. 

 

2. Comparison of Different Logical Topologies   

In WSNs, only a few nodes are usually able to communicate directly with the gateway, but each device can be 
exploited as a relay device to forward data towards the gateway. Specifically, we consider a scenario, where multi-
hops path are logically organized as a binary tree. This is not an oversimplifying hypothesis: many routing protocols 
designed for the WSN domain calculate network paths so that transmissions are routed and forwarded along such a 
hierarchical topology. We also assume that nodes are not able to  transmit and receive at the same time, since they 
are equipped with half duplex transceivers. Hence, a collision-free TDMA schedule is needed, in order to avoid that 
a packet is sent while the intended receiver is still transmitting. There exist also interferences among concurrent 
transmissions, but combining power control with the usage of multiple channels can provide an effective way to 
cope with collisions. In this Section we aim at computing the achievable lower bounds for the schedule length of 
three different data collection methods: raw converge cast, aggregated  converge cast, and Compressed Data 
Gathering (CDG), that is data gathering based on Compressed Sampling. We define n0 as the total number of 
packets received by the gateway – which is the root node of the binary tree – for a converge cast iteration. We 
assume that all nodes generate the same amount P of data, and the actual capacity of all wireless links in the network 
is equal to C. Given a generic level l of the binary tree, each node at this level of the routing path takes trxl to 
receive data from the child nodes, while its total transmission time is referred as ttxl. The amount of traffic generated 
by this node, expressed in number of packets, is _l. Looking at the whole tree, the number of time slots needed to 
schedule all the transmissions is N, and the time required to complete the converge cast process is H. 

a. Raw-data Converge cast 
b. Aggregated Converge cast  
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3. Efficient Data Collection and Selective Queries 

In general, it is not possible to find a data collection and aggregation strategy that only employs those nodes that 
need to participate for a given query. Due to the constraints on the transmission range for sensor nodes, a data 
gathering algorithm usually has to include some nodes that are not selected by the query in order to reach the sink. 
The quality of a data aggregation scheme is determined by the total number of nonparticipating nodes used in a 
query. The smaller the number of non-participating nodes, the more energy efficient an algorithm will generally be. 
In the PDT algorithm, we minimize the number of non-selected nodes in the data collection structure by spatially 
restricting the aggregation path to a corridor that connects the pockets in an energy efficient manner. The problem of 
reporting aggregates back to a sink by involving minimum number of non-participating nodes can be seen as an 

application of the minimum Steiner tree problem: given a graph G = (V,E) and a set of terminal nodes T ⊂ V , we 

seek a minimum cost spanning tree that includes all terminal nodes . In our case, the terminal nodes are the 
participating nodes. The minimum Steiner tree problem is known to be NP-hard and has been widely discussed in 
the literature. In order to compare aggregation schemes with the optimal aggregation tree, the minimum Steiner tree, 
we outline a popular global Steiner tree approximation algorithm developed by Kou, Markowsky, and Berman 
(henceforth referred to as KMB). The KMB algorithm allows us to compute a Steiner tree that has been shown to 
achieve an Efficient Data Collection and Selective Queries in Sensor Networks 31 mean efficiency that is not worse than 
5% compared to the optimal Steiner tree. 

For a graph G and a set of terminal nodes T, the KMB algorithm first computes a complete distance graph G = 
(V,E) for G such that V = T and the weight of each edge e in E is the cost of the minimum cost path between the 
nodes of e_ in G. Then, the algorithm computes a minimum spanning tree MST of G, translates MST to G by 
substituting every edge of MST with the corresponding path in G, and finally removes any possible cycles resulting 
from the translation. The KMB algorithm is not directly applicable to SNs because, the algorithm requires global 
knowledge of the node connectivity for any node in the graph. Therefore, we develop a localized aggregation 
scheme, called PDT (pocket driven trajectories), that approximates the minimal Steiner tree for a selective query. 
The experiments show that the resulting aggregation tree is comparable to KMB’s global approximation 

 
4. Algorithm for Tree Based Data Collection 

In this section we will study two algorithms for Tree based data collection. 

4.1 A New TDMA Scheduling Algorithm 

The proposed algorithm for evaluation was implemented by MATLAB. The results of simulation are compared 
with the node-based and the level-based scheduling algorithms proposed. In simulations, the WSN consists of 1000 
nodes which are randomly deployed within a circular region with radius of 100 units. The BS is located in the center 
of circle. The density of nodes inside the radius 100/√2 is λ1 and between the radius 100/√2 and 100 is λ2. The 
Dijkstra’s routing is exploited to determine the routing tree rooted at the BS. The simulation results are average 
performance of 100 different network realizations. λ1/λ2 ratio represents that how the nodes and packets are 
distributed across the network.  

(i) λ1/λ2 = 1/9 represents a topology in which the density of nodes and packets is higher at the high levels of the 
routing tree.  
(ii)  λ1/λ2 = 1 represents a topology in which the density of nodes and packets is equal across the network.  
(iii)  λ1/λ2 = 9/1 represents a topology in which the density of nodes and packets is higher at the low levels of the 

routing tree. 
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Figure 1: A WSN configure with λ1/λ2=9/1 

 

Figure 2: Comparison of the delay of congestion-based, node-based and level-based scheduling algorithms 
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As the results of simulation show and expected from the examples in figures, the congestion-based algorithm 
performs better than level-based scheduling for all λ1/λ2 ratios. The congestion-based algorithm performs better than 
node-based scheduling for low λ1/λ2 ratios and its behavior is similar to node-based scheduling for high λ1/λ2. In 
topologies with low λ1/λ2 ratios, the conflict degree of nodes that forward more packets is low and these nodes do 
not have high priority for coloring in node-based Scheduling while our proposed algorithm prioritizes these nodes in 
coloring. Therefore, comparing to node-based scheduling, in the congestion-based algorithm, these nodes transmit in 
more time slots in a super slot leading to less congestion in these nodes and delay decrement. In topologies with high 
λ1/λ2 ratios, the conflict degree of nodes which forward more packets is high. Therefore, these nodes have high 
priority for coloring and the performance of two algorithms becomes similar. 

 

6. Conclusion 

Data collection is one of the main functions in wireless sensor networks. The scheduling is a way to improve 
quality of data collection. Decreasing the scheduling length reduces the delay of packets transmission to BS. In this 
paper a scheduling algorithm was proposed which is based on congestion rate of nodes. In congestion-based 
scheduling algorithm, coloring the original network is accomplished according to congestion degree of the nodes 
and scheduling is similar to node-based scheduling. The performance of this algorithm depends on the distribution 
of the packets at levels of the routing tree. The congestion-based scheduling outperforms the level-based scheduling 
and in comparison to node-based scheduling is better for topologies that higher density of packets is at the high 
levels of the tree and similar to it for topologies that have equal density of packets across the network or higher 
density of packets at low levels of the tree. Saving energy is crucial for prolonging the lifetime of sensor nodes, and 
delay is a fundamental metric for many critical WSN applications.  

Efficient processing of selective queries in SNs is crucial for effective sustained monitoring of physical 
phenomena. Existing data collection methods in SNs do not take an explicit position in processing selective queries 
and thus may not benefit from significant possible energy savings. 
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