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ABSTRACT 

 

Convergecast, is 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). 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 experimentally 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. In this paper we propose LEACH. LEACH is a classical clustering 

algorithm. In a periodical way, it randomly chooses the cluster heads. It’s a chain-based protocol. 

Each node communicates only with a close neighbor and takes turns transmitting to the sink. 

Cluster heads are decided based on the average minimum reachability power. It provides scalable 

and efficient data delivery. 

 

 

 

1. INTRODUCTION 

 

CONVERGECAST, namely, the collection of data from a set ofsensors toward a common sink 

over a tree-based routing topology, is a fundamental operation in wireless sensor networks 

(WSNs). 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 instance, 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, applications 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?” We study two types of data collection: 1) aggregated convergecast where 
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packets are aggregated at each hop, and2) raw-data convergecast where packets are 

individuallyrelayed toward the sink. Aggregated convergecast 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 convergecast, on the other hand, is applicable when every 

sensor reading is equally important, or the correlation is minimal. We study aggregated 

convergecast in the context of continuous data collection, and raw-data convergecast for one-

shot data collection. These two types correspond to two extreme cases of data collection. In an 

earlier work [4], 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 convergecast) and full data 

compression (aggregated convergecast). 

 

We start by identifying the primary limiting factors offast data collection, which are: 1) 

interference in the wireless medium, 2) half-duplex transceivers on the sensor nodes, and 3) 

topology of the network. Then, we explore a number of different techniques that provide a 

hierarchy of successiveimprovements, the simplest among which is an interference- aware, 

minimum-length TDMA scheduling that enables spatial reuse. 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 

along with spatial-reuse TDMA, the data collection rate often no longer remains limited by 

interference but by the topology of the network. 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 convergecast, and a factor of 2 improvement for raw-data 

convergecast, compared to single-channel TDMA scheduling on minimum-hop routing trees.  

 

Although the techniques of transmission power control and multichannel 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 

convergecast operations in WSNs. Besides, we evaluate the impact of routing trees on fast data 

collection and to the best of our knowledge, this has not been the topic of previous studies. As 

we will discuss in Section 2, some of the existing work had the objective of minimizing the 

completion time of convergecasts. However, none of the previous work discussed the effect of 

multichannel scheduling together with the comparisons of different channel assignment 

techniques and the impact of routing trees and none considered the problems of aggregated and 

raw convergecast, which represent two extreme cases of data collection, together. 

 

As the new concepts in this paper, we introduce polynomial-time heuristics for TDMA 

scheduling for both types of data collection, i.e., Algorithms 1 and 2, and prove that they do 

achieve the lower bound of data collection time once interference is eliminated. Besides, we 

elaborate on the performance of our previous work, a receiver-based channel assignment 

(RBCA) method, and compare its efficiency with other channel assignment methods and 

introduce heuristics for constructing optimal routing trees to further enhance data collection rate. 
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Compared with single-sink topology, multi-sink infrastructure allows sensor nodes to choose 

different sink nodes according to their own situation. Therefore, it can reduce the average 

transmission distance between sensor node and sink nodes. The deployment of multi-sink nodes 

has the advantages of dispersion, stability and robustness. The overall energy consumption is 

balanced. It can effectively solve the energy hole problem and extend the network lifetime. 

Clustering is an efficient routing method, where the entire network is divided into multiple 

clusters. Each cluster has one cluster head and it is responsible for data aggregation. Instead of 

direct communication with the sink, all the member nodes in one cluster send data to the cluster 

head. In this way, the traffic load can be reduced. 

 

2.RELATED WORK 

 

Fast data collection with the goal to minimize the schedule length for aggregated convergecast 

has been studied by us in and, and also by others in, and. In, we experimentally investigated the 

impact of transmission power control and multiple frequency channels on the schedule length, 

while the theoretical aspects were discussed, where we proposed constant factor and logarithmic 

approximation algorithms on geometric networks (disk graphs). Raw-data convergecast has been 

studied, where a distributed time slot assignment scheme is proposed by Gandham et al.To 

minimize the TDMA schedule length for a single channel. The problem of joint scheduling and 

transmission power control is studied by Moscibroda for constant and uniform traffic demands. 

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 

assignment methods and interference models, and propose schemes for constructing specific 

routing tree topologies that enhance the data collection rate for both aggregated and raw-data 

convergecast. 

 

The use of orthogonal codes to eliminate interference has been studied by Annamalai et al. [10], 

where nodes are assigned time slots from the bottom of the tree to the top such that a parent node 

does not transmit before it receives all the packets from its children. This problem and the one 

addressed by Chen et al, are for one-shot raw-data convergecast. In this work, since we construct 

degreeconstrained 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 bounded-degree, bounded-diameter trees, is needed. A study along this line 

with the objective to minimize the maximum latency is presented by Pan and Tseng, where they 

assign a beacon period to each node in a Zigbee network during which it can receive data from 

all its children. 

 

For raw-data convergecast,Song etal. Presented a time-optimal, energy-efficient packet 

scheduling algorithm with periodic traffic from all the nodes to the sink. Once interference is 

eliminated, their algorithm achieves the bound that we present here; however, they briefly 

mention a 3-coloring channel assignment scheme, and it is not clear whether the channels are 

frequencies, codes, or any other method to eliminate interference. Moreover, they assume a 

simple interference model where each node has a circular transmission range and cumulative 

interference from concurrent multiple senders is avoided. Different from their work, we consider 
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multiple frequencies and evaluate the performance of three different channel assignment 

methods together with evaluating the effects of transmission power control using realistic 

interference and channel models, i.e., physical interference model and overlapping channels and 

considering the impact of routing topologies. Song et al. 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 et al.  Since the sink can receive every three time slots. 

 

The problem of minimizing the schedule length for raw data convergecast on single channel is 

shown to be NP completion general graphs by Choi et al. Maximizing the throughput of 

convergecast by finding a shortest-length, conflict-free schedule is studied by Lai et al, where a 

greedy graph coloring strategy assigns time slots to the senders and prevents 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 bottleneck, sending data over different paths does not reduce 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 convergecast where the number of nodes in a 

subtree is no more than half the total number of nodes in the remaining subtrees. 

 

The use of multiple frequencies has been studied extensively in both cellular and ad hoc 

networks; however, in the domain of WSN, there exist a few studies that utilize multiple 

channels. To this end, we evaluate the efficiency of three particular schemes that treat the 

channel assignment at different levels. 

 

2.2 Disadvantages in Existing System 

 

In the existing system, it addressed the fundamental limitations due to interference and 

half-duplex transceivers on the nodes. 

3. TDMA SCHEDULING OF CONVERGECASTS 

In this section, we first focus on periodic aggregated convergecast and then on one-shot raw-data 

convergecast. 

Our objective is to calculate the minimum achievable schedule lengths using an interference-

aware TDMA protocol. 

We first consider the case where the nodes communicate on the same channel using a constant 

transmission power, and then discuss improvements using transmission power control and 

multiple frequencies in the next section. 

 

3.1 Periodic Aggregated Converge cast 

 

In this section, we consider the scheduling problem where packets are aggregated. 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 
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can be performed in many ways such as by suppressing duplicate messages; using data 

compression and packet merging techniques; or taking advantage of the correlation in the sensor 

readings. We consider continuous monitoring applications where perfect aggregation is possible, 

i.e., each node is capable of aggregating all the packets received from its children as well as that 

generated by itself into a single packet before transmitting to its parent. The size of aggregated 

data transmitted by each node is constant and does not depend on the size of the raw sensor 

readings. Typical examples of such aggregation functions are MIN, MAX, MEDIAN, COUNT, 

AVERAGE, etc. 

 

The solid lines represent tree edges, and the dotted lines represent interfering links. The numbers 

beside the links represent the time slots at which the links are scheduled to transmit, and the 

numbers inside the circles denote node ids. The entries in the table list the nodes from which 

packets are received by their corresponding receivers in each time slot. We note that at the end of 

frame 1, the sink does not have packets from nodes 5 and 6; however, as the schedule is 

repeated, it receives aggregated packets from 2, 5, and 6 in slot 2 of the next frame. Similarly, 

the sink also receives aggregated packets from nodes 1 and 4 starting from slot 1 of frame 2. The 

entries f1; 4g and f2; 5; 6g in the table represent single packets comprising aggregated data from 

nodes 1 and 4, and from nodes 2, 5, and 6, respectively. Thus, a pipeline is established from 

frame 2, and the sink continues to receive aggregated packets from all the nodes once every six 

time slots. Thus, the minimum schedule length is 6. 

 

 

3.1.1Lower Bound on Schedule Length 

 

We first consider aggregated convergecast when all the interfering links are eliminated by using 

transmission power control or multiple frequencies. Although the problem ofminimizing the 

schedule length is NP-complete on general graphs, we show in the following that once 

interference is eliminated, the problem reduces to 1 on a tree, and can be solved in polynomial 

time. To this end, we first give a lower bound on the schedule length, and then propose a time 

slot assignment scheme that achieves the bound. 
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3.1.2 Assignment of Time Slots 

 

Given the lower bound on the schedule length in the absence of interfering links, we now present 

a time slot assignment scheme in Algorithm 1, called BFS-TIME SLOT ASSIGNMENT that 

achieves this bound. 

 

Algorithm 1.BFS TIME SLOT ASSIGNMENT 

 

1. Input: T ¼ ðV ; ET Þ 

2. while ET 6¼ _ do 

3. e next edge from ET in BFS order 

4. Assign minimum time slot t to edge e respecting 

adjacency and interfering constraints 

5. ET ET n feg 

6. end while 

 

3.2 One-Shot Raw-Data Converge cast 

 

In this section, we consider one-shot data collection where every sensor reading is equally 

important, and so aggregation may not be desirable or even possible. Thus, each of the packets 

has to be individually scheduled at each hop en routeto the sink. As before, we focus on 

minimizing the schedule length. Unlike in the case of periodic aggregated convergecast where a 

pipelining takes place and each of the tree edges is scheduled only once within each frame, here 

the edges could be scheduled multiple times and there is no pipelining.  

 

The problem of minimizing the scheduling length for raw-data convergecast is proved to be NP-

complete even under the protocol interference model by a reduction from the well-known 

Partition Problem [13]. Before getting into the details, we first define the following terms: a 

branch is defined as a subtree containing the sink as an endpoint; a top-subtree is defined as a 

subtree that has a child of the sink as its root.  

 

3.2.1 Assignment of Time Slots 

 

We now describe a time slot assignment scheme in Algorithm 2, called LOCAL-

TIMESLOTASSIGNMENT, which is run locally by each node at every time slot. The key idea 

is to: 1) schedule transmissions in parallel along multiple branches of the tree, and 2) keep the 

sink busy in receiving packets for as many time slots as possible. Because the sink can receive 

from the root of at most one top-subtree in any time slot, we need to decide which top-subtree 

should be made active. We assume that the sink is aware of the number of nodes in each top-

subtree. Each source node maintains a buffer and its associated state, which can be either full or 

empty depending on whether it contains a packet or not. Our algorithm does not require any of 

the nodes to store more than one packet in their buffer at any time. We initialize all the buffers as 

full, and assume that the sink’s buffer is always full for the ease of explanation. 
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Algorithm  2. LOCAL TIME SLOT ASSIGNMENT 

 

1. node.buffer ¼ full 

2. if {node is sink} then 

3. Among the eligible top-subtrees, choose the one with the largest number of total (remaining) 

packets, say top-subtree i 

4. Schedule link ðrootðiÞ; sÞ respecting interfering 

constraint 

5. else 

6. if {node.buffer == empty} then 

7. Choose a random child c of node whose buffer is full 

8. Schedule link ðc; nodeÞ respecting interfering 

constraint 

9. c.buffer = empty 

10. node.buffer = full 

11. end if 

12. end if 

 
 

 

4. Impact of Routing Trees 

 

In the preceding sections, we observed that although interference can be substantially eliminated 

by using power control and multiple channels, connectivity of the tree still limits the 

performance. In the following, we discuss the improvements with routing tress. 

 

 

4.1 Aggregated Convergecast on Degree-Constrained Trees 

 

The top two lines are for nodes transmitting at maximum power, and nodes using power control. 

The bottom two lines are for JFTSS and RBCA. When nodes transmit with maximum power, we 

observe a reduction in the schedule length in dense deployments as compared to non-degree-

constrained trees shown in Fig. 6a. We also notice further improvement with power control in 

denser deployments than in sparser ones. When nodes are assigned channels using RBCA, we 

see a factor of more than 2 reduction in the schedule length in dense deployments (L < 120), as 

compared to that usingRBCA on minimum-hop spanning trees. We also observe that the 

schedule lengths are much larger than the maximum degree in the routing tree for dense 

deployments, as compared to those in sparse scenarios (L _ 120). Considering deployments at 
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different densities, routing over minimum-hop degree-constrained spanning trees together with 

RBCA achieves an order of magnitude improvement than routing over minimum-hop spanning 

trees while transmitting at maximum power. When we use JFTSS, the schedule length is close or 

equal to the maximum degree since it can handle interference using multiple channels more 

effectively by reusing and assigning them to the links instead of the receivers. 

 

5. Energy efficient clustering 

 

Clustering is an efficient routing method, where the entire network is divided into multiple 

clusters. Each cluster has one cluster head and it is responsible for data aggregation. Instead of 

direct communication with the sink, all the member nodes in one cluster send data to the cluster 

head. In this way, the traffic load can be reduced. 

 

Many energy-efficient routing protocols have been proposed based on the clustering structure. In 

clustering topology, clusters are formed so that cluster head can fuse data from ordinary sensors 

in the same cluster. Therefore, energy can be saved and longer network lifetime can be achieved. 

LEACH is a classical clustering algorithm. In a periodical way, it randomly chooses the cluster 

heads. PEGASIS is an improvement over LEACH. It’s a chain-based protocol. Each node 

communicates only with a close neighbor and takes turns transmitting to the sink. Cluster heads 

are decided based on the average minimum reachability power. It provides scalable and efficient 

data delivery. 

 

To solve the energy hole problem, some scholars choose the unequal clustering algorithms. For 

the clusters, the closer they are to the sink, the smaller size they are formed. Therefore, it saves 

energy for the inter-cluster communications. MRPSUC is a novel energy-aware clustering 

protocol. It not only preserves energy by clustering, but takes various measures (such as 

considering the residual energy) to balance the energy of each node. PEBECS divides the entire 

WSN into several equal partitions reasonably and groups the nodes into clusters of unequal sizes. 

A node-weight heuristic algorithm is applied, considering the node’s residual energy, the number 

of nodes in the neighbor partition and the relative location. More balanced load can be ensured. 

EC also determines suitable cluster sizes depending on the hop distance to the data sink. It 

achieves approximate equalization of node lifetimes and reduced energy consumption levels. 

 

We use similar energy model based on the distance between transmitter and receiver, a 

free space (power loss) or multi-path fading (power loss) channel models are used. Each cluster 

has only one cluster head. The other nodes in the same cluster send data to the cluster head. Then 

cluster head send aggregated data to its relevant sink. In our algorithm, however, the sink nodes 

are randomly located. Therefore, some nodes may consume less energy through sending data 

directly to the sink rather than to its cluster head. 

 

6. 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 fundamental limitations due 

to interference and half-duplex transceivers on the nodes and explored techniques to overcome 
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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) channel 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 optimal converge cast 

scheduling algorithms, we showed that the lower bounds are achievable once a suitable routing 

scheme is used. Clustering is an efficient routing method, where the entire network is divided 

into multiple clusters. Each cluster has one cluster head and it is responsible for data aggregation. 

We use similar energy model based on the distance between transmitter and receiver, a free 

space (power loss) or multi-path fading (power loss) channel models are used. Therefore, some 

nodes may consume less energy through sending data directly to the sink rather than to its cluster 

head. 
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