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Abstract
The last few years have seen an increased interest in the potential use 
of Wireless Sensor Networks (WSNs) in various fields like disaster 
management, battle field surveillance, and border security 
surveillance. In query based wireless sensor systems, a user 
would issue a query and expect a response to be returned within 
a deadline. Retrieving sensor data such that QoS requirements are 
satisfied is achallenging problem. Sensornetworks aren’t always 
homogeneous, theymaybe heterogeneous too.Heterogeneous 
wireless sensor networks are more complex than homogeneous 
ones. But the heterogeneous wireless sensornetworks are more 
suitable for real life applications as compared to the homogeneous 
counterpart. In this paper, Hybrid Energy Efficient Distributed 
Protocol (H-HEED) for Heterogeneous Wireless Sensor Network 
has been proposed to prolong the network lifetime. Simulation 
result demonstrates that H-HEED achieves longer lifetime.

Keywords
Wireless Sensor Network, Network Lifetime, Heterogeneity, 
Energy Conservation, QoS, Reliability

I. Introduction
We have seen a rapid increase the number of applications for 
Wireless Sensor Networks (WSNs). WSNs can be deployed in 
battlefield applications, and a variety of vehicle health management 
and condition-based maintenance applications on industrial, 
military, and space platforms. For military users, a primary 
focus has been area monitoring for security and surveillance 
applications. A Wireless Sensor Network (WSN) can be defined 
as a network consists of low-size and low-complex devices called 
as sensor nodes that can sense the environment and gather the 
information from the monitoring field and communicate through 
wireless links; the data collected is forwarded, via multiple hops 
relaying to a sink (also called as controller or monitor) that can 
use it locally, or is connected to other networks. A sensor node 
usually consists of four sub-systems i.e. sensing unit, processing 
unit, communication unit and power supply unit.
A WSN can be either source-driven or query-based depending 
on the data flow. In source-driven WSNs, sensors initiate data 
transmission for observed events to interested users, including 
possibly reporting sensor readings periodically. An important 
research issue in source-driven WSNs is to satisfy QoS requirements 
of event-to-sink data transport while conserving energy of WSNs. 
In query based WSNs, queries and data are forwarded to interested 
entities only. In query-based WSNs, a user would issue a query 
with QoS requirements in terms of reliability and timeliness.
Retrieving sensor data such that QoS requirements are satisfied 
is a challenging problem and has not been studied until recently. 
The general approach is to apply redundancy to satisfy the QoS 
requirement.
In WSN, the sensor nodes are deployed in a sensor field. The 
deployment of the sensor nodes can be random (i.e. dropped 

from the aircraft), regular (i.e. well planned or fixed) or mobile 
sensor nodes can be used. Sensor nodes coordinate among 
themselves to produce high-quality information about the physical 
environment. Each sensor node bases its decisions on its mission, 
the information it currently has, and its knowledge of its computing, 
communication, and energy resources. Each sensor nodes collect 
the data and route the data to the base station. All of the nodes are 
not necessarily communicating at any particular time and nodes 
can only communicate with a few nearby nodes. The network has 
a routing protocol to control the routing of data messages between 
nodes. The routing protocol also attempts to get messages to the 
base station in an energy-efficient manner.
The base station is a master node. Data sensed by the network is 
routed back to a base station. The base station is a larger computer 
where data from the sensor network will be compiled and processed. 
The base station may communicate with the Remote Controller 
node via Internet or Satellite. Human operators controlling the 
sensor network send commands and receive responses through the 
base station. Providing a good Quality of Service in heterogeneous 
networks for irregular traffic flows remains a significant challenge. 
A general problem of large-scale, distributed systems is the ever-
increasing complexity of their operations. This complexity is 
mainly driven by heterogeneity
HEED (Hybrid Energy Efficient Distributed) protocol is the 
clustering protocol. It uses using residual energy as primary 
parameter and network topology features (e.g. node degree, 
distances to neighbors) are only used as secondary parameters to 
break tie between candidate cluster heads, as a metric for cluster 
selection to achieve load balancing. In this all nodes are assumed to 
be homogenous i.e. all sensor nodes are equipped with same initial 
energy. In this paper we also study the impact of heterogeneity in 
terms of node energy. We assume that a percentage of the node 
population is equipped with more energy than the rest of the 
nodes in the same network this is the case of heterogeneous sensor 
networks. As the lifetime of sensor networks is limited there is 
a need to re-energize the sensor network by adding more nodes. 
These nodes will be equipped with more energy than the nodes 
that are already in use, which creates heterogeneity in terms of 
node energy, leads to the introduction of H-HEED protocol.

II. Related Work
Present research related to applying redundancy to satisfy QoS 
requirements in query-based WSNs fall into three categories: 
traditional end-to-end QoS, reliability assurance, and application-
specific QoS Traditional end-to-end QoS solutions are based on 
the concept of end-to-end QoS requirements. The problem is that 
it may not be feasible to implement end-to-end QoS in WSNs due 
to the complexity and high cost of the protocols for resource-
constrained sensors. An example is Sequential Assignment 
Routing (SAR) that utilizes path redundancy from a source node 
to the sink node. Each sensor uses a SAR algorithm for path 
selection. It takes into account the energy and QoS factors on 
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each path, and the priority level of a packet. The objective of 
the SAR algorithm is to minimize the average weighted QoS 
metric throughout the lifetime of the network. ReInForM has 
been proposed to address end-to-end reliability issues.  ReInForm 
considers information awareness and adaptability to channel errors 
along with a differentiated allocation strategy of network resources 
based on the criticality of data. The protocol sends multiple copies 
of a packet along multiple paths from the source to the sink such 
that data is delivered with the desired reliability. It uses the concept 
of dynamic packet state to control the number of paths required for 
the desired reliability using local knowledge of the channel error 
rate and topology. This protocol results in the use of the disjoint 
paths existing in a thin band between the source and the sink.The 
protocol only concerns QoS in terms of reliability.
 M. Perillo and Heizelman provide application QoS with the 
goal of maximizing the lifetime of WSNs while satisfying a 
minimum level of reliability. This maximization is achieved 
through the joint optimization of scheduling active sensor sets 
and finding paths for data routing. The lifetime is defined as the 
sum of the time that all sensor sets are used. This approach can 
extend the lifetime of a network considerably compared with 
approaches that do not use intelligent scheduling. A multipath 
and multispeed routing protocol called MMSPEED is proposed 
in which takes into account both timeliness and reliability as QoS 
requirements The protocol provides end-to-end QoS provisioning 
by employing localized geographic forwarding using immediate 
neighbor information without end-to-end path discovery and 
maintenance The protocol adapts to network dynamics. Further, 
we also consider network dynamics due to sensor failures, energy 
depletion, and sensor connectivity. Utilizing hop-by-hop data 
delivery, the AFTQC algorithm developed in our work specifically 
forms mp redundancy paths for path redundancy and ms sensors 
for source redundancy to satisfy the imposed QoS requirements, 
facilitating the determination of the best (mp, ms) that would 
maximize the lifetime of the WSN.
QoS is defined as the optimum  number of sensors that should be 
sending information to the sinks at any given time. The protocol 
utilizes the base station to communicate QoS information to 
each of the sensors using a broadcast channel. The objective is 
to maximize the lifetime of the sensor network by having sensors 
periodically powered down to conserve energy, and at the same 
time, having enough sensors powered up and sending packets to 
the sinks to collect enough data. The protocol allows the base 
station to dynamically adjust the QoS resolution. This solution 
requires the determination of the amount of sensors that should be 
powered up a priori to maintain a resolution. QoS metrics for data 
delivery such as reliability and timelines are not considered.
Clustering SN prolongs the system lifetime of a WSN because 
clustering reduces contention on wireless channels  and supports 
data aggregation and forwarding at cluster heads (CHs). HEED 
increases energy efficiency by periodically rotating the role of 
CHs among SNs with equal probability such that the SN with 
the highest residual energy and node proximity to its neighbors 
within a cluster area is selected as a CH.
W. R.Heinzelman, A. P. Chandrakasan and H. Balakrishnan 
proposed Low Energy Adaptive Clustering Hierarchy (LEACH) 
protocol in 2000 for prolonging lifetime of Query based WSN. 
It is one of the most popular hierarchical routing algorithms for 
sensor networks.    In LEACH the key idea is to reduce the number 
of nodes communicating directly with the base station by forming 
a small number of clusters in a self-organizing manner REED 
Our approach of satisfying application reliability and timeliness 

requirements while maximizing the system lifetime is to determine 
the optimal level of redundancy at the “source” and “path” levels. 
The source-level redundancy refers to the use of multiple sensors 
to return the requested sensor reading. The path-level redundancy 
refers to the use of multiple paths to relay the reading to the sink 
node. Since WSNs are constrained with resources, the AFTQC 
algorithm developed in this paper utilizes hop-by-hop data delivery 
and dynamically forms multiple paths for data delivery, without 
incurring extra overhead to first formulate multiple paths before 
data delivery.      S. Lindsey and C. Raghavendra  introduced Power 
Efficient Gathering in Sensor Information Systems (PEGASIS) 
protocol in 2002. It is an improved version of LEACH. Instead of 
forming clusters, it is based on forming chains of sensor nodes. 
One node is responsible for routing the aggregated data to the 
sink. Each node aggregates the collected data with its own data, 
and then passes the aggregated data to the next ring.        
 In 2001, A. Manjeshwar and D. P. Agarwal propose Threshold 
sensitive Energy Efficient sensor Network Protocol (TEEN) 
protocol. Closer nodes form clusters, with a cluster heads to 
transmit the collected data to one upper layer.       A. Manjeshwar 
and D. P. Agarwal   proposed AdaPtive Threshold sensitive Energy 
Efficient sensor Network Protocol (APTEEN) protocol in 2002. 
Cluster heads are also responsible for data aggregation in order to 
decrease the size data transmitted so energy consumed..
In 2004, G. Smaragdakis, I. Matta and A. Bestavros proposed 
Stable Election Protocol (SEP) protocol. This protocol is an 
extension to the LEACH protocol. It is a heterogeneous aware 
protocol, based on weighted election probabilities of each node 
to become cluster head according to their respective energy.
In 2005, M. Ye, C. Li, G. Chen and J. Wu proposed Energy Efficient 
Clustering Scheme (EECS) protocol. It is novel clustering scheme 
for periodical data gathering applications for wireless sensor 
networks. It elects cluster heads with more residual energy through 
local radio communication. 
In 2006, Q. Li, Z. Qingxin and W. Mingwen proposed Distributed 
Energy Efficient Clustering Protocol (DEEC) protocol. This 
protocol is a cluster based scheme for multi level and two level 
energy heterogeneous wireless sensor networks. 
O. Younis and S. Fahmy proposed Hybrid Energy Efficient 
Distributed clustering Protocol (HEED) protocol in 2004. It 
extends the basic scheme of LEACH by using residual energy as 
primary parameter and network topology features (e.g. node degree, 
distances to neighbors) are only used as secondary  parameters to 
break tie between candidate cluster heads, as a metric for cluster 
selection to achieve power balancing. The clustering process is 
divided into a number of iterations, and in each iterations, nodes 
which are not covered by any cluster head double their probability 
of becoming a cluster head. 

III. System Model
 A WSN consists of a set of low-power Sensor Nodes (SNs) 
typically deployed through air-drop into a geographical area. 
We make the following assumptions regarding the structure and 
operation of a query-based WSN:
1. SNs are homogeneous and indistinguishable with the same 
initial energy level Eo.
2. SNs are deployed into a geographical area of size A2 with each 
side of length A. This assumption has been used in the literature 
to simplify the analysis although the method developed in this 
paper can deal with other geographical shapes.
3. SNs are distributed according to a homogeneous spatial Poisson 
process with intensity. We assume the domain is relatively free 
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of obstacles and the WSN is dense enough so that the length of 
a path connecting two SNs can be approximated by the straight 
line distance. We assume that the WSN deployed is sufficiently 
dense to satisfy the connectivity condition  so that sensors are 
well connected.
4. The failure behavior of an SN due to environment conditions 
(i.e., harsh environments causing hardware failure) and software 
faults is characterized by a hardware failure 
5. A clustering algorithm that aims to fairly rotate SNs to take 
the role of CHs has been used to organize sensors into clusters 
for energy conservation purposes, as illustrated in fig. 1. A CH 
is elected in each cluster. The function of a CH is to manage the 
network within the cluster, gather sensor reading data from the 
SNs within the cluster, and relay data in response to a query. 
The clustering algorithm is executed periodically by all SNs in 
iterations in which:

Aggregation of readings• 
Each cluster has a CH• 
Users issue queries through any CH.• 
CH that receives the query is called the Processing Center • 
(PC)
Each non-CH node selects the CH candidate with the highest • 
residual energy, sends it a cluster join message (includes the 
non-CH node’s location).  The CH will acknowledge this 
message.
Randomly rotates role of CH among nodes -> nodes consume • 
their energy evenly

6. To save energy, the transmission power of an SN even when 
it is a CH is reduced to a minimum level to enable the SN to 
communicate with its neighbor SNs within one-hop radio range 
denoted by r. Thus, every SN needs to use a multihop route for it 
to communicate with another SN distance away. 
7. The unreliable transmission failure behavior of the wireless 
medium in WSNs due to noise and interference is characterized 
by a transmission failure parameter. 
8. Users on a flying airplane or a moving vehicle can issue queries 
through any CH, which we call a processing center (PC), as labeled 
in Fig. 1. Assume that queries arrive at the system in accordance 
with a Poisson process. A query may involve all or a subset of 
clusters, say, k clusters, to respond to the query for data sensing 
and retrieval. These requested clusters are termed source clusters. 
The CH of a source cluster receives ms packets carrying the same 
data content from ms SNs within its cluster because of source 
redundancy but it will only relay the first packet it receives to 
the PC. The CH could also aggregate data and return summarized 
information in terms of the min, average, or max of sensor readings 
received from ms SNs. 
9. Routing in the WSN is based on geographic forwarding No 
path information needs to be maintained by individual SNs to 
conserve energy. Essentially, only the location information of the 
destination SN needs to be known by a forwarding SN for any 
source-destination communication. 
10. A source CH must relay sensor data information to the PC 
in response to a user query, and thus, can consume more energy 
than an SN within its cluster. The energy consumed by the system 
for data forwarding in response to a query depends on the total 
length of the paths connecting ms SNs within a cluster to the 
source CH for source redundancy, and the total length of the mp 
paths connecting the source CH and the processing center (the 
destination CH) for path redundancy. 
11. To save energy, SNs operate in power saving mode. At this 
mode, an SN operates either in active mode, i.e., transmitting or 

receiving, or in sleep mode.

Fig. 1(a): Cluster-Based WSN Architecture

We develop a hop-by-hop data delivery scheme to implement the 
desired level of redundancy to achieve QoS. For path redundancy, 
we want to form mp paths from a source CH to the processing 
center.

Fig. 1(b):  Hop-by-Hop Data Delivery in AFTQC

For source redundancy, we want each of the ms sensors to 
communicate with the source CH through a distinct path. Here, 
we note that a WSN is inherently broadcast-based. However, an 
SN can specify a set of SNs in the next hop (that is, mp in the 
first hop and 1 in a subsequent hop) as the intended receivers 
and only those SNs will forward data. Path is formed for data 
delivery if in each hop there is at least one next-hop sensor along 
the direction of the target node that is able to satisfy the speed 
requirement and receive the broadcast message, and also that 
the destination node is able to satisfy the speed requirement and 
receive the message.

IV. Generalization

A. General Approach
Our aim to determine the optimal redundancy level that could 
satisfy QoS requirements while prolonging the lifetime of the WSN.  
We develop the notion of “path” and “source” level redundancy. 
When given QoS requirements of a query, we identify optimal 
path and source redundancy such that not only QoS requirements 
are satisfied, but also the lifetime of the system is maximized. We 
develop Adaptive Fault Tolerant QoS Control (AFTQC) algorithms 
based on hop-by-hop data delivery to achieve the desired level 
of redundancy and to eliminate energy expended for maintaining 
routing paths in the WSN.
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B. Software Fault
For source redundancy, ms SNs are used for returning sensor 
readings. If we consider both hardware and software failures of 
SNs, the system will fail if the majority of SNs does not return 
sensor readings (due to hardware failure), or if the majority of SNs 
returns sensor readings incorrectly (due to software failure). 

C. Data Aggregation
The analysis performed thus far assumes that a source CH does not 
aggregate data. The CH may receive up to ms redundant sensor 
readings due to source redundancy but will just forward the first 
one received to the PC. Thus, the data packet size is the same. 
For more sophisticated scenarios, conceivably the CH could also 
aggregate data for query processing and the size of the aggregate 
packet may be larger than the average data packet size. Data 
aggregation in two ways (1). set a larger size for the aggregated 
packet that would be transmitted from a source CH to the PC (2). 
CH to collect a majority of sensor readings from its sensors before 
data are aggregated and transmitted to the PC.

D. Forward Traffic
The analysis performed in the paper considers only the reserve 
traffic for response propagation from SNs to the PC but neglects the 
forward traffic for query dissemination from the sink to the CH and 
SNs. The reliability and energy consumption of the forward traffic 
due to hop-by-hop query delivery can be calculated by following 
a similar analysis as for the reverse traffic. The success probability 
(Rq) would be adjusted by considering the forward traffic and 
reverse traffic together as a series system. The energy consumption 
of a query (Eq) would be used to calculate the maximum number 
of queries the system can possibly process.

V. Cluster Formation of Heed Protocol
Here describe the network model. Assume that there are N sensor 
nodes, which are randomly dispersed within a 100m*100m square 
region (fig. 1). Following assumptions are made regarding the 
network model is:

Nodes in the network are quasi-stationary.1. 
Nodes locations are unaware i.e. it is not equipped by the 2. 
GPS capable antenna.
Nodes have similar processing and communication capabilities 3. 
and equal significance.
Nodes are left unattended after deployment.4. 

Cluster head selection is primarily based on the residual energy 
of each node. Intra cluster communication cost is considered as 
the secondary parameter to break the ties. A tie means that a node 
might fall within the range of more than one cluster head.
The secondary clustering parameter, intra-cluster communication 
cost, is a function of
(i). cluster properties, such as cluster size
(ii). whether or not variable power levels are permissible for 
intra-cluster communication. If the power level used for intra 
cluster communication is fixed for all nodes, then the cost can 
be proportional to
(a). node degree  if the requirement is to distribute load among 
cluster heads
(b). 1/node degree , if the requirement is to create dense clusters. 
This means that a node joins the cluster head with minimum degree 
to distribute cluster head load or joins the one with maximum 
degree to create dense clusters

Fig. 2: Random Devlopment of 100 Sensor Nodes

Cluster head selection is primarily based on the residual energy of 
each node. The authors introduced different level of heterogeneity: 
2-level, 3-level and multi-level in terms of the node energy. 
Simulation results demonstrate that H-HEED achieves longer 
lifetime and more effective data packets in comparison with the 
HEED protocol.
The clusters formation by HEED protocol is shown in fig. 3.

Fig. 3: Clusters Formation by HEED Protocol

VI. Evaluation
To present numeric data to demonstrate tradeoff between Rq and 
Eq Probability that a query reply is delivered successfully within 
the deadline and the energy consumption for that query .Find 
optimal (mp, ms) that will maximize MTTF

A. WSN used in Evaluation
1000 sensor nodes with a density λ in an area 400x400m2, each 
with a range of 40m, bandwidth of 200Kb/s, and initial energy 
of 10J.

1. Analysis: MTTF
There exists an optimal (mp, ms) While other parameter values 
would produce different (mp, ms) sets than shown below, trends 
are the same  
Trend 1: while transmission reliability e decreases, the system 
uses more redundancy
Trend 2: as real-time deadline increases, system uses less 
redundancy 
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Fig. 4: Eq versus (mp, ms)

Fig. 4, shows the energy consumption as a function of (mp, ms). 
We see that the energy consumption per query is monotonically 
increasing as either mp or ms increases. Trade-off: If more 
redundancy is used to answer a query, MTTF would increase due 
to higher Rq (query reliability), but would decrease due to higher 
Eq (energy consumption per query) fig. 5, shows a snapshot of 
the MTTF of the sensor System as a function of (mp, ms) Varying 
Treq and with less stringent real time deadline less redundancy 
redundancy level in terms of optimal (mp, ms) exists. In general, 
we observe that as Treq increases (less stringent real-time deadline 
constraints), the MTTF increases. Also, the system would select 
less redundancy to maximize the MTTF of the system.

Fig. 5:  MTTF with e ¼ 0:0001, Treq ¼ ½0:5 _ 1:0_ sec

2. Comparison of AFTQC Versus Baseline
AFTQC:  Adaptive Fault Tolerant QoS Control Algorithm 
Redundancy and Clustering algorithm Baseline:  No redundancy 
and Classic acknowledgement and retransmission on timeout for 
the case when channel transmission reliability is high AFTQC 
greatly increases MTTF.  Even at super low e, optimal (mp, ms) = (1, 
1), AFTQC still yields higher MTTF due to no acknowledgement 

requirement figs. 6, shows result. We conclude that AFTQC 
operating under the optimal (mp, ms) set always outperforms the 
baseline scheme and that properly utilizing redundancy would 
prolong the system lifetime while satisfying QoS requirements 
of queries.

Fig. 6: AFTQC Versus Baseline with Treq ¼ 1 sec, e ¼ 0:0001 in 
Logarithmic Scale

3. Effect of Clustering on MTTF
The effect of clustering on the proposed algorithm. We also analyze 
the effect of different clustering intervals on the system MTTF. 
fig. 7, shows a snapshot of the MTTF of the WSN system as a 
function of (mp, ms). In this case, the energy consumption by 
the clustering algorithm is small and does not significantly affect 
the system MTTF.

Fig. 7: Effect of Clustering Intervals on MTTF with e ¼ 0:0001, 
Treq ¼ 1:0 sec

Finally, we note that the MTTF curves for all three cases show the 
same trend with respect to (mp, ms) This is due to the assumption 
that clustering is executed frequent enough to maintain perfect 
rotation of CHs, so the frequency of clustering will only affect 
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the total energy consumed but will not affect the optimal (mp, 
ms) set selected.

4. AFTQC with Software Failure
When adding possibility of software failure in the system, 
redundancy is increased A large number of sensor nodes chosen 
to increase probability that the majority agree on same sensor

Fig. 8: AFTQC with/without Software Failure with e ¼ 0:0001, 
Treq ¼ 1:0 sec

VII. Simulation
Simulation vs. Analytical represents For the purpose of validation, 
used J-Sim to simulate small- scaled WSN to obtain simulation 
results with statistical significance. Failure assumptions in J 
Sim: 

If all nodes fail to deliver sensor reading1. 
All paths between CH and PC are broken2. 
Query is not returned with deadline.3. 

Simulation run in rounds
Each round, record number of queries processed • 
successfully 
Use batch  mean analysis to Obtain MTTF• 

1. Simulation Results for H-HEED Protocol
The simulation is done in Mat lab. Let us assume the heterogeneous 
sensor network with 100 sensor node are randomly distributed in 
the 100m*100m area. The base station is located at the centre (50, 
50). We have set the minimum probability for becoming a cluster 
head (pmin) to 0.0001 and Initially the cluster head probability 
for all the nodes is 0.05.

Table 1: Simulation Parameters

Fig. 9: The Number of Alive Nodes Per Round

Fig. 9, shows the behavior of HEED and H-HEED protocol is 
shows that the number of alive nodes per round. The number of 
nodes die in HEED is more than H-HEED over the same number 
of rounds. The number of normal nodes dies very fast and as a 
result the sensing field becomes sparse very fast. On the other hand, 
advanced nodes and super nodes die in a very slow fashion. But 
in multi-level H-HEED, all the sensor nodes are having different 
energy as a result nodes will die randomly. 

Fig. 10: The Total Remaining Energy in Each Round

Fig. 10, Shows Total Remaining Energy of the Network in Each 
Round in HEED and H-HEED

Fig. 11:  The Number of Packets Sent to the BS in each Round
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Fig. 11, shows the number of packets sent to the BS in each 
round. In this, more number of packets is sent in the H-HEED 
in comparison with HEED, as advanced nodes and super nodes 
will be having more probability of becoming the cluster heads, 
due to more residual energy so more number of packets will be 
sent to the base station. Thus, the H-HEED sends more effective 
data packets to the base station.

VIII. Conclusion
In this paper, we have developed an Adaptive Fault-Tolerant QoS 
Control (AFTQC) algorithm which incorporates path and source 
redundancy mechanisms to satisfy query QoS requirements   while 
maximizing the lifetime of query-based sensor   networks. We 
discussed how these mechanisms can be realized using hop-by-hop 
packet data delivery and derived   the probability of successful 
data delivery within a real-time constraint (Rq), as well as the 
amount of Energy consumed  (Eq) per query. Finally, we plan to 
consider the use of acknowledgment and timeout mechanisms in 
our hop-by-hop data delivery scheme at various levels, such as 
hop-by-hop or end-to-end, and identify the optimal (mp, ms) that 
minimizes MTTF, as well as conditions under which no-ACK 
is better than ACK-based data delivery schemes, or vice versa. 
H-HEED protocol is proposed for heterogeneous wireless sensor 
network. In this, we introduced different level of heterogeneity: 
2-level, 3-level and multi-level in terms of the node energy. We 
have evaluated the performance of the proposed H-HEED with 
HEED protocol using Matlab. It is observed that there is significant 
improvement in the lifetime in case of H-HEED protocol in 
comparison with HEED protocol because the number of rounds 
is maximum with multi-level H-HEED
ACRONYMS
MTTF:    Mean time to failure
SN   :         Sensor node;
PC   :         Processing center;
CH   :        Cluster head;
WSN   :       Wireless sensor network.
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