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ABSTRACT: In this paper, I consider a large-scale geographic area populated by tiny 

sensors and some more powerful devices called actors, authorized to organize the 

sensors in their vicinity into short-lived, actor-centric sensor networks. The main 

contribution of this work is to propose an energy-efficient location training protocol for 

heterogeneous actor-centric sensor networks where the sensors acquire coarse-grain 

location awareness with respect to the actor in their vicinity. The theoretical analysis, 

confirmed by experimental evaluation, shows that the proposed protocol outperforms 

the best previously known location training protocols in terms of the number of 

sleep/awake transitions, overall sensor awake time, and energy consumption. The 

system can be then evaluated through simulated experiments. The performance is then 

compared with that of all the previous location training algorithms known for the 

periodic sensors, showing that the new protocol requires fewer sleep/awake transitions, 

and hence, consumes much less energy per sensor. 

 

KEYWORDS: Sensor and actor networks, heterogeneous sensors, coarse-grain 
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___________________________________________________________________________

 

I.   INTRODUCTION 

ssume a large-scale deployment of heterogeneous micro sensors, each perhaps no larger 

than a dime, and possessing only limited functionality, along with more powerful devices, 

called actors. The actors are authorized to organize the sensors in their vicinity into short-

lived and actor-centric networks in support of a specific mission; when the mission 

terminates, the networks are dissolved and the sensors return to their unorganized state [1][2]. 

As an example, imagine a blind person that tries to cross the street in a sensor-instrumented 

city block. The blind person will organize the sensors in his immediate vicinity into a short-

lived network whose stated goal is to help him chart a safe course to their destination. Once 

the blind person has been assisted, the sensor network is disbanded and the sensors return to 

their dormant state. 

However, due to limitations in form factor, cost per unit, and energy budget, tiny sensors are 

not expected to be GPS-enabled. Moreover, in many occluded environments, including those 

inside buildings, hangars, or warehouses, GPS access is drastically reduced [2]. 

 

II. RELATED WORK 

Actor-centric network, the concept of globality needs to be redefined to mean small-scale 

spatial and temporal globality, the only viable form of nonlocal interaction. Indeed, no global 

aggregation or fusion of sensory data is performed because such operations do not scale well 

with the size of the deployment area. 

          In many other applications, exact geographic location is not necessary: all that 

individual sensors need is coarse-grain location awareness. The task of acquiring such coarse 

grain location awareness, relative to a reference point, is referred to as location training 

A 
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(training, for short). There is an obvious trade-off: coarse-grain location awareness is 

lightweight, but the resulting accuracy is only a rough approximation of the exact geographic 

coordinates [3]. This is in contrast with the majority of papers that assume routing along 

spanning trees with frequent collisions [3]. 

     Recently, a number of papers [5] have studied location training protocols which impose a 

coordinate system by an actor. The typical mode of operation of an actor is to move toward 

the place where an event occurs, stationing there for a while so as to task the sensors in the 

circular field, centered at one of the actors (see Fig. 2.2), for collecting data relevant to the 

mission at hand. In support of its mission, the actor is provided with a steady power supply 

and a radio interface for long-distance communications. 

 

 
Figure 2.1: Illustrating two actor-centric networks 

                           

 
Figure 2.2: A trained actor-centric sub network 

 

In general, the actors are equipped with both isotropic and directional antennas. By means of 

the isotropic antenna, the actor is able to broadcast with variable range R to reach all the 

sensors at distance at most R from the actor. Moreover, using the directional antenna, the 

actor can broadcast at full range to all the sensors lying in a circular sector of arbitrary angle 

with respect to the polar axis. As illustrated in Fig. 2.2, after training, each sensor in a disk 

around the actor has acquired two coordinates, namely, the corona and the sector to which it 

belongs. Note that training provides for free a clustering of the sensors. the location training 

protocols studied thus far in the literature work on homogeneous sensors in terms of 

computing and communication capabilities as well as energy budget. By contrast, in this 

paper, they look at training protocols that handle sensors with different capabilities. With 

sensors being deployed at various times by different infrastructure providers, heterogeneity is 

expected to be the norm in the sensor networks of the future. The sensors run on miniature 



International Journal of Emerging trends in Engineering and Development         Issue 2, Vol.7 (November 2012)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

 Page 461 
 

non-rechargeable batteries. When a sensor is awake, its CPU is active, along with its timer, 

and its radio is on; in sleep mode, the CPU is inactive, the radio interface is powered off, and 

only the timer is on [4]. In order to promote longevity, the sensors spend most of the time in 

sleep mode, waking up for brief time periods only. The heterogeneous actor-centric sensor 

networks considered hereafter involve two types of sensors: on the one hand, the periodic 

sensors have sleep periods predetermined at fabrication time that cannot be altered; on the 

other hand, the free sensors may alter their sleep periods dynamically under program control. 

A.  Existing System 

The existing solutions assume the existence of several GPS-enabled anchors. Localization 

algorithms can then be divided into two categories: range-based and range-free.  

   Other solutions use methods similar to distance vector routing to allow the nodes to find the 

number of hops from the anchors. Anchors flood their location throughout the network 

maintaining a running hop count at each node along the way. Nodes calculate their position 

based on the received anchor locations, on the hop count from the corresponding anchor, and 

on the average-distance per hop  

B.  Proposed System 

Several recent papers have considered the localization problem in a network whose anchor 

nodes, called actors, are provided with special transmission capabilities and steady power 

supply and whose sensor nodes exploit sleep-awake duty cycles for saving energy. This paper 

presents an asynchronous protocol, where the actor repeats a transmission cycle at decreasing 

transmission ranges, which can simultaneously train both free and periodic sensors. This 

protocol improves overall the previously asynchronous protocols by reducing the number of 

sleep/awake transitions to a logarithmic number, thus matching the fastest synchronous 

protocol. 

The sensors come in two flavours: 

1. The periodic sensors alternate between sleep and awake periods, both of fixed length. 

Periodic sensors may sleep for their entire cycle, skipping awake periods. 

2. The free sensors alternate between sleep periods, whose lengths depend on the 

executed protocol and can, assume arbitrary values, and awake periods of fixed 

length. 

1) Proposed Algorithm: A new protocol proposed called as Binary training protocol for 

localization. As a result of running the training protocol, each sensor will acquire the desired 

coarse-grain location awareness (namely, the identity of the corona and sector to which it 

belongs), regardless of its type and the moment when the sensor wakes up for the first time. 

Corona: Corona is the concentric circles. 

Sector: Angular partitions of the triangles are sectors.  

 

 
Figure 2.3: A trained actor-centric sub network 
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2) Actor Behaviour: Actor has to transmit a packet called as Beacon containing its identifier 

to the corona„s. Consider first the training of the coronas. The pseudo code of the actor 

behaviour is given in Fig. 2.4. 

 

Procedure Actor (k): 

 t:=0; 

 repeat 

 for i:=k-1 downto 0 do 

  transmit beacon i up to corona Ck-1; 

  transmit beacon i up to corona  Ci; 

 t:=t + 2k; 

 until  t > τ  

 

Figure 2.4: Illustrating the actor protocol 

3) Sensor Behaviour: Sensor runs the binary protocol. It is crucial to point out that the 

sensors are aware of the actor behaviour and the number of coronas k, which they can learn 

from the control broadcast beacons. 

Procedure Binary-Training (k,d): 

1 trained: = false; v: =t: =0; min: =-1; max: =k-1; 

2  while ¬ trained do 

3  for i: = 0 to d-1 do 

4   if even (i) then 

5     if received beacon c then 

6    first: = c; 

     else 

7    first: =k; 

     else 

8   if ¬ received beacon c then 

9    if min ≤ first then 

10      min: = first; update: =left; 

11        control: = t+i-1; 

     else 

           Cases 

12    c=first: 

13   if max ≥ c then 

14    max: = c; update:=right; 

15   control: = t+i-1; 

16  first ≠ k and c= (first -1) mod k; 

17   if max ≥ first then 

18   max: =first; update: =right; 

19  control: =t+i; 

20  first =k: 

21  if min ≤ (c+1) mod k then 

22  min :=( c+1) mod k; 

23  update: =left; 

24  control: =t+i; 

25  t: =t + d – 1; 

26 if max – min=1 then 

27 mycorna: =max; 

28 trianed: =true; 
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else 

 

29  guess: = 
[min +max ]

2
; 

30  alarm-clock: =control+wait(); 

31  sleep until alarm-clock rings; 

              Figure 2.5: Training protocol for a generic sensor 

  A sensor listens for an awake period of d consecutive time slots. Since the sensor is 

asynchronous, it keeps track of two slots, one even and one odd, to understand whether it 

woke up at a data broadcast or a control broadcast. During the even slots, it stores in variable 

first either the beacon received, if any, or k (lines 4-7). During the odd slots, if the sensor 

does not receive any beacon, it is sure that it woke up at a control broadcast. Thus, the actor is 

now data broadcasting the beacon first and the corona of the sensor must be larger than first. 

In variable control, the sensor remembers the local time when the control broadcast was 

received (lines 8-11). 

 

4) Wait Procedure for The Sensor Behaviour: 

 Function  Wait: integer; 

1   if update = right then 

2     wait: = 2  
[min +max ]

2
 ; 

else 

    3        wait := 2(k- 
[min +max ]

2
); 

 

Figure 2.6: The Wait procedure invoked for the sensors. 

         The Wait procedure is outlined in Fig. 2.6. The sensor sleeps for an interval which 

depends on the guess corona and the last modified boundary of the corona identity range. 

Moreover, since the sensor updates the min and max registers listening to the effective actor 

transmission, the sensor does not infer any information from its knowledge of the actor 

behaviour, contrary to the previously known protocols [4], [5]. 

 

C. Power Consumption 

The wireless sensor network node being electronic device can only be equipped with limited 

power source. A node structure as shown in figure 2.7 typically consist of four basic 

components: a sensing unit, a processing unit, a communication unit, and a power unit [11]. 

Sensor node lifetime therefore shows a strong dependency on battery malfunctioning of a few 

nodes and can cause significant topological change and might require re-routing of packets 

and reorganisation of the network. 

  
 Figure 2.7: Sensor node structure 
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III. HETEROGENEOUS MODEL FOR WSN 

Most of the protocols designed for WSNs assume that the sensors have the same capabilities 

in terms of storage, processing, sensing, and communication. The resulting network is said to 

be homogeneous. In these types of networks, a pair of sensors would have the same lifetime if 

they have the same energy consumption rate. Some sensing applications, however, use 

sensors with different capabilities and accordingly the resulting network is said to be 

heterogeneous. In the real world, the assumption of homogeneous sensors may not be 

practical because sensing applications may require heterogeneous sensors in terms of their 

sensing and communication capabilities in order to enhance network reliability and extend 

network lifetime [11] Also, even if the sensors are equipped with identical hardware, they 

may not always have the same communication and sensing models.  

     In this section, we will present a paradigm of heterogeneous wireless sensor network and 

discuss the impact of heterogeneous resources. There are three common types of resource 

heterogeneity in sensor node computation -al heterogeneity, link heterogeneity, and Energy 

Heterogeneity. 

 

A. Heterogeneous Impact on The Wireless Sensor Networks  
Placing few heterogeneous nodes in the sensor network can bring following three main 

benefits: 

1. Prolonging network lifetime. In the heterogeneous wireless sensor network, the average 

energy consumption for forwarding a packet from the normal nodes to the sink in 

heterogeneous sensor networks will be much less than the energy consumed in homogeneous 

sensor networks. 

2. Improving reliability of data transmission. It is well known that sensor network links tend 

to have low reliability. And each hop significantly lowers the end-to-end delivery rate. With 

heterogeneous nodes; there will be fewer hops between normal sensor nodes and the sink. So 

the heterogeneous sensor network can get much higher end-to-end delivery rate than the 

homogeneous sensor network. 

3. Decreasing latency of data transportation. 

Computational hetero-geneity can decrease the processing latency in immediate nodes. And 

link heterogeneity can decrease the waiting time in the transmitting queue. Fewer hops 

between sensor nodes and sink node also mean fewer forwarding latency. 

 

B.  Network Model and Problem Formulation 

In this work a SANET is assumed that consists of a single fixed actor and a set of sensors 

randomly deployed in its broadcast range as illustrated in Figure 2.1. For simplicity, the actor 

is centrally placed, although this is not really necessary. 

The sensors operate subject to the following fundamental constraints: 

 The sensors are anonymous to assume- the simplest sensor model, the sensors lack 

individually unique IDs. 

 The sensors have a modest nonrenewable energy budget. 

  No sensor has global information about the network topology. 

 All sensors can receive isotropic transmissions emanating from the actor. 

 The sensors are asynchronous they wake up for the first time according to their 

internal clock and do not engage in explicit synchronization protocol with the actor or 

other sensors. 

Architectural Design: The system is a simulation of the Wireless mesh network 

environment   
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Figure 3.1: An Overview of system 

GUI Panel: User will configure how many number of Sensor   and Actors should be running. 

Simulator will distribute the sensors and the actors randomly. Through GUI user can view the 

corona and sector information of any sensor. 

 

WSN Simulator: This is a discrete event simulator simulating the wireless sensor network. It 

helps sensors and actors communicate. 

 

Sensor:  They do know their location information and execute binary training protocol to 

know their location.   

Actors: Actors execute actor behavior after dividing the area into sectors and corona and help 

sensor to know their location. 

 

 

 

IV. PROTOCOL STACK FOR WSANS 

The protocol stack for sensor and actor nodes may basically consist of three planes, (i.e., 

communication plane, coordination plane, and management plane) shown in Fig. 4.1. 

Communication plane enables the information exchange among the nodes of the network. 

Data received by a node at the communication plane are submitted to the coordination plane 

which decides how the node acts on the received data. Moreover, the coordination plane 

provides nodes to be modelled as a social entity, i.e., in terms of the coordination and 

negotiation techniques it possesses. Management plane is responsible for monitoring and 

controlling a sensor/actor node so that it operates properly.  

                                                               

Figure 4.1: WSAN protocol stack. 
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It also provides information needed by the coordination layer to make decisions. In the 

following three subsections, we discuss the requirements and characteristics of each plane for 

both sensor-actor and actor–actor coordination‟s. 

 

A.  Management Plane 

The functions performed by the management layer can be categorized into the following 

three areas: 

• Power management plane manages how a node uses its power. For example, when the 

power level of a node is low, this plane informs the coordination plane so that the node will 

not participate in sensing, relaying, or acting activities. 

B. Coordination Plane 

Coordination plane determines how a node behaves according to the data received from 

communication plane and management plane. After sensing an event, sensors communicate 

their readings with each other. At each sensor node these exchanged data are submitted to the 

coordination plane to make decisions When an event occurs, the common goal of all actors is 

to provide required action on that event. Thus, social abilities, i.e., sophisticated coordination 

and negotiation abilities are necessary in WSANs to ensure coherent behaviour in the 

community of actors. These required social abilities of an actor are defined in the 

coordination plane. 

     Specifically, which layer in actor–actor coordination is responsible to make decisions 

about which actors act on which part of the event area and whether to have these actors act 

concurrently or, if sequentially, then in what order [2]. 

 

C. Communication Plane 

Communication plane receives commands from coordination plane (about the decision of 

how the node will behave) and according to that information provides the link relation 

between nodes by using communication protocols. Specifically, the communication plane 

deals with the construction of physical channels, the access of the node into the medium 

(MAC), the selection of routing paths through which the node transmits its data and the 

transport of packets from one node to another. 

     In the following subsections, we investigate the requirements and challenges of the 

transport, 

MAC and routing layers as well as the cross layer integration between these layers both for 

sensor actor and actor–actor communications. 

1) Transport Layer: In addition to the conventional reliability the new transport protocols 

must also support real-time requirements in WSANs. Several transport layer protocols have 

been developed for ad-hoc networks and wireless sensor networks in recent years . 

2) Routing Layer: In WSANs, when sensors detect an event, there is no specific actor to 

which a message will be sent.This uncertainty occurring due to the existence of multiple 

actors causes challenges in terms of routing solutions 

• How are the clusters formed, e.g., are they formed based on the event? 

• How will the clusters be adaptive to mobility, or 

• How will the clusters satisfy the real-time constraints? 

3)  Medium Access Control: In order to effectively transmit the event information from 

large number of sensors to actors there is a need for MAC protocol. Moreover, in some 

applications, (i.e., distributed robotics) actors may be mobile. Classical contention-based 

protocols are not appropriate for real-time sensor-actor communication since contention-

based channel access requires handshaking which increases the latency of the data. TRACE 

[2] is a reservation TDMA protocol which suffers from the added overhead for reservation 
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contention while PBP (Predictive Back off Protocol for IEEE 802.11) suffers from the 

requirement of large amount of energy due to all sensors listening to others transmissions. 

4) Cross-layering: Current WSN and WSAN protocol designs are largely based on a layered 

approach. However, the suboptimality and inflexibility of this paradigm result in poor 

performance for WSANs, due to constraints of low energy consumption and low latency. 

Therefore, instead of having individual layers, we may need cross-layering where layers are 

integrated with each other. 

 

V. SENSOR NETWORKS APPLICATIONS 

Sensor networks may consist of many different types of sensors such as seismic, low 

sampling rate magnetic, thermal, visual, infrared, acoustic and radar, which are able to 

monitor a wide variety of ambient conditions that include the following [12]: 

• temperature, 

• humidity, 

• vehicular movement, 

• lightning condition, 

• pressure, 

• soil makeup, 

• noise levels, 

• the presence or absence of certain kinds of objects, 

• mechanical stress levels on attached objects, and 

• the current characteristics such as speed, direction. 

A. Military Applications  

Wireless sensor networks can be an integral part of military command, control, 

communications, computing, intelligence, surveillance, reconnaissance and targeting systems. 

The rapid deployment, self-organization and fault tolerance characteristics of sensor networks 

make them a very promising sensing technique for military.  

B.  Environmental Applications 

Some environmental applications of sensor networks include tracking the movements of 

birds, small animals, and insects; monitoring environmental conditions that affect crops and 

livestock; irrigation; macro instruments for large-scale Earth monitoring and planetary 

exploration; chemical/ biological detection; precision agriculture; biological,  

Flood detection [12]: An example of a flood detection is the ALERT system deployed in the 

US. Several types of sensors deployed in the ALERT system are rainfall, water level and 

weather sensors 

C. Health Applications 

Some of the health applications for sensor networks are providing interfaces for the disabled; 

integrated patient monitoring; diagnostics; drug administration in hospitals; monitoring the 

movements and internal processes of insects or other small animals; telemonitoring of human 

physiological data; and tracking and monitoring doctors and patients inside a hospital. 

 

VI   CONCLUSION 

In this paper, I have proposed an energy-efficient location training protocol for heterogeneous 

actor-centric sensor networks where the sensors acquire coarse-grain location awareness with 

respect to the actor in their vicinity. The sensors differ in their ability to dynamically alter 

their sleep times: the periodic sensors feature sleep periods of predefined lengths, established 

at fabrication time; the free sensors can dynamically change their sleep times under program 

control. 

     Our theoretical analysis, confirmed by experimental evaluation, has shown that the 

proposed protocol outperforms the best previously known training protocols in terms of 
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number of sleep/awake transitions, overall awake time, and energy consumption. Our 

experimental studies have suggested practical choices for the length d of the awake periods: 

smaller values of d for the free sensors and larger values of d for the periodic ones. 
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