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Abstract— Wireless sensor networks (WSN) used in large 

range of applications such as building monitoring and 

control, health-care monitoring. WSN management systems 

tend to be dealing with failure detection and construct a 

recovery plan to respond on failures. The application 

requirements changed at runtime and the network need to 

adapt changes. We proposing self-healing partial assignment 

scheme for on-line adaptation on network failure. This 

increase the lifetime of applications at runtime by 

transferring weak nodes jobs to healthy neighbor nodes. 
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I. INTRODUCTION 

Recent technological advancements have favored the 

deployment of small and smart devices called sensor nodes 

that perform sensing and transferring information related to 

a given application. Wireless Sensor Networks contains a 

large number of small sensor nodes that can sense, process 

and transfer data values [1]. Wireless Sensor Networks have 

been extensively used in lot of applications like 

environmental monitoring, surveillance, military, Smart 

home health care monitoring applications that need 

integration of jobs for data transfer. The sensor nodes have 

low energy due to limited battery life. The is large number 

of chances to fault occurrence in network and it shortening 

the lifetime of network.   Manually it is not possible for 

human being to enter in application area in most of the 

cases. So, battery change or maintenance manually is not 

possible in these sensor networks. Fault detection methods 

are needed for finding faults in sensor nodes [3]. Some fault 

detection model can be for this purpose. Sensor nodes are 

sending active-sleep messages to the central manager after 

specific time interval to confirm their existence. When the 

controller does not receive the update message from a sensor 

node after a pre- specified time interval, we assumed that the 

sensor node is dead and start process of self-healing [4]. 

But it is difficult for central manager to assign jobs 

of weak nodes to other nodes. We are using the self- healing 

property of sensor nodes in which the weak nodes itself 

transfer their jobs to other healthy nodes before getting 

dead. The integration functions are applied at sensor node 

after collection of data from all nodes of network then 

collected data values are transferred to user. Integration 

function is used to minimize energy consumption as well as 

communication between nodes [6].  Jobs in monitoring 

applications represented by Job graphs which contains nodes 

(jobs) and arrows that represent data transmission paths [2]. 

After collecting information from all sensor nodes the 

integration function can be applied at user node to minimize 

energy consumption. The job graph can be represented by 

directed graph where jobs are represented by sensor nodes 

edges show information flow as shown in figure 1. In figure 

1 A1, A2, A3 reads accelerometer reading and T1, T2, T3 

reads temperature data values in the patient monitoring 

system at home then with the help of integration function 

these readings are transferred to nurse screen. The job graph 

describes energy consumed in data transfer and sensing 

operation processing. At low energy level the sensing 

operations cannot be performed accurately in static 

assignment scheme. In this situation the message drop rate 

increase and network need restructuring to work in a proper 

manner. Our proposed partial job reassignment scheme the 

low energy level nodes work is allocated to other healthy 

nodes at runtime to perform their functions. We propose a 

method in which we divide the given job into sub jobs and 

assign it to other healthy nodes as shown in figure 2. The 

wireless sensor network cannot work properly of some of 

the nodes reach at low energy level. So it is necessary for 

each node to decide which node is better to transfer its work 

for long life working of network. To perform operation of 

job transfer is difficult by central manager. So there is need 

of any method that can assign job at runtime. 

 
Fig. 1:  Job Graph in Static Assignment Scheme 

When some nodes reach at low energy level there 

may be some healthy neighbor nodes which are able to 

perform job of weak nodes for continuity of job operations. 

In this way the lifetime of network will be increased.  

 
Fig. 2: Job Transfer of Weak Nodes To Other Healthy 

Nodes 

The paper is organized as follows: In section II we 

are describing problem formulation. In section III, the job 

assignment Transmission cost function is introduced. In 
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section IV, we introduced proposed runtime job assignment 

algorithm for self-healing in WSNs. In section V, we 

experimental result are provided for the self-healing of 

network and finally in section VI we provide conclusion. 

II. PROBLEM FORMULATION 

The job in WSN is shown by directed graph G = (V, E) 

where V is sensor nodes and E is edges that represent data 

communication between nodes. S is the set of deployed 

sensor nodes in application area. S = (1, 2, 3…… x) where x 

is the number of sensor nodes deployed. The edge (w,v) 

if data is transferred from sensor node w to v. After 

occurrence of fault by low energy of nodes the first problem 

is to divide the structure of weak or faulted node.  

J: G   G’= (V’, E’) 

Then reassign the job   

R: V’  S to most appropriate neighbor node. (Job 

transfer with minimum energy). 

The job is divides into hierarchical manner. The job 

with large number of input value is divided into job with 

small number of input value and transferred to healthy 

neighbor nodes.  

III. JOB ASSIGNMENT 

For every sensor node we do an assignment of job for 

maximizing the system life time. This process is repeated 

for assignment of all jobs to compatible sensor nodes. After 

assignment of jobs to sensor nodes we reassign the some 

sensor node jobs to other nodes if they are improving system 

performance. The dead nodes jobs are assigned to healthy 

nodes in next round.  We end the algorithm when further job 

reassignment does not improve system performance. For 

initial job assignments of shortest path dijkstra algorithm is 

used for minimum consumption of energy [16]. Following 

equations are used to improve system lifetime by simulated 

annealing method [12]. 

J – Total number of jobs in the network. 

R - pre-allocated nodes (Initial assignment). 

F- Faulted nodes. (Weak nodes) 

U- Healthy nodes able to take other nodes jobs. ( 

Neighborhood Assignment) 

L- Faulted nodes jobs 

E- Transcost function 

T- Temperature Scheduling 

A. TransCost Function 

For division and assignment of jobs at runtime we propose 

TransCost function which is used to select better node for 

assignment. The TransCost function calculate the amount of 

energy will consumed in reassigning the job from weak 

node to healthy node and based on these calculations we can 

we find out which node is most appropriate to transfer job of 

weak node. The cost function can be defined as: 

(1) 

CProcess (vj) is energy consumed for processing of 

jobs by sensor node, CTrans(w,v) is amount of energy 

consumed by weak node w to transfer its job to node vj. 

C(vj) is energy consumed by node vj. Ew and Lw are for 

weight measurements in highest energy and latency. The 

maximum energy and latency consumption can be adjusted 

by using these parameters. The user has to increase the 

weight of node which he wants to use with highest priority. 

So for long life of sensor network the energy consumption 

should be less.  

(2) 

In above expression ein(vj) is in-degree i.e the 

number edges come to job (vj). R(vj) is the node to which 

job (vj) is already assigned. C(vj) represent the CPU cycles 

needed to compute job vj.  I(x) is the CPU current in sensor 

node x. C(vj)/f (R(vj)) denotes computation time acquired by 

job vj. Thus, expression (ii) denotes the energy consumed 

for processing of job vj at node R(vj).  

The sensor nodes have to send sensed data at many 

times because receiver node can receive data values once in 

one time. So the job of data transfer performed at many 

times. Thus the energy consumed for job transfer is as 

follows:  

 (3) 

In (iii) (w,v) ’, Dy(w) is the data values sensed 

by  job w, TransE energy consumed for data transfer a bit 

from one node  to another.   

IV. RUNTIME JOB ASSIGNMENT ALGORITHM: 

NEIGHBORHOOD COOPERATION 

To adapt runtime changes job transfer algorithm is 

developed. The weak nodes with less energy not able to 

perform communication and computational functions need 

to transfer their jobs to healthy neighbor nodes. The power 

in sensor network is limited due to limited battery power. It 

is responsibility of weak nodes to transfer their job to 

healthy nodes in case of low battery. The weak nodes starts 

transfer operation by transmitting RJT (Request Job 

Transfer) message to neighbor nodes when it reach at the 

threshold energy level (low battery parameter fix by 

programmer).  

 
Fig. 3: Runtime Job Assignment Algorithm 

A. Algorithm 1(a): For Weak node (Sender Side) 

 
Fig. 4: Algorithm 
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B. Algorithm 1(b): For neighbor node (Jobs Receiving/ 

Destination) 

After receiving RJT the neighbor nodes calculate the 

TransCost when job would be transfer to that sensor node.  

Then all neighbor nodes send RJT (Reply Job Transfer) 

message to requested sensor node. After receiving RJT at 

receiving side the weak node will decide which node is best 

for job transfer and then reassign its job to that healthy node. 

 
Fig. 5: Algorithm 2 

V. EXPERIMENTAL RESULTS 

For implementation of job assignment at runtime simulation 

annealing method is used [14] because it is easy to 

implement experimentally. For evaluating performance of 

our job assignment approach we use matlab 2012 [13]. 

We proposed a reassignment scheme to increase 

the delivery of messages and lifetime of network by partially 

reassignment of jobs of faulty nodes whose quality metrics 

have dropped [10]. In figure 6, we deployed 100 sensor 

nodes randomly in wireless sensor network. Nodes are 

deployed in the network randomly. Every node sends sensed 

data values to base station in neighborhood cooperation. 

As the number of rounds increases in figure 7, the 

network topology changes, and the energy gets dissipated 

and some of sensor nodes becomes weak are not able to 

perform its sensed, communication and computational 

operations. After 1400 rounds; the nodes starting weak and 

the weak or faulted nodes are not able to sense data values 

from application area and they and not able to participate in 

message exchange in neighborhood cooperation. 

 
Fig. 6: Deployment of Sensor Nodes in Wireless Sensor 

Network 

In figure 8 we evaluate the job reassignment. 

Runtime Job reassignment implies transfer of jobs over the 

network. A node starts job transfer operation by sending 

request RJT message to all neighbor nodes when energy is 

5% in the battery. By achieving self-healing property in 

network the Partial job reassignment approach extending the 

lifetime of network. As job reassignment rate increases the 

application grows older and nodes start running out of 

power so it is best in case of small network as like Smart 

Home Health Care [10]. As you can see in figure 5 the 16 

sensor nodes are performing job operation of 32 nodes by 

partial job assignment process. 

 
Fig. 7: Fault Occurrence in The Network 

 
Fig. 8: Partial Job Reassignment Scheme at Runtime 
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Fig. 9: Data Transfer In Static And Partial Reassignment 

Scheme 

 
Fig. 10: Lifetime Comparison of Static and Partial 

Assignment Scheme 

In figure 9 the transferred messages in both 

approaches are compared in existing and proposed job 

assignment scheme. Packet transfer rate of partial job 

assignment scheme is greater as compare to static job 

assignment scheme.  

In figure 10 we presented two scenarios. In 

scenario 1 is fault is not occurred in the sensor nodes so both 

schemes are transferring messages with same rate. But in 

scenario 2 some of the nodes become weak and after some 

rounds the static assignment stop its working but partial 

assignment scheme is adopt changes at runtime due to self-

healing property in itself and job of weak sensor nodes  are 

assigned to other healthy neighbor nodes until system goes 

in overcritical stage and require restructuring. So, Partial 

Assignment scheme increase the lifetime of sensor nodes as 

compare to static Assignment.  

VI. CONCLUSION AND FUTURE SCOPE 

We have presented in this paper a self-healing job 

reassignment algorithm for wireless sensor network 

applications. Then we provide TransCost function for 

transmission of job from weak node to healthy node in the 

network. Then experimental results are provided to see how 

number network lifetime increased by job reassignment 

method.  After that conclusion as provided. Our future work 

will concentrate to give priority to some of the jobs that are 

most important to perform.  
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