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Abstract: Energy saving and Congestion avoidance are the crucial issues in wireless sensor networks. In existing paper 

consider mostly how to reduce energy without data information, importance and timing issue. In this paper to overcome 

this issue by effective utilization of adaptive duty cycle terminology in Energy Efficient Data Transmission Control 

(EEDTC) algorithm in a real time application. The data transmission is control by using different duty cycle task 

(RTOS task-Real Time Operating System Task) for different data types. Duty cycle control for Real time application is 

a crucial issue because of timing problem. This is adaptively achieved using priority based data transmission in wireless 
sensor networks. 
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I. INTRODUCTION 

     Nowadays, Internet is the motherland of technology.  In 

that, wireless sensor networks(WSN) is  the highest 

integrated new generation  of  wireless network , which 

has high potential and wide range of applications such as 

improving the existing scheduling, presenting new 
scheduling algorithm, increasing network lifetime, 

commercial, industrial, military and space research areas. 

It consists of prolific applications in the various domains 

which includes cell phone monitoring, robotic exploration, 

disaster management, intrusion detection and medical 

systems. In the recent years, researchers have been trying 

to improve the efficiency of these networks. A thorough 

survey of this algorithm is important for the outlook to 

understand the current research and to determine the future 

innovative works in this domain. 

   Inclusion in wireless networking as micro-fabrication, 
integration of embedded microprocessors lead to new 

generation of adaptive scale sensor network for military 

and commercial applications. Wireless sensor network 

platform includes wireless motes or modules 

(microcontroller, memory, communication), sensing board 

(sensing devices) and programming work board (connect 

to network). General architecture of WSN is defined in the 

fig.1. The main processes of wireless sensor networks are 

sensing, processing and communicating to real world. 

Unlike central control system, a sensor network has unique 

set of resource constraints such as limited on-board battery 

power and limited communication bandwidth. Typical 
sensor network has microcontroller and small amount of 

memory for signal processing and task scheduling. Each 

sensor also has one or more devices such as acoustic 

microphone array, infrared, videos or still cameras, 

seismic, or magnetic sensor. Sensor network integrates 

internet deep into the physical environment. The resulting 

network is more expansive and dynamic than the current 

TCP/IP network. Information collection and transmission 

on sensor network express the condition of physical world  

 

(temperature, vibration, pressure). The multi-hop topology 

network increases energy efficiency in communication. 

Various applications of sensor networks are habitat 

monitoring, tracking chemical plumes and smart 

transportation. The intelligent sensor network is done by 
effective utilization of duty cycle (WAKEUP-time, 

SLEEP-time).This is done by three type of scheduling 

algorithms named as synchronous, asynchronous and 

hybrid. 

 Synchronous based nodes know each other.  The node 

latency is demonstrated by four components. 1) Sent time: 

This time is expressed by the sender to construct the 

message, including delays by operating system calls 

context switching and data to the network interface. 2) 

Access time: Collision is incurred while waiting for access 

of transmission channel due to collision, congestion and 
contention. 3) Propagation time: This is the delay incurred 

while the message travels across the channel to destination 

node (for single-hop wireless transmission it is negligible 

whereas in multi-hop it is increased). 4) Receive time: 

This is the time when the receiver node transmits the data 

to the network interface. For e.g. consider two nodes as q, 

w. Node q reads clock with time t1 and sends packet to 

node w. While receiving the packet at node w, it records 

time as t2=(t1+D+d), where D is unknown delay in the 

channel between two nodes, d is phase difference. Due to 

the presence of clock skew, frequent resynchronization 

may be required, whereas in asynchronous scheduling 
method, data is transmitted without considering whether 

other nodes are awake to receive. It doesn’t require any 

computation as well as communication and storage 

overhead, since no scheduling are exchanged and stored. 

Its challenge is how to transmit data between two nodes 

which are not aware of each other’s wakeup. They have 

1)transmitter initiated 2)receiver initiated 3) Random or 

combination of both of them. They use special frame 

overhead. Asynchronous method is used in light load 
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condition. Final one is hybrid scheduling method 

(Combination of synchronous and 

asynchronous(method).Compared to global 
synchronization, pair-wise synchronization is easier. 

Hybrid has moderate computational complexity but major 

drawback is, it requires large storage and communication 

overhead. This is because, addition of message was 

exchanged and stored to enable nodes to ascertain the 

proper mode of operation to use. The main contributions 

of sensor networks are faster data transmission and 

enhancement of network life time. Energy waste is created 

by idle listening, overhearing (listening of unwanted 

frame), control packet overhead, collision and congestion. 

While attempting to reduce idle listening, it leads collision 
problem, and it results in control traffic process. So every 

action is linked with one another. When selecting the 

microprocessor for sensor network, we need to consider 

the energy consumption level of the processor. Active 

radio consumes energy as twice of active CPU.Global time 

synchronous at rendezvous (strict synchronous) scheme is 

advantageous, because of its high capability to coordinate  

 
Fig. 1.  Wireless Sensor Network Architecture 

 

transmission, reducing idle listening and collision at the 

same time. The remainder of this paper is organized as 

follows. Existing related work are presented in section II. 

Design assumption and duty cycle parameter are discussed 

in section III. Proposed work are explained in section IV.  

Result analysis is compared in section V. Finally 
concluded with future work in section VI. 

 

II. RELATED WORK 

      The entire existing surveyed model has a common 

objective of maximizing sensor network lifetime. They 

create different assumption based on sensors application. 

It takes fair comparison with existing surveyed mechanism. 

Based on Duty cycle, the classification is done as follows 

( Fig. 2). 

WSN functions [10][5] leads into four different states such 

as, Initialization, Wake-Up, Collection, and Inactive,  
based on this information, it dynamically changes its sleep 

and wake up time. [4] [6] Increase of network life time is 

done by using mostly off duty cycle algorithm. This kind 

of algorithm create latency and congestion problem. [7] 

Based on node density the sink queries are sensed by 

sensing components of each sensor. [8]AS2-MAC is new 

MAC protocol layer for the energy consumption of WSN. 

[9][11] SMAC having fixed ON and OFF time.[12]The  

 
 

Fig. 2.  Duty cycle  classification 

  

increase of sensor density creates congestion problem, that 

results in low throughput and high packet energy 

consumption, so it leads to degrade performance in WSN. 

Generally congestion can be alleviated by 1.Traffic control 

and 2.Resource control. Fast data transmission[13] they 

use three types of algorithms,  non-duty cycle case and 

based on insight of general case, optimal algorithm and 

distributed algorithm are used. Delay constraints [14] 

Dual-QCon controller design algorithm taken an account 
such as queue management and duty cycle control for end 

server. [15][16] Sleep/wake scheduling scheme is taken 

based on traffic condition. Nodes adopt scheduling scheme 

based on three factors such as the distance from sink node 

to another node, specifying the node location, whether the 

node is nearer to the event places. [17] The Adaptable 

Wakeup Period (AWP) focuses the receiving operation.  

Based on the traffic condition around a one hop distance, 

they adjust the active time at the receiver side. By the use 

of Clear Channel Assessment (CCA) value the traffic 

amount is measured. [18] Dynamic Multilevel Priority 

Packet Scheduling(DMP) has three type of queues. One is 
for high priority queues for real time data packet access. 

Another two queues are for non- real time data packet 

access. One is for remote data reception and another one is 

for local data reception. [20]  [19]Sleep Scheduling for 

Critical Event Monitoring reduce the delay.  

 

III. PRELIMINARIES 

     In this section, we explained general design 

assumptions and define some terminologies such as energy 

saving parameters that are used in designing the Energy 

Efficient Data Transmission Control(EEDTC) algorithm 
scheme. 

 

A. Energy saving parameter on sensor 

1)   ON-DUTY: All activities of sensor part are turned on. 

This node is able to sense and collect the data from 
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physical environment then process the data, and finally 

communicate to other node or gateway only when called 

in Wake-up period or Active period. This is not an energy 
saving part. 

2)   SENSING ON-DUTY: Processor and sensing part 

only turned on. The other part such as transceiver is turned 

off. Data could not be transmitted  in this period but data 

processing is taken out. 

3) TRANSCEIVER ON-DUTY: In this mode, 

processor and transceiver are turned on, but sensing unit is 

turned off. The data transmission and reception are carried 

out. 

4) OFF-DUTY: In this part, whole communication, 

process and processors are turned off, but some other 
triggering mechanism may run to activate the sensor 

module. It is called as sleep state.  

 

B. Design assumptions  

 Synchronous duty cycle scheduling. Based on 

destination information the source node is controlled.  

 Real time data based 

 All priority data packets are same size  

 Priority based data transmission 

 Sensor nodes are located in different location 

from the gateway. 

 Gateway is queue based scheduling 

 Preemptive-Speed of response is high, and non-

preemptive based RTOS – speed of Response is low. 

 Gateway queue monitoring  

 

C. Duty Cycle calculation 

 

 
     Duty cycle is a total duration of an ON and OFF time 
of data transmission timeslot. In this based on our 

application data priority the RTOS task time is varied. 

Here we used three different duty cycle task for three 

different data. 

 

IV. PROPOSED WORK: ENERGY EFFICIENT 

DATA TRANSMISSION CONTROL(EEDTC) 

     We have designed one new algorithm as adaptive duty 

cycle terminology in Energy Efficient Data Transmission 

Control(EEDTC) algorithm. The proposed strategy 

functionality are described by architecture diagram, it 
shown in fig. 3. We have three different task such as 

RTOS task 1, task 2, task 3. Based on application 

requirement condition the task selection changed. Here 

task 1 used for critical time(high priority) conditions, task 

2 called by non-critical data(medium priority), and task 3 

used for periodic data transmission. Each task had 

different duty cycle value. 

 
Fig.3. Proposed functionality 

 

 
 

A. sensor node 

      The sensor node module is a source of data, this have 
controlled based on real time requirements. We take a 

three type of data with three different task schedules. Here 

we finished this algorithm by using real time hardware 

module with iSenses tool. Resource of sensor values are 

compared with our required value. If the sensing value is 

the greater than the our threshold value(critical value), 

then it will use a task 1 to time slot. This had a low duty 
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cycle task. So the response of application is high. During 

critical data time, the running task could not stop their 

execution, because of non-pre-emptive method. After that 
execution it can changed their task. Now this has a pre-

emptive task. If the sensing value is less than the non-

critical data (medium priority) then, we use a task 2. 

Likewise task 1 also used. Here nap time is a sleep time of 

sensor node. In existing they used size based, FCFS-First 

Come First Served, EDF- Earliest Deadline First technique. 

But the main priority of data is missing. 

 

 
 

B. Destination side 

      Destination is a gateway node, which has a receiving 

data from various nodes. Every data has received at 
destination side. So the congestion problem is created. To 

minimize or clear this problem by using queue 

management with resource control. Based on our 

application we have changed the queue size.  We  have 

taken a queue size as 15. If queue size is reached  a 15th 

level, then we freed the queue. Again queue is started. 

 

V. RESULT ANALYSIS 

      Result analysis is taken by the real time hardware 

module with temperature sensor. Based on the proposed 

algorithm EEDTC the result are plot between time and 

transmission data, congestion, duty cycle. The hardware 

ishell output generator gave the output response for 

different task. Table.I show the WSN constraints values. 
The fig. 4 shows an data transmission time for various data 

type. During low duty cycle time only the transmission is 

increased, at awake time 1 second, the transmission value 

is high. During 10 second awake time the transmission is 

minimized because of high congestion at fig. 4. So the 

data transmission time increased with energy package are 

saved. At the time of 1 second awake slot create 3 second 

congestion, it showed in fig. 7, fig. 4,fig. 5,fig. 6. But 

during 5 second awake time the congestion value is 15 

 
Fig. 4.  1Second Awake-3sec sleep 

 

 
Fig. 5.  23 Second –Transmission 
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because of fixed ON and OFF time. So from this graph we 

got an output as for different duty cycle task. Compare to 

5 second awake the 10 second have low transmission time, 
because of high sleep time. Fixed data transmission duty 

cycle task have data loss, this analysis gave a critical data 

loss. So this not suitable for critical condition. Small 

application only used. But in the duty cycle scheduling 

with data partitioning at source side for congestion 

avoidance is showed a better result compare to fixed duty 

cycle data transmission such as SMAC. Destination  

Congestion linearly decreased .  

 
Fig. 6.  3 Second -Congestion 

 
TABLE I 

RESPONSE OF WSN CONSTRAINTS BASED ON DIFFERENT 

DUTY CYCLE 

 
 

 
Fig. 7.  Transmission time for various data 

 

 
Fig. 8.  Congestion for various data 

 

 
Fig. 9. Duty cycle for various data 

 

VI. CONCLUSION 

In the previous scheduling which considers mostly on 

Energy conservation, topology, coverage, lifetime 

configuration, latency, connectivity, multi-queue under the 

categories of synchronous, asynchronous and hybrid. Also 

those algorithms are suitable for specific applications. 

Among them, most of the algorithms are based on 

effective utilization of energy. But the main aim of 

Wireless Sensor Networks is to increase data transmission 
rate with critical data indication. The EEDTC algorithm 

give better result. But the congestion is created because of 

different duty cycle task. This will be avoided in future by 

queue management and source side adaptive sleep time 

changes by pre-emptive scheduling algorithm.  
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