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Abstract 
 
Integration of the communication technology with traditional cultivation 

process, known as Precision Agriculture or Smart Farming. Usage of 

Wireless Sensor Networks (WSN) to monitor the agriculture activities can 
improve farming experience but it requires long terms network operations 

and due to limited power backup, optimal energy consumption becomes a 

major issue for WSN based applications. To resolve this issue, in this paper, 

an optimal energy consumption scheme is introduced and its performance is 
analyzed using different performance parameters 
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1 WSN for Precision Agriculture  
 

 WSN plays an important role in the agriculture domain. Sensors can be 
used to measure the critical parameters that can affect the quality of crops and 

these are given below: 
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Figure 1. Critical Parameters 

 

 Monitoring and analysis of above discussed parameters are quite 

complex operations and these may consume lot of network resources. So 

there requirement of resource aware operations to accomplish the various 
network operations. Figure 2 shows the common operations that must be 

optimized for energy consumption: 

Wireless Communication: It combines the various operations together for 
data transmission (Signal Propagation/Modulation/MAC layer). All these 

must be compatible and should support the energy efficient data 

transmission. 
Routing: Agriculture land may have heterogeneous environment, so routing 

schemes must be able to operate in such circumstances under the constraints 

of limited resources. 

                                        
 

Figure 2. Energy consumption by different network Operations 
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Data Processing: Efficient data sampling/collection and processing 
techniques can minimize overall energy consumption [1-2].   

 

2 WSN based Solution for Precision Agriculture 
 

 Researchers investigated the different issues and requirements of 

agriculture domain and suggested the following solutions: 
 N. Singh et al.[3] studied the contribution of sensor based technologies 

over the agriculture. It found that as per application requirements, different 

types of sensors are required and its deployment and operational cost is 
changed accordingly. Study also found that if a given agriculture coverage 

area contains multiple types of crops then it can affect the data collection 

accuracy as well as rate of resource consumption also varies. 

 K. Goel et al.[4] describe the various sensors to measure the various 
parameters and discussed the concept of Microbial Fuel cell for the energy 

harvesting for the nodes used in Precision Agriculture. 

 H. WU et al.[5] investigated the different propagation models for large 
scale agriculture land. Study correlates the various factors like signal 

strength, frequency, path loss, distance and direction of antenna and the total 

coverage area. Analytical data can be utilized for improvement of existing 
radio communication standards for farmlands. 

 H. Benyezza et al.[6] instigated the Internet of Things (IoT) with WSN 

for agriculture domain. A fuzzy logic is used to manage the different 

parameters (temperature/humidity/air circulation). Experiments indicate that 
its performance in terms of efficient monitoring of coverage is/optimal 

energy depletion/minimal human intervention/low operating cost etc. It can 

be further implemented for other agriculture platforms.  
 D. Banđur et al.[7] discovered the energy consumption at different layers 

and found that layers involved in wireless communication consume higher 

energy as compared to the layers engage in other network operations. 
Simulation results show that resources can be efficiently utilized using 

compatible deployment strategies/MAC standards. 

 H. Wu et al.[8] enhanced the cluster head selection algorithm of existing 

LEACH. A threshold value is estimated (distance between members, residual 
energy, distance from sink) to select the cluster head. Clustering chain is built 

to initiate the communication. Simulation base comparison shows that it 

outperforming terms of extended network lifespan/load balancing/optimal 
resource consumption as compared to existing schemes (PEGASIS/different 

variants of LEACH).  

 A. Singh et al.[9] developed a hybrid routing scheme for agriculture. It 

subdivides the entire coverage area in to ordinary/advance zones and a 
probability factor is used for head selection (only for the advance zones) thus 

reduce the overall energy consumption. Simulation results indicate that it 

extends the network lifespan as compared to traditional routing approaches 
(LEACH/SEP). 



 
 

 

 

 
 

 

 
 

 

 
                    
 

 

 

 D. Thakur et al.[10] investigated the various WSN based application in 

the domain of agriculture and found that it can be used to analyze the 
different properties of the environment i.e. moisture/PH 

value/soil/temperature etc. Study also found open issues related to 

communication standards, routing protocols energy, and the security 

concerns etc.  
 M. Selvi et al.[11] introduced a secure routing scheme for WSN that uses 

trust values to build the routing paths. Routes are switched as per the 

variations in these values. Simulation based analysis indicates its 
performance in terms of higher network performance and optimal resource 

consumption under the constraints of intruders. It can be further extended 

using fuzzy logic. 

 K. N. Bhanu et al.[12] developed a WSN based multi-agent approach to 
detect the disease infection in the plants. First of all, sensors collect the data 

from field and it is forwarded to cluster head using path agents. After data 

transmission, sensors activate the sleep mode. After aggregation, it is sent to 
base station using query agents. Current health data of the plants is compared 

with the knowledgebase for decision making. Experimental results show its 

performance in terms of efficient resource consumption/accuracy of disease 
detection etc. It can be further extended using multiple sinks for video 

surveillance. 

 Y. Hamouda et al.[13] investigated that sampling rate can degrade the 

network performance and presented a variable sampling scheme for the 
heterogeneous agriculture environments. It considers different factors 

(temperature/moisture) for the estimation of sample rates. Experimental 

results show that above discussed factors play an important role in crop 
production and variable sampling can improve the resource consumption as 

compared to traditional sampling schemes. 

 V. Pandiyaraju et al.[14] developed an optimal scheme for routing over 
the agriculture coverage area. It subdivides the entire area in to multiple 

terrains and a head is selected for each one using he residual energy. A fuzzy 

logic is used to determine the energy level and the distance for transmission. 

Simulation results show that fuzzy rules based routing can improve the 
network lifespan/performance/cultivation process as compared to traditional 

routing schemes.    

 A. Rajput et al.[15] developed a scalable solution for WSN based 
agriculture applications that deploy fuzzy logic for cluster head selection as 

well as distance estimation is also performed to optimize the transmission. 

Vijayakumar et. al proposed An Intelligent approach for Dynamic Network 

Traffic Restriction using MAC Address Verification.  
 Simulation shows its performance in terms of extended lifespan of nodes 

as well as higher network performance as compared to traditional routing 

schemes (Dynamic cluster head selection/Distributed cluster computing 
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energy-efficient routing/LEACH/) and it can be extended for other 
agriculture operations also. 

 
3 DSER: Data State Aware Energy Efficient  Routing Over   
   WSN 
 

 Farming is a time based process and it may require monitoring of crops 

in continue manner or data may be collected at different intervals and in few 

cases, it is collected after a quite long interval. This data may be consider 
different factors i.e. crop growth, environment, water level, temperature, 

moisture level, and crop health etc.  

If WSN is deployed to monitor the farms and if there is need to consider all 
above factors, than monitoring of data can be categorized to different states. 

Following are the different data states for crop’s (as per assumption): 

 

 NO_CHANGE: there is no update in sensed value i.e. STATIC or 
CONSTANT values. 

 SLIGHTLY_CHANGED: sensed value is marginally updated. 

 DYNAMIC_CHANGE: sensed value is updated frequently in 

continues manner. 

 RANDOM_CHANGE: sensed value is updated due to uncertain 

changes in operational area. 

 INSTANTLY_ CHANGED: immediate updates in sensed value. 

 
 Traditional routing schemes do not bother about the requirement of end 

user applications and perform the routing operations even there is no update 

in the information thus consumes excessive resources unnecessarily. So there 
is a need to introduce a routing scheme that can regulate its routing behavior 

as per the application requirement, in order to optimize the resource 

consumption. 

 TEEN is reactive protocol that performs routing under the constraints of 
threshold value that can be either hard threshold or soft threshold. Sensors 

could not initiate the data forwarding without fulfilling this constraint, but 

consume resources during other network operations.  
 To overcome from this scenario, existing TEEN’s routing protocol 

functionality is further enhanced by embedding the different data stages. 

Instead of using threshold values, if there is any change in data state over an 
interval, only then there is need to perform data forwarding otherwise radio 

transmission of device is set to OFF mode and meanwhile data forwarding is 

not performed by that sensor only, but it will still remain the part of the 

network and no extra control overhead is generated for rediscovery of the 
neighbors. After a long interval, is there is no update in sensing data than, 

node’s state is finally set to SLEEP mode for a fixed interval and after that 
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sensor automatically switches its mode to awake mode and base station is 

informed about this.  
 Only few sensors can be set to SLEEP mode, so a threshold value is 

derived to decide that either current sensor’s mode can be set to SLEEP mode 

or not, as follows: 

Proc SetMode (Sns, Mode, iv) 
Operational Mode: opm 

              Csl: Sleep mode count 

get opm = ∑ Active (Sn) / 4;  
If Csl < opm then Set (Sns-> Mode, SLEEP, iv) 

Csl++ 

End if  

End 
WSN: Wireless Sensor Network 

Coverage area of farmland : Fca 

No. of sample required: Srn 
Interval: iv 

Data State: Dst 

Radio State: Rds 
Sensor State: Sns 

P: Sensing Parameter  

Udl: Last Data update History 

n: count threshold for Dst 
The flowchart is mentioned below in Figure3. : 

 
Figure 3. Flow Chart of Data State Aware Energy Efficient Routing. 
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4 Simulation and Performance Analysis 
  

Table 1.  Simulation Configuration. 

Simulation Parameters Parameter Values 

Routing Protocols TEEN/DSER 

Terrain Size 1500*300 

MAC Protocol 802.11 

Node Density 100/200/300 

Propagation Model Friss 

Data Type Constant bit rate (CBR) 

Sampling Interval 1ms 

Simulation Time 10seconds 

Network Simulator NS-3.31 

Initial Energy 6j 

txPower/rxPower 7.5 

Simulation Scenarios 
a.TEEN 

b. DSER 

 
 Table I shows the simulation parameters. Network Simulator is NS-3.31 

and Routing protocols are TEEN and DSER, size of Terrain is 1500*300, 

MAC standard is 802.11, Propagation Model type is Friss Model, data type is 
Data Type CBR with sampling interval 1ms, total simulation interval is 10 

seconds, Rx/Tx is 7.5, 6j is Initial Energy and sensor density is 100-300. 

 
Figure 4 shows the wireless signal propagation with sensor density 100.  

 
 

Figure 4. Animation using sensor densities 100 

 Figure 5 shows the wireless signal propagation with sensor density 200. 
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Figure 5. Animation using sensor density-200 

 

 Figure 6 shows the wireless signal propagation with sensor density 300. 

 
 

Figure 6. Animation using sensor density-200 
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5 Results 
 

 
Figure 7. Throughput 

 

 Figure 7 shows the variations in the Throughput of TEEN and DSER 

routing protocols under the constraints of sensor density (100-300). 
Simulation results display that it is higher for DSER as compared to TEEN. 

However, it slightly declines as sensor density increases. With 100 sensors, 

in case of TEEN, it is 3402.41Kbps andit is 3503.98 Kbps for DSER. With 
200 sensors, it is 3368.36 Kbps for TEEN and 3440.64 Kbps for DSER. With 

300 sensors, it is 1008.19 Kbps for TEEN and 2064.38 Kbps for DSER. 

 

 
Figure 8. Energy Consumption of Sensors. 
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 Figure 8 shows the energy consumption of TEEN and DSER using 

different sensor density. Simulation results state that it increases w.r.t. sensor 
density and reaches up to its peak value with highest sensor density. TEEN 

consumed more energy as compared to DSER under the constraints of sensor 

density. With 100 sensors, TEEN consumed 2.77765j and DSER consumed 

1.78615j.With 200 sensors, TEEN consumed 2.84417j and it is 2.00209j for 
DSER. With 300 sensors, energy consumption of TEEN increased up to 

2.98642j, whereas it is slightly increased for DSER 2.25186j. 

 
Figure 9. Residual Energy. 

 

 Figure 9 shows the residual energy using TEEN and DSER that is 
inversely proportional to the energy consumption. With 100 sensors, in case 

of TEEN, it is 3.22235j and 4.21385j for DSER. With 200 sensors, in case of 

TEEN, it is 3.15583j and it is 3.99791j for DSER. With 300 sensors, it is 

3.01358j for TEEN and 3.74814j for DSER. As per the simulation results, it 
can be observed that as the sensor density increases, residual energy of 

sensors is also reduced for both routing protocols. 

 Figure 10 shows the total number of alive sensors using different routing 
protocols (TEEN/DSER) under the constraints of sensor density (100-

300).Simulation results show that using TEEN, few sensors could survive till 

the end of simulation as compared to DSER. With 100 sensors, using TEEN, 
number of alive sensors are 35 and using DSER, more sensor are alive (77). 

With 200 sensors, there is little bit difference between the values of alive 

sensors. It is 92 for TEEN and 94 for DSER. With 300 sensors, using TEEN 

only few sensors were survived whereas using DSER, 235 sensors are alive 
till the end of simulation. 
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Figure 10. Number of Alive Nodes. 

 

 Figure 11 shows the number of sensors that could not survived during 

simulation interval, called dead sensors.  
 It is inversely proportional to the number of alivesensors. With 100 

sensor density, using TEEN, 65 are dead sensors whereas using DSER, only 

23 sensors are dead.With 200 sensor density, 108 sensors are dead using 

TEEN and 106 sensors are dead using DSER. With 300 sensor density, 201 
sensors could not survive using TEEN and 65 sensors were dead using 

DSER. 

 
Figure 11 .Number of Dead Nodes. 

 
6 CONCLUSION 
In this paper, an optimal energy consumption scheme was presented and its 

performance was analyzed using different performance parameters i.e. 
Throughput/Residual Energy/Total Energy Consumption/No. of alive and 

dead sensors etc. Its performance was also compared with existing routing 

protocol (TEEN) under the constraints of sensor density variations (100-300).  
As per the simulation results, it can be observed that performance of network 

varies using different routing schemes as well as sensor density has its own 
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impact over performance parameters. DSER delivered the highest 

Throughput, consumed less energy and retained the large number of alive 
sensors with acceptable level of residual energy and only few sensors could 

not survive as compared to TEEN. In future, proposed scheme will be 

embedded with other routing protocols (LEACH/SPIN). 
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