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ABSTRACT 
The Monitoring of Crops in Precision Agriculture needs a large amount of information by gathering frequently. In Wireless Sensor 

Networks, Energy is the most important thing that is to be considered majorly, because, according to energy level, the lifetime of 

network is decided. Many methods are proposed for optimal power consumptions, but here, CSMA/CARP is used as a channel 

access method. This method of CSMA/CARP avoids collision in the network based on transmission priorities. Inter Frame Spacing 

(IFS) is said to be the waiting time which differs for the type of data to be transmitted according to the priorities. By this, the 

energy can be saved by keeping the nodes idle when another one is transmitting, and also it reduces unnecessary waiting time. It 

leads to energy conservation and it increases the lifetime of the network. 
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INTRODUCTION 
 

Precision Agriculture (PA) is a farming management concept with the goal of regulating more (m quantity, 
space and time). The crop needs in pesticides, fertilizers and irrigation. A wireless sensor network (WSN) 
(sometimes called as a wireless sensor and actor network (WSAN)) are spatially distributed autonomous sensors 
to monitor physical or environmental conditions, such as temperature sound, pressure, etc. and to cooperatively 
pass their data through the network to a main location. The more modern networks are bi-directional, also 
enabling control of sensor activity. The development of wireless sensor networks was motivated by military 
applications such as battlefield surveillance; today such networks are used in many industrial and consumer 
applications, such as industrial process monitoring and control, machine health monitoring, and so on. 

The WSN is built of "nodes" – from a few to several hundreds or even thousands, where each node is 
connected to one (or sometimes several) sensors. Each such sensor network node has typically several parts: a 
radio transceiver with an internal antenna or connection to an external antenna, a microcontroller, an electronic 
circuit for interfacing with the sensors and an energy source, usually a battery or an embedded form of energy 
harvesting. A sensor node might vary in size from that of a shoebox down to the size of a grain of dust, although 
functioning "motes" of genuine microscopic dimensions have yet to be created. The cost of sensor nodes is 
similarly variable, ranging from a few to hundreds of dollars, depending on the complexity of the individual 
sensor nodes. Size and cost constraints on sensor nodes result in corresponding constraints on resources such as 
energy, memory, computational speed and communications bandwidth. The topology of the WSNs can vary 
from a simple star network to an advanced multi-hop wireless mesh network. The propagation technique 
between the hops of the network can be routing or flooding. 
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Analytical modelling is a set of equations describing the performance of a computer system. In practical 
terms, it describes a collection of measured and calculated behaviors of different elements over a finite period of 
time within the computer system – workloads, hardware, software, and CPU itself, and even can include the 
actions and behaviors of its users and support personnel. 

In most instances, the capacity planner constructs the model using activity measurement information 
generated and collected during one or more time intervals. It is critical that an interval or series of intervals be 
used that contain significant volumes of business-critical activity. Units of work are then characterized by type 
and grouped into workloads. The capacity analyst can then translate future business requirements into 
measurable units of computing resource consumption, and calculate capacity and performance projections for 
workloads. Already the MAC parameters were tuned and the energy and lifetime of the network was observed. 
In that, the energy is wasted in some transmission by waiting and sensing the channel when it is busy. All the 
PANCs attempts to utilize the channel at the same time. So, the waiting time reduces energy of nodes and 
reduces the whole network’s lifetime. Here, the proposed method is CSMA/CARP (Carrier Sense Multiple 
Access / Collision Avoidance and Resolution using Priorities). 

The paper is organized as follows. Section 2 presents related work. Section 3 introduces the channel access 
method of our system and describes the proposed solution. Section 4 evaluates, using NS2, the proposed 
approach. Finally, Section 5 concludes the paper and presents future work. 

 
2. Related Work: 

Due to inherent constraints and application requirements of WSNs, several WSN management schemes 
have been proposed in the literature [1][2][5]. Wang et al. [1] investigated WSN lifetime; more specifically, 
they proposed a sink relocation method and an adaptive transmission range adjustment scheme based on the 
residual battery energy of sensor nodes. A sink is relocated to a new position when the residual battery energy of 
sensor nodes near the sink drops below a threshold value. The basic idea behind this approach [1] was to reduce 
energy consumption of sensor nodes in the vicinity (1-hop away) of the sink since the lifetime of these sensor 
nodes impacts considerably that of the network. Moreover, the energy-aware transmission range adjustment 
helps reducing the number of neighbours and therefore enhancing routing[6] and energy savings. Keshtgary et 
al. [7] evaluated the performance of WSNs for PA by monitoring delay, throughput, and load; the evaluation 
was conducted on grid and random topologies; the objective was to show the impact of the topology on the 
performance. Mafuta et al. [8] designed and evaluated the performance of WSNs used in irrigation systems; they 
proposed design recommendations to guide the successful deployments of WSNs for PA. 

The tuning of IEEE 802.15.4 MAC parameters[2] does not require any modification of IEEE 802.15.4 
standard and can be easily implemented on different OSs and hardware platforms[12]. The approach (e.g. tuning 
of MAC parameters) that is different and complementary from previous ones, has been used in some 
contributions [11][4]. It is known that IEEE 802.15.4 may have poor performances in terms of power 
consumption, reliability and delay, unless MAC parameters are properly selected [3]. Here proposed use of 
CSMA/CARP avoids collisions and reduces the unnecessary waiting time by assigning priorities to the PANCs 
depends upon their packet size. Here, we consider a network composed of several WPANs (see Fig. 1). Each 
WPAN operates in star topology and serves a particular crop. Each WPAN is composed of one PAN coordinator 
(PANC) and several contenting sensor nodes with no solar panel. WPANs are interconnected via their PANCs 
using IEEE 802.11 links; other long-range technologies, such as WiMax, could be also used. We suppose that 
sensor nodes in each WPAN are randomly deployed in the sensor field, such that they directly transmit their 
physical measurements to their PANC as shown in Fig. 1. All sensor nodes implement a beacon-enabled slotted 
CSMA/CA with ACKs of IEEE Std 802.15.4. To capture the variability in crops, the sampling frequency may 
differ from one WPAN to the other. Our objective is to provide, in temporal and spatial domains, a high 
granularity of observations for PA or other WSN applications. This is realized by increasing, during a given 
period, at the request of DSS, the sampling frequency of at least one crop (i.e. one WPAN). This increase is 
constrained by application requirements in terms of reliability[10], delay and energy consumption (to ensure the 
required network lifetime). In agriculture, the collection frequency of observations is very important, for 
example, in the characterization of the different phases of a plant (e.g., lifting, tillering, stem elon-gation, 
flowering and maturity). Since the growth of a plant is different during these phases, the monitoring of the plant 
requires different sampling frequencies. Thus, there may be an increase in frequency from one phase to another. 
However, a higher sampling frequency of sensor nodes in a WPAN may cause significant energy consumption 
and poor QoS leading to violations of the application requirements in this WPAN. In addition, this could also 
impact the network performance of neighbouring WPANs and thus of the overall network performance; data 
(measurement) generated in a WPAN are relayed through other WPANs (via their coordinators) towards the 
base station. The Inter Frame Spaces (IFS) is different for the PANs because of their priorities depending on 
their total packet size. Making use of these improvements, an approximate estimation of energy conservation in 
IEEE 802.11 network can be achieved along with QoS [9]. These are all done while satisfying the application 
requirements. 
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Fig. 2.1: Two tiered network architecture: four IEEE 802.15.4 based star networks interconnected using IEEE 
802.11 links (i.e., dashed arrows). 

 
3. Channel Access Method: 

The Carrier Sense Multiple Access with Collision Avoidance and Resolution using Priorities 
(CSMA/CARP) is used as channel access method. It is a packet based collision avoidance technique. This 
method of CSMA/CARP avoids collision in the network based on transmission priorities. It first listens to the 
network traffic then if the channel is idle, then it waits for pre-defined waiting time. Here the high priority data 
starts transmitting first than the lower priority. Inter Frame Spacing (IFS) is said to be the waiting time which 
differs for the type of data to be transmitted. Carrier sense multiple access with collision avoidance and 
resolution using priorities (CSMA/CARP) is a channel access method. CSMA/CARP is similar in nature to the 
CSMA/CD Channel access method used in Ethernet networks, but CSMA/CARP provides no detection of 
network collisions. Instead of detecting network collisions, CSMA/CARP attempts to avoid collisions by using 
a system of transmission priorities.  

In CSMA/CARP, any station wants to transmit over the network, it first listens for network traffic and if the 
medium is clear instead of immediately transmitting as a station would in CSMA/CD it waits a predefined 
amount of time. This waiting period is called the inter frame spacing (IFS) and it varies by the type of data being 
transmitted. High priority data will transmit almost immediately whereas lower priority data such as polling will 
have a longer IFS. This system allows CSMA/CARP to avoid many collisions that would occur if it was not 
used. In addition to having a different IFS per priority, a station in a CSMA/CARP network will add a "random 
back off" to its waiting period, to reduce the collision probability between stations that have to transmit packets 
in the same priority. 

However, the CSMA/CA (Collision Avoidance) employs a different approach of how to make packets get 
transmitted over the wire or medium without any difficulties. It is a discrete time version of the CSMA 
algorithm. The algorithm generates collision-free transmission schedules while explicitly taking collisions into 
account during the control phase of the protocol, thus relaxing the perfect CSMA assumption. More 
importantly, the algorithm allows us to incorporate mechanisms which lead to very good delay performance 
while retaining the throughput-optimality property. It also resolves the hidden and exposed terminal problems 
associated with wireless networks. 

The Inter Frame Space (IFS) is a brief recovery time between packets allows devices to prepare for 
reception of the next packet. The standard minimum inter packet gap is 96 bit times (the time it takes to transmit 
96 bits of raw data on the medium) 

By using these channel access method, the unnecessary waiting time is avoided.The PANC is allowed to 
send datas to the base station at its allowed time that is decided by the priorities given to them according to its 
packet size. The larger sized packet containing PANC acquires higher priority and low size PAN has low 
priority. By doing this, the energy can be saved and it leads to the extension of the lifetime of the network. 

 
Simulation Results: 
4.1 NS2 Structure Introduction:  

The implementation of the proposed method was done using Network Simulator version 2, and they are 
shown as simulations in the following section.  

NS2 is an object oriented simulator, written in C++, with a Tcl interpreter as a front-end. The simulator 
supports a class hierarchy in C++ also called the compiled hierarchy, and a similar class hierarchy within the Tcl 
interpreter also called the interpreted hierarchy. 
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Fig. 4.1: NS2 internal schematic diagram 
 
The two hierarchies are closely related to each other; from the user’s perspective, there is a one-to-one 

correspondence between a class in the interpreted hierarchy and one in the compiled hierarchy. 
 

4.2 Simulation Analysis and Energy Graph: 
Here, the screenshots of the simulated things are shown for, 
(i)The selection of PANC in each WPAN 
(ii)The datas updated to the base station from the PANCs. 
These both shows that the PANC sends at its allotted time as per the priorities assigned to them according 

to its packet size. So, the packet drop is highly reduced here. The following figure shows the above two 
situations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.2: Screenshot of selecting PANC for each WPAN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.3: Screenshot of data updation from PANC to BS 
 
Now, the graph shows the existing result when the MAC parameters are only tuned, and there was a thing 

that the graph shows that the life time of the entire network is extended upto 2500 J when tuning mac 
parameters. It is not upto the level for the efficient energy conservarion. 
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Fig. 4.4: XGraph for energy while tuning mac parameters 
 

The following graph shows that the extended lifetime of the entire network when using the channel access 
method CSMA/CARP using IFS by giving priorities based on packet size of each WPAN. 

The Graph shows that the total lifetime of the network including all the nodes and the PANCs increases 
upto 9500 J as a whole. It is a great improvement when compared to the previous existing result which does not 
uses priorities. So, the lifetime increases when using priorities, and these are checked for the same number of 
nodes (100 nodes). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4.5: XGraph for energy when setting priorities based on packet size 

 
The following graph shows the comparison of the above two graphs, and it shows that the lifetime of 

network is extended when setting priorities to WPANs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.6: Comparison Graph for energy on tuning mac parameters and on using priorities. 
 

Conclusion: 
In this paper, the energy management in WSNs were analysed, constrained by network topology and 

application requirements (network lifetime and performance). Here, the proposed goal is to increase the lifetime 
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of the entire network. To achieve this goal, the CSMA/CARP is proposed as the channel access method which 
uses IFS by setting priorities to the Wireless Personal Area Networks according to their packet size of its packet 
to be transmitted to the Base Station. The simulated results in XGraph shows that a great increase in the lifetime 
of the entire network is observed. 

As a future work, the plan is to use the CSMA/CARP channel access method in the WPANs according to 
the type of crop grown in each WPAN. So, each crop has some parameters as important to it. For example, 
onion uses temperature as important for its growth. So, the important parameter is given high priority in each 
crop of each WPAN and we have to observe the energy level of the network when we set priorities to the crop 
based WPAN. 
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