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a b s t r a c t
Wireless sensor networks (WSNs) ﬁnd wide applications in environmental monitoring. MAC protocols
play a vital role in controlling the energy consumption in a WSN. It tells the network when and how
to access the medium. Time Division Multiple Accesses (TDMAs) are well suited for these real time applications. Because it prevents radio interference, and reduces energy consumptions. In this paper a TDMA
based MAC protocol was used to collect environmental data such as soil moisture and temperature of an
irrigation system. The base station was collecting the data in a particular area using the sensor nodes. All
nodes in the network were homogenous and energy constrained. TDMA scheduler assigned the time slots
for each node and those sensor nodes turn ON/OFF their radio according to the schedule to save energy. If
the collected data was less than the threshold value, the base station would inform the controller by setting the corresponding bit to perform a motor control action. In this paper two methods based on TDMA
scheduling were used. The ﬁrst one was a direct communication method, in which each node transmitted
the data directly to the sink. The second method used data fusion (aggregation) method in which nodes
were grouped into clusters to save energy. The simulation results showed that the aggregation method
was providing a 10% increase in the residual energy and 13% increase in the throughput.
Ó 2011 Elsevier B.V. All rights reserved.

1. Introduction
An agricultural country like India has been following the traditional methods for irrigation. Availability of energy is one of the
important factors in the irrigation system. By incorporating suitable sensors and other surveillances from strategic points in large
farms, it would be possible to monitor and control the conditions
in it to obtain maximum productivity from the farm. It would help
the farmers in a huge way by avoiding the money usually spent on
labor to do the watering and fertilizing and at the same time reduce the monitoring load, which rests on them. These paper discuses an automated irrigation system with electronic controls
and monitoring that uses energy efﬁcient Time Division Multiple
Access (TDMA) methods for data transfer. Automatic irrigation
was done with the help of four sensors and solenoid valves. The
data given by the sensors were interpreted by microcontroller
and it turns on both the mixer and motor according to the need
of soil. Wireless sensor network (WSN) is an emerging technology
that has a wide range of potential applications including environment monitoring, agriculture, vehicle monitoring, smart spaces,
medical systems, and robotic exploration.
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Sensor-based irrigation systems have been studied for many
applications. Meron et al. (1995) used a control system for apple
tree irrigation management using tensiometers. Shock et al.
(1999) used a similar approach but transmitted data from the data
loggers to a central data logging site via radio. Allen (2000) evaluated an irrigation management system that can provide continuous
real-time or near real-time soil water content information to the
irrigation system operator. Software design for automated irrigation control has been studied by Abreu and Pereira (2002). They designed and simulated solid-set sprinkler irrigation systems by using
software that allowed the design of a simpliﬁed layout of the irrigation system. Wireless sensor networks (WSNs) are special devices
which contain a number of wireless sensor nodes. Each node has
one or more sensors, embedded processors and low power radios
which are battery operated. WSNs have loss links that are greatly
affected by environmental factors (Raleigh et al., 2003; Cerpa
et al., 2005). Hence it is important to utilize the battery power very
efﬁciently. The radio part in a sensor node consumes more energy.
So the MAC layer was modiﬁed, which controls the radio operations. MAC protocols play a vital role in the energy saving process
of a WSN. MAC schemes for sensor networks can be fundamentally
categorized into contention-based and scheduling-based schemes.
The main advantages of contention based schemes in WSN include;
no synchronization requirement, no central scheduler required,
more robust to the network dynamics, no clustering necessary,
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more suitable for event-driven WSNs. However, in terms of energy
savings, contention-based schemes are not attractive. Schedulingbased schemes attempt to determine the network connectivity ﬁrst
and design collision-fee links to each node. Links may be assigned
as time slots (TDMA), frequency bands (Frequency Division Multiple Access (FDMA)), or spread spectrum codes (Code Division Multiple Access (CDMA)). TDMA schemes have a distinct advantage
over the other methods in terms of energy conservation (van Hoesel et al., 2004). Except for the transmission, receiving and sensing
durations, nodes can be put to sleep and highest amount of power
savings possible. The main disadvantage of the TDMA scheme is
that it requires time synchronization.
Commercial standard such as IEEE 802.11 is not suitable for
WSNs since the nodes listen at all times and they cannot be used
for multi hop purposes. Ye et al. (2002) has proposed SMAC which
improves on IEEE 802.11 by setting up duty cycles for each node
which governs the node’s ON and OFF time. TMAC improves on
SMAC by consuming less energy by using adaptive duty cycle (Ye
and Heidemann, 2003). Designing power efﬁcient MAC protocols
is one of the ways to prolong the lifetime of the network (Lu
et al., 2004). Energy conservation can be obtained using data aggregation method. But in data aggregation the data will get altered
depending upon the technique (Nath et al., 2004) and it will be
approximated to the nearest value. In case of averaging technique,
the header node collects the data and informs the average value to
the base station (Jeffrey Considine et al., 2004). Energy efﬁciency in
wireless sensor networks using sleep mode TDMA scheduling is
proposed by Pantazis et al. (2009). This scheme achieves the reduction of the end-to-end delay caused by the sleep mode operation
while at the same time it maximizes the energy savings.
2. Proposed system
The automatic irrigation done with the help of highly accurate
sensors makes irrigation system a unique product. Man power
requirement is very less; this could reduce the manpower requirements for farming which is one of the major factors holding back
the farmers. As the number of farmers are decreasing day by day
this would help the agricultural area to keep up with the other
industries. One of the most important beneﬁts of the product is
that a single farmer can manage more than one ﬁeld. This makes
the product truly unique in its kind.
Automatic irrigation is done with the help of two sensors, solenoid valves and a pump. The data given by the sensors are interpreted by microcontroller and it activated the motor according to
the need of soil. The main objective of this paper is to provide an
energy efﬁcient algorithm for the wireless sensor communication
used in an automated irrigation system. The wireless communication can be of two types – single hop or multi hop. In this paper we
refer to the usage of a single hop communication between the
sources and sink. Data aggregation method provides better performance so this concept is used to give better energy efﬁciency. In
order to provide good energy conservation a distributed TDMA
based scheme which leads to a collision free transmission over
the data channel is used. By using this method we can reduce
the energy consumption by each node thereby reducing the overall
energy consumption. This method is robust and the failure of single node will affect only the data intended for that node.

area of the ﬁeld using this method. Each sensor node will measure
the temperature and the moisture level of the soil. For initializing
the network, the base station assigned each node with a unique address. Then each node switched to the idle state. In the idle state
each node was in receiving mode only. When the base station required collecting the temperature and moisture level of a particular area, it broadcast the address of the sensor node which was
deployed over there. All the nodes received this address but only
the addressed node responded to this request by sending back
the present value of the moisture and the temperature of that region. The other nodes continued in the idle state. After sending
the required data the node went back to the idle state. This process
was repeated for all the nodes. In using direct communication
method each sensor node sent its data directly to the base station.
If the nodes were far from the base station, each node required
large amount of transmission power. This reduced the system life
time. So when the nodes were close to the base station this system
was efﬁcient.
2.1.2. Sensor node
Each node consists of a moisture sensor and the temperature
sensor. Fig. 1 shows the block diagram of sensor node. The node’s
microcontroller program (programmed in C language) corrected
and formatted sensor values and then output the results to the onboard transceiver. Out of these 20 bytes data 4 bytes were used for
storing temperature and 5 bytes were used for moisture level. The
remaining 11 bytes were reserved for future use. Most of the time
the sensor node was in the receive mode so that the energy consumption was minimized. The sensing of environment and data
transmission occurred whenever it was requested by the base
station.
2.1.3. Soil moisture sensor
The Soil Moisture sensor was used as a tool to optimize irrigation and to warn of plant stress at the dry or wet ends of the scale.
It is a high performance accurate sensor. The VG400 series soil
moisture sensor probes from Vegetronix enabled precise low cost
monitoring of soil water content. Because the probe measured
the dielectric constant of the soil using transmission line techniques, it was insensitive to water salinity, and did not corrode
over time as does conductivity based probes. The probes were
small, rugged, and consumed under a mA of power.
2.1.4. Temperature sensor
LM35 was used as the temperature sensor. Thermistors are
temperature sensitive resistors. All resistors varied with temperature, but thermistors are constructed of semiconductor material
with a resistivity that is especially sensitive to temperature. However, unlike most other resistive devices, the resistance of a thermistor decreased with increasing temperature. That was due to the
properties of the semiconductor material that the thermistor was
made from. Resistance drops was a very small value in a range
around room temperature. Not only resistance changed in the
opposite direction from what we expected, but the magnitude of
the percentage of resistance change was substantial.

2.1. Direct communication method
2.1.1. Basic scenario
The basic scenario consists of a base station/sink and sensor
nodes. Each sensor node was equipped with a powerampliﬁer
PA2460 and had a range of 1 km. Thus we could cover up to 1acre

Fig. 1. Sensor node.
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2.1.5. Base station
The base station consists of a transceiver, processor, and LCD
display. The basic block diagram is shown in Fig. 2. After getting
the value of the moisture level and the temperature, the base station compared this value with the threshold value which was already stored in the database. If the measured value was less than
the required value, the controller did the necessary actions. The
same procedure was repeated for all the nodes.
2.1.6. Solenoid valve
A solenoid valve is an electromechanical valve for use with liquid or gas controlled by running or stopping an electrical current
through a solenoid, which is a coil of wire, thus changing the state
of the valve. The operation of a solenoid valve is similar to that of a
light switch, but typically controls the ﬂow of air or water, whereas
a light switch typically controls the ﬂow of electricity. Solenoid
valves may have two or more ports: in the case of a two-port valve
the ﬂow is switched on or off; in the case of a three-port valve, the
outﬂow is switched between the two outlet ports. Multiple solenoid valves can be placed together on a manifold. Solenoid valves
are the most frequently used control elements in ﬂuidics. Their
tasks are to shut off, release, dose, distribute or mix ﬂuids. They
are found in many application areas. Solenoids offer fast and safe
switching, high reliability, long service life, good medium compatibility of the materials used, low control power and compact design. We used these valves to control the ﬂow of fertilizers and
water to the mixer. Besides the plunger-type actuator which was
used most frequently, pivoted-armature actuators and rocker actuators were also used.
2.1.7. Pump
The pump was used for the purpose of pumping water in the
storage tank to the ﬁeld. It worked according to the instruction
of micro controller. So it could pump the water whenever it was
needed.
2.2. Data aggregation method
Data aggregation played a major role in reducing the energy
consumption by the sensor nodes and thereby increasing the network life time efﬁciently. The difference between the data aggregation and data accumulation is that, in data accumulation the
header node collected the data from all the nodes and just bypassed them to the base station without altering the data. But in
case of data aggregation the header node collected the data from
all the nodes and aggregated them depending on different techniques. The data being sensed by the nodes in the network were
transmitted to a base station. In this model base station was ﬁxed
and located far from the sensors. Data collected from each node
was combined together into a small set of information. Data
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aggregation is also known as data fusion. Sensor networks contain
too much data for an end-user to process. Therefore, automated
methods of combining or aggregating the data into a small set of
meaningful information were required.
For data aggregation nodes were designed in such a way that if
the transmitting node failed, it would not affect the network performance and also due to the presence of error bound the header
transmitted the data only if the aggregated data was beyond the
limit. Nodes organized themselves into clusters with one node acting as the cluster head. In this case, a sink/base station acted as the
super cluster head. All the sensor nodes were grouped into three
clusters; each contained six nodes and a cluster head. The communication between sink and cluster heads was based on the TDMA.
The communication within each cluster was also based on TDMA
method. The basic operation was same as the single – hop method.
But here we had two stages of communication.
(1) Communication between base station and cluster heads.
(2) Communication between cluster heads and the cluster
members.
All the nodes in the network were assigned with a unique address and it was known to the base station. Each node acted as
the cluster head based on a TDMA schedule. This schedule was
broadcasted to the nodes in the clusters. Whenever the cluster
was formed, based on the schedule all the nodes transmitted their
energy information to the base station. The node which had the
highest energy among all the nodes in a cluster was assigned as
the cluster head of that cluster by the base station. Initially all
the nodes including the cluster heads were in the idle state. Whenever the base station needed a data (temperature and moisture value) from a particular area, it sent the address of the cluster head in
that area. Now the addressed cluster head switched from its idle
state to active state. Then the cluster head sent a request to its
members by sending the address of the member nodes based on
the TDMA schedule. i.e. only one node was addressed in a particular time slot. Each node sent data during their allocated time slot.
The communication was similar to that in the single – hop method
discussed above. The cluster head node kept its radio ON to receive
all the data from the member nodes. When all the data were received, the cluster head performed the aggregation to compress
the data. This data was sent to the base station. This process was
repeated in all the clusters. After a certain time the next round began with each cluster assigned with a new cluster head. The new
cluster head was selected based on the energy. Using this algorithm we could increase our range of the coverage area and reduce
the energy consumption of each sensor nodes.
Basically, data aggregation can be done using four methods.
They are based on:
(1)
(2)
(3)
(4)

Sum.
Minimum.
Maximum.
Averaging.

In case of summing technique, the Header node collected the
data and it gave the added value to the base station. The major disadvantage in this approach was that the base station was not able
to decide how many nodes exactly gave the data; and also it was
not able to ﬁnd out how many nodes failed during transmission.
The summation scheme is represented as follows:
n
X

Pi

i¼0

Fig. 2. Base station.

where i is the node number, n the maximum number of nodes and
Pi is the data present in each node at that instant.
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In case of minimum technique, the header node collected the
data and it found out the data with minimum value. The major disadvantage in this approach was that the node which was far away
from the source will always produce minimum value, so it was
very difﬁcult to ﬁnd the exact temperature distribution in that
area. The minimum scheme is represented as follows:

MinðP0 ; P1 ; P2 ; P3 ; P4 ; P5 Þ
where Min() is the function used to ﬁnd the minimum .In case of
maximum technique, the header node collected the data and it
found out the data with maximum value. Say for example: temperature monitoring; only the maximum value were informed to the
base station. The major disadvantage in this approach was that

the node which was nearer to the source always produced maximum value, so it was very difﬁcult to ﬁnd the exact temperature
distribution in that area. The maximum scheme is represented as
follows:

MaxðP0 ; P1 ; P2 ; P3 ; P4 ; P5 Þ
where Max () is the function used to ﬁnd the maximum value.
In case of averaging technique, the header node collected the
data and found out the average of all the data that were got from
the neighboring nodes and then it informed the average value to
the base station. The major advantage in this method was that,
since the header node performed averaging technique, it was very
useful for the base station to ﬁnd exactly how many nodes had
transmitted their data and also how many nodes failed during
transmission. Also in this method because of averaging, the exact
temperature distribution in the corresponding area could also be
found easily. Because of these advantages we followed this approach for efﬁcient data aggregation. The averaging scheme is represented as follows:

Pn

i¼0 P i

n
where i is the node number, n the maximum number of nodes and
Pi is the data present in each node at that instant.

Fig. 3. Average energy of the network for direct communication method.

2.2.1. Methodology
Without data aggregation the header node collected all the
readings from the remaining nodes and it transmitted all the data
individually to the base station, as a result a lot of energy was consumed in case of normal scenario. Since it was communicating to
the base station, energy consumption was more in this approach.
With data aggregation, the header node collected all the readings
from the remaining nodes and it aggregated them using averaging
technique. But the header node transmitted only one data instead
of transmitting all the four data. As a result energy was saved.
3. Results and analysis

Fig. 4. The ﬁnal energy of each node.

In this paper two different energy conservation mechanisms
have been analyzed based on the TDMA scheduling for the real
time application – automatic irrigation systems. Both the methods
provide good energy conservation compared to other conventional
methods. The direct communication method provided a collision
free data transmission. Network simulator-2(NS-2) (www.isi.edu/
nsnam/ns/) has been used for the analysis of both the algorithms.
The matrices used for the performance analysis are average energy
and the throughput of the network. Graphs were plotted for the

Fig. 5. Average throughput of the network.
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energy of the network over the time. It showed that, the energy of
the network decreased as a function of time. Then the throughput
of each node was calculated and plotted. For the simulation purpose the initial energy of each node were selected as 100 J. From
the real time system it was found that the energy needed when
the node was in transmission mode was 1 J/s and for receiving
mode 0.5 J/s.

were going back to the idle state after the time slot which was
allotted for them. So we could save some amount of energy by
switching the nodes back to the idle state while it was not taking
part in the communication. Another parameter for performance
evaluation is the throughput of the network. It is the number of
packets successfully received divided by time. Fig. 5 shows the
throughput of the network.

3.1. Direct communication method
The simulation results showed that the amount of energy consumption could be reduced using the direct communication method. Fig. 3 shows the relation between energy and time for the
network. From the graph it is clear that the energy decreased as
a function of time. In this method the ﬁnal energy reached up to
48 J from the initial energy of 100 J. It shows that energy decreases
as time increases.
The ﬁnal energy of each node was found and Fig. 4 shows the
graph between the node and ﬁnal energy of each node. It gives
us the value of ﬁnal energy in each node after the end of simulation. From the graph it is clear that the sink node had the minimum
energy as it is always taking part in communication. All other
nodes were having higher energy than the sink node because they
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Fig. 8. Average throughput of the network for data aggregation method.

Fig. 6. Average energy of the network for data aggregation method.

Fig. 7. Final energy of each node.
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Fig. 9. Comparison of ﬁnal node energy.

Fig. 10. Comparison of throughput.

3.2. Aggregation method
The main objective of the aggregation method was to reduce the
energy consumption and to increase the network throughput. The
simulation results showed that objective could be met by reducing
the consumption of energy and by increasing the throughput of the
network.
Fig. 6 shows the average energy of the network. From the graph
it is clear that the average energy has reached the value of 58 J
from the initial energy of 100 J. Fig. 7 shows the ﬁnal energy of
each node. Three dips are seen in the graph. They correspond to
the ﬁnal energy of each cluster heads. The reason is that the active
times of the cluster heads were more compared to other member
nodes in the networks. But it was seen from the result that even
the ﬁnal energy of cluster head was more than the ﬁnal energy
of each node in the direct communication method.
Next the throughput of the network can be seen in Fig. 8 Graph
shows that the throughput of the network also had increased by a
considerable value. It had increased from the 45  1000 packets to
58  1000 packets while we were moving from direct communication method to data aggregation method.
4. Comparison between single – hop and data aggregation
method
The energy consumption is a key factor for routing protocols in
WSN. So far, many energy conservation algorithms have been

proposed for the WSN. In this paper an energy efﬁcient TDMA
based algorithm is proposed for an automatic irrigation system.
Two different methods were used based on this TDMA scheduling.
The ﬁrst method used a direct communication between the sink
and the source nodes. Through this method a considerable amount
of energy was saved. The second method used an aggregation
method in which the sink/base station collected the data from different cluster heads. Using this method, the energy conservation
obtained was more than that obtained from the direct communication method. For better performance, cluster heads were selected
based on the energy of the nodes in the cluster after the completion of each cycle of TDMA.
From the analysis and the simulation results it is clear that
aggregation method has better performance compared to the direct communication method. It is clear from Fig. 9 that the ﬁnal energy of the network in the aggregation method is greater than that
of the single-hop method. The residual energy has increased by
10%. From Fig. 10 we can understand that, the throughput of the
base station in aggregation method is 58  1000 packets and for
the single – hop method is 45  1000 packets. Thus there was a
13% of the increase in the throughput.
5. Conclusion
In this paper two different energy conservation mechanisms
have been analyzed based on the TDMA scheduling for the real
time application – automatic irrigation systems. Both the methods
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provide good energy conservation compared to other conventional
methods. The direct communication method provides a collision
free data transmission. From the simulation results it were found
that the aggregation method showed better performance than
the direct communication method in terms of average energy
and the throughput of the network. As a future work the energy
conservation using different schedules can be done and those
methods can be compared with the proposed methods.
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