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Abstract- Precision agriculture can be defined as the art and science of using advanced technology to enhance crop 
production. Wireless sensor network (WSN) is a major technology that drives the development of precision agriculture. 
Routing protocols are in charge of discovering and maintaining the routes in the network. In this paper, topological structure 
based routing protocols (flat and hierarchical) are comparatively studied with different parameters such as throughput, end to 
end delay and total energy consumption of the nodes for precision agriculture. 
 
Index Terms- Different parameters, Flat routing, Hierarchical routing, Precision agriculture, Wireless sensor network. 
 
I. INTRODUCTION 
 
Precision agriculture means the use of information 
and control technologies in agriculture. Agricultural 
inputs such as irrigation and fertilizers can be applied 
in precise quantities as determined by modeling of 
crop growth patterns to maximize the crop yield and 
to minimize the impact on the environment [1]. 

Myanmar being an agricultural country 
needs some innovation in the field of agriculture. 
This can be achieved through modern technologies 
which assist communication and control within 
devices. WSN technologies have become a backbone 
for modern precision agriculture monitoring [2]. 

A wireless sensor network typically consists 
of a large number of low-cost sensor devices with 
limited battery energy deployed in an unattended 
manner. Routing and data dissemination are an 
important issue in wireless sensor networks (WSNs). 
The essential function of a WSN is to monitor a 
phenomenon in a physical environment and report 
sensed data to a central node called sink, where 
additional operations can be applied to the gathered 
data. Routing techniques in wireless networks are 
another important research direction for WSNs. 
Routing techniques are classified into flat and 
hierarchical routing protocols based on topological 
structure [3]-[6]. 

In [1], the design of MAC network layer was 
presented with periodic data collection where sensor 
nodes periodically collect data from fixed locations in 
a field for precision agriculture. 
In [7], low-power Zigbee wireless communication 
technology for monitoring of agriculture was 
provided. Realtime data is collected by wireless 
sensor nodes and transmitted to base station using 
Zigbee. This is low cost system where the recorded 
information is transmitted to remote location using a 
GSM network via a SMS. The drawback of system is 
its dependency on the GSM network. 
In [8], a state of art wireless sensor technology in 
agriculture was proposed. In this paper, the sensor 
motes have several external sensors namely leaf 

wetness, soil moisture, soil pH, atmospheric pressure 
sensors attached to it. The sensed values of sensors 
are sent to the base station and in turn base station 
intimates the farmer about the soil pH via SMS using 
GSM modem. 

In [9], agriculture in Egypt was studied with 
precision farming.  This paper provided that the 
wireless sensor network can be used to test the land to 
assess its suitability to potato planting which helps to 
improve potato crop and save of resources. And 
routing protocol, APTEEN is simulated for precision 
farming. 
The main aim for precision agriculture is to monitor 
the real time data of crop situations and collect the 
data and then send back to the base station. As sensor 
nodes are unrechargeable, choosing the suitable 
network topology is important for prolonging 
network lifetime. In this paper, routing protocols 
based on topological structure of wireless sensor 
network are comparatively studied with parameters 
such as throughput, end to end delay and total energy 
consumption of the nodes. The remainder of this 
paper is organized as follow: In Section 2, the 
comparative study of routing protocols was 
discussed. The LEACH protocol and its working are 
introduced in Section 3. In section 4, simulation 
results and discussions of this paper have been 
illustrated. Finally, the paper is concluded in Section 
5. 
 
II. COMPARATIVE STUDY OF ROUTING 
PROTOCOLS 
 
The design space for routing algorithms for WSNs is 
quite large and we can classify the routing algorithms 
[3] for WSNs in many ways. According to different 
classification standards, routing protocols have 
different classification results [6].  For example, if 
according to the topological structure of networks, it 
can be classified into flat routing protocol and 
hierarchical routing protocol; if according to the 
number of data transfer path, it can be classified into 
single-path routing protocol and multi-path routing 
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protocol; if according to whether routing is 
designated by source nodes, it can be classified into 
source-based routing protocol and non-source-based 
routing protocol; if according to whether the paths are 
found by data types, it can be classified into data-
based routing protocol and non-data-based routing 
protocol, etc. In this paper routing protocols are 
classified from the perspective of network topology, 
with respective research on the typical routing 
protocols in flat routing protocols and hierarchical 
routing protocols. Typical flat routing algorithm 
includes Flooding algorithm, DD (Directed 
Diffusion), SAR (Sequential Assignment Routing), 
SPIN (Sensor Protocols for Information via 
Negotiation), etc. Hierarchical routing protocols 
mainly includes LEACH (Low Energy Adaptive 
Clustering Hierarchy), TEEN            (Threshold 
Sensitive Energy Efficient Sensor Network Protocol), 
GEAR (Geographic and Energy Aware Routing 
Protocol), etc. Hierarchical routing protocol is better 
than flat routing protocol on organizational 
management of nodes and expansibility of networks, 
especially suitable for large-scale distributed WSN. 
It’s a more potential kind of routing organization 
mode [6], [10].In hierarchical routing protocol, 
LEACH protocol is the first cluster-based routing 
protocol proposed in WSN. The most hierarchical 
routing protocols afterwards such as TEEN, 
PEGASIS are all developed based on it. So the 
research on LEACH algorithm can help to further 
understand other layered routing algorithms. Thus 
choosing LEACH protocol as research object has 
good typicalness and representativeness. 
 
III. LEACH PTOTOCOL 
 
Low Energy Adaptive Clustering Hierarchy 
(LEACH) is the first hierarchical cluster-based 
routing protocol for wireless sensor network. In 
LEACH the nodes are partitions into clusters and in 
each cluster there is a dedicated node with extra 
privileges called Cluster Head (CH). This CH creates 
and manipulates a TDMA (Time division multiple 
access) schedule for the other nodes (cluster member) 
of that cluster. Those CHs aggregate and compress 
the sensing data and send to base Station (BS) [11]. 
Thus it extends the lifetime of major nodes as shown 
in figure 1. 

 
Figure 1:  LEACH Protocol [11] 

This protocol is divided into rounds [12]; each round 
consists of two phases as shown in figure 2. 
 

 
Figure 2: Time line showing LEACH operation [13] 

 
A. Set-up Phase 
CH selection is done by considering two factors. 
First, the desired percentage of nodes in the network 
and second the history of node that has served as CH.  
 
This decision is made by each node n based on the 
random number (between 0 and 1) generated. If the 
generated random number is less than a threshold 
value T (n), then the corresponding nodes becomes 
CH for that round. The threshold value T (n) is 
calculated as following (1): 

 
  Gn
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Where P is the desired percentage of cluster-head, r is 
the number of round and G is the set of nodes that 
have not been cluster-heads in the last 1/P rounds. 
Nodes that have been cluster heads cannot become 
cluster heads again for P rounds. Thereafter, each 
node has a 1/P probability of becoming a cluster head 
in each round. In the following advertisement phase, 
the CHs inform their neighborhood with an 
advertisement packet that they become CHs. Non- 
CH nodes pick the advertisement packet with the 
strongest received signal strength. 
Every node that has opted to become a CH broadcasts 
its new role to the network using a non-persistent 
CSMA MAC protocol. 
On receiving the CH broadcasts, each non cluster 
head node (NCH) decides a cluster to join. The 
decision may be based on received signal strength of 
CH broadcast message, among other factors. The 
NCH,then inform selected CH their wish to become 
member of cluster. Once the cluster is formed, CH 
creates and distributes a TDMA based schedule to 
assign a time slot to each of its CM. To reduce inter 
cluster interference each CH selects a CDMA code, 
which is then distributed to all CMs. The completion 
of setup phase triggers beginning of the steady-state 
phase. 
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B. Steady-state Phase 

 
Figure 3:  The work process of LEACH protocol [14] 

 
Nodes send their data during their allocated TDMA 
slot to the CH. This transmission uses a minimal 
amount of energy (chosen based on the received 
strength of the CH advertisement). The radio of each 
non-CH node can be turned off until the nodes 
allocated TDMA slot, thus minimizing energy 
dissipation in these nodes. When all the data has been 
received, the CH aggregate these data and send it to 
the Base Station (BS).LEACH is able to perform 
local aggregation data in each cluster to reduce the 
amount of data that transmitted to the BS. 

In the precision agriculture, wireless sensor 
network routing technique is used for the purpose of 
crop monitoring. LEACH protocol is used for routing 
protocol of the network. In LEACH protocol, the 
cluster head selection as shown in flow chart of figure 
3 the work process of LEACH protocol have been 
simulated.  
 
IV. SIMULATION RESULTS AND 
DISCUSSIONS 
 
A. Simulation Environment 
NS2 is written in the C++ programming language 
with the Object Tool Common Language (OTCL) as 
the front-end interpreter. A class of hierarchy 
supported in C++ is the compiled hierarchy and the 
interpreter hierarchy for OTCL. The complete 
simulations are carried out using Network Simulation 
NS2 [15]. The Table 1 shows the simulation 
parameters used in the simulation. 

Table 1 Simulation Parameters 

 
 
B. Simulation Result and Discussion 
The Table 1 shows that the parameters used in this 
research. The sensing areas set to 100mx100m and 
numbers of sensor nodes will be 20,40,60,80 and 100 
nodes. The radio speed of the network is 1 Mbps and 
initial energy is 10J. Sensing power and processing 
power of the nodes will be 15mW and 24mW. The 
sensor nodes will be place 1.5m above the ground and 
antenna gain factor of the sensor node is 1. The node 
plan of the research is shown in figure 4. 

The simulation took place with throughput 
(the total amount of data received), end to end delay 
and total energy consumption of nodes for flat routing 
algorithm and LEACH protocol. All the simulation 
results are shown in xgraph function which is one of 
the simulation tools of NS2 software. 

 

 
Figure 4: The node plan 

 
1) Throughput comparison of LEACH and Flat 
Routing algorithm 
In order to monitor the crop situation, the amount of 
data received at the base station must be as much as 
possible. The result of figure 5 shows that LEACH 
protocol much higher received the data in all numbers 
of sensor nodes except 80 sensor nodes. This means 
that LEACH protocol is better than flat routing 
algorithm. 
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Figure 5: Throughput comparison of LEACH protocol and 

Flat routing algorithm 
 
2) End to end delay comparison of LEACH 
and Flat routing algorithm 

End to end delay is also important for precision 
agriculture. In order to get the real time data, the 
delay mustbe as low as possible. The result in figure 
6 verifies that LEACH protocol have lower end to 
end delay in all numbers of sensor nodes than flat 
routing algorithm. 

 
Figure 6: End to end delay comparison of LEACH protocol 

and Flat routing algorithm 
 
3)  Total energy consumption comparison of 
LEACH and Flat routing algorithm 
As sensor nodes are unrechargeable, total energy 
consumption of sensor nodes is a considerable fact. 
LEACH protocol is the cluster based routing protocol 
and its main advantage is extending network lifetime 
as much as possible. The result of figure 7 verifies 
that total energy consumption of LEACH protocol is 
lower than flat routing algorithm. 

 
Figure 7: Total energy consumption comparison of LEACH 

protocol and flat routing algorithm 
 
CONCLUSION 
 
Precision agriculture means use of technology to 
enhance the crop production. Wireless sensor 
network plays the vital role in developing of 
agriculture. Routing protocol is one of the key 
technologies of WSN. In this paper, topological 
structure based routing protocols flat routing 
algorithm and LEACH protocol are comparatively 
studied and simulated by using NS2 software. As 
LEACH protocol is a cross layer protocol architecture 
that combines MAC with routing, the results are 
better than any other MAC design. The results are 
comparatively studied on three research parameters 
(throughput, end to end delay and total energy 
consumption of sensor nodes) with different sensor 
nodes. This can show that 100 sensor nodes are better 
for the research area. All the results prove that 
LEACH protocol is more suitable than flat routing 
algorithm for precision agriculture. In the future, as 
the energy consumption is important for prolonging 
network lifetime, reducing of total energy 
consumption must be research goals. 
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