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Abstract: This paper focused on wireless sensor network and their properties and applications. The ultimate 

goals of wireless sensor network are data gathering any time and at any place. It can be real time monitoring 

and control network, e.g. on body, in body, at home, at office, in industry and so on. The sensor networks 

have also ability to detect changes in the physical phenomena and environmental conditions by using many 

inexpensive, simple nodes to making a cost effective networks for data gathering. The seamlessly interacting 

and communication with the environment and internal working in the network have made such networks more 

interesting. To design a low power WSN consider energy consumption, bandwidth, and network topology, 

quality of communication link, data processing and scalability. Different network formats have their 

advantages and disadvantages. Finding the best and optimal format for specific applications is a critical factor 

for network designers. In this chapter, ZigBee protocol and IEEE 802.15.4 standard have described and some 

of their characteristic has mentioned. Low latency, high throughput and high battery lifetime are some 

desirable issues for a wireless sensor network. But the requirements needs an accurate understand for routing 

protocols, node placement, the number of nodes and not least network topology. 

1. Introduction 

A Wireless Sensor Network (WSN) is a group of special transducers (sensors) for monitoring physical 

phenomena, like temperature, sound, and light intensity, location, moisture, motion of objects and so on. 

Many inexpensive and low data rate wireless sensor elements, each with computational power and sensing 
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ability had planned for a wide range of applications [7]. These applications varies from surveillance systems, 

motorway traffic observing, habitat monitoring, detection of forest fire, tracking of enemy in military 

applications, seismic sensing to environmental applications. The environment condition plays a key role in 

determining the network size e.g.  Indoor environments need only a few nodes, while the monitoring an 

outdoor area requires many sensor nodes. The obstacles in environment can limit the communication range 

and affect the connectivity between nodes. The goal of a sensor network is to produce high quality 

information about a large geographical area and provide a better service to the end users. 

People are always in motion and they want to have contact with each other throughout the world. The 

increasing amounts of information, the need for fast, effective and accurate information are forcing 

development of new methods of transmission and receiving of data. One of the challenges is to gathering data 

and analysis of collected data. In a hypothetical situation, the data can be collected from sensor nodes that are 

placed in a given environment and these data can be sent to another center to analyze. 

Many researchers are working with issues such as detection of the correct data, transmission of data and 

processing the data [8]. There are many challenges such as lifetime of energy sources, defining a suitable 

architecture for communication in a network, security, connectivity and etc. 

The multitude of applications that can be ordered with wireless sensor network in the digital world had made 

such network very interesting for many scientists throughout the world. These applications are based on the 

collected data from different sensor nodes in a network. The different network topologies are: ring, bus, tree, 

star and mesh. 

 

2. Literature review 

Andrzej et al. [1], he has proposed architecture for ZigBee-based Mesh network form with event-based 

control technique to solving the climate control problem for greenhouse. They found that the event-based 

control reduced the number of changes and more suitable for saving energy in sensor nodes compare to the 

traditional time-based systems. Sidek’s et al [2], His work formed a system based on radio technology. The 

goal was to measure environmental parameters such as oxygen and Carbon dioxide with sensor nodes 

distributed in the area.   The measured data can be sent to a remote place e.g. a computer or mobile phone for 

further use. Hyun-joong Kang et.al [3], the author discusses the impact of sensor node’s position on the 

system’s performance. Through this study, the routing method for the sensor network in greenhouse was 

analyzed. A shadowing model is used for computation of radio loss when the plants grow up. Hui Liu et.al 

[4] has analyzed a system performance where they had used sensor nodes for monitoring the temperature, 

humidity and soil moisture in greenhouse. Teemu Ahonen et.al [5] developed a wireless sensor node for 

greenhouse monitoring by integrating a sensor platform provided by Sensinode Ltd. with three commercial 

sensors capable to measure four climate variables. 
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The idea of growing crops or plants in a controlled area has come back to Roman times [9].  Hard work was 

required to provide good conditions for plants growing and it was difficult to get high production many years 

ago. 

In the latest, computer technology has come in the mirror. Nowadays, with use of heating, cooling, lighting 

and harvesting management systems it is easier to control conditioning in greenhouses. 

Technologies such as sensor network automation controller, robotics, precision agriculture,   have been used 

enormously [10]. But there are still many challenges that farmers face like maximizing production efficiency, 

product quality, post-harvest operations etc [6]. 

Our work investigates the power consumption of wireless sensor nodes in the Mesh and Star networks for 

monitoring of temperature inside greenhouse 

 

3. Implementation 

Location of sensor nodes 
 
One of the challenges in our job is the placement of sensor nodes in the greenhouse. As mentioned early, the 

location of nodes is crucial to obtain data all the time from  nodes.  The entire area of the greenhouse must 

also cover.  One must be sure that  there  is communication  between nodes all the time and they will detect  

each other  in neighboring area. 

The area of greenhouse has assumed to be 6m*30m*6m. And the nodes locate in the different height. The 

lowest value for transmit power for cc2420 (-25 dB m) is used to calculate the maximum distance between 

two nodes. The receiver sensitivity for cc2420 (-95 dB m) with respect to the fading margin (20 dB m) gives 

us a distance of 10 m between nodes. The calculation has done from the below two equations. 

L(dB)   = 25 · log10 (d(K m)) + +92.4(dB).  (1) 

Generally, the total  energy consumption  for sending 1 packet : 

 
Epacket = Etransmit  + Ereceive  + Eidle  + 
Esleep 

(2) 

 
I have used the below equation for power consumption for a packet: 
 
 

Ptransmit  · Ttransmit  + Preceive  · Treceive  + Pidle  · 
Tidle 

pack
et Tduty−cycle 

 
(3) 

The energy for transmit of a radio signal has calculated  from : 
 

Etransmit  = Pmax · T
p
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acketlength (4) 
 
The packet  length  had  calculated  form the  number  of bits  that  requires for sending a packet of 

temperature measurement and the data  rate  (bps). 

 
 
tp  = 

packetbits 

datarate 

 
(5) 

Pmax  (W) is the maximum power consumption for sending a packet.  It is calculated from battery voltage 

in V and current consumption for chip in A for transmit state.
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V is the battery voltage, in our case assumed 3 Volt and I is the current consumption in transmit for chip 

cc2420 which is equal 17.4 m A.The transmitted power indicates how much a signal contains energy 

when it is sent out and can be calculated  from the signal areal in time domain and signal amplitude (=PT 

xmax ). 

The receiver power is dependent on transmit power Pt  (W), gain of transmitter and receiver antenna, Gt  

and Gr  (dB i), the wavelength λ (m) and the distance  between the transmitter and  receiver d (m). The 

equation below had used for this calculation: 

 
Sensor Radio mode Pt (u W) Tt (ms) Tr (ms) Tidle (ms) Node Power (u W) 

S1 A 0.72 12 15 0 0.72 

S2 A 0.72 12 15 0 0.72 

S3 A 0.72 12 15 0 0.72 

S4 S-A 1.4 25 13 13 1.468 

S5 S-A 1.4 25 15 12 1.467 

 
 
Table 1 : The result for Star topology for 17.4 m A current consumption of cc2420 
 

Sensor Radio mode P rP AN   (u W) 

S1 A 1.01 

S2 A 1.01 

S3 A 1.01 

S4 S-A 0.88 

S5 S-A 1.01 

 
 
 
Table 2 : The received power for PAN in Star topology for 17.4 m A current consumption of cc2420 
 
 
4. Results & Discussion 
 
The results of simulation for Star and Mesh network topologies are shown in this section.  The packet 

length, data rate, battery voltage and the number of nodes are the code input values.   In our simulation,  

we used 30 bit  for packet  length,  2400 bps for data  rate,  3 V  battery and  5 sensor nodes for sensing 

temperature. These values can be changed according to applications purposes. 

In the first part the results of simulation for energy consumption for a transferring of a packet has 

discussed and in the second one the energy used from each node to communicate with other nodes has 

analyzed. 

The PAN radio mode influences the power consumption for each node Sine it can be in a sleep or active 

mode then the power. 
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Figure 1 : Power consumption  for each node in Star  topology . 
 
 

Sensor Radio mode Pt (u W) Tt (ms) Tr (ms) Tidle (ms) Node Power (u W) 

S1 A 0.72 12 0 0 0.72 

S2 A 1.4 25 12 0 2.2 

S3 S-S-A 4.3 75 25 94 7.2 

S4 S-S-A 5.8 100 37 25 8.6 

S5 A 3.6 62 50 0 6.9 
 
Table 3: The result for Mesh topology for 17.4 mA current consumption of cc2420 
 

Power consumption Power consumption 

in Star  (u W) in Mesh (u W) 

1.8 8.9 

2.2 10.3 

1.9 7.9 
 
 
Table 4: The power consumption for Star and Mesh topologies with current 
consumption 17.4 m A for cc2420 

 
Consumption for each node can vary often. It is the reason for a big difference between 
values.  The transmitter power for a sensor node has calculated  from the below 
equations  where the  N is the  number  of packet  and  P tS1  is the  transmit power for 

the  fist node  which is dependent  on the  current  consumption  of chip in transmit 
mode. 
For node in sleep mode 

 
P tSN = N · 2P tS1 .  (6) 
 
For node in active mode 

 
P tSN = N · P tS1 .  (7) 

Power consumption for a node can calculate from the below equation: 

PSN   = v · It · Ttransmit  + v · Ireceived  · Treceived  + v · Iidle · Tidle.  (8) 
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Figure 2: Power consumption for each node in Mesh topology.  

 

5. Conclusion 
 
To meet the multi-year application requirements each sensor node consumes low power for its communication. 

We have different challenges in different layer in wireless sensor network designing. 

In the physical layer, we should locate nodes in the right place to cover the area of the greenhouse and provide 

secure data transferring between nodes. In Mac layer, we have calculated the probability of data collision. In 

Network layer, we have tried to find the optimal data routing between nodes in the network. In the application 

layer the main goal is to give ability for end user to be informed about the conditions of greenhouse. 

In this paper, we have included the results of simulations  and tried  to explain some  technical  parameters. The 

methods for data routing and the necessary equations are discussed. A random function has chosen to ensure 

random radio mode for each sensor node when the data will send in both network topologies. In addition, we 

have checked the results with a test file. The test file takes average power consumption of network for each 

topology as its input and tests it. The test file is based on the worst case (when all nodes are in sleep mode) and 

best cases (when all nodes are in active mode) for data transmission in both network. 
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