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Abstract  

Wireless Sensor Network (WSN) is an emerging multi-hop wireless network 

technology, and the greenhouse network monitoring system is one of the key 

applications of WSNs in which various parameters such as temperature, humidity, 

pressure and power can be monitored. Here, we aim to study the performance of a 

simulation-based greenhouse monitoring system. To design the greenhouse 

monitoring system based on WSN, we have used ZigBee-based devices (end devices, 

routers, coordinators, and actuators. Our proposed greenhouse monitoring network 

has been designed and simulated  using the network simulator  OPNET Modeller.  

The investigation is split into two; first, the aim is to find the optimal Transmit (Tx) 

power set out at sensor nodes and second, the focus is on studying how increasing 

the number of sensor nodes in the same greenhouse network will affect the overall 

network performance. ZigBee-based greenhouses corresponded to 4 network 

scenarios and are simulated using OPNET Modeller in which 22 different transmit 

(Tx) power (22 cases) in Scenario 1 is simulated, scenario 2, 3 and 4 estimated to 63, 

126, 189 number of sensor nodes respectively. Investigating the performance of the 

greenhouse monitoring network performance metrics such as network load, 

throughput, packets sent/received and packets loss are considered to be evaluated 

under varied transmit (Tx) power and increasing number of sensor nodes. Out of the 

comprehensive studies concerning simulation results for 22 different transmit (Tx) 

power cases underlying the greenhouse monitoring network (Scenario1), it is found 

that packets sent/received and packets loss perform the best with the transmitted (Tx) 

power falling in a range of 0.9 mWatt to 1.0 mWatt while packet sent/received and 

packet loss are found to perform moderately with the transmitted (Tx) power values 

that lie in a range of 0.05 mWatt to 0.8 mWatt. Less than 0.05 mWatt and greater than 

0.01 microWatt Tx power experience, the worst performance in terms of particularly 

packet dropped case. For instance, in the case of the packet dropped (not joined 

packet, i.e., generated at the application layer but not able to join the network due to 

lack of Tx power), with a Tx power of 0.01 mWatt, 384 packets dropped with a Tx 

power of 0.02 and 0.03 mWatt, 366 packets dropped, and with a Tx power of 0.04 and 

0.05, 336 packet dropped.  

While increasing the number of sensor nodes, as in scenario 2, 3 and 4, dealing with 

sensor nodes 63, 126 and 189 correspondingly, the MAC load, MAC throughput, 

packet sent/received in scenario 2 are found to perform better than that of scenario 3 
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and scenario 4, while packet loss in scenarios 2, 3 and 4 appeared to be 15%, 12% and 

83% correspondingly. 
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1 Introduction 
Greenhouse is a vital part of the protected agriculture, particularly to vegetable 

greenhouses; agriculture has played a great role in the modern agricultural 

production [1]. Significant applications of greenhouses include growing off-season 

plants, and protecting them from excessive heat or cold in a controlled environment. 

The key components of the modern intelligent part of the greenhouse is greenhouse 

automatic monitoring and control systems and the basic assurance of achieving 

automatic and scientific greenhouse production management. Temperature, 

humidity, light intensity and carbon dioxide content manipulate the growth of 

vegetables and fruits.  

Better growth of crops can be achieved compared to outdoor conditions, and 

eventually high-quality, high yield and efficiency in the off-season with 

inappropriate environment can be achieved, if monitored data is analyzed, combined 

with crop growth laws, control environmental conditions. Not a long time ago the 

conventional greenhouse environment monitoring and control methods were 

distributed control systems or field bus control systems, which was a problem 

because of many electrical wirings, complex structures, complicated installation and 

high maintenance costs, poor tension and mobility. Continuity of sensed data and 

diminution of interference are the main characteristics of environmental monitoring. 

As a result, WSNs have drawn more interest in recent years. Low power 

consumption, small volume, and wireless communication of sensor equipment 

(wireless sensor nodes) are beneficial for high density and high frequency 

monitoring [2] [3] [4].  

To get better off-season growth , a greenhouse environmental monitoring system 

based on ZigBee is presented in this study. Currently, ZigBee (IEEE 802.15.4 

standard) is a rising wireless network technology, becoming more widely used in 

industrial and agricultural production because of short space, low complicacy, low 

power consumption, low data rate and low cost. 
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1.1 Background and problem motivation 

                          

One of the latest standards for wireless sensor networking with low transmission rate 

and high energy efficiency has been proposed by the ZigBee Alliance. Over the last 

couple of years, it has been observed that the usage of sensor nodes in greenhouses 

or in other devices is rapidly increasing. In the old greenhouse, cabled devices and 

measurement methods were used to monitor the network. By contrast, the trend of 

using sensor nodes in the modern greenhouse has been leading when it comes to 

monitoring the interior climate and power metrics. For instance, to dynamically track 

the performance metrics of climate and power consumption related to the interior 

greenhouse network and in return taking proactive actions against the assigned 

threshold of performance metrics for interior sensor nodes can increase efficiency, 

cost-effectiveness, and productivity of the greenhouse. Wireless communication 

technology such as Wireless Sensor Network (WSN) is rapidly emerging, where 

energy consumption in terms of seamless monitoring system for the greenhouse is 

one of the key issues that need to be addressed.  

Researchers are working on how to make the WSN last longer and be network 

efficient with the least amount of energy consumption, ensuring sensor node 

maximum longevity. In the past, most studies related to the greenhouse monitoring 

system have focused on the real systems and not been based on simulation work. 

Recently, the simulation method has been recognized as a well-known method for 

analyzing the network performance. We are interested in two things:  how the power 

consumption and the increase in the number of sensor nodes influence the 

greenhouse monitoring network. In order to find an answer to this question, we 

study how the network performance in terms of MAC load, transmission rate, packet 

sent/received, throughput and packet loss), is influenced by the number of sensors 

and varied transmit power. This performance analysis is carried out with simulation 

considerations. As performance indicators, we use network transmission rate, MAC 

Load, packet sent/received, throughput and packet loss. We evaluate the impact of 

the number of nodes and the various transmit power levels on the system 

performance. Behaviour and performance of a WSN model can be analyzed by 

carrying out discrete event simulations. Methods and frameworks to connect sensors 

to an IP-based network have been proposed by researchers so that sensors could be 

accessed over a network or the internet. IP-based sensor networks have the 

advantages of ad hoc networking, auto configuration and security as well as the ease 

of real-time remote access subjected to the greenhouse network.  
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1.2 Overall aim 
In order to be able to achieve the objectives and address the core concerns of the 

project, the following aims have been developed so that the objectives can be met.  

 To investigate what will be involved in terms of performance issues when it 

comes to monitoring and controlling the greenhouse network in the ZigBee-

based Wireless Sensor Network. 

 To investigate power consumption and how the varied transmit (Tx) power  

affects the greenhouse monitoring network performance.  

 To investigate how the increase in the number of nodes affects the 

performance of the network. 

 To investigate the processes involved in modelling and employing the ZigBee-

based Wireless Sensor Network in the OPNET platform. 

 Other aims include providing appropriate methodologies and guidelines that 

can be followed in future research. 

 

1.3 Scope 
The scope of this study is to explore the performance evaluation of performance 

parameters such as MAC Load, throughput, packet sent/received and packet loss 

(PL) for a ZigBee-based greenhouse monitoring network when the number of nodes 

are increased and with varied transmit power. The primary goal of this project is to 

investigate and evaluate the ZigBee protocol using the OPNET simulation tool and to 

analyze how the different levels of transmit power and the increase in the number of 

nodes influence the ZigBee-based greenhouse monitoring network performance. 

Specifically, this project will analyze ZigBee wireless sensor networks (WSNs) in the 

mesh topology.  

1.4 Concrete and verifiable goals  
The advantages of having a WSN-based monitoring system in the greenhouse 

include minimizing the cost, mitigating the risk of communication gaps by having 

continuous track of necessary real-time statistical data collected and proactive 

response in taking initiative to keep the greenhouse as required. Impacts of varying 

transmit power and the increase in the number of nodes can influence the 

performance of the monitoring system to a greater extent. Our goal is to design, 

implement and analyze the performance of the proposed greenhouse monitoring 

system and to find an optimal energy when applying varying transmit power in the 
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network, and how different numbers of sensor nodes impacts on the overall 

performance of the network.  

 

1.5 Outline 
This section shows how the rest of the report is organized; the work is 

divided into six parts. 

 Chapter 1 will give a brief introduction which is followed by 

concrete problems and specifications. 

 Chapter 2 describes the theory and background of wireless 

sensor networks and the greenhouse environment. 

 Chapter 3 describes the methodology, including the OPNET 

modeller structure specific to the ZigBee Wireless Sensor 

Network. 

 Chapter 4 describes the implementation of the simulation. It will 

be explained what parameter are used and what result is likely 

to be achieved. 

 Chapter 5 describes the results of the simulation. 

 Chapter 6 gives the conclusion of the work and suggestions for 

future work. 
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2 Theory 
This chapter gives the details of ideas and factors that are related to this thesis work. 

In this chapter, wireless networks and their importance and the ZigBee technology 

followed by its different types of topologies are discussed. Later in this chapter, 

ZigBee technology architecture is discussed in relation to the wireless sensor 

networks. Previous related work is also discussed in this chapter.  

2.1 Wireless Networks 

Wireless communication has many advantages in networking technologies compared 

to the wired line. As wireless communication does not use wired technology for 

communication, wireless communication is flexible in deployment, easy to use, has 

great network scaling, provides mobility and is cost effective.  

Wireless communication also comes with some downsides compared to wired 

communication. Wireless communication suffers from interference, low data rate, 

low availability of bandwidth and signal fading compared to wired technology. 

These downsides lead to limited transmission range in devices; limitation in 

transmission range is one of the prominent problems of wireless communication. 

Wireless communication is divided in two communication structures.  

2.1.1 Infrastructure based  

Nodes communicate directly with the base station, or the access point, and then the 

base station coordinates communication with other nodes.   

 

Figure 2.1 
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2.1.2 Infrastructure-less or ad-hoc 

Nodes communicate directly with each other without the help of a base station or 

access point.   

 

Figure 2.2 

2.2 Wireless Sensor Network 

Wireless Sensor networks (WSNs) is one of the most important features of multi-hop 

wireless networks (MWN). A wireless sensor network is low- cost, economic sensors 

that communicate in a wireless network through a multi-hop network. These sensor 

nodes complete a sensing task with the help of communication with each other in an 

application. There are many applications where WSN is used; for example, home 

applications, environment monitoring, military applications, Intelligent 

Transportation Systems (ITS), agriculture applications and industrial control 

applications [5], [6], [7]. 

Wireless Sensor Networks (WSNs) are normally used to monitor various physical or 

environmental conditions, for example temperature, sound, motion, vibration, and 

light. They may process transmission to one or multiple base stations, or they all 

send directly to the sink (end user) through multi-hopping or the internet connection. 

A WSN typically consists of hundreds or thousands of devices that are called nodes 

with wireless communication capabilities. These tiny nodes have the ability to 

communicate with each other and can be use in areas where human access is 

impossible [5], [6], [7]. 

Each sensor node has the ability to sense, is in possession of a low power processor, a 

small memory, a wireless antenna, and a battery. The sensor node senses the data 
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according to the parameters of the environment and converts them into a signal and 

sends the data with the help of other nodes and a transmitter through multi-hopping 

to a base station or sink (end user) or directly to the internet. The sensor nodes are 

not connected to the external power source, they have the built in battery which is 

attached to them.  

A WSN is a self-organized network and has a short range wireless and uses multi-

hop routing. A WSN supports different network topologies and lot of changes in the 

network due to battery or other issues. The WSN is considered important for other 

wireless networks because of its hardware and software abilities. For the interaction 

between nodes is very important to use good WSN resources [5], [6], [7]. 

The WSN could have resource constraint issues like limited battery; processing and 

memory and are the main resource issues which have to be focused on when 

establishing a network. WSNs are deployed where human access is impossible, in 

these areas serious events may occur, which could cause damage to the WSN. Data 

could be lost due to interference because the voice sensitivity of wireless 

communication. There could be some physical faults in the network because of the 

deployment of the sensor nodes in these areas. As we know that nodes are 

independent and self-organized , this means that sometimes is not possible for them 

to interact with each other, for instance if some nodes are removed for environmental 

or controlling reasons, then the network would need to be reconstructed [5], [6], [9], 

[10], [11]. 

The sensor network has many design factors, for example, power supply. Because 

the batteries are attached to nodes and in most cases this is difficult to replace or 

recharge them, mostly in environments where human intervention is not possible, 

the application and protocols should be energy efficient. As we know that a sensor 

node has limited storage the protocol should be designed keeping this in mind [5], 

[6], [7]. 

An important task is to build up the WSN’s idea in the application layer because the 

WSN is a self-organized and self-controlling network but this is very costly and 

sometime not possible to change the batteries of sensors. There are a few important 

concerns when it comes to WSNs, like cost of sensor nodes, size of sensor nodes and 

energy consumption. As we know that WSN has a unique demand and 

characteristics that differs from other wireless networks [5], [6], [9], [10], [11]. Simple 

wireless sensor network architecture is shown in the figure below.  
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Figure 2.3: A simple wireless sensor network architecture [10]. 

2.2.1 Sensor Nodes 

Sensor nodes are used for sensing, processing/storage and communication. Each 

sensor node in a network is equipped with a radio transceiver or other wireless 

devices, battery, microcontroller and memory.  

2.3 Wire Sensor Network Applications 

There are different applications related to WSN where it is used for structural 

monitoring and controlling. The figure below shows a simple architecture of a 

wireless sensor network application. Every application has specific criteria which 

must be considered during the implementation of the hardware of a node. For 

example, the sensing units and the processor and how they will communicate. For 

the communication between nodes a different medium can be used, such as optical 

communications and radio frequency [7].  
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Figure 2.4: A simple Indoor and outdoor wireless sensor network applications 

architecture [8]. 

2.3.1 Environment Application 

This application is very important when it comes to saving the environment. It helps 

to detect and prevent fires in for example forests. For this, sensor nodes can be 

deployed and would be equipped with a temperature and humidity sensor and also 

help to detect floods [7], [9]. 

2.3.2 Health Care Application  

WSNs have a great advantages in the medical field and are used in different areas. 

They can be used for measurement and monitoring of different diseases, for example 

cancer detection and heart rate, and also be used to detect the location of an ill or old 

person, whether at home or at the hospital, and fitness and training can also be 

monitored by wireless networks.  [7], [9]. 

2.3.3 Military application  

WSN can be used by military and security agencies to monitor the position and 

movement of enemies’ troops and vehicles, and also to monitor areas where there are 

no people. It is also used to monitor insurgent activity [7], [9]. 

2.3.4 Commercial Application 

WSNs are used in the automotive industry, for meter reading, motor tracking and 

monitoring. Today’s cars are configured with sensors, which can provide 

information about the road’s condition, traffic and accidents. Wireless sensors can 

also be used to control, for example, ventilation, heating, air-condition, lighting, locks 

and doors inside buildings. This helps to improve the efficiency of traffic and the 

security of homes and important buildings [7], [9].   

2.3.5 Industrial Application  

Nowadays, WSNs are used in robots, previously they used wired sensors for robots, 

which was very costly. Many factories use sensors in areas where it is dangerous for 

human to be, because of radiation [7], [9]. 

2.3.6 Agricultural Application 

WSNs are very helpful and useful for agriculture, as a way to monitor the land. 

Remote monitoring of agriculture can be used to make certain decisions about crops. 

Greenhouse environment is one example of agriculture where temperature, humidity 



 

Performance Study of ZigBee-

based Green House Monitoring 

System 

Shah Nawaz  

Theory 

2015-05-20 

 
 

10 
 

and light could be controlled through wireless sensors by the end user. It can also be 

used to manage the water for different types of crops [7], [9].  

2.3.7 Harsh Area Monitoring 

WSN can be used for monitoring in harsh areas where human resources cannot reach 

[9].  

2.4 Greenhouse environment 

A greenhouse is a place where different types of plants are grown. A greenhouse 

structure is made by different types of materials, such as glass and plastic. The roof 

and walls are made of plastic or glass because it allows heat from the sun, which 

means solar radiation for plants, the soil and more. The size of the greenhouses can 

vary from a few or many small sheds to large buildings. In some areas farmers still 

depend on traditional equipment like thermometers and hygrometers to obtain 

environmental data. As a result, the agricultural growth is low and the cost of labour 

is very high. Many systems based on wired technologies have been used for 

greenhouse management, but they were not easy to install, had limits in their 

extension and maintenance was costly. The systems based wireless sensor network 

(WSN) technology has solved the cost issues and it is easy to install and maintain. 

The demands of a greenhouse based on WSN have increased, that is equipped with 

different equipment, like heaters, coolers, lightning, and different sensor nodes and 

all should be controlled and monitored automatically by a user. A greenhouse 

provides a possibility for farmers to grow off-season crops and provides protection 

from the worst weather and soil conditions [14].   

The growth of plants in greenhouses is an art and technique. The greenhouses are 

mostly built in an area where environmental conditions are inferior and the farmer 

can control the climate to increase the growth of plants by providing the suitable 

conditions through the greenhouse with a minimum of human resources. Nowadays, 

the greenhouse has a vital role in the production of off-season fruits, flowers, 

vegetables and different plants [15].  

2.4.1 Greenhouse Management  

Many wireless devices have been invented to measure different parameters, such as 

temperature, humidity, wetness, light intensity, water pressure, and also to monitor 

and control different crop diseases in the greenhouse, to get the best climate 

conditions which can help increase the growth and quality of the crops. Data 



 

Performance Study of ZigBee-

based Green House Monitoring 

System 

Shah Nawaz  

Theory 

2015-05-20 

 
 

11 
 

collected can be stored in the server and the farmer can improve the growth by 

preventing the crops from different harmful insects [14], [15]. 

In greenhouse management, temperature and humidity are two important 

parameters for the growth of crops and the quality of production. ZigBee Wireless 

Sensor Network (ZWSN) is the very best solution for the greenhouse; it is a 

monitoring and control system with low energy consumption, low cost, and low data 

rate [16]. 

Greenhouse monitoring and control systems have increased rapidly in last few years. 

The sensor nodes have been used to monitor the different parameters and collect 

data to be analyzed by an expert and used to make a decision to implement required 

changes in the greenhouse. But these systems were based on wired connection and 

had lot of limitations; it was expensive, difficult to install and maintain. In some 

areas the wireless sensor network technology has been used to save cost in the form 

of wiring and human resources. A wireless sensor network (WSN) with ZigBee 

technology is more reliable and suitable for a greenhouse system; its low energy 

consumption and low data rate, it is easy to install and maintain, it is self-healing and 

scalable [18].  The figure below shows a simple greenhouse structure.  

 

Figure 2.5: Simple greenhouse architecture [17] 

2.5 Wireless Sensor Network based on ZigBee Technology for 
Greenhouse monitoring and control Network 

The wireless sensor network  is one of the most popular technologies in the advanced 

world. ZigBee is a global standard for a wireless technology which is designed to 

address the large number of nodes to work with low battery consumption. The 

combination of IEEE 802.15.4 and ZigBee protocol stack suggests a practical 
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application solution to a low cost, low data rate, and low energy consumption 

features for wireless sensor networks (WSN). WSN has potential, flexibility and 

diversity to provide remote function in different applications with the help of ZigBee 

protocol. In many research areas ZigBee has come out with affective solutions for 

communication and transfer of data from a desired area. Many applications are 

facilitated by ZigBee Network, for example, commercial building and home 

automation, security, healthcare medical monitoring, vehicle monitoring, agriculture 

and environmental monitoring and more [23].  

Energy consumption, latency and reliability are critical performance measurements 

with a large number of sensor nodes in most monitoring systems. ZigBee is the best 

choice for wireless sensor networks because of its limited energy consumption and 

low cost.  

ZigBee is a world wide open standard for wireless radio networks. Simulation of 

WSNs is a challenging task due to the nature of the hardware design, energy 

limitations, and deployment of a large number of nodes. ZigBee is based on the IEEE 

802.15.4 standard which defines the MAC and PHY layers [19], [20], [21], [22],[23]. 

The following is a typical example of ZigBee in home automation.  

 

Figure 2.6: Simple example of ZigBee Home Automation [21]. 

The network creation, joining, formation and receiving packets is the 

responsibility of the ZigBee application layer. The ZigBee network model 

provides the capability of routing, network joining, formation and beacons 

generation. Channel scanning, joining, failure and recovery process will be 

handled in the ZigBee MAC layer. The implementation of the MAC layer 

protocol will be processed by the ZigBee physical layer (Carrier Sense 

Multiple Access/Collision Avoidance) (CSMA/CA) [20].   
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The ZigBee standard supports 2.4GHz band or the 868MHz and 915MHz 

bands used in Europe and the US respectively. The data rate is 20, 40, and 250 

kbps for 868MHz, 915 MHz, and 2.4GHz respectively. Its operational range is 

from 10 to 75 meters [23]. The table below shows the summary of the 

comparison of three similar wireless network protocols. 

 

Table 2.1: Simple summary of ZigBee, Wi-Fi, and Bluetooth [23]. 

 ZigBee Wi-Fi Bluetooth 

Data Rate 20, 40, and 250 kbps  Up to 150 Mbps 1 Mbps 

Frequency 868 MHz, 900-928 MHz, 

2.4 GHz 

2.4 and 5 GHz   2.4 GHz 

Range 10-300 m 70-250 m 10-100 m   

Complexity Low High High 

Battery life (Days) 100 to 1000 1 to 5 1 to 7 

 

Table 2.1 compares ZigBee with other popular wireless network protocols and 

shows that ZigBee is ideal for low rate applications. The ZigBee wireless 

sensor network is ideal to deploy in hazard environments, where human 

contact should be minimized.  

The frequency 2.4 GHz is normally used for high data rate and a spectrum 

with 16 channels with channels 1 to 11 set for low frequency bands. The figure 

shows the lower frequency bands from 1 to 11.   
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Figure 2.7: 802.15.4 standard channels in 2.4 GHz [24] 

 

2.6 ZigBee Architecture  

ZigBee has three layers. The top layer is called the application layer (APL). 

The second top layer is the network layer (NWL) which is under the 

application. The third layer is called the data link layer and is provided by the 

IEEE 802.15.4 standard. This layer consists of two sub-layers – medium access 

control layer (MAC) and the physical layer (PHY), which is provided by the 

IEEE 802.15.4 standard for low data rate and low energy consumption. In 

other words, the application layer and network layer are provided by ZigBee 

and the two lower layers, the medium access layer and physical layer, are 

provided by the IEEE 802.15.4 standard [21].  

 

2.6.1 Application Layer 

This layer is the top layer in the ZigBee specification. All the ZigBee 

applications run on this layer. A single device (node) can support 240 

applications.  

The application layer consists of the application support sub-layer (APS), 

ZigBee device object (ZDO), and the top-level application object. The APS is 

an important part of the layer and works as a bridge between the network 

layer and application layer. The APS has the responsibility of looking after the 

data base and updating it. The ZDO is a protocol in the ZigBee protocol stack 
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which is responsible for device management, security and policies. For 

example, the ZDO is responsible for creating the role of coordinator and end 

devices, which will also help if a new hop has been added in the network, to 

identify the services which it offers. This layer gives the device its 

functionality. Basically, this layer converts the input into digital data, and/or 

converts digital data into output. A single device may run multiple 

applications to perform different tasks, like reading temperature and humidity 

[21], [22], [23].  

 

2.6.2 Network Layer 

The network layer provides ZigBee functionality and acts as a buffer between 

the application layer and data link layer (DLL). The network layer is 

responsible for network structure, creating network topologies, addressing, 

routing, and security such as encryption, key management, and 

authentication. The NWL is responsible for discovering and maintaining the 

routes between the sensor nodes. In this case, the ZigBee coordinator would 

be responsible for creating and maintaining them if any sensor node joins the 

network [21], [22], [23].   

 

2.6.3 Medium Access Control Layer (MAC) 

The MAC layer used in the ZigBee protocol comes from the IEEE 802.15.4 

standard, which make source and destination addressing frames . The MAC 

layer also contains the long address that describes ZigBee. The IEEE 802.15.4 

MAC layer has the capability to provide multiple access control because of the 

CSMA/CA mechanism. The ZigBee wireless is very different from other 

wireless technologies like Bluetooth and Wi-Fi, because of its low data rate, 

lower energy consumption, low cost, and because it supports flexible 

topologies and is a self-organized network [21], [22], [23].     

 

2.6.4 Physical Layer (PHY) 

The physical layer is also provided to ZigBee by the IEEE 802.15.4 standard. 

This layer’s duty is to provide data transmission facilities. The physical layer 

can operate at three different frequency bands, 868MHz with one channel, 

915MHz with 10 channels or the 2.4GHz band with 16 channels and with a 

transmission rate of 250kbps. The channel selection, power and signal 
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management is provided by the physical layer, and this layer communicates 

with the MAC layer for exchange of data [21], [22], [23].  The ZigBee protocol 

stack is shown in the figure below. 

 

Figure 2.8: The ZigBee protocol stacks [21] 

2.7 ZigBee operational Modes 

The ZigBee protocol supports two operational modes that can be selected by the 

coordinator. These modes are beacon mode and non-beacon mode. ZigBee uses one 

mode at a time.  

 

2.7.1 Beacon Mode 

Beacon mode is used when the coordinator works on battery, and more power 

consumption is required. In this mode, the beacons sent to the end devices 

that are connected to the coordinator would be defined as a superframe and 

during this time all node transmission should be completed and the slotted 

CSMA/CA mechanism used. When the next beacon goes off the end devices 

and coordinator will go to sleep mode. The figure below shows the beacon 

mode [21], [23].  
 

http://upload.wikimedia.org/wikipedia/commons/4/4f/ZigBee_protocol_stack.png
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Figure 2.9: Beacon mode [23]. 

2.7.2 Non-Beacon Mode 

In this mode battery power is not used. The coordinator should be connected 

to an external power source. In this mode, end devices should wake up when 

an event occurs, otherwise they will remain in a sleep mode and in a non-

beacon network, the un-slotted carrier sense multiple access and collision 

avoidance (CSMA/CA) channel access mechanism has been used. It means 

that the MAC protocol would be based on CSMA/CA without any beacon 

packet. As previously mentioned, the coordinator is powered by an external 

power source and the coordinator should be always in a waiting mode and if a 

sensor node wakes up and wants to send data making the channel busy, in 

this event the receiver can miss the data. For example, sensor nodes in a 

greenhouse environment would wake up when they find that the temperature 

or humidity does not match the required value [21], [23]. The figure below 

shows the non-beacon mode.  
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Figure 2.10: Non-beacon mode [23]. 

2.8 Types of ZigBee Devices  

There are three different types of ZigBee devices. 

 

Figure 2.11: ZigBee model in OPNET 

2.8.1 ZigBee coordinator (ZC)  

There is one ZigBee coordinator in each network. The coordinator in every network 

is responsible for the creation of a network, selection of a channel, and permission to 

other nodes to connect to the network. All the data that is transferred from the 

connected node will be stored in a coordinator. It works like a router or a bridge 

between different networks [19], [21], [22], [23]. The figure below shows the flow 

diagram of the coordinator.  
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Figure 2.12: Coordinator software flow diagram [18]. 

Figure 2.12 shows the coordinator software flow diagram. The first step of the 

coordinator would be initialization of hardware and applications after starting the 

coordinator. Next, it starts to send beacons with the 8-bytes payload and the first 

byte of the payload contains a specific value that end devices can use for verifying 

that the coordinator is running. There are different functions for all LCD screens. The 

values of sensor nodes and actuator nodes will be displayed on network screen. 

There are three buttons operated manually for the actuator: open, close and stop [18].  

2.8.2 ZigBee Router (ZR) 

A router may act as an intermediate router between the end device and coordinator 

or between routers for passing data from other end devices to the coordinator. In 

some networks end devices may transfer data directly to the coordinator or from end 

devices to other routers. A router can act as an end device and during that time its 

routing functionality will be inactive.  Routers use less memory than ZigBee 

coordinators, and cost less, and have the ability to work with all types of topologies. 

The network with tree and mesh topology will need at least one router [19], [21], [22], 

[23].    
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2.8.3 ZigBee End Devices (ZED) 

The end devices are the end point of any network connected to routers and a 

coordinator. It does not have the routing functionality. End devices may have contact 

with only parent node (either coordinator or router). End devices go to sleep mode to 

save battery power. As previously mentioned, end devices do not have many duties 

compared to the coordinator and routers, which makes them less costly. If a new 

node would like to connect to the network it would have to contact the coordinator 

or routers [19], [21], [22], [23]. The figure below shows the flow diagram of an end 

device.    

 

Figure 2.13: Flow diagram of an end device [18]. 

This is the flow of a sensor node. After a node is switched on, it starts to scan all 

available channels. If it see any beacon and it searches for the coordinator which is 

related to it. Then it starts to carry out synchronization and association. After the 

completion of association, it starts to sense and create frames for sensed data [18]. 

Table 2.2 below is a brief description of ZigBee.  
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Table 2.2: A brief ZigBee description [21]. 

Transmission Band 868, 915, and 2459 MHz 

Data Rate 250 Kbps (at 2.4 GHz) 

Operational Range 10 – 75 m (1500 m for ZigBee Pro) 

Configuration  Master-Slave  

Maximum Child 254 

Maximum power 1mW 

Wake Up Delay 15msec 

Protocol Stack 30kwords 

Protocol Complexity Lower  

Price  Less Expensive 

Network Size (No of nodes) >64000 

Transmission Range ~ 100 

 

2.9 ZigBee Topologies 

Three possible kinds of topologies have been used in the ZigBee network: tree, star, 

and mesh; ZigBee can adopt one of them. The ZigBee technology can handle up to 

65,000 nodes. The data would be transmitted in a network according to the 

configured topology.   

 

2.9.1 Mesh Topology 

The mesh topology provides multiple paths option if a link fails or if there is 

congestion or other obstacles, it would choose another path to its destination. Mesh 



 

Performance Study of ZigBee-

based Green House Monitoring 

System 

Shah Nawaz  

Theory 

2015-05-20 

 
 

22 
 

topology relies on at least one router for communication. Nodes connected in a mesh 

network would be updated dynamically and optimized through a built in mesh 

routing table. Mesh topology does not allow nodes to communicate with each other. 

Mesh topology is reliable and required, and it uses a complex routing protocol which 

would increase the cost and power consumption. The mesh and tree topology have 

some similarities with the coordinator at the top level [20], [21], [22], [23]. The figure 

below shows the blocked path of mesh self-routing.  

 

Figure 2.14: ZigBee mesh topology [25]. 

2.9.2 Tree Topology 

In tree topology, the central node is the coordinator; many routers and end devices 

are connected to the coordinator. A router may then be connected to more routers 

and end devices and so on. The end devices can communicate directly with the 

coordinator. The end devices that are connected to the coordinator or routers can 

communicate only to the coordinator or routers. The tree topology has similarities  

with both star and mesh topologies and benefits from both of them, such as long 

battery life and reliability. The drawback of the tree topology is that it has no 

alternative path to communicate [20], [21], [22], [23]. The figure below shows the tree 

topology network.    
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Figure 2.15: ZigBee tree topology [26]. 

2.9.3 Star Topology 

The star topology is the simplest and most limited topology. The star topology 

consist of the coordinator and end devices only, so each device can communicate 

with the coordinator. If an end device wants to send a data to another end device it 

will go through the coordinator. As previously mentioned, there is no alternative 

path and all data will go through the coordinator, which will result in a bottleneck 

because the great load. The star topology has no router, so there is no network layer. 

All nodes in this topology will depend on the coordinator [20], [21], [22], [23]. The 

figure below shows the star topology network.  
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Figure 2.16: ZigBee star topology [23]. 

 

2.10 Wireless Sensor Network and Simulation  

The technology of wireless sensor networks based on the IEEE 802.11 standard or 

mobile ad-hoc networks is growing fast and has become very popular in the business 

world, and also individual companies it is very important to make sure that their 

networks have an outstanding performance and that the technology works on 

hundreds of small sensor networks, or thousands of simple nodes, communicating 

over large distance. The demands on wireless sensor networks are increasing day by 

day, especially in an industrial world that requires reliability and performance.  

 

For the validation and verification of a specific network protocol or a specific 

network algorithm, an entire test bed would have to be installed, having several 

networked computers, routers and data links and many employees would have to be 

hired, which is very costly for an organization or a company. In these circumstances 

the network simulator saves lot of money and time, and it is very useful for the 

designer to test the new protocols or to make changes in existing protocols. 

Nowadays, the network simulators are being used to design the network before its 

actual implementation. Simulation has become very popular modern technology and 

can be useful for a number of different purposes. The simulation can be used to 

support modelling and analysis in many natural systems and different variables can 

be used to predict the behaviour of a system. Computer simulation supports many 
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applications, including, chemistry, biology, physics, economics, finance and social 

media. Other important applications like computer engineering, civil engineering, 

mechanical engineering, electrical engineering and structural engineering are also 

using computer simulation [27], [28], [29], [30].  

 

The network simulation is focused on the performance or validity of a protocol or 

algorithm rather than the visibility features of the simulation. There are two types of 

network simulations, analytical modelling and computer simulation. Analytically 

refers to the mathematical analysis that characterizes a network as a set of equations. 

The complex system always requires the discrete even simulation package. With the 

help of a simulation designer or searcher it is free from the burden of trial and error 

in hardware. The main idea is that if the system has been modelled, then the model 

can be changed and results can be analyzed, which is very cheap and saves time 

when completing the implementation. The network simulator is not perfect, it does 

not provide the perfect model, but if the model is good, it is close enough for the 

researcher to have meaningful network. There are many network simulators on the 

market, I would focus on the OPNET Modeler which is capable of simulating in 

discrete event simulation (DES) and hybrid simulation module and supports other 

simulation features like co-simulation, parallel simulation, high level simulation, and 

system in the loop interactive simulations [27], [28], [29], [30].  

 

2.10.1 OPNET (Optimized Network Engineering Tool) 

OPNET is a tool providing a development environment for specification, simulation 

and performance analysis of communication networks. The work on software 

development was started in 1986 by MIL3 Inc. and is now known as OPNET 

Technologies Inc.  

 

The OPNET simulator supports a great range of communication systems, from single 

LAN to a global satellite networks. The power and versatility is the main difference 

between OPNET and other simulators. With OPNET, it is possible to work with an 

OSI reference model on layer 7 and it can work with physical parameters. This tool 

set is powerful and can create and test large network environments.  

In the beginning the software was developed for the military needs, but later on it 

grew to a world leading commercial simulation tool. OPNET is a very powerful 

software with a variety of possibilities making it easy to simulate the heterogeneous 

networks with a lot of protocols.  
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The OPNET Modeler is just one of the tools from OPNET Technologies and the 

modeller is finite state machine model with a combination of analytical models, 

which are responsible for speeding up the simulation by using mathematical models. 

With combination of speed and accuracy, an acceptable solution has found. OPNET 

is quite expensive for commercial usage, as opposed to other available network 

simulators, but there is also an academic version which is free for education purposes 

[27], [28], [29], [30]. 

 

 The OPNET Modeler is a fast discrete event simulation, which means that the 

simulator can simulate by modelling the events on the scenarios which the user has 

set up. OPNET provides powerful graphical support that is used to build network 

topology and entities from the application layer to physical layer. Object-oriented 

programming is used to create the mapping from graphical design to the 

implementation of a real system.  

OPNET is a high level event-based network simulation tool which operates at 

packet-level. Basically, OPNET was introduced for the fixed network and therefore it 

contains a huge library of  commercially available fixed networks, protocols and lot 

of devices with more than 400 special modelling functions. Nowadays, the recent 

versions of OPNET also include wide possibilities for wireless networks.  

 

As the OPNET modeller is a commercial software and it is not an open source 

software, companies and users have to purchase licenses. The software has provided 

the graphical user interface (GUI) and along with the documentation, which is often 

up to date, this can have a significant effect on the simulation accuracy which makes 

it different from other simulators. OPNET is scalable for wireless sensor networks 

and can simulate hundreds to thousands of nodes, which we cannot find in NS2 [27], 

[28], [29], [30]. The figure shows the process of the OPNET Modeler.  
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Figure 2.17: Simulation work flow in OPNET Modeler 

2.10.2 Network Simulator 2 (NS 2) 

The NS 2 (Network Simulator 2) is the most popular in academia because it is open 

source and has many library components. The NS2 is the second version of the NS 

(Network Simulator). Basically, the NS is based on the REAL network simulator and 

the first version of this simulator was developed in 1989; it has grown lot in the last 

few years. The NS2 is an object-oriented, discrete event driven network simulator. 

The programming it uses is C++ and OTcl (Tcl is script language developed at MIT). 

There is a reason these 2 languages are used in the NS2; C++ is efficient to implement 

a design but it is not very easy visually and graphically. Thus, the NS2 compromises 

between performance and user-friendly design. As previously mentioned, the NS2 is 

an open source simulator and has no documentation and the usage of the two 

programming language which makes means it takes the user a long time to learn the 

tool. The NS 2 lacks scalability on large sensor networks, when it comes to big 

simulation of few hundreds to thousands of nodes [27], [28], [29], [30].  
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3 Methodology  
Chapter 3 will explain the methodology behind the work together with OPNET and 

the OPNET editor structure.  

3.1 OPNET editors structure  

There are many editors that facilitate and simplify the modelling and simulation task 

and makes it easy to use graphic user interfaces. Here, I will go through some of the 

most frequently used editors. The OPNET Modeler supports model specification 

with a number of tools, called editors. These editors are organized hierarchically.  

Models developed at one layer can be used by another model at a higher layer.  

OPNET uses models to define each aspect of the system and the editors. project 

editor, node editor, process editor, link editor, packet format editor, ICI editor, PDF 

editor, and probe editor [27], [28], [29], [30] 

3.1.1 Project Editor 

The project editor (network domain) is used to specify the physical topology, node 

and links of a communication network and may be used for all simulation tasks 

which define the position and interconnection of a communication network. 

Simulation projects and scenarios can be managed by the Project Editor [30]. Figure 

3.1 shows the project editor with loaded scenarios. 

 

Figure 3.1: A simple project editor architecture. 
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3.1.2 Node Editor 

The node editor is the user interface tool, with the help of this the user can create and 

edit the internal structure of a device or a node. A node can be a computer, a switch, 

a router, or any other device. A node is a collection of several modules and the Node 

Editor allows the user to create and edit modules for the node model. These modules 

are able to communicate with each other via packet streams and statistics streams 

[30]. Figure 3.2 shows the node editor with the node model loaded.  

 

Figure 3.2: A simple node editor architecture. 

3.1.3 Process Editor 

The Process Editor is the main place where the user can write code to implement 

algorithms and protocols. The process model is created and edited in Process Editor. 

A module should contain a process model. State Transit Diagram (STD) is the 

collection of several states and the states can transition between each other. The user 

can write C/C++ codes with a state to perform certain operations [30]. Figure 3.3 

shows the process editor.  
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Figure 3.3: A simple process editor architecture. 

3.1.4 Link Editor 

The Link Editor allows the user to create and define the link model. A link model 

represents the physical connection between nodes and the user can define data rate, 

bit error rate, channel count, propagation delay, transmission delay, error model, and 

error correction model etc. The link model supports the simples, duplex, bus or bus 

tap link types [30]. Figure 3.4 shows the link editor.  

 

Figure 3.4: A simple link editor architecture. 
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3.1.5 Packet Format Editor  

In the editor the user can model packets in unformatted and formatted forms. You 

can create the packets in code by invoking unformatted packets, and in formatted 

packets you have to first visually create and format them via the Packet Format 

Editor, then create the formatted packet objects in code. You can specify the type and 

size of each field in the Packet Format editor [30]. Figure 3.5 shows the packet format 

editor.  

 

Figure 3.5: A simple packet format editor architecture. 

3.1.6 Interface Control Information Editor (ICI) 

The ICI (Interface Control Information) is able to carry information and facilitate 

interrupt based process communication. Figure 3.6 shows the ICI editor. 
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Figure 3.6: A simple ICI editor architecture. 

3.1.7 Probability Density Function Editor (PDF)  

The PDF (Probability Density Function) allows creating, editing, and viewing 

probability density functions of a date sequence. Simulation results can be exported 

to the PDF Editor for analysis. Figure 3.7 shows the PDF editor.  

 

Figure 3.7: A simple PDF editor architecture. 
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3.1.8 Probe Editor 

There are many types of statistics in the OPNET simulation; global statistics, node 

statistics, link statistics, and path statistics etc. It is possible to select any type of 

statistic in which you are interested. Figure 3.8 shows the probe editor.  

 

Figure 3.8: A simple probe editor architecture. 
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4 Implementation 
The subsequent sections discuss previous work related to the methodology of the 

study, network modelling and their corresponding configuration parameters using 

OPNET. Methodology relating to this project is discussed in Chapter 3 while 

theoretical background is illustrated in Chapter 2.  

4.1 Related structure design of greenhouse system  

This section presents the structural design of the greenhouse systems that are related 

to this study. Prior to the discussion of network design and implementation, it is a 

good idea to investigate what structural designs are available to design such a 

system. With this in mind, the following section discusses the basics.  

The greenhouse control and monitoring system is based on ZWSN which monitors 

temperature and humidity. In greenhouses we will have three types of nodes which 

constitute the wireless sensor network by self-organizing and self-healing. There are 

end device nodes, router nodes and gateway node (coordinator). The end devices 

and router nodes are used to manage the data collection of temperature and 

humidity inside the greenhouse and then the collected data is sent to the gateway 

(coordinator). Lastly, the collected data is sent to the main monitoring and control 

centre by the gateway. We have used a mesh network topology to achieve a better 

result, according to the greenhouse control and monitoring [16]. Guomine He and 

Xiaochan Wang [16] who have worked on greenhouse monitoring and control 

systems, used the CC2430 RF modules as a core chip of the network node, and for 

data acquisition sensors in router nodes, and DHT21 is used for temperature and 

humidity measurement in end device nodes. They also mentioned that the 

temperature measurement accuracy is ±0.5 C and the humidity measurement 

accuracy is ±5%. For the monitoring and control of the temperature and humidity, 

they developed the visual C++ programming language and used database technology 

to manage the gathered data. In the end, it helps to realize the data, real-time data 

display, data view by historical and graph display of the humidity and temperature 

monitoring centre [16].  

4.1.1 Address assignment  

Two types of network address are used in ZWSN: a 16-bit network address and a 64-

bit physical address. The 16-bit network address is assigned randomly to a node 
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when it joins the network by its parent node and it is a unique network address 

which is not assigned to any other node. A node cannot give up an address unless it 

does not receive the statement that the address is in conflict with another node’s 

address. All network nodes have unique 64-bit physical addresses. The coordinator 

uses 0×0000 as its 16-bit network addressing. The communication between end 

device nodes and router nodes is carried out by the 16-bit network address [16].  

4.1.2 Node deployment  

The placement of sensor nodes in the greenhouse based on ZWSN is the key point. 

The number of end devices and routers should be deployed in the proper position, 

which is the guarantee of greenhouse performance. According to the experiment 

carried out by Guomine He and Xiaochan Wang [16], the greenhouse was established 

with 28 spans, each of them 4 m wide. The length of the greenhouse was 84 m. The 

height of the gutter is 4.3 m and the ridge 5 m. The transmission range was 30 m 

because of the crops and equipment. 56 sensor nodes had been deployed to measure 

the humidity and temperature inside the greenhouse on four planes. The deployment 

of nodes at plane one was at a height of 0.8 m from the ground. Some nodes were 

deployed at the crop height canopy plane two. 

The third plane are on a height of 2.5 m from the ground and the fourth plane on a 

height of 4 m from the ground. Each plane of the greenhouse is divided into 7 parts 

and each part contains 2 grids, which result in a total of 14 grids on each plane. Then 

the node would be placed in the centre of each grid. The nodes are given names such 

as N1, N2, N3, and N4 up until N56. The gateway (coordinator) was located in the 

entrance of the greenhouse. The router nodes names such as N17, N19, N34, and 

N46. The end device nodes (terminal nodes) communicate with routers and the 

maximum distance between two router nodes is 24m. That deployment of nodes 

ensures the ZWSN excellence[16] . 

4.2 Network Assumption  

As illustrated in Chapter 1, the concrete goal is to design, implement and analyze the 

performance of the proposed greenhouse monitoring system using an OPNET 

simulation and to find the optimal energy when applying different transmission 

power in the network and how different numbers of sensor nodes impacts on the 

overall performance of the network. 

As far as concrete goals are concerned, the first thing that needs to be determined is 

what topology should be used while designing the greenhouse monitoring network 
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system. There are three types of topologies to choose between: mesh, star and tree. 

The mesh topology has been chosen for this project and it will be used to build mesh 

topology-based greenhouse network models using ZigBee. Other factors involving 

network model implementation and designing is followed by the methodology based 

on structural greenhouse systems presented in section 4.2.  

In order to comply with the modelled monitoring network, the following 

assumptions are taken into account when designing the networks.   

To understand the network better from a testing and analyzing perspective, a 

baseline greenhouse monitoring network model would be designed consisting of 63 

nodes and each greenhouse would be considered a single Personal Area Network 

(PAN).  

The choice of having 63 sensor nodes in the designed network is based on the size of 

the greenhouse network, coverage of the sensor nodes, density of the nodes, and 

distribution fashion. After studying previous research, it is suggested there are no 

specific rules in terms of selecting the number of nodes when analyzing the 

greenhouse monitoring system as 63 sensor nodes assumed to be an ideal fit with the 

goal of the intended study, dealing with individual ZigBee-based sensor nodes in the 

greenhouse assigned to measure temperature, humidity and pressure. 

In the first phase of modelling the network, based on the assumption of the baseline 

greenhouse monitoring network model, the first scenario (Scenario 1) corresponded 

to the greenhouse/PAN monitoring network model and it would be designed and 

simulated by focusing on varying transmission power (Tx power) assigned to the 

sensor nodes in the network. In scenario 1, 22 different cases referring to 22 different 

individual Tx power will be applied and simulated in the mesh topology to find the 

optimal Tx power in terms of performance metrics such as packet sent/received, and 

packet loss.  

In the second phase of modelling the network, scenario 2,3 and 4 would be focused 

on changing the number of nodes to see how the increase in the number of nodes 

impact the overall network performance in the greenhouse. Power for each sensor 

node in these scenarios would be assigned manually. Scenario 2 should consist of 63 

nodes (35 sensor nodes, 20 routers and 8 actuators), one coordinator and a remote 

monitoring PC connected through a wireless access point and access point it will be 

connected to the internet using IP_cloud. For the third scenario (scenario 3), the 
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greenhouse monitoring network model would be configured following the 

configuration of scenario 2, but the number of nodes will be increased to 126 nodes 

by doubling the number of nodes of scenario 2. For the fourth scenario (scenario 4), 

corresponding to the greenhouse monitoring network model, it will be configured 

following the configuration of scenario 3, but the number of nodes will be increased 

to 189 nodes by tripling the number of nodes of scenario 2. The central node as 

ZigBee coordinator would be considered as gateway.  

The comparative statistics from the OPNET simulation results will be collected in 

terms of the performance metrics such as MAC Load, throughput, packet 

sent/received and packet loss. For all 4 proposed network scenarios, the simulation 

will focus on collecting statistics for performance metrics parameters such as MAC 

Load, throughput, packet sent/received (energy consumption), and packet loss.  

 

4.2.1 Baseline Greenhouse Monitoring Network Topology and its assumption 

In this section, the conceptualized ZigBee-based greenhouse monitoring network 

topology shown in Figure 4.1 is designed and configured. This network topology will 

serve as a model for the remaining 4 networks discussed in section 4.43.   
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Figure 4.1: Baseline ZigBee-based greenhouse monitoring network topology 
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Baseline network topology for a ZigBee-based greenhouse monitoring network 

shown in Figure 4.1 presents the proposed greenhouse monitoring network model.  

In this model, first of all, the area of the network is considered to be the rectangular 

shape of 30x70 m2  out of which 30 meters is the width, and  70 meters the length. 

This rectangular area will be used for the performance evaluation of our proposed 

network. 

Based on the assumption of the greenhouse network monitoring model, the 

stationary sensor has been placed in a way so that constant coordinates and their 

corresponding positions are maintained, allowing the sensor nodes to be at the 

horizontal and vertical distances of 8 and 2 meter respectively. The Baseline 

Greenhouse Network Topology consists of 35 sensor nodes (sensor 1 to sensor 35), 8 

actuators (actuator 1 and actuator 8), 20 routers (router 1 to router 20) and a single 

coordinator (coordinator) along with a greenhouse monitoring sub-network, 

configured with a wireless access point gateway (Wireless_accesspoint) connected 

with the outside world (the internet) through an IP cloud and intranet with a 

database server configured and remote monitoring host computer (Monitoring_PC) 

connected via the internet provided by the IP_Cloud.  

Sensor nodes 1-7 form the first row; they are horizontally placed at a distance of 8 

meters from each other. Below the first row of sensor nodes, sensors 8-14, sensors 15-

21, sensors 21-28 and sensors 29-35 form the second, third, fourth and fifth rows, in 

which sensor nodes are placed vertically at a distance of 2 meter from the sensors 

nodes laid in the first row. Each row has a distance of 2 meter from other rows. 

Along the second and fourth row of sensor nodes, 4  fans and 4 heaters are placed 

horizontally at a distance of 16 meters and vertically at a distance of 4 meters. 

Routers 1-5 form the first column, which lies between the sensor nodes’ second and 

third column. Routers 6-10 form the second column, which lies between the sensor 

nodes’ fourth and fifth column. Routers 11-15 form the third column, which lies 

between the sensor nodes’ sixth and seventh column. Routers 15-20 form the fourth 

column, which lies next to the sensor nodes’ seventh column. Horizontal/vertical  

distances between routers are set to 12 meters and 2 meters respectively for each 

column.  

The coordinator is located at the maximum distance of approximately 56 meter from 

its first row of sensor nodes. The proposed greenhouse model deals with the 

monitoring part of the network, which includes the coordinator, wireless router, 
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database server, Wi-Fi based monitoring PC and wired Ethernet link based on the 

monitoring PC. A wireless access point (intranet) connects it to the outside world (the 

internet) through an IP_Clould whereby the remote monitoring PC is able to receive 

the data sent by the coordinator. The database server is responsible for storing the 

database and processing data for future access needs.  

Another element of the greenhouse network is the actuator which used to record the 

information from the coordinator, and which is based on the information specified in 

the actuators’ configuration. The actuator can send a trigger turning the fan and 

heater  on. In the greenhouse network, it is assumed that the fans should be able to 

be triggered by the actuator if the actuator’s predefined temperature becomes higher 

than its threshold temperature. The actuator sends the trigger to the fan to be turned 

on as the greenhouse seems to be warmer than the tolerable/ideal temperature for the 

greenhouse. Fans have been placed to uniformly cool down the temperature to an 

acceptable level for the greenhouse network. In similar way, the actuator has been 

used to turn on heater as well, to warm up the greenhouse to certain level.  

As mentioned, a total of 8 fans and heaters have been distributed, of which 2 fans are 

placed approximately in middle between the first column of sensor nodes, with a 

vertical distance of 4 meters and horizontal distance of 16 meters. The proposed 

greenhouse model deals with the monitoring part of the network, which includes a 

coordinator, wireless router, database server, Wi-Fi-based monitoring PC and a 

wired Ethernet link based on a monitoring PC. 

One of the important factors that should be taken into account when designing a 

WSN-based greenhouse network is what radio model (i.e., propagation model) has 

been used in the network.  

In the desired network model, the Free Space Path loss model has been used. For the 

WSN, only free space path loss as a built in propagation model is available in the 

OPNET simulator. Therefore, signals that are passed through free space without any 

obstacle is considered to be taking place in the network [32].  

 

4.3 Network Components 

This section discusses the network components shown in Table 4.1. These 

components are used in the suggested network models running on OPNET [33].  
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Object Name Network 

Components 

Description 

ZigBee End Device 

 

The ZigBee_Device node model used as a generic ZigBee 

WPAN device. The node model is configured as an end 

device. 

ZigBee Router 

 

The node model is configured as a router. 

ZigBee 

Coordinator 
 

The node model is configured as a coordinator. 

Wireless Router 

 

This is a wireless LAN-based router with one Ethernet and 4 

SLIP interfaces. 

Internet Cloud 

 

The ip32_cloud node model works as a router or switch with 

32 serial interfaces. 

Server_wlan 

 

The wlan_server_adv model represents a server node with 

server traffic along with TCP/IP and UDP/IP. 

Workstation_Wlan 

 

An IEEE802.11 wireless LAN station is represented by the 

wireless station node model.  

Workstation 

 

The ppp_wkstn node model is used to present a workstation 

with client-server traffic along with TCP/IP and UDP/IP.  

Table 4.1:  Network components [33] 

4.4 Simulation Scenarios 

Four network scenarios are created to evaluate the performance of the proposed 

greenhouse network. Scenario 1 refers to the performance of the greenhouse 

monitoring network when varying transmit power while the other three scenarios  

(2, 3 and 4) refer to the performance of the greenhouse monitoring network when 

increasing the number of sensor nodes. 
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The greenhouse monitoring network model corresponding to Scenario 1 will be 

modelled according to the network design presented in Section 4.2.1 in which 22 

different transmit powers (Tx) ranging from 0.0 to 1 mWatt are assigned to all sensor 

devices (sensor node, actuator and routers) of the proposed greenhouse monitoring 

network model and will be  simulated. 

Given that network models (PAN) for scenario 2, scenario 3 and scenario 4 will 

consist of 1x63 end devices (i.e., 35 sensor nodes, 20 routers, 8 actuators and a 

coordinator), 2x63 end devices (i.e., 70 sensor nodes, 40 routers, 16 actuators and a 

coordinator) and 3x63 end devices (105 sensor nodes, 60 routers, 24 actuators and a 

coordinator). The detailed description of these scenarios is illustrated in the 

following sections.  

1) Transmission PowerPerf_Scenario1_Cases1 To 22 

2) 35 SensorNodes_20Routers_8Actuators_Scenario 2 

3) 70 SensorNodes_40Routers_16Actuator__Scenario 3 

4) 105 SensorNodes_60Routers_24Actuator_Scenario 4 

 

4.4.1 Transmission PowerPerf_Scenario1_Cases1To 22 

The subsequent subsections illustrate the ZigBee-based greenhouse monitoring 

network modelling and its configuration followed by the baseline network topology 

presented in Figure 4.1.  

 

Figure 4.2: ZigBee-based greenhouse monitoring network topology 
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The baseline network scenario was described in section 4.1 where the network 

configuration is explained. The baseline network scenario is replicated to model the 

network model presented in Figure 4.2. for transmitted power vs. network 

performance evaluation. In a case like this, apart from the configuration parameter 

involved in the baseline scenario, additional configuration is considered to be 

applied in this scenario. To what extent  transmit power impacts the network 

performance metrics is going to be investigated here. Performance metrics subject to 

analysis include packet received/sent and packet loss.  

The simulation includes 1 to 22 cases along with a change in transmit power. A 

number of simulation had to be run, where the transmit power assigned to the end 

devices varied, unless it was found that it impacted the performance. From case 1 to 

22, a range of transmit power (0.0 to 1mWatt) has been considered to simulate the 

greenhouse network. Statistical data are collected and presented in Chapter 4. Start 

time is specified in their corresponding graphs. The detailed configuration of the 

network is discussed in the following sections.  

4.4.2 ZigBee parameters descriptions for scenario 1 (cases 1 to 22) 

This section demonstrates what the parameters are, and their respective 

configuration in modelling the ZigBee-based greenhouse monitoring network model. 

Configuration parameters and their corresponding value for all devices (sensor 

nodes, routers, actuator and coordinator) are discussed in the following sections.  

a) The interface:  

The ZigBee-based protocols are two works at different frequency logical interface, 

built up to deal with incompatibility issues deriving from unmatched frequency. 

Due to the OPNET simulator’s limitation, we chose to not include the 

coordinator’s received data analysis that all the sensors are configured to send: 

the packet containing the temperatures, humidity and pressure at a certain 

interval.  

b) Sensor node configuration:  

The global frequency is 2400 GHz and the maximum bit rate is 255 kbps in the case of 

the network parameter for the coordinator. The configuration parameters are 

demonstrated in the following.  
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4.4.3 MAC  Parameters 

The maximum back-off exponent of the MAC parameters presented in Table 4.2 is 

assigned to 4, which ensures to execute (CSMA-CA) the collision avoidance 

algorithm for the 4 attempts while minimum number of back-offs are set to 3 to make 

sure 3 attempts of executing before declaring the channel access failure. Channel 

sensing duration is assigned to 0.15 seconds. The duration each channel will be 

scanned for beacons after the beacon request is sent out. The table below shows the 

MAC parameters configuration.  

 Table 4.2:  MAC parameters configuration 

ZigBee MAC Parameters  

ACK Mechanism Disabled 

ACK Wait Duration (seconds) 0.05 

Number of Retransmission 5 

CSMA-CA (Minimum Back-off Exponent) 3 

CSMA-CA (Maximum Number of Back-offs) 4 

Channel Sensing Duration 0.15 

 

 

4.4.4 Network Parameters of the Coordinator  

The network parameters presented in Table 4.3 are used to define how the ZigBee 

network behaves. The maximum children number of is assigned at 63 specifying the 

number of sensor nodes, routers and actuators that can be supported by a 

coordinator or router. In scenario 2, the maximum router parameter is assigned at 20 

in the coordinator; a single router or coordinator is able to support 20 nodes as  

children. We have assigned the maximum depth 5, which means it can have 5 

network trees while router discovery timeout is set to 10 seconds, allowing the 

network to keep the route discovery entries for 10 seconds. PAN (Personal Area 

Network) ID for all 63 end devices including coordinator is assigned to 1. The table 

below shows the network parameters configuration.  
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Table 4.3:  Network parameters configuration 

Attributes Value 

Beacon Order 6 

Superframe Order 0 

Maximum Cildren  63 

Maximum Routers 20 

Maximum Depth 5 

Beacon Enabled Network Disabled 

Mesh Routing Enabled 

Route discovery Timeout 10 

 

4.4.5 Physical Layer Parameters 

The data rate 250 Kbps under the physical layer parameter configuration depicted in 

Table 4.4 is considered to be used for the transmission of data frames via the physical 

layer due to the channel being set to 2450 Mhz band. In order to determine whether a 

node is dead or alive, a packet reception-power threshold has been set to -76 dBm. 

The table below shows the physical layer parameters.  

Table 4.4:  Physical layer parameters 

Physical Layer parameters  

Data Rate Auto Calculate 

Packet Reception-Power Threshold -76 

Transmission Bands 2450 MHz (2.4 GHz) 

Transmission Power Promoted  

 

4.4.6 Application Traffic attributes 

Table 4.5 present the application traffic configuration parameters. Looking at Table 

4.5, it can be seen that we have considered the packet size of temperature, humidity, 

pressure set to 30 bits, except the overhead added by each layer of the OSI model. If 
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there would be some weather change activity then the temperature, humidity and 

pressure should be sensed and sent to designated coordinator.  

This a topic which is out scope of our study. To find out how much power can 

impact on the throughput, packet loss and network load per PAN to be analyzed. 

Transmit power impacts the performance of the greenhouse network. In this case, 

interval time is set to 1 second, every seconds a 32-bit sized packet will be generated 

and sent out to the coordinator so that an observer can take initiative immediately 

before any casualty occurs.  

The attribute destination configured in the application traffic. The node is set to 

random. The sensed nodes select a random destination within its own PAN. All 

traffic is started, followed by a distribution of uniform (60, 61) seconds after the 

simulation starts and traffic generation stops at the end of the simulation. The table 

below shows the application traffic configuration parameters. 

Table 4.5:  Application traffic configuration parameters 

Application Traffic  

Destination Random 

Packet Inter arrival Time Constant (1,0) 

Packet Size Constant (32) 

Start Time Uniform (60,61) 

Stop Time Infinity  

 

4.4.7 Transmit Power Configuration  

 

Table 4.6 presents the 22 different transmit powers (Tx) that are assigned to each of 

the 21 cases.  

Table 4.6:  Transmit Power (Tx) with 22 different values 
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   Simulation Sequence (ZigBee Greenhouse 

Transmitting power) 

 

Scenario 1 (22 run) Transmit Power Value 

Run 1 0.0 

Run 2 0.0000001 (0.0001mw) 

Run 3 0.000001 (0.001mw) 

Run 4 0.00001 (0.01mw) 

Run 5 0.00002 (0.02mw) 

Run 6 0.00003 (0.03mw) 

Run 7 0.00004 (0.04mw) 

Run 8 0.00005 (0.05mw) 

Run 9 0.00006 (0.06mw) 

Run 10 0.00007 (0.07mw) 

Run 11 0.00008 (0.08mw) 

Run 12 0.00009 (0.09mw) 

Run 13 0.0001 (0.1mw) 

Run 14 0.0002 (0.2mw) 

Run 15 0.0003 (0.3mw) 

Run 16 0.0004 (0.4mw) 

Run 17 0.0005 (0.5mw) 

Run 18  0.0006 (0.6mw) 

Run 19 0.0007 (0.7mw) 

Run 20 0.0008 (0.8mw) 

Run 21 0.0009 (0.9mw) 
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Run 22 0.001 (1mw) 

 

4.4.8 Global Attributes 

The network formation threshold and report snapshot time (global attributes) 

presented in  

Table 4.7 are assigned to 60 seconds and 299 seconds respectively. The network 

formation threshold refers to an inactive period of the network. After this period the 

network is considered to be fully functioning and ready to be reported for output 

results. The report snapshot time 299 is the total time it takes to produce the 

statistical report for the desired performance metrics.  

Table 4.7:  Global attributes 

Configure/Run simulation Set  

Number of Runs 22 

ZigBee Network Threshold (seconds) 60 

ZigBee Report Snapshot Time (seconds)  299 
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4.4.9 Simulation Run 

Table 4.8 represents the simulation progress for 22 different cases. Simulation time 

for each of the 22 cases considering the 22 different transmit powers (Tx power). 

Table 4.8: Simulation run time 

Transmit 

Power_scenario1 

Status  Hostname Duration Time 

Elapsed 

Num 

Events 

Total 

Memory 

Avg 

Ev/s 

Run 1 Completed Localhost 10m 00s 10s 3,646 17,217 364 

Run 2 Completed Localhost 10m 00s 11s 3,800 17,217 334 

Run 3 Completed Localhost 10m 00s 12s 3,806 17,217 312 

Run 4 Completed Localhost 10m 00s 13s 4,027 17,809 316 

Run 5 Completed Localhost 10m 00s 12s 4,029 17,809 331 

Run 6 Completed Localhost 10m 00s 14s 4.878 18,066 347 

Run 7 Completed Localhost 10m 00s 14s 5,015 18,098 370 

Run 8 Completed Localhost 10m 00s 13s 4,869 18,098 364 

Run 9 Completed Localhost 10m 00s 43s 32,592 21,698 350 

Run 10 Completed Localhost 10m 00s 39s 33,735 21,644 854 

Run 11 Completed Localhost 10m 00s 46s 33,670 21,648 725 

Run 12 Completed Localhost 10m 00s 44s 30,170 21,575 681 

Run 13 Completed Localhost 10m 00s 45s 31,591 21,700 702 

Run 14 Completed Localhost 10m 00s 42s 28,327 21,802 675 

Run 15 Completed Localhost 10m 00s 45s 31,409 21,397 694 

Run 16 Completed Localhost 10m 00s 43s 27,376 21,568 635 

Run 17 Completed Localhost 10m 00s 1m 04s 39,300 21,686 609 

Run 18 Completed Localhost 10m 00s 51s 31,978 21,638 621 
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Run 19  Completed Localhost 10m 00s 51s 32,212 21,328 628 

Run 20 Completed Localhost 10m 00s 49s 32,544 21,461 667 

Run 21 Completed Localhost 10m 00s 1m 08s 41,637 21,075 612 

Run 22 Completed Localhost 10m 00s 1m 07s 41,637 21,075 618 

 

 

4.4.10 35 SensorNodes_20Routers_8Actuators_Scenario2 

The network topology in  

Figure 4.3 relates to the greenhouse network consisting of 35 sensor nodes ( Sensor 1 

to Sensor 35, 8 actuators [Actuator 1 to Actuator 8]) and 20 routers (Router 1 to 

Router 20). All parameters are kept similar to scenario 1, except the transmit power is 

set to 0.06 mWatt. Detailed parameters for the end devices can be found in Error! 

Reference source not found.9.  

 

Figure 4.3: Network topology for the greenhouse network   

4.4.11 70 SensorNodes_40Routers_16Actuators__Scenario3 

The greenhouse network topology corresponded to scenario 3 consisting of 70 

sensors, 16 actuators, 40 routers and a single coordinator along with a greenhouse 

monitoring sub-network configured with wireless access point gateway to be 

connected with outside world as an IP cloud and an intranet with a database server 
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configured and Wi-Fi-based networking monitoring PC and remote monitoring host 

computer (Monitoring_host) connected via the internet provided by an IP_Cloud. 

 

Figure 4.4 : 70 Sensor nodes, 40 routers and 16 actuators 

The greenhouse network topology shown in Error! Reference source not found. is 

replicated from scenario 1. This topology differs from the network configuration of 

scenario 1. The network number of sensor nodes, actuators and routers doubled in 

size compared with scenario 1. This means scenario 1 consisted of 35 sensor nodes, 20 

routers and 8 actuators responsible for triggering 8 corresponding fans and heaters. 

All devices       (sensors, actuators and routers) have similar network configuration 

parameters, except the position of the coordinator (shifted down by 2 meters from its 

initial position). All devices in the greenhouse network are distributed in a similar 

fashion in terms of their positions. Their positions have been shifted down by 2 

meters and replicated devices are placed at a distance of 2 meter. The number of 

routers in the coordinator has changed to a maximum 10 children while the 

maximum depth set to 10. 

4.4.12 105 SensorNodes_60Routers_24Actuators_Scenario4 

Scenario 4 is replicated to model the network. Given that configured parameters are 

kept unchanged except increasing the number of the end devices (i.e., sensor nodes, 

routers and actuators). Looking back at the greenhouse network model presented in 

scenario 3, it can be seen that from the top left column contains 5 sensor nodes. The 

network topology of the greenhouse network presented in scenario 4 consisted of 105 

sensors, 24 actuators, 60 routers and a single coordinator. The monitoring part of the 

network presented in this network topology has similar components as presented in 

scenario 3. 
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Figure 4.5: 105 Sensor nodes_60Routers_24Actuators 

 

4.5 Simulation Run-Time  

To investigate the greenhouse network performance based on a varied number of 

sensor nodes we have considered scenarios (2, 3 and 4) to be simulated as presented 

in Table 4.. 

Table 4.10: Simulation run-time information presents scenarios (2, 3 and 4) simulated 

for a period of 10 minutes. 

Simulation Execution 

Manager (Scenario 2, 3, 4) 

Status Host 

name 

Durati

on 

Tim

e 

Elap

sed 

Nu

mEv

ent 

Total 

Mem

ory 

Avg 

ev/s 

35SN_20Rtr_8Act_Scenario2 

 

Complete

d 

Localhos

t 

30m 00s 2m 

47s 

133,1

33 

21,836 796,68

8 

70SN_40Rtr_16Act_Scenario3 

 

Complete

d 

Localhos

t 

30m 00s 10m 

21s 

364,5

44 

27,637 586,26

6 

105SN_60Rtr_24Act_Scenario4 

 

Complete

d 

Localhos

t 

30m 00s 21m 

49s 

797,1

83 

119,819 582,36

3 
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4.6 Statistics Collection 

In order to collect the statistics for the performance metrics depicted in Table 4.9, the 

simulation has been run using OPNET Modeler 17.5. Out of the test cases in the 

designed scenarios dealing with 4 different network topologies with varied transmit 

powers and varied network nodes, we have collected the global statistics for 

performance metrics presented in Table 4.9. It is noted that the statistics collection 

intentionally started after 2 minutes of  the total simulation time (10 minutes). This is 

because the network was allowed about 2 minutes (as warm up phase) to stabilize so 

that statistical data would more accurate. 

Table 4.9:   Performance metrics 

Orig. 

Name 

Traffic 

Dropped 

(packets) 

Traffic 

Received 

(bits/sec) 

Traffic Sent 

(bits/sec) 

802.15.4_MAC 

Load (bits/sec) 

802.1544_MAC 

Throughput 

(bits/sec) 

Prom. 

Name 

Traffic Dropped 

(packets) 

Traffic Received 

(bits/sec) 

Traffic Sent 

(bits/sec) 

Load (bits/sec) Throughput 

(bits/sec) 

Descriptio

n. 

Packets dropped 

by the layer due 

to not being 

joined to a 

network. 

Traffic Received 

by this node at 

the Application 

Layer (in bits). 

Application 

traffic sent by 

the node in 

bits/sec. 

Load (in bits/sec) 

submitted to the 

802.15.4 MAC 

Total data traffic in 

bits/sec successfully 

received and 

forwarded to the 

higher layer by the 

802.15.4 MAC. 

Orig. 

Group 

ZigBee 

Application 

ZigBee 

Application 

ZigBee 

Application 

ZigBee 802.15.4 MAC ZigBee 802.15.4 

MAC 

Prom. 

Group 

ZigBee 

Application 

ZigBee 

Application 

ZigBee 

Application 

ZigBee 802.15.4 MAC ZigBee 802.15.4 

MAC 

Capture 

Mode 

bucket/default 

total/sum_time 

bucket/default 

total/sum_time 

bucket/default 

total/sum_time 

bucket/default 

total/sum_time 

bucket/default 

total/sum_time 

Draw Style Linear Linear linear Linear Linear 

 

 

4.7 Greenhouse Cost Analysis  

The greenhouse cost represented in the below table has been prepared based on the 

greenhouse network models that have been designed and demonstrated in previous 

sections. The cost data related to quantities and costs regarding components used in 

the 3 different network scenarios (Scenario 1, 2 and 3) are presented in the below 

table. The data collected at the time writing is not fixed, rather the table represents 
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the tentative cost which can vary from country to country. A few online stores such 

as Amazon, eBay, best buy and other sources have been studied, which led to the 

costing data collection [34],[35],[36].   

Table 4.10:  Greenhouse equipment cost  

Item name Price ($) Quantities in 

Scenario 1  

Quantities in 

Scenario 2 

Quantities in 

Scenario 3 

Xbee Sensor 100 100 * 35 = 3500 100 * 70 =7000 100 * 105 =10500 

Coordinator 149  149 149 149 

Router 70 70 * 20 =1400 70 * 40 =2800  70 * 60 =4200 

Monitoring Pc  500 500 500 

Actuator  150 150 * 8 =1200 150 * 16 =2400 150 * 24 =3600 

Fan 100-150 120 * 8 = 960 120 * 8 =960 120 *8 =960 

Heater  100-150  120 * 8 =960 120 * 8 =960 120 * 8 =960 

Server _ Wlan  450 450 450 

4' Wet Location 

Light Fixtures 

 

10 10 * 30 =300 10 *40 =400 10 * 50 =500 

Total amount  9419 $ 15619 $ 21819 $ 
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5 Results 
 

This chapter illustrates the results obtained for 4 scenarios corresponding to 4 

network greenhouse monitoring models. A detailed description of the network 

configuration and relevant parameters are discussed in Chapter 4. Sections 5.1 and 

5.2 offer the analysis of the obtained results for the greenhouse network in terms of 

varied transmit power and varied number of sensor nodes.  

 

5.1 Transmit Power (Tx) vs. Network Performance 

This section discusses the impact of varied transmit power on the performance 

metrics, such as packet sent/received and packet loss when 22 different transmit 

powers are used to evaluate the greenhouse network performance.  

5.1.1 Performance of Transmission Power (Tx) vs. Traffic Sent/Received 

Traffic received refers to the amount of application traffic that is received by the 

application layer and measured in bits/sec. Global application traffic sent/received 

for PAN 1 when it comes to the greenhouse network of scenario 1 (case 1 to 22) is 

shown in graph 1. In Graph 1 the Y axis represents traffic sent/received for 22 

different values of transmit power ranging from 0.0  to 1 mWatt on the X axis.   

The traffic received graph displayed below for each for PAN 1 is as expected. PAN 

1’s traffic is initially lower as it has a nominal transmit (Tx) power. When transmit 

power increases, the traffic received for PAN 1 exponentially increases and becomes 

almost stable with a Tx power of .06 mWatt. The received traffic attained in the 0.06 

to 0.8 mWatt Tx power range (12 cases) seems to be slightly unstable, achieving the 

maximum 2.01 Kpbs with a Tx power of 0.5 mWatt and the minimum of 2.02 Kbps 

with 0.5mWatt.   

1.8 Kbps received traffic is found to be attained with a Tx Power of 0.9 mWatt and 

the further increment in the Tx power ensures the optimum value of Tx power in 

which the received traffic becomes stable in attaining about 1.8 Kbps. 
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Graph 1: Transmit power vs. traffic sent/received (bits/sec)  

Graph 1 displays the traffic sent (bits/sec) obtained from simulation results against 22 

different values of transmit power. Application traffic sent refers to the amount of 

packets received by the application in bits/sec.  

In Graph 1, it is observed that the achieved application traffic sent for the first two 

cases of the transmit power (0.0001 and 0.001 mWatt) is seen to have an average of 

about 31 bits, which is very negligible in the sense is that each node of the 63 sensor 

nodes transmits a 32-bit packet at an interval of 1 second. However, the third and 

fourth cases of the transmit power (0.01, and 0.02 mWatt), attain an average of 94 bits 

of application traffic sent each. That means the nodes closest to the sink (the 

coordinator) is able to transmit the data which is also very nominal. At the same 

time, the fifth, sixth and seventh cases of 0.03, 0.04 and 0.05 mWatt for the transmit 

power achieve 252 bps of application traffic sent. Now at the transmit power of 0.06 

corresponding to the seventh case contributes to 2.02 Kbps of application sent traffic 

and the gaining traffic sent amount becomes stable upholding the 2.02Kbps traffic 

sent and continues until the twenty-second case is reached. In short, it can be 

concluded that the maximum average traffic sent is attained at a level of 0.06 Tx 

power which can be considered as optimal transmit power in terms of achieving 

maximum traffic sent.  

0
  

0
  9
5

  

9
5

  2
5

2
  

2
5

3
  

2
5

3
  

1
 9

8
0

  

1
 9

4
7

  

1
 9

6
1

  

1
 9

2
5

  

1
 9

9
4

  

2
 0

2
0

  

1
 8

6
5

  

1
 9

5
9

  

2
 0

2
1

  

1
 9

9
2

  

1
 8

3
4

  

1
 8

9
7

  

1
 8

0
1

  

1
 8

0
1

  

0 

500 

1000 

1500 

2000 

2500 

1
E-

0
7

 

1
E-

0
6

 

1
E-

0
5

 

2
E-

0
5

 

3
E-

0
5

 

4
E-

0
5

 

5
E-

0
5

 

6
E-

0
5

 

7
E-

0
5

 

8
E-

0
5

 

9
E-

0
5

 

0
,0

0
0

1
 

0
,0

0
0

2
 

0
,0

0
0

3
 

0
,0

0
0

4
 

0
,0

0
0

5
 

0
,0

0
0

6
 

0
,0

0
0

7
 

0
,0

0
0

8
 

0
,0

0
0

9
 

0
,0

0
1

 

Tr
af

fi
c 

Se
n

t/
R

ec
ei

ve
d

 (
 b

it
s/

se
c)

  

Transmit Power(Watt)  

Transmit Power vs. Traffic Sent/Received 
(bits/sec) 

Transmit Power(Watt) 

Traffic Received ( bits/sec) 

Traffic Sent (bits/sec) 



 

Performance Study of ZigBee-

based Green House Monitoring 

System 

Shah Nawaz  

Results 

2015-05-20 

 
 

56 
 

5.1.2 Performance of Transmit Power (Tx) vs. Packet Dropped (Not Joined) 

Packets are dropped by the layer because they are not joined to a network. Graph 2 

presents the number of packets dropped by not joining the network due to 

insufficient transmit power. As can be observed in graph shown below, the 384 

packets are dropped when the transmit power is as low as possible amounting to 

0.0001 mWatt. As the transmit power increases, it can be noted that the slight gradual 

decrease in the packet drop rate is found to result in giving the minimum packet rate 

of 336 for a transmission power of 0.05 mWatt. To sum up, by observing the trend 

developed for the packet drop rate (not joined), the higher the transmit power is 

imposed in the sensor nodes, the lesser the degree of packet drop rate is experienced. 

 

 

Graph 2: Transmit Power vs. Packet Dropped  (Not Joined)  

5.2 Number of Nodes vs. Network Performance 

This section and subsequent sections discuss the evaluation of the simulation results 

obtained for the greenhouse network in terms of number of sensor nodes and 

associated performance metrics. 
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5.2.1 Performance of number of Nodes vs. Load Per PAN 1 

Graph 3 presents the MAC load imposed by the injected traffic in 3 different 

greenhouse monitoring network models (scenario 2, scenario 3 and scenario 4) 

corresponding to the number of sensors nodes contributes to 63, 126 and 189, 

respectively. Graph  shows that in the case of scenario 2, for a number of 63 sensor 

nodes the MAC load is found to attain about 35 Kbps while the achieved MAC load 

in the case of scenario 3 (126 sensor nodes) and scenario 4 (189) appears to be about 

48.48 Kbps and 162.02 Kbps respectively.  

 

 

Graph 3: Number of nodes vs. load per PAN (bits/sec)  

 

5.2.2 Performance of number of nodes vs. throughput (bits/sec) 

Graph 4 shows that when the number of sensor nodes is increased, the throughput at 

the physical layer performance increases. When there are 63 sensor nodes in the 

greenhouse network, we have seen that it results in the throughput amounting to 

about 35 Kbps as the number of nodes is doubled in scenario 3, it is found that 48 

kbps throughput is achieved while in scenario 4 it attains an average of 160 kbps of 

throughput because of the network load and large number of retransmissions. 

According to our simulation, scenario 3 shows better results than scenario 2 and 

scenario 4.  
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Graph 4: Number of nodes vs. throughput (bits/sec)  

Throughput is the total number of bits (bits/sec) forwarded from 802.15.4 MAC to 

higher layers in all nodes of the network. The increase in throughput is not good for 

a network; it means that the chance of sending more application data will increase. A 

higher throughput does not have a positive effect on a network, it leads to higher 

network load. By as much as the number of nodes increases, the network load will 

also increase and that will lead to more collisions, packet retransmission, packet loss 

and increased energy consumption [37]. 

Network Throughput refers to the maximum number of bits that may be delivered over a 

physical or logical link, pass through a certain network node or entity in a second [38].  

 

5.2.3  Performance of number of nodes vs. traffic sent/received (bits/sec) 

As can be seen in Graph 5, the traffic received at the coordinator level is measured. 

Scenarios (2, 3 and 4) are simulated to investigate the performance of the greenhouse 

monitoring networks when increasing the number of sensor nodes. The transmit 

power 0.06mWatt is assigned to all nodes in all 3 scenarios. Scenario 2 has 63 sensor 

nodes and a single coordinator, which acts as sink, and all other end devices work as 

sources. Traffic received at the coordinator under PAN 1 is defined as the application 

traffic received by the application layer. When it comes to the comparative 
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performance of traffic received in the 3 different scenarios (2, 3 and 4) it has been 

observed that traffic received in scenario 2 attains an average of 1806 bits/sec whereas 

traffic received in scenario 3 attains 3518 bits/sec, which is higher than scenario 2. 

However, the received traffic in scenario 4 has been less than the scenario 2 and 3, as 

the number of sensor nodes has been increased from 126 to 189. In the case of 

scenario 4, the greenhouse monitoring network containing 189 sensor nodes, routers 

and actuators are randomly destined to the coordinator. Traffic received in scenario 4 

is found to have an average of 1000 bits/sec, which is less than that traffic received in 

both scenario 2 and scenario 3. Therefore it can be concluded that at a certain stage of 

increasing sensor nodes it would allow the greenhouse network to perform well. In 

this case, the study of traffic received in scenario 3 outperforms scenario 2 and 

scenario 4.  

 

 

Graph 5: Number of nodes vs. traffic sent/received (bits/sec)  
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In OPNET terminology, the application traffic sent refers to the amount of data 

packets sent by the participating sensor nodes at the application layer in the entire 

greenhouse monitoring network. We have measured the simulated results for the 

application sent to get an idea of how increasing the number of sensor nodes would 

impact the performance of the greenhouse monitoring network nodes. This means 

the average traffic sent (bits/sec) of 3 network scenarios (2, 3 and 4) are compared 

with each other. Observing Graph 5, traffic sent in scenario 2 (63 nodes) is found to 

reach an average of 2000 bits/sec while the traffic sent in scenario 3 (126 nodes) and 

scenario 4 (189 nodes) is higher than that of scenario 2 achieving an average of 2000 

bit/sec and 6000 bits/sec. However, it is evident that scenario 4 gains the maximum 

traffic sent.  Traffic sent in scenario 2 is seen to have an average of 2000 bits/sec. We 

can mathematically calculate the amount of traffic sent by all nodes in the 

greenhouse monitoring network. This is contributed by 63 nodes generating 30 bits 

of packet  at an interval of 1 second giving a payload of about 1890 bits/sec that is 

added with layer protocols’ overhead which becomes around 2000 bits/sec.   

 

5.2.4 Performance of number of nodes vs. packet loss (%) 

Graph 6 shows the packet loss performance of 3 scenarios (2, 3 and 4). Graph 6 

indicates that the performance of the packet in 3 different scenarios (2, 3 and 4). In 

comparison, scenario 2 containing 63 nodes experiences packet loss of about 15%  

while the packet loss in scenario 3 happens to be 12% which is less than that of 

scenario 2. The worst performance of packet loss is 83%, which is found in scenario 4, 

which is significantly higher than scenarios 2 and3. This may be due to the huge 

amount of traffic injected in the greenhouse network by 189 nodes. Therefore, 

packets are being dropped due to channel collision or congestion.  
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Graph 6: Number of nodes vs. packet loss for scenarios 2, 3 and 4   
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6 Conclusion  
The concrete goals of this research focus on designing, implementing and analyzing a 

simulation-based greenhouse monitoring system. A ZigBee-based WSN has been 

used to develop the simulation-oriented greenhouse monitoring system where 

devices such as end devices, routers, coordinators, and actuator have been used. In 

the developed monitoring system, how increasing in the number of sensor nodes and 

increasing/decreasing transmit power (Tx) impacts the overall network performance 

are evaluated. In order to carry out the simulation work, the proposed greenhouse 

monitoring network has been designed and simulated using the network simulator, 

OPNET Modeller.   

In terms of finding the optimal Tx power, it was found that packet sent/received and 

packet loss outperforms with a 0.06 mWatt Tx power compared to the Tx power in 

scenario 1. In the case of increasing the number of sensor nodes, it was found that 

packet loss would increase as the number of nodes increased. Therefore, it is 

suggested that with a certain number of nodes, for example 63, the packet loss was 

found to be comparatively less than when the number of nodes were 126 and 189.   

 

In previous work it was observed that they had taken a few sensor nodes in a 

greenhouse network to measure the humidity and temperature or some other 

statistics. However, in this work, a greenhouse with different scenarios with different 

number of nodes was established, to check what will happen or what the effect will 

be on a greenhouse when the number of nodes increases. We also used 22 different 

transmission powers to get the optimum value for the Tx power. It is observed that 

we have not found a large greenhouse monitoring system that was simulated the 

way it was simulated here. Our simulation results are found to be convincing.  

 

The learning experience over the course of this study suggests that a greenhouse 

monitoring system based on a Wireless Sensor Network (WSN) would have huge 

impact on society. Manual adjustment of weather metrics (i.e., temperature, 

humidity and other pressures) is a very effort-intensive task. By contrast, greenhouse 

monitoring systems have the ability to help managing and maintaining the resources 

of the greenhouse with cost effectiveness and resource optimization. For example, 

based on the reading of the current temperature, the water pump can automatically 

be triggered which would proactively allow the farmers or weather forecasting 
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agents to manage their respective plantation more effectively and with a more 

efficient production. The drawbacks of the greenhouse monitoring systems are found 

in the monitoring system implementation. Any faulty implementation without extra 

care, would damage the entire interior production out of greenhouse.  

A greenhouse control and management system has advantages in developing 

countries like Pakistan, to provide protection from weather conditions and from 

other disasters, and there are also energy issues, so it would be good to have these 

greenhouses there . As mentioned, they are not as useful in developing countries as 

in developed countries because the labour and maintenance cost is not expensive in 

developing countries, compared to developed countries. So a Wireless Sensor 

Network (WSN) would be useful where there is a need to minimize the labour cost 

and maintenance.  

There have been used three approaches in greenhouses: computer simulation, direct 

measurement and mathematical analysis. After studying relevant material, it was 

found that a simulator like OPNET has a module for WSN and a computer 

simulation method was selected over other methods, because direct measurement is 

quite expensive and mathematical analysis is time-intensive. 

Some of the results were surprising, such as while collecting the global statistics, 

throughput appeared to be reasonably unexpected resulting in extremely high 

throughput, for example the average throughput went up to 75 Mbps though it is 

theoretically impossible to be more than 1.5 Mbps, considering the number of 

packets generated and corresponding packet size (32 bits). Other than that, the 

overall results are found to be reliable and convincing. As a matter of fact, while 

carrying out the simulation work, a lot of test simulation scenarios had to be run to 

see how the trend of the graph developed to make sure that it does comply with the 

theoretical ground. Observing the trend of the graphs found in a number of scenarios 

helped to build confidence in terms of the reliability of the results. The  parameters 

such as Tx power  vs. the network performance, we found that as Tx power  had the 

impact on the performance of throughput, packet loss were found to evident.  
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The cost of the required hardware in order to implement the proposed greenhouse 

monitoring systems in practice is presented in Chapter 4. The total tentative cost for 3 

network scenarios (scenario 1, 2 and 3) corresponding to the number nodes 63, 126 

and 189 is approximately $ 9419, $15619 and $21819, respectively. In conclusion, 

considering the fact that increasing the number of sensor nodes contributes to a 

higher cost for the required hardware, except the sensor nodes, most of the 

components such as router, switch and PC hardly changed for all 3 scenarios. 

Therefore, considering the cost, power consumption and all other performance 

metrics (delay, throughput and sent/received), it is found that scenario 1 outperforms 

in all respect compared to scenario 2 and scenario 3.  

  

 

6.1 Future Work 

A future study would focus on the experimental greenhouse monitoring and 

controlling system implementation and analyzing the cost along with other 

performance metrics for the proposed simulation-based greenhouse monitoring 

network prototype, to see how its performance differs from the simulation-based 

greenhouse monitoring system to experimental-based greenhouse network system. 

Power consumption efficiency, interference issues in depth and quality of service 

(QoS) in the experimental greenhouse network controlling and monitoring system 

should be considered. 
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