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Abstract — As it is well known, greenhouses have a very 
extensive surface where the climate conditions can vary at the 
different points. In the last years, WSNs are becoming an 
important solution to this problem. This paper describes the 
implementation and configuration of the wireless sensor 
network using the Sun SPOT platform. Sun SPOT is a small 
electronic device made by Sun Microsystems. They have a wide 
variety of sensors attached to it. Sun SPOTs are programmed 
in a Java programming language, with the Java VM run on the 
hardware itself. It has a quite powerful main processor 
running the Java VM “Squawk” and which serves as an IEEE 
802.15.4 wireless network node. The SPOT has flexible power 
management and can draw from rechargeable battery, USB 
host or be externally powered. The Sun SPOT is designed to be 
a flexible development platform, capable of hosting widely 
differing application modules.  
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I. INTRODUCTION 
Wireless sensor networks consist of tiny devices that 

usually have several resource constraints in terms of energy, 
processing power and memory. In order to work efficiently 
within the constrained memory, many operating systems for 
such devices are based on an event-driven model rather than 
on multi-threading. Continuous advancements in wireless 
technology and miniaturization have made the deployment of 
sensor networks to monitor various aspects of the 
environment increasingly possibilities. Wireless Sensor 
Networks have recently received a lot of attention within the 
research community since they demand for new solutions in 
distributed networking. A common scenario associated with 
these networks is that tiny nodes, equipped with several 
sensors and hardware for wireless communication, are 
deployed randomly and in large numbers within a certain 
area. In order to report the data they gather in their proximity 
to an interested application or user, nodes connect to their 
neighbors and send valuable information on a multi-hop path 
to its destination. 

 
The concept of wireless sensor networks is based on a 

simple equation:  
 

Sensing + CPU + Radio = Thousands of potential 
applications 

 

As soon as people understand the capabilities of a wireless 
sensor network, hundreds of applications spring to mind. It 
seems like a straightforward combination of modern 
technology. However, actually combining sensors, radios, 
and CPU’s into an effective wireless sensor network requires 
a detailed understanding of the both capabilities and 
limitations of each of the underlying hardware components, 
as well as a detailed understanding of modern networking 
technologies and distributed systems theory. 

 

 
Figure 1.  Sensor Node Architecture 

Wireless sensor networking is one of the most exciting 
technologies to emerge in recent years. Advances in 
miniaturization and MEMS-based sensing technologies offer 
increases by orders of magnitude in the integration of 
electronic networks into everyday applications. Traditional 
microcontroller design strategies have not reached the best 
possible power consumption, especially for the specialized 
application set of sensing networks. Power efficiency is a 
prime concern in wireless sensors, whether powered by a 
battery or an energy-scavenging module. Trends in 
miniaturization suggest that the size of wireless sensors will 
continue to drop, however there has not been a 
corresponding drop in battery sizes. 

 

II. ROUTING MANAGEMENT OF THE WSN 
 
Increasing computing and wireless communication 

capabilities will expand the role of the sensors from mere 
information dissemination to more demanding tasks as 
sensor fusion, classification, collaborative target tracking. 
This paper current provides comprehensive investigation of 
different routing schemes used in wireless sensor networks. 
routing protocols may be classified in to one of the ensuing 
three models :  

• single hop model  
• multi-hop model  
• cluster-based hierarchical model. 
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Single hop is the simplest model to reach a base station or 

the sink node. however, This kind of single hop transmission 
is highly unrealistic in the real world. The multi-model 
supports the collaborative effort of several nodes within the 
sensor cloud. each sensor node has a radio range, which is 
referred to as the distance which the signal strength remains 
above the minimum usable level for that particular node to 
transmit and receive. 
 

 
Figure 2.  Schematic of the operational sensor network 

In the cluster based model, the network is divided into 
clusters comprising of number amount of nodes. Cluster 
head, which is master node, within each respective cluster is 
responsible for routing the information to other cluster head. 

III. GREENHOUSE CLIMATE PROBLEMS 
 
The dynamic behavior of the greenhouse microclimate is a 

combination of physical processes involving energy transfer 
(radiation and heat) and mass balance (water vapour fluxes 
and CO2 concentration). These processes depend on the 
outlet environmental conditions, structure of the greenhouse, 
type and state of the crop, and on the effect of the control 
actuators.  

 
Figure 3.  Climatic control variables 

 
The main ways of controlling the greenhouse climate are 

by using ventilation and heating to modify inside 

temperature and humidity conditions, shading and artificial 
light to change internal radiation, CO2 injection to influence 
photosynthesis, and fogging/misting for humidity 
enrichment. Crop growth is mainly influenced by the 
surrounding environmental climatic variables and by the 
amount of water and fertilizers supplied by irrigation. This is 
the main reason why a greenhouse is ideal for cultivation, 
since it constitutes a closed environment in which climatic 
and fertirrigation variables can be controlled to allow an 
optimal growth and development of the crop. The climate 
and the fertirrigation are two independent systems with 
different control problems. Empirically, the requirements of 
water and nutrients of different crop species are known and, 
in fact, the first automated systems were those that controlled 
these variables.  

 
As the problem of greenhouse crop production is a 

complex issue, an extended simplification consists of 
supposing that plants receive the amount of water and 
fertilizers that they require at every moment. In this way, the 
problem is reduced to the control of crop growth as a 
function of climate environmental conditions. 

 

IV. TEMPERATURE CONTROL 
 
Plants grow under the influence of the PAR radiation 

(diurnal conditions), performing the photosynthesis process. 
Furthermore, temperature influences the speed of sugar 
production by photosynthesis, and thus radiation and 
temperature have to be in balance in the way that a higher 
radiation level corresponds to a higher temperature. Hence, 
under diurnal conditions, it is necessary to maintain the 
temperature in a high level, being optimal for the 
photosynthesis process. In nocturnal conditions, plants are 
not active (the crop does not grow); therefore it is not 
necessary to maintain such a high temperature. 

 

 
Figure 4.  Temperature controller 

On the other side, the nocturnal temperature control 
problem is the heating of the greenhouse (with temperatures 
lower than the nocturnal set-point) using heating systems to 
reach the nocturnal optimal temperature.  
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Figure 5.  Actuator elements 

The modification of the temperature set-point value 
depends on actual humidity level, selecting a maximum 
allowable modification for a specific kind of crop. A lower 
temperature set-point allows evacuating the humid air as a 
consequence of the exchange with the outside air because it 
is drier than the internal air. 

 

V. HUMIDITY AND IRRIGATION CONTROL 
 
Water vapor inside the greenhouse is not one of the most 

important variables affecting the crop growth. However, the 
humidity control has a special interest, because high 
humidity may produce the appearance of diseases and 
decrease transpiration, and low humidity may cause hydric 
stress, closing the stomata, and thus reducing the 
photosynthesis due to a decrease in the CO2 assimilation.  

 

 
Figure 6.  Humidity and irrigation control 

There are two problems involved in the humidity control: 
(1) the greenhouse inside temperature and the relative 
humidity are inversely related when the greenhouse air not 
mixed with the external air, generally colder and drier (when 
one of them increases the other one decreases and vice 
versa); (2) the same actuators are used for controlling 
temperature and humidity. The temperature control has the 
main priority because it affects to the crop growth directly. 
In order to keep the humidity within a determined range, the 
temperature set-point can be changed based on the inside 
relative humidity value. Hence, the humidity controller acts 
as a set-point generator being able to change the temperature 
set-point in small ranges. The modification of the 
temperature set-point value depends on actual humidity 
level, selecting a maximum allowable modification for a 
specific kind of crop. A lower temperature set-point allows 
evacuating the humid air as a consequence of the exchange 
with the outside air because it is drier than the internal air. 
However, a higher set-point provokes that the ventilation 
remains closed for longer periods of time keeping the water 
vapour of air inside the greenhouse, and so increasing the 
humidity. 

 

VI. WSN AND EVENT-BASED SYSTEM FOR GREENHOUSE 
CLIMATE CONTROL 

 
As commented above, this paper is devoted to analyzing 

diurnal and nocturnal temperature control with natural 
ventilation and heating systems, and humidity control as a 
secondary control objective. Under diurnal conditions, the 
controlled variable is the inside temperature and the control 
signal is the vent opening. The use of natural ventilation 
produces an exchange between the inside and outside air, 
usually provoking a decrease in the inside temperature of the 
greenhouse. The controller must calculate the necessary vent 
opening to reach the desired set-point. The commonest 
controller used is a gain scheduling PI scheme where the 
controller parameters are changed based on some 
disturbances: outside temperature and wind speed. In the 
case of nocturnal temperature control, forced-air heaters are 
used to increase the inside temperature and an on/off control 
with dead/zone was selected as heating controller. 
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Climate monitoring is vitally important to the operation in 
greenhouses and the quality of the collected information has 
a great influence on the precision and accuracy of control 
results. Currently, the agro-alimentary market field 
incorporates diverse data acquisition techniques. Normally, 
the type of acquisition system is chosen to be optimal for the 
control algorithm to be used. For traditional climate 
monitoring and control systems, all sensors are distributed 
through the greenhouse and connected to the device 
performing the control tasks. These equipments use time-
based data sampling techniques as a consequence of using 
time-based controllers. Nowadays, commercial systems 
present more flexibility in the implementation of control 
algorithms and sampling techniques, especially WSN, where 
each node of the network can be programmed with a 
different sampling algorithm or local control algorithm with 
the main goal of optimizing the overall performance. 

 

VII. CONCLUSION 
 

The applications for WSNs are many and varied. They are 
used in commercial and industrial applications to monitor 
data that would be difficult or expensive to monitor using 
wired sensors. They could be deployed in wilderness areas, 
where they would remain for many years (monitoring some 
environmental variable) without the need to 
recharge/replace their power supplies. They could form a 
perimeter about a property and monitor the progression of 
intruders (passing information from one node to the next). 
There are a many uses for WSNs. 

 
Figure 7.  Crops in greenhouse 

Typical applications of WSNs include monitoring, 
tracking, and controlling. Some of the specific applications 
are habitat monitoring, object tracking, nuclear reactor 
controlling, fire detection, traffic monitoring, etc. In a typical 
application, a WSN is scattered in a region where it is meant 
to collect data through its sensor node. The WSN-based 
controller has allowed a considerable decrease in the number 
of changes in the control action and made possible a study of 
the compromise between quantity of transmission and 
control performance. The limit of the level crossing sampling 
has presented a great influence on the event based control 
performance where, for the greenhouse climate control 
problem, the system has provided promising results.  
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