
  

  
Abstract—An intelligent agent system for the control of 

greenhouse automation is presented in this paper and a 
prototype multi-agent-based control system has been developed 
for greenhouse as an example. The developed automation 
consist of temperature, humidity, CO2, light, wind sensors, 
ventilation, irrigation, shading, lighting control systems and 
communicates with the computer over RS232. These sensors are 
modeled as intelligent agents and the greenhouse automation 
system architecture to implement the multi-agent-based control 
system is proposed and the coordination model of the reactive 
agents is developed. Finally, this study explains how to model 
these agents with JADE.NET which is one of the agent 
development platforms. 
 

Index Terms—Intelligent agent system, reactive agent, agent 
development platform, greenhouse control, JADE.NET. 
 

I. INTRODUCTION 
Greenhouse is a vegetable production structure that allows 

the creation of necessary optimum growing conditions the 
plant's growth, development and reproduction as all 
physiological activities to continue at the highest level. 
Greenhouse performs the optimum conditions to be created 
under the influence of environmental conditions which feature 
continuously variable [17]. 

The main function of the greenhouses is to provide the most 
suitable environment for the growth of plants. For managing 
the greenhouse effect, it must be continuously measured 
several variables such as   solar radiation inside and outside 
the greenhouse, temperature, wind speed, rain, relative 
humidity [23]. The changing of environmental conditions 
causes two major problems for the control of the parameters 
greenhouse. First one is to choose the most appropriate level 
for the plant and the second one is the control that is supplied 
to the selected level.   Therefore, to ensure the optimum 
climate conditions in the greenhouse and the protection it 
provided continuous monitoring of climatic conditions and to 
intervene if necessary. To keep the optimum conditions in 
greenhouse, there is need for computer-microprocessor 
controlled information processing and automation systems 
[25]. The control of greenhouses by computers, embedded, 
distributed and remote data collection technologies are used. 
In addition, according to literature it is seen that such as neural 
networks, artificial intelligence algorithms, artificial immune 
systems, learning algorithms, search algorithms are used to 
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provide automatic control for greenhouses [10], [20], [26], 
[29], [30]. 

In this study; on a greenhouse prototype a multi-agent 
architecture has reactive properties designed and intended to 
be applied. Control parameters in the greenhouse, are formed 
as agents. The behaviours of the agents are modelled by using 
JADE.NET one of development platform. Greenhouse 
prototype developed by communicating via RS232. 
The four main steps of this paper are: 
1. In this study; on a greenhouse prototype is intended to be 

designed and implemented an intelligent agent with a 
reactive architecture features multi-agents. 

2. Establishing necessary to provide active control of the 
greenhouse is aimed to be tested on a prototype and 
communicate with each other. 

3. Working prototype developed under greenhouse 
measuring 90 cm x 40 cm x 35 cm in (dimensions) size; 
indoor and outdoor temperature, humidity, wind speed, 
consist of CO2 ratio sensor and the control driver circuit. 
The prototype computer RS232 (Serial Port) are 
communicating through. 

4. To perform their duties of agents, behaviors are coded 
with JADE.NET. 

The two main contributions of this paper are: 
1. It shows JADE.NET development platform can be used as 

a factor. 
2. The contribution of the operation in hardware, thanks to 

the intelligent agent technology creates greenhouse 
prototype "sense-think-act" autonomously 
communicating unit of the environment (automatic) is 
shown the system can be developed. 

 

II. MATERIALS 

A. An Agent, Intelligent Agent and Multi-Agent Systems 
An agent is anything that can be viewed as perceiving its 

environment through sensors and acting upon that 
environment through effectors. Autonomous agents are 
computational systems that inhabit some complex dynamic 
environment, sense and act autonomously in this environment, 
and by doing so realize a set of goals or tasks for which they 
are designed. The agent takes sensory input from its 
environment, and produces as output actions that affect it [18], 
[19].  

Intelligent Agent is an entity that is able to keep 
continuously balance between its internal and external 
environments. 

Wooldridge and Jennings [27] define an intelligent agent as 
one that is capable of flexible autonomous action to meet its 
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design objectives. Flexible means that reactivity, 
pro-activeness, social ability, mobility, veracity, benevolence, 
rationality and learning/adaptation [27], [28].  

Multi-agent systems are systems composed of multiple 
interacting computing elements, known as agents. Agents are 
computer systems with two important capabilities. First, they 
are at least to some extent capable of autonomous action- of 
deciding for themselves what they need to do in order to 
satisfy their design objectives. Second, they are capable of 
interacting with other agents- not simply by exchanging data, 
but by engaging in analogues of the kind of social activity that 
we all engage in every day of our lives: cooperation, 
coordination, negotiation, and the like [11], [18], [22], [24]. 

It has been shown in the literature of the multi-agent systems 
used in different areas [1], [8], [12]-[15], [22], [26]. 

The multi-agent systems field can be understood as 
consisting of two closely interwoven stands of work. The first 
is concerned with individual agents, while the second is 
concerned with collections of these agents [11], [27]. 

Reactive agents on the contrary do not have representation of 
their environment and act using a response type of behaviour 
that is they respond to the present state of the environment in 
which they are embedded. Thus, reactive agents follow simple 
patterns of behaviour which can easily be programed. 

The most interesting part of using reactive agents do not lie 
in the way one agent behave, but in their ability to interact with 
other agents in a simple way from which global complex 
patterns of activities can emerge. 

B. JADE 
JADE (Java Agent DEvelopment Framework) [3], [4] is a 

well-known MAS (multi-agent system) software development 
framework implemented in Java language by FIPA 
(Foundation for Intelligent Physical Agents). It simplifies the 
implementation of multi-agent systems through a middle-ware 
that complies with the FIPA specifications and through a set 
of tools that supports the debugging and deployment phase. It 
provides many merits for us to develop MAS programmes. The 
platform can be distributed across different platforms (which 
not even need to share the same OS) and the configuration can 
be controlled via a remote GUI. The configuration can be even 
changed at run-time by moving agents from one machine to 
another one on demand. The only system requirement is the 
Java Run Time version 1.4 or later [16]. The communication 
architecture of JADE offers flexible and efficient messaging, 
where JADE creates and manages a queue of incoming ACL 
messages, private to each agent. Agents can access their queue 
via a combination of several modes: blocking, polling, timeout 
and pattern matching [3]. The full FIPA communication model 
has been implemented and its components have been fully 
integrated: interaction protocols, envelope, ACL, content 
languages, encoding schemes, ontologies and, finally, 
transport protocols. The transport mechanism, in particular, is 
like a chameleon because it adapts to each situation, by 
transparently choosing the best available protocol [5]. Java 
RMI, event-notification, and IIOP are currently used, and 
more protocols can be easily added and integration of HTTP 
has been already achieved. Most of the interaction protocols 
defined by FIPA are already available and can be instantiated 

after defining the application-dependent behaviour of each 
state of the protocol. SL (a formal language developed by 
FIPA) and agent management ontology have been 
implemented already, as well as the support for user-defined 
content languages and ontologies that can be implemented, 
registered with agents, and automatically used by the 
framework. Since the newer version of JADE, an in-process 
interface has been implemented that allows external Java 
applications to use JADE as a kind of library and to launch the 
JADE Runtime from within the application itself. In particular, 
the application can control the life-cycle of the Agent. This 
improves the agility and enlarges the applicability of JADE 
[4]. 

JADE.NET: The JADE object model includes a class 
hierarchy that is similar to that of .NET. This common 
object-oriented approach means there is a natural fit between 
JADE and .NET, enabling .NET objects to be modelled from 
JADE database. 

A .NET runtime application connects to a JADE system as a 
standard JADE client using the jomdotnet.dll library file on 
Windows (Fig. 1). 

 

  
Fig. 1. How a .NET application connects to JADE [3]. 

 
JADE.NET class library; provides the access method 

to  .NET Users to classes in the database of JADE .NET Class 
library of classes that jade is concerned (with the 
characteristics of the method) was formed by expanding. The 
using wizard generates C # class files to reveal its features 
JADE.  So it can be rebuilt the .NET class library. Agents 
operate independently and execute in parallel with other 
agents. To support efficiently parallel activities within an 
agent, Jade has introduced a concept called [7], [9]. 

There is a class hierarchy similar to the object model 
between JADE and .NET. This common object-oriented 
approach means that there is a natural fit between JADE 
and .NET. This allows .NET objects to be modeled from the 
JADE database. A .NET runtime application connects to a 
JADE system as a standard JADE client using the 
jomdotnet.dll library file on Windows. 

Behaviour is basically an Event Handler – it describes how 
an agent reacts to an event. An event is a relevant change of 
state e.g. a reception of a message or a Timer interrupts (after 
the specified time has elapsed). A fundamental characteristic 
of multi-agent systems is that individual agents communicate 
and interact. According to the FIPA specification, agents 
communicate via asynchronous messages. Each agent has a 
sort of mailbox (the agent message queue) where the JADE 
runtime posts messages sent by other agents [2], [21]. 

The work that an agent must perform in the framework of 
JADE.NET is done with behaviours. A behaviour is 
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represented as a task that an agent can perform and is 
implemented as an object of the class that "extends" 
jade.core.behaviours.Behaviour. To ensure that an agent 
fulfils the task performed by a behavioural object, It is enough 
to add the addBehaviour () method of the Agent class as a 
behaviour. Behaviour can be added when an agent starts (in 
the setup () method) or they can be added at any time from 
other behaviours. 

JADE includes also some ready to use behaviours for the 
most common tasks in agent programming, such as sending 
and receiving messages and structuring complex tasks as 
aggregations of simpler ones. Behaviour is an abstract class 
that provides the skeleton of the elementary task to be 
performed. It exposes two methods: the action() method, 
representing the "true" task to be accomplished by the specific 
behaviour classes; and the done() method, used by the agent 
scheduler, that must return true when the behaviour is finished 
and can be removed from the queue, false when the behaviour 
has not yet finished and the action() method must be executed 
again. 

The agents’ behaviours in our greenhouse model are 
CyclicBehavior and TickerBehavior.  

CyclicBehaviour is an abstract class that models atomic 
behaviours that never end and must be executed forever. 
CyclicBehaviours are designed to never complete; their 
action() method executes the same operations each time it is 
called. The jade.core.behaviours.CyclicBehaviour class 
already implements the done() method by returning false and 
can be conveniently extended to implement new cyclic 
behaviours [4]. 

The TickerBehaviour has action() and done() methods 
pre-implemented to execute the onTick() abstract method 
repetitively, waiting a given period (specified in the 
constructor) after each execution. A TickerBehaviour never 
completes unless it is explicitly removed or its stop() method 
is called [4]. 

 

 
Fig. 2. The greenhouse prototype. 

 

III. METHODS 

A.  The Greenhouse Control System 
The multi agent architecture is developed on greenhouse 

prototype which can be seen from Fig. 2. Working prototype 
developed under greenhouse measuring 90 cm × 40 cm × 35 
cm in (dimensions) size; indoor and outdoor temperature, 
humidity, wind speed, consist of CO2 ratio sensor and the 
control driver circuit. The prototype computer RS232 (Serial 

Port) are communicating through. The dashboard of the 
system is shown in Fig. 3. 

 

 
Fig. 3. The dashboard of the greenhouse prototype. 

 

 
Fig. 4. The relations of agents. 

 
Agents created and developed in this study are temperature, 

humidity, CO2, ventilation, light, lighting, shading, cooling, 
irrigation and wind agents. The relations of created agents can 
be seen from Fig. 4.  

For example; the temperature agent with TickerBehaviour 
assesses the situation by reading the temperature inside the 
greenhouse temperature sensor. With CyclicBehaviour, it 
sends the messages to the relevant agent(s). The relevant 
agents taken the message activate the control elements within 
that mission. 

For measuring the temperature inside the greenhouse 
SHT11 temperature sensor is used, to display the measured 
values hygro-thermometer is used. NTC 100K temperature 
sensor with steel head is used for greenhouse outdoor 
temperature. The humidity sensor HC201 is used as humidity 
sensor. For CO2 measurement the ZG106 sensor is selected, 
which measures over the number of particles in one million. 
For greenhouse lighting LED strips, for irrigation 32-04 
brushless DC mini motor, to balance the humidity the AD304 
humidity pump motor are used in the greenhouse.   Curtains 
made of aluminium profiles on the greenhouse ceiling are used 
for shading system. Fans and windows for greenhouse 
ventilation are used. The fans work by increasing the 
temperature and windows are opened to outgas excess CO2. 

The study is created from temperature, humidity, CO2, 
ventilation, light, lighting, shading, cooling, irrigation and 
wind factors. The task of the temperature agent; keeping 
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constant internal temperature set point, heating, cooling, 
heating if necessary communicates with irrigation factor is to 
ensure that the introduction of irrigation and cooling factors. 
Humidity agent, the internal humidity of the greenhouse is 
trying to keep in balance. When the CO2 factor in domestic 
greenhouse CO2 concentration increased ventilation agent 
calling task is to ensure the opening and closing of windows. 
Light agent is looking at whether the light inside the 
greenhouse lighting to ensure lighting and shading agents 
communicating performs open and close the curtains agents. 
An irrigation agent to make the greenhouse temperature in 
irrigation work fulfils its duties in accordance with the 
message received from the agent. Wind agent tells the wind 
speed outside the greenhouse system. 

 
 
namespace Greenhouse 
{ 
    public class HumidityAgent 
    { 
         
        override public void setup() 
        { 
            addBehaviour (new CollectMsgsBeh()); 
            addBehaviour (new WaitBeh()); 
 
        } 
 
        public class CollectMsgsBeh:CyclicBehaviour 
        { 
            override public void action() 
            { 
                int humidity; 
                int deshumvalue; 
                int count=0;                
                if (humidity<deshumvalue) 
 { 
          ACLMessage msg=new 
jade.domain.introspection.ACLMessage(ACLMessage.PROPOSE); 
                msg.addReceiver(new AID ("Humidity",AID.ISLOCALNAME)); 
                msg.setLanguage("Agent Language"); 
                msg.setOntology("Turn on humidity pump motor"); 
                SenderBehaviour(); 
 } 
                if (humidity> deshumvalue) 
 { 
         ACLMessage msg=new 
jade.domain.introspection.ACLMessage(ACLMessage.PROPOSE); 
                msg.addReceiver(new AID ("HeaterAgent",AID.ISLOCALNAME)); 
                msg.setLanguage("Agent Language"); 
                msg.setOntology("Turn off Heater"); 
                SenderBehaviour(); 
 } 
            } 
             
            } 
        public class WaitBeh:TickerBehaviour 
        { 
            protected void onTick() 
            { 
                incoming=ReceivedMessage(); 
                if(incoming!=null) 
                { 
                    longIncoming(incoming); 
                        if(incoming.getAclRepresentation()!=ACLMessage.Equals) 
                        {incoming=null;} 
                } 
                block(500); 
 
            }  }  }  } 

 

 
Fig. 5. JADE.NET codes for humidity agent. 

 
Fig. 5 shows the JADE.NET codes for humidity agent. 

Humidity factor provides a measure of the humidity of the 
greenhouse interior control parameters. As the temperature 
agent, it has CyclicBehaviour and TickerBehaviour, too. It 
performs a humidification operation running the pump motor 
to moisture in greenhouse.  The classes are set before, and then 
the parameters are defined for the purposes of each behaviour. 
ACL Message determined to send messages to related agents. 

IV. RESULTS AND CONCLUSION 
The paper describes the development and implementation 

of control system. Establishing necessary to provide active 
control of the greenhouse is aimed to be tested on a prototype 
and communicate with each other. The system is able to 
interact in both directions with the greenhouse, to read the 
parameter values of sensors and to control the actuators. This 
study has demonstrated good quality of JADE.NET agent 
development platform applied to agent technology. 
Furthermore, the integration of multi agent technology with 
greenhouse is made possible thanks to definition of the Agent 
Behaviours. The contribution of the operation in hardware, 
thanks to the intelligent agent technology creates greenhouse 
prototype "sense-think-act" autonomously communicating 
unit of the environment (automatic) is shown the system can 
be developed. 
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