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Abstract 

 

Greenhouse crop production systems are located throughout the world within a 

wide range of climate condition. To achieve environmental condition 

favorable for plant growth, greenhouses are designed with various 

components, structural shapes, glazing materials. They are operated differently 

according to condition. To improve understanding of complexity and dynamic 

behavior of greenhouse environment, the   greenhouse environment model 

based on energy balance principle is used. The model is implemented in 

Matlab- Simulink and simulated under several scenarios to understand how 

temperature variation takes place in greenhouse. Further a control system is 

presented using fuzzy logic. 

 

Keywords - Greenhouse, temperature control, cooling, Simulink, fuzzy logic. 

 

INTRODUCTION 

Greenhouse production systems are originally implemented in cold countries in order 

to extend the production season of plants and improve environmental condition [1].  

Now-a-days the greenhouse production is spread all over the world. In order to 

accomplish the specific environmental need of various crops, greenhouse design 

mailto:rrm_eln@unishivaji.ac.in


728 Satyajit Ramesh Potdar et al 

varies in shape, size, and glazing material. Further various types of equipments are 

obligatory to achieve the desired environmental conditions. The main environmental 

parameters controlled in greenhouse are: 1) Air temperature, 2) Air moisture (relative 

humidity), 3) CO2 concentration, 4) Light Intensity. Greenhouses are designed and 

equipped with exhaust fans, ventilators, foggers, evaporating pads, heaters and also 

with Co2 and light supplementing system [1]. 

The optimum environmental requirements have been determined by growers and 

researchers. These optimum conditions can be achieved by simple on-off control to 

reach a desired point. However with computer based system it becomes possible to 

monitor several parameters, and to implement better control techniques. These control 

system depends on mathematical model of greenhouse system and adjust the set point 

dynamically to optimize crop growth. The objective of current project is to investigate 

and implement dynamic greenhouse environmental model describing dynamic 

behavior of greenhouse temperature and also to design and simulate a fuzzy logical 

based control system to control the greenhouse temperature. Fuzzy systems have 

proven to be a versatile tool for modeling complex system in which because of 

complexity and imprecision the classical tools fail. Fuzzy Logic is more effective in 

feedback control systems and quite easier to implement [2-3]. 

 

MATERIALS AND METHODS 

An ‘A-frame type’ greenhouse of dimension 10mX5mX5m (L X B X Havg) is 

considered. The glazing material used in simulation is a single layer polyethylene film 

[1]. The internal shade curtain in the simulator produces reduction (50% in 

simulation) in addition to the reduction caused by glazing material. 

The reduced air movement and air exchange result in a greater air temperature than 

outside temperature [4]. The greenhouse temperature can be reduced by using natural 

or forced ventilation. It can also be reduced using evaporative pads and fogging 

system. The presence of crop inside the greenhouse also affects the temperature. All 

these factors are been considered in greenhouse model. The heating system is not 

implemented in the simulation since only cooling process is considered. 

 

MATHEMATICAL MODEL 

The mathematical model describing the state of the greenhouse environment is 

derived from energy balance principles. The models are briefly described in [1, 4-6]. 

It is described by a first order differential equation (1). 

dTin/dt=[1/Cp*ρ*H]*[QGRin+QHeater−(L*E)−(Tin−Tout)*(qv*Cp*ρ+w*k)]                    (1) 

Here     QGRin = τc* (1-r)* QGrout                                                                                                                         (2) 

QHeater =  N*(Hcap/Afl)                                                                                    (3) 

Qiv = (L*E) +(qv*Cp*ρ(Tin-Tout))                                                                  (4) 
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QGlazing = w*k*(Tin-Tout)                                                                                (5) 

E=Ec+ET                                                                                                                                                            (6) 

The terminology and values of constants used/assumed are listed in table no. 1. 

 

Table No. 1: Parameters used in Simulation [source-1, 4] 

Symbol Value Unit Description 

Tin  oC Air temperature inside the Greenhouse 

Tout  oC Air temperature outside the Greenhouse 

Cp 1010 J. Kg-1 .K-1 Specific heat of air 

H 5 meter Average Height of Greenhouse 

QGRin  W.m-2 Solar flux inside greenhouse 

QGRout 900 W.m-2 Solar flux outside greenhouse 

Qiv  W.m-2 Heat loss due to infiltration 

Qglazing  W.m-2 Heat loss through greenhouse covering 

Hcap  kW Heat capacity of Heater 

Afl   m2 Greenhouse Floor area 

AGl  m2 Greenhouse glazing surface area 

L 2.5E6 J. Kg-1 Latent heat of Vaporization of water 

E  Kg m-2 s-1 Evaporation inside greenhouse 

Ec 8.5e-5 Kg m-2 s-1 Evaporation by pad cooling system 

Ef 5e-3 Kg m-2 s-1 Evaporation by fogging system 

Et 6e-5 Kg m-2 s-1 Evapotranspiration rate by crop 

qV  m3. m-2.s-1 Ventilation rate 

p 1.2 Kg m-3 Air density 

W  - Ratio of greenhouse glazing surface area and 

floor area 

k 6.2 W m-2 C-1 Heat transfer coefficient of glazing  

τc 0.87 - Cover transmittance 

s  - Shading level 

r   Reflectance 

N   Number of heaters 

 

The model of greenhouse and Fuzzy control system is implemented using MATLAB-

SIMULINK toolbox as shown in figure (1) and figure (2) respectively.  
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Figure (1): Greenhouse Model 

 

Figure 2: Fuzzy control System 

 

CONTROL FUNCTIONS AND INITIAL CONDITIONS 

The greenhouse model requires a set of initial conditions for each of the state variable.  

Some Variables are time dependent and some are time independent. Shading, rate of 

transpiration,   cooling efficiency of pad, global radiations are considered to be time 
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independent. Inside and outside temperatures are assumed to be 35 0C in simulation. 

The control scheme includes reduction in greenhouse air temperature by ventilation, 

evaporative cooling and fogging. The shading level is taken constant and no heating is 

implemented since only cooling of greenhouse in daylight is considered. 

The Greenhouse model is simulated under two conditions: uncontrolled and 

controlled. In uncontrolled conditions the initial condition of greenhouse is selected 

and control functions of system are inactivated (cooling and fogging off). In 

controlled simulation two different approaches are considered for fogging and 

evaporative cooling.  If internal temperature is greater than set point value (Ti>Tref) 

then fogging system is turned ON and OFF otherwise. The rate of ventilation is 

decided by using fuzzy logic. 

 

FUZZY LOGIC CONTROL 

Fuzzy logic is an effective in feedback control system and easier to implement. The 

computational structure of fuzzy logic is composed of Fuzzification, Inference engine 

and Defuzzication modules. The control system implemented here is a single input-

single output system with input as ‘error in temperature’ (Tref-Ti) and ‘Ventilation 
rate’ as output variable.  

The Fuzzification translates the numerical values for error in temperature into a 

linguistic value such as ‘low’, ‘very low’, ‘zero’, ‘high’ and ‘very high’. A fuzzy 

inference engine infers fuzzy outputs by employing fuzzy implications and the rules 

of inference of fuzzy logic. Defuzzification takes the fuzzy output of the rules and 

generates the output formulated in the form of ‘crisp’ numeric value used as control 

input to plant. The relation between input and output in the form of ‘If-Then’ rules, 

which are based on dynamic performance of  process.  

The rules used in this process are summarized in table-2 and Crisp values of fuzzy 

membership functions are given in table-3. 

 

Table 2: Fuzzy Rule base with Crisp Values 

Rule If error in Temperature is Then Ventillation rate is 

Rule 1 Very Low Very High 

Rule 2 Low High 

Rule 3 Zero Medium 

Rule 4 High Low 

Rule 5 Very High Very Low 
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Table 3: Membership Function Range 

Error in Temperature 

Input 

Ventillation Rate 

Output 

Fuzzy value Crisp value Fuzzy value Crisp value 

Very Low -10 to -2 Very Low 0 to 4 

Low -6 to 0 Low 2 to 6 

Zero -2 to 2 Zero 4 to 8 

High 0 to 6 High 6 to 10 

Very High 2 to 10 Very High 8 to 12 

 

The fuzzy membership functions for input and output variables are shown in figure 

3(a) and 3(b). The figure 3(c) shows variation in ventilation value with variation in 

the temperature error. The Fuzzy Inference scheme is implemented using Fuzzy Logic 

Toolbox of MATLAB-SIMULINK using Mamdani type FIS [7-8]. Both triangular 

and trapezoidal membership functions are used. The fuzzy logic control system for 

greenhouse temperature control  shown in figure (2) is simulated and internal air 

temperature of greenhouse is controlled. 

 

Fig. 3(a) Input Membership Functions. 

 

 

Fig. 3(b) Output Membership functions. 
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Fig. 3(c) Variation in vent rate qv against error in temperature 

 

SIMULATION RESULTS  

The control system is simulated under  following conditions: 

Initial Greenhouse temperature = 35 oC   

Outside Temperature = 35 oC  

Tref = 27 oC  

 

The simulation results are shown in figure-5. The simulation result shows that the 

control system achieves set point temperature of 27oC. 

 

 

Fig.(5) Internal air temperature variation with controlled system 

 

CONCLUSION 

The model of the system was implemented using MATLAB-Simulink tool-box for the 

analysis of thermal behavior of greenhouse. It is fast to implement and allows for the 

verification of installation of adequate and efficient systems. Secondly the performance 

FLC was evaluated and has shown good control over output. To improve behavior of 

such FLC it is necessary to use some optimization methods like Genetic Algorithm. 
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