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Abstract: Climate control for livestock building is of 

considerable significance but it is additionally a difficult and 
convoluted task. The chickens are mainly affected by the 
variation of temperature and relative humidity. The arrangement 
of these parameters is accomplished by selecting proper control 
techniques. In this paper, an optimized controller for the 
stabilization of the poultry house system has been designed in 
order to reduce the heat stress of broilers and to achieve the 
preservation of chickens’ health and comfort. A hygro-thermal 
model describing the behavior of the poultry house is decomposed 
into two single loops based on the theory of the effective 
open-loop transfer function. Adopting a model reduction 
technique, the equivalent transfer function of each loop is then 
designed by developing an independent multi-loop PID 
controller. The initial stability of the reduced model is assured via 
the Hermite-Biehler theorem. Then, the Genetic Algorithm is 
adopted to search the optimal gain values that contribute to the 
desired indoor climate monitoring. An extensive numerical 
simulation is tested with original experiments measures to show 
the effectiveness of the design control and the results are 
compared to those of the ant colony optimization and 
Ziegler-Nichols methods. 

 
Keywords: Poultry house, Multi-loop controller, Hermite 

Biehler theorem, Genetic algorithm.  

I. INTRODUCTION 

The poultry farm climate is defined as the main 

component that can directly influence the productivity and 
comfort of the raising birds. However, the control of the 
housed animals stays a complicated task due to the nonlinear 
thermodynamics process involved on both psychological and 
physiological elements. Generally, the livestock buildings are 
mostly affected by the outside environment (external 
temperature and relative humidity) and by the control of the 
actuators of the system (ventilation, heating and evaporative 
cooling system).  
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In the last decades, a far-reaching investigation of studies 
has revealed that thermal comfort of poultry chickens can be 
increasing by the control of all the above monitoring 
parameters. The temperature under livestock farming is the 
most crucial environmental variable on the chickens. 
Furthermore, it has jointly been demonstrated that the relative 
humidity and temperature involve closely the livestock 
development in the hot conditions of Morocco due to the 
country’s location and the dominating weather [1]. 

In the recent years, many researches on livestock building 
concerning climate controlling have been proposed in the 
literature, such as nonlinear adaptive control [2], predictive 
control [3], robust control [4] and ON/OFF control [5]. 
Therefore, all these advanced control techniques have proven 
their compatibility to be applied on control design application 
for poultry house systems. However, most of these methods 
are apparently convoluted to be well equipped in the 
instrumentation poultry house production. 

For this reason, we have forced our work to develop a 
fitting programmed controller ready to track the set point 
parameters with an excellent proficiency. Although most of 
the recent approaches synthesis adopt the PID controller [6].  
More than 90% PID controllers are widely used in the 
industrial process as per a study led by the Japan Electric 
Measuring Instrument Manufactures Association in 1989 
(JEMIMA) [7]. This dominance is due to their simple 
construction and easy implementation. Indeed, of this 
extensive usage, their performance is regularly limited due to 
poor tuning and for the manual adjustment of the three 
parameters values which requires an optimization task. To fill 
this gap, several effort investigations have been developed in 
tuning methods. Recently, an optimal tuning control strategy 
of PID controller has been proposed with the implementation 
of the Ant Colony Optimization (ACO) algorithm [8], the 
method has been tested successfully owing to the great 
performance as far as stabilizing the requirement of the 
livestock building. However, a limitation exists in the 
considerable reliance on the computation time occurred when 
looking through the values of the optimal gains and in the 
conflicting nature of the objectives performances indices 
which frustrates a concurrent improvement. 

In this respect, earlier works have been extended by 
employing Genetic Algorithms (GA) based on the 
Hermite-Biehler theorem. Hence, the main objective of this 
study consists to develop and design a controller in interaction 
with the poultry house dynamic model in order to guarantee 
nominal stability and to guarantee the transient performance. 
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The control design is conducted with the integration of the 
multi-loop PID controller. The first stability analysis of the 
model is sufficiently considered depended on the 
Hermite-Biehler theorem.  

The latter approach implies that the characteristic equation 
of the plant transfer function must have its roots located in the 
left half-plane of the complex plane. It has been shown 
through simulations tests that the Hermite-Biehler (HB) 
guarantees the determination of the whole stabilizing area in 
the (Kp, Ki, Kd) space. Among this set of stabilizing, PID 
controllers are tuned then with Genetic Algorithms in order to 
search the optimal parameters of each controller structure. 

The fundamental contribution of this work is to concentrate 
on the adaptation of the proposed control design on the 
regulation control for poultry house model, and to propose an 
optimal controller by combining the genetic algorithms (GA) 
and the Hermite-Biehler theorem.  

The paper is organized as pursues: the following section is 
dedicated to the formulation of the scientific model of the 
system. The second section describes the theory of the 
effective open-loop process and the corresponding relative 
gain array of the multivariable process .The third section is 
about GA, and PID tuning approach. Finally, some 
simulations and remarks are given to show the performance of 
the proposed controller scheme. 

II. POULTRY HOUSE SYSTEM 

A. Mathematical model 

Over the recent time, authors have proposed considerable 
studies on climate modeling within livestock buildings  [9], 
[10]. In this way, we have improved these works by a 
hygro-thermal model of a closed poultry house. 

The figure 1 describes the different process dynamic 
interactions between inside and outside the livestock building. 

According to the above research and the figure 1, the 
hygro-thermal regime of the livestock building gives a state 
space form represented by the equation (1). In this study, the 

model is associated to the hot climates where the controller 
input associated to the heating system isn’t considered 
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Where x are states variables linked to the internal relative 
humidity and temperature, u are the controller inputs 
associated to the ventilation system and the evaporative 
cooling system, d are external disturbances. 

Form (1), the corresponding transfer function of the state 
space can be expressed as: 

( ) ( ) ( ) ( )

( ) ( )
dsX s AX s BU s B D s

Y s CX s

  


     (2) 

Where: 
Y(s) and X(s) are the Laplace transformation of y and x . 
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From (2), the transfer function can be determined as : 

         ( ) ( ) ( ) ( )p dY s G s U s G D s              (3)

 Where Gd and Gp design separately the disturbance transfer 
function and the process transfer function characterized as: 

    1( ) [ ]pG s C sI A B                                         (4) 

    1( ) [ ]d dG s C sI A B                                       (5)  

B. Experimental measures 

Experiments were led in a standard board building for 25000 
birds (fig.2), the poultry house system was equipped with 
controlled natural ventilation, air cooling by the evaporative 
cooling system (PAD cooling). The building dimensions 
were: length 120 m, width 12,4m and height 3,85 m. 

 

Fig.2. Poultry house system used in the experimentation 
measures. 

The measured data have been gathered where the chickens 
were raised of 30 ages and under the hot weather of the 
Mediterranean locale (Rabat area, Morocco). Table I shows 
the various parameters utilized in the test simulation of the 
proposed controllers design. 

Table I: Input criterions used in the model 

Parameters Values Parameters Values 

air  1,2kg/m3 bT  41°C  

pC  1006J/kg.K cN  25000(birds) 

bV  3033m3 eV  3033m3 

M 1,325kg gK  3127W/°C 

coatR  
0,3 m2.K/W   0,3m/s 

III. EFFECTIVE OPEN LOOP AND MODEL 

REDUCTION TECHNIQUE 

A. Effective open loop concept 
The theory of the effective open-loop function (EOPTF) 

considers the loop interactions within the novel structure of 
the multi-loop controller [11], [12]. According to the concept 
of the EOPTF, the structure of the multi-loop controller can 
be effectively decomposed into two identical loop controllers 
(SISO loop). The method is here presented for the TITO 
poultry house system as shown in figure 3, where subsystems 
are represented by transfer functions: 

 

Fig.3.Representation of a general TITO control system 
with the equivalent independent SISO systems 

The transfer function between Y1/U1 relies upon the controller 
for the second loop by means of the interaction term. 
Likewise, transfer function Y2/U2 relies upon the controller 
for the first loop when is closed. 

With the definition given earlier, the EOP can be minimally 
asserted in terms of the dynamic relative gain array as shown: 

, ( ) ii
ii EOP

ii

G
G s 


              (6) 

Where ii  designates the ith diagonal element of the 

dynamic RGA (DRGA). 
The DRGA is as an extension of the RGA where the steady 
state gains were replaced with the corresponding transfer 
functions.  

The RGA of a non-singular square matrix G is a square matrix 
defined as [13]: 

1( ) ( ) ( )TRGA G G G G  @    (7) 

Where  denotes element-by-element multiplication (Schur 
product).For the TITO process model with elements gij the 
RGA is: 
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Where the relative gain ij , relates the ith controlled variable 

and the jth manipulated variable. 
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The TITO systems presented in figure 2 is given by a square 
transfer function matrix as: 

11 12

21 22

( ) ( )
( )

( ) ( )

G s G s
G s

G s G s

 
  
 

         (10) 

From the block diagram in figure 2, the effective open-loop 
transfer function (EOPTF) for the first and second loops can 
be expressed as the following form: 

12 21
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B. FOPDT model reduction 

As observed from the equations above, the generated 
EOPFTs are commonly too complex to be specifically used 
for the controller design. To unravel this complication, the 
researchers have proposed in the literature several model 
reduction techniques such as: Laguerre Model [14], Least 
Squares algorithm [15], Gaussian frequency domain [16] and 
the polynomial approximation [17]. In this work, to evaluate 
the proposed function transfer delivered from each single 
loop, a Taylor series methods was proposed to reduce the 
system into a lower-order model like FOPDT. 

Let us consider the function transfer of the SISO 
correspondent model shown in figure 3 as the form: 

,( ) ( )i ii EOPG s G s             (13)  

Developing equation (15) Gi (s) in a Taylor series in s gives: 
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Generally, a vast majority of the industrial process is 
approximated as the first order plan which is almost simple to 
the analysis, and which has given its straightforwardness with 
sensible performance. 
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Where i  , iL  and
iK  represent respectively the constant 

time, the time delay and the state gain of the system. 
Developing also the reduced FOPDT equation (14) in a 
Taylor series in s gives: 
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Comparing the terms of equation (14) and those of (15) 
engenders the following expressions:
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(1 ) iL s
i i iK a s e              (20) 

IV. MULTI-LOOP PID CONTROLLER DESIGN 

USING GENETIC ALGORITHM  

The FOPDT suggested in the previous section presents an 
elementary approach that can be described a part of the 
dynamics systems. The investigation of the stability of the 
FOPDT is a complicated task due to the unending number of 
roots of the quasi polynomials equation of the system. To deal 
with this problem, the Hermite-Biehler approach has been 
adopted to asset the Hurwitz stable PID analytical parameters. 

A. Hermite-Biehler theorem 

The main concept of the Hermite Biehler (HB) extension 
method is to find a number of negative real part roots of the 
quasi polynomials characteristic equation. In this study, the 
Hermite-Biehler theorem [18],[19] is used so as to structure 
the PID controller by a determination of the whole stability 
region of the PID controllers for the FOPDT.  

Once the region stability of the FOPDT is set, the PID 
proposed controller is used for tuning the dynamic process. 
The advantage of this controller is demonstrated by the 
efficiency and the straightforwardness to execute the 
controller in a real dynamic system. The control design 
approach suggested is to implement the PID proposed 
controller with each independent loop obtained during the 
reduction of the EOFT system.  

The figure below represents the feedback control system 
used in the regulation of the system: 

 

 
Fig. 4 Feedback control system for the SISO model. 
Where, U is the command signal, Y is the output of the 

plant, ( )iG s
)  is the plant to be controlled,  
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C(s) can be selected as standard PID controllers: 
 

2

( ) d p iK s K s K
C s

s

 
       (19) 

The above Kp, Ki and Kd represent respectively the 
proportional, the integral and the derivative gains. 

From Fig.4, the PID parameters will be adjusting by using 
the GA. 

B. Genetic algorithm optimization 

Genetic algorithms work differently in comparison with 
other classical search and optimization tools due to their 
extensive capability to solve optimization constraints clearly 
containing multi-objective, scheduling and multimodal 

process. Genetic Algorithms (GAs) are adaptive heuristic 
search algorithm based on the principles of evolution, 
genetics from natural biological systems and natural 
selection. GAs are inspired from the biological process of 
Darwinian natural evolution where there are some biological 
operators such as Selection, Mutation and Crossover 
[20],[21]. 

The main idea of the algorithm depends generally on three 
parts: the initial population, the crossover and the mutation. 
The main objective of the first step is to keep and reconstruct 
some random solutions and eliminates the poor chromosome 
(multi objective optimization).  

In the second phase, the random value recombines the fit 

 
Fig.5 Functional scheme of Genetic Algorithm evolution for PID controller tuning 

 
solutions to create new offspring with crossover operators. In 
the third step, a mutation operator randomly alters a gene(s) in 
a chromosome with a small probability to find and create a 
new gene. 
The functional plan algorithm in fig.5 outlines the figuring 
steps of the GAs. 
The optimization algorithm is measured and is based on a 
specific performance criterion defined by the Integrated Time 
Absolute Error (ITAE) criterion which is a helpful 
presentation file in structuring linear control systems [26]  . In 
the design approach, the problem consists of minimizing the 
following ITAE performance index. 

0
( )

T

ITAE t e t          (20) 

Where e(t)=Yc(t)-Y(t) 
Once the ITAE criterion is tested successfully, a selective 
reasoning of the best criterion is done for each independent 
loop of the system based on the performance indices 
measured in the transient response. The analysis of the 
dynamic performance is described by three criterions: rise 
time, overshoot and settling time. 
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V. RESULTS AND DISCUSSIONS 

So as to confirm the efficiency and performance of the 

proposed PID control design, an arrangement of simulations 
is outlined in the current section.  

The poultry house model examined has the ensuing transfer 
function matrix : 

11 12
3 3

3
21 22

3 2 3 2

10 1 10 1
( )

( 10 )

10 10

k k

s s
G s

k s k

s s s s



 
  
 

 
     

With:  

4
11 10.85.1 k        712 k      
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22 10.72.6 k   

For the TITO system, the steady-state process model is: 
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According to the equations above (11), (12), (15) and using 
the terms of (18), the reduced FOPDT corresponding of each 
single loop is: 

4 0,0014

1

1,5223.10
( )

0,0014 1

se
G s

s






)
 

59 1,2814.10

2 4

6,0904.10
( )

7,8039.10 1

se
G s

s






)
 

To evaluate how eagerly the EOPTF approximates with the 
proposed FOPDT, the bode diagrams are : 

 

 

Fig.6. Bode magnitude plots of the EOPTF and the 
reduced model for the poultry house system. 

To estimate the region stability of the proposed PID 
controller implemented with the FOPDT, the Hermite Biehler 
extension approach was applied, the proportional Kp range 
found is sketched over the range as to find the 3 gain 
parameters stabilizing the system (22) and (23). 

The stability region in three-dimensional plot for the 
parameters Kp, Ki and Kd of the proposed controllers are 
given as followed: 

 

 

Fig.7. The stabilizing set of (Kp, Ki, Kd) for the PID 
controller in the poultry house. 

The general parameters adopted in the test simulation of the 
GA optimization are tabulated in Table II. The initial lower 
and upper bounds of loop1 and loop2 controller Kp, Ki and Kd 
are fixed using the above results of Hermite-Biehler. The GA 
is implemented in MATLAB R2013b. 

Table II: Input parameters of the Genetic Algorithm 
Parameters Values 

Crossover probability Pc=0,8 

Mutation probability Pm=0,03 

Number of generation Ni=50 

Size of population N=100 

Figure 8 exhibits the closed loop step response of the set 
internal relative humidity and temperature tuned by the 
different optimal controllers. 
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Fig.8. Closed loop step response provided with optimal 
controller for temperature and humidity control. 

Table 3 summarizes the comparison of the numerical 
performance measures with reference to the ACO, GA and 
ZN approaches. The optimal controller settings are achieved 
via minimization of ITAE for the poultry house model using 
GA. 

Table III: Input parameters of the Genetic Algorithm 

Loop1 
Controlle

r 
Rise time 

(min) 
Settling 

time (min) 
Overshoot 

(%) 

1 
(Temp) 

ACO-PID 0,0733 0,4516 25,1436 

GA-PID 0,105 0,3866 11,816 

ZN 0,006 0,2533 39,99 

  ACO-PID 0,0235 0,1474 18,349 

2 (RH) GA-PID 0,0048 0,0631 10,443 

 ZN 0,005 0,0192 108,25 

It is apparent from figure 8 that the GA optimization 
furnishes a better performance with quick and well-balanced 
responses compared to that given by ACO and ZN methods. 
In other hands, it can be shown from table 3 that the 
Ziegler-Nichols approach gives poor results compared to that 
of the optimization algorithms, especially for the overshoot 
estimated at 39,99%;108,25%  respectively  for temperature 
and relative humidity response. M. Bruant et al [24] reported 
that the strong oscillations can cause damage to the actuators 
and relatively increase the cost maintenance. 

In view of the performances indices recorded for PID 
controller optimized by GA and ACO, the rise time, settling 
time and overshoot for GA-PID controller were essentially 
lower than that of ACO-PID controller for temperature and 
relative humidity response.  

In this simulation study, the multi-loop controller design 

have demonstrated their effectiveness to be considered in the 
control of the dynamic systems resulted from the EOPTF. 
Identical method for synthesizing multi-loop PI/PID 
controller has been disclosed with 2-loop systems in [11] 
whose transfer function are reduced to FOPDT. Additively, 
newly research work for TITO process using BOA (Bat 
Optimization Algorithm) have been reported in [25], they 
have concluded that the optimized controller enhance 
significantly the performance compared to that of 
conventional controller. 

VI. CONCLUSION 

In this paper, the effective open-loop method is planned to 
decompose the multivariable interactive process systems into 
an independent SISO loops. The EOPTF corresponding of 
each loop was reduced into a simple FOPDT system. The 
multi-loop PID controller was successfully designed in both 
control of temperature and relative humidity. It has been 
demonstrated that the individual controller for each single 
loop was tuned in the first by an extension of the HB theorem 
to find the set of stabilizing parameters controller. Then, the 
Genetic Algorithm method was applied to select the optimal 
values of the controller parameters. This technique relates the 
two multi-objective optimizations. The former is translated by 
the use of the Hermite-Biehler theorem; the latter works on a 
population of individuals instead of a single point.  

Results from the closed loop step response analysis confirm 
that the FOPDT system was able to reach the predetermined 
set point with an efficient dynamic performance such as quick 
rise time, short settling time and a minimum overshoot. 
Consequently, the results achieved on controlling the relative 
humidity and temperature approve the capability of 
implementing the Multi-loop PID controller and affirm the 
ability to use the Genetic Algorithm in the procedure control 
of the poultry house system during the hot climates.  

As a result, this research work is fruitful in tending to the 
issue of the excessive level of heat producing by the broilers 
inside the livestock building. So as to feature this work, 
authors will concentrate on the implementation of this design 
controller in a real prototype poultry house.  
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