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Abstract- In modern agriculture, our focus is on optimizing crop cultivation, particularly in greenhouses, to enhance productivity and resource
efficiency. This paper investigates the pivotal role of temperature and humidity control in greenhouses for optimal plant growth. Our study
employs a MATLAB/ Simulink-designed system for continuous monitoring, analysis, and real-time adjustments, connecting with various
actuators and integrating external data. Results show the system efficiently corrects variations, ensuring temperature and humidity return to
set points of 25°C and 60% respectively. This underscores the trans-formative potential of the control system in revolutionizing agriculture for

increased efficiency and sustainability.
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1 INTRODUCTION

he cultivation of crops in controlled environments,

such as greenhouses, has become an essential
component of modern agriculture. Greenhouses offer
advantages in terms of crop yield, quality, and resource
efficiency. However, to maximize the benefits of
greenhouse cultivation, it is crucial to maintain optimal
growing conditions. Among the many environmental
factors influencing plant growth, temperature and
humidity stand out as critical parameters that demand
precise control and management (Ahamed et al., 2023).
Inadequate control of these factors can lead to reduced
crop yields, increased susceptibility to diseases, and
diminished product quality (Gruda & Tanny, 2014).
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Fig. 1: Schematic diagram of greenhouse climate model (Vanegas-
Ayala et al., 2022)
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To address these challenges and harness the full potential
of greenhouse cultivation, the development of a robust
and adaptive control system is imperative. Such system
will focus on achieving precise regulation of temperature
and humidity within the greenhouse, with the
overarching objective of optimizing plant development.
This project's significance lies in its potential to contribute
to sustainable agriculture and food security, particularly
in regions where adverse weather conditions or resource
limitations may otherwise hinder crop production
(Wheeler, 2015).

The model begins with a fundamental framework of the
greenhouse environment, as seen in Fig. 1. This diagram
illustrates the external weather conditions and the control
systems that influence the interior climate of a
greenhouse. The growth of crops within the greenhouse
is influenced by factors such as energy balance, CO2
concentration, and air humidity, all of which are subject
to the impact of external variables. By leveraging
advanced technologies, data-driven strategies, and
innovative control algorithms, this research endeavours
to create a control system that can continuously monitor,
analyze, and adjust the greenhouse environment in real
time.

2 LITERATURE REVIEW
The survey of literature relating to the topic will be
subdivided into three sections as presented.

2.1 EFFECTS OF TEMPERATURE AND HUMIDITY ON
PLANTS AND GREENHOUSES
Relative  humidity greatly affects transpiration.
Transpiration transports water for photosynthesis and
growth and cools plants. Thus, has become crucial to the
plant's health. Similar to humidity swings, sudden
changes can kill plants. Short-term 20% relative humidity
changes can harm tissue (Jaworski & Hilszczanski, 2013).
Since plants are used to moderate humidity fluctuations
in nature, they cannot quickly adapt to such rapid shifts.
The link between greenhouse temperature and relative
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humidity is important because air temperature impacts
moisture retention.

Crops are mostly affected by humidity and temperature.
Controlling these edaphoclimatic conditions can boost
plant health (Maher et al., 2016: Putti et al., 2017). Effective
greenhouse management requires temperature and
humidity adjustment, which affects crop growth and
production (Putti et al., 2017; Boughamsa&Ramdani,
2018). Exclusively regulating air temperature may result
in  insufficient greenhouse management since
temperature and humidity affect important biological
functions like transpiration and photosynthesis (Hadidi
et al, 2021). Greenhouse temperature and humidity
management is complicated and depends on the expertise
of agricultural specialists (Cui & Wang, 2013; Hong, 2014).

The synthesis of findings emphasises the integral
relationship between relative humidity, temperature, and
plant  health.  Achieving effective  greenhouse
management requires a comprehensive approach,
considering both temperature and humidity adjustments,
and underscores the importance of agricultural specialists
in navigating the intricacies of this relationship.

2.2 CONTROL OF GREENHOUSE CLIMATIC VARIABLES

To enhance the efficacy of environmental controls in
greenhouses, a foundational comprehension of
greenhouse climate models is essential. The quality of
these models is crucial for developing high-performance
controllers, necessitating connections to external factors
like solar radiation, outdoor air temperature, wind speed,
and various operational activities such as ventilation,
cooling, and heating. Achieving optimal performance
requires effective regulation of the internal climate, with
decision-making across temporal scales to promptly
respond to alternative climatic circumstances (Javadikia
et al., 2009; Salgado & Cunha, 2005; Subin et al., 2020;
Faouzi et al.,, 2017; Hadidi et al., 2021, Maher et al., 2016).
To address the greenhouse effect, numerous
methodologies employing artificial intelligence (Al)
methods such as artificial neural networks (ANNSs), fuzzy
logic (FL), and genetic algorithms (GAs) have been
developed for monitoring and regulating climatic
conditions in greenhouses. These Al strategies find
application in various sectors, including contemporary
manufacturing, robotics, automation, and the food
industry (Hadidi ef al., 2021).

A well-engineered greenhouse control system has the
potential to effectively manage temperature and
humidity levels amidst varying external circumstances.
The literature extensively explores desiccant air-
conditioning  alternatives  for  greenhouse  air-
conditioning, and numerous studies delve into control
systems managing temperature and humidity in
greenhouses, aiming to improve energy efficiency in both
traditional and low-energy setups (Shahzad et al., 2021;
Sultan et al., 2014, 2016, 2020; Hamidane et al., 2021, 2023;
Outanoute et al., 2016; Pawlowski et al., 2017; Piscia et al.,
2015; Wang & Wang, 2020; Zhang et al., 2020). These
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development of innovative control systems that minimize
energy usage and optimize growth conditions. This
survey establishes the foundational importance of
greenhouse climate models, AI methodologies, and
control systems in optimizing environmental conditions
for greenhouse cultivation.

The subsequent focus of this work centres on the
deployment of the Proportional-Integral-Derivative
(PID) controller for greenhouse temperature and
humidity regulation. Acknowledged for its simplicity and
robustness, the PID controller calculates control signals
for actuators based on current and desired temperature
and humidity values (DiStefano et al., 2012). Various
researchers have applied the PID controller in diverse
fields, including DC motor response (Martins et al., 2022;
Abba et al, 2022) and temperature control in milk
pasteurization (Adegbola et al., 2022).

3 MoDELS DESCRIPTION AND SIMULATIONS

The components used included set point blocks, which
specified desired temperature and humidity levels, and
sensor blocks, which simulated temperature and
humidity sensors to provide real-time feedback on the
actual environmental conditions. The controller blocks
serve as the heart of the system, responsible for
implementing control algorithms to adjust heating,
cooling, humidification, and dehumidification systems
based on the sensor feedback. Additionally, plant model
blocks captured the dynamics of the greenhouse,
describing how the temperature and humidity change in
response to control actions. The greenhouse model and
control implementation flowchart is shown in Fig. 2

This holistic model aims to achieve precise and stable
control of the greenhouse's internal conditions, ensuring
that temperature and humidity consistently remain
within the desired ranges for optimal plant growth. The
greenhouse's dynamic relative humidity model may be
determined using (Fitz-Rodriguez et al., 2010)
=y (E-VH~H)) 1)

H; and H, are the relative humidity levels inside and
outdoors, respectively. The evapo-transpiration rate,
denoted as E, is determined by the combined processes of
soil evaporation and crop transpiration. This rate may be
computed using Eq. (2).

E=CW;(p, —pi) )

where p,and p;represent the outside and interior
saturated vapour pressure, respectively, while C,denotes
the transfer coefficient of water vapour in the air. The
equation that governs the internal air temperature is

given by as (Fitz-Rodriguez et al., 2010),
dT Cyentilation heatin
e dCoV (QF- + Qi + 05— Quy )

3)
Quentitation 1S the rate of heat lost from the activating the
ventilation expressed as,

works employ mathematical modelling, experiments, Quencitation = VrCada(To = T) @
simulations, parametric sensitivity analysis, and
greenhouse performance factors to guide the
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where V.is the ventilation rate; Qpeqringis the heat
provided by the heating system defined as,
NyRy,

Qheating = 5_5 )

where Nj, is the number of the heaters with the capacity
Rh.
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Fig. 2: Greenhouse Control Model Flowchart

The present study employs a PID controller to effectively
control both temperature and humidity. The general
mathematical description of PID mentioned is given as
(Chang, 2007); Arruda et al., 2008),

u(®) = K, () + 1 fy e(@dr + T 57) ©)

Where Kis the proportional gain, T; is integral time; T is
the derivative time; K; = K,,/T; is the integral gain; K; =
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K,T, is the derivative gain; e(t)is the current error signal
described as e(t) = x(t) — u(t); x(t) are the controlled
variables which include the inlet temperature T;,, and inlet
humidity, H;,,; u(t) are the manipulated variables, which
include ventilation rate and water capacity of fog system
of greenhouse respectively. The general block diagram of
the PID controller for the greenhouse is shown below in
Fig. 3.
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Fig. 3: Closed-Loop Feedback system for Greenhouse using PID
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Tuning the PID controller gains enhances the
effectiveness of the control system by reducing

departures from set-points, minimizing oscillations, and
providing stable greenhouse conditions. Visualizations
utilizing the scope block enable users to see the system's
monitoring of set-points, evaluate overshoot, settling
time, and steady-state error, hence easing the assessment
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Fig. 4: Simulink model of the greenhouse system

Fig. 4 depicts a Simulink model for a greenhouse control
system aimed at effectively regulating temperature and
humidity for optimal plant development. The PID
controller assesses discrepancies between desired set
points and sensor outputs, while a plant model captures
greenhouse dynamics. The feedback loop continuously
adjusts until stability is achieved, ensuring temperature
and humidity align with intended limits. Control strategy
selection and controller tuning significantly influence
system performance observed overshoot and oscillations
during steady-state transition.

4 RESULTS AND DiscusSION

The findings from the Simulink simulations align well
with existing theories and principles in control systems
and greenhouse management as reported by Adams et al.
(2012) and Hanan et al. (2012). The study yielded positive
outcomes, successfully achieving the stated objective of
developing a control system capable of restoring the
temperature and humidity to a predetermined level of
25°C and 60% (see Fig. 5).
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Fig. 5: Temperature and humidity response of the greenhouse

Figure 5 depicts the response of the greenhouse's internal
temperature over time. It demonstrates the system's
capacity to monitor the temperature set point and
emphasises any variations or departures from the
intended temperature range. This aligns with the concept
of system dynamics (Ogata, 2020). System dynamics
theory involves understanding the behaviour of dynamic
systems over time. The essential parameters for analysis
in the results encompass overshoot, which denotes the
extent to which the temperature surpasses the set point
prior to achieving stability, settling time, which signifies
the duration required to attain a stable condition, and
steady-state error, which indicates any enduring
discrepancy between the set point and the ultimate
temperature value. This discussion is in conforms with
control system theory (Dorf, 2016); and these parameters
are key metrics in evaluating the performance of control
systems. The utilization of a PID controller facilitated the
stabilization of the aforementioned variables corresponds
with the expected outcomes based on control theory. The
inclusion of the integral component in the system's
control loop serves to mitigate steady-state error, whilst
the derivative term plays a role in attenuating oscillations.
This is consistent with classical PID control theory.
Collectively, the use of these concepts can effectively
mitigate  overshoot and enhance the overall
responsiveness of the system.

Furthermore, an essential outcome depicted in Fig. 5 is the
response of the greenhouse's humidity level over time, in
addition to the temperature. The graph has a parallel
structure to that of the temperature graph, with the x-axis
representing time and the y-axis representing humidity
response. The Figure offers valuable information into the
efficacy of the control system in maintaining humidity
levels within the specified range. Additionally, it
elucidates several aspects, including overshoot, settling
time, and steady-state error, within the realm of humidity
regulation. The humidity PID controller has a similar
stabilizing effect on the theses as the temperature PID
controller.

The figures show that initially, both temperature and
humidity departed from the set point. However, the
system efficiently controlled these deviations and
brought them back to the target values reflecting the
concept of efficient system response (Franklin et al., 2015;
Astrém and Wittenmark, 2013). In control systems theory,
an efficient response implies that the system can quickly
and effectively correct deviations from the desired state.
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The graphical representations derived from Simulink
simulations offer a full perspective on the practical
performance of greenhouse control systems. A full
comprehension of the fundamental principles and
mechanisms in physics is crucial to effectively analyse
these graphical representations and make well-informed
judgments on the adjustment of control variables and the
development of the greenhouse setting. The successful
management of greenhouse conditions necessitates a
careful equilibrium between the transmission of heat,
thermal mass, humidification, dehumidification, and the
accurate implementation of control algorithms to sustain
the ideal environment for plant cultivation.

The study's success in maintaining temperature and
humidity within predetermined levels corresponds with
environmental science principles. Achieving and
sustaining specific climate conditions is essential for
optimal conditions in controlled environments, such as
greenhouses or laboratories (Spellman and Stoudt (2013)).

5 CONCLUSION

The simulations showcase the proficiency of the
greenhouse control system. The result illustrates its
success in monitoring and controlling internal
temperature, effectively addressing overshoot, settling
time, and steady-state error through PID control. The
parallel analysis of humidity further highlights the
system's adeptness in maintaining both temperature and
humidity within specified ranges. Despite initial
deviations, the system efficiently corrects variances,
ensuring both parameters return to set points. The
graphical representations provide a comprehensive
view, emphasizing the importance of a nuanced
understanding of physics principles for informed
decision-making in greenhouse management. Overall,
the control system demonstrates effectiveness in
orchestrating environmental variables, fostering an
ideal environment for optimal plant cultivation.
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