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Abstract: Technological advancements have driven the rapidly 
changing digital era, making the Internet of Things (IoT) adaptable 
in several study fields. Efficiently designing and developing smart 
greenhouse systems may enhance precision agriculture by enabling 
automated and accurate operations. This study concentrates 
on the architectural design of a smart greenhouse monitoring 
system. It employs Message Queue Telemetry Transport (MQTT) 
as a protocol to facilitate data communication between devices 
within the IoT system over extensive distances. This protocol works 
in conjunction with applications that use the Information Flow 
Diagram (IFD) architecture for the user interface. Additionally, the 
protocol evaluates the efficiency of using the smart greenhouse 
system with a mobile application. By assessing farmers’ acceptance 
of the proposed IoT system, 35 farmers explored the adoption of 
IoT technology for farming based on the Technology Acceptance 
Model (TAM) model. The evaluation of the results of the hypothesis 
test was analyzed using the critical ratio value, with a required 
limit of 1.96 at the 95% confidence level. We can conclude that 
all the hypotheses were acceptable.
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1. Introduction

 Currently, technology plays a  
critical role in the ongoing global digital  
transformation (Ghobakhloo, 2020). It is  
essential in various areas of daily life and 
work. The Internet of Things (IoT) is another 
technology that has played a significant 
role, is becoming a revolutionary step in the 
modern world, and is pursuing cost-effective 
resources (Li et al., 2014; Laghari et al., 2021; 
Promput, Maithomklang, & Panya-isara, 2023).  
Specifically, we focus on data connection, 
factor control, and automation of data  
collection to boost productivity in the  
industrial and agricultural sectors. Labor can  
be managed in the agricultural sector by through 
the application of innovation and technology. In 
a value-based economy, driven by innovation,  
modern farmers earn by enhancing their 
skills and utilizing cutting-edge agricultural 
technologies to transfer from traditional  
agriculture to modern precision farming. This 
technology has been continuously utilized 
in precision farming, and there is ongoing 
research into the application of the Internet 
of Things in agriculture (Ahmed et al., 2019), 
including chicken farming (Masriwilaga et al., 
2019), mushroom cultivation (Mahmud et al., 
2018), control and monitoring for agriculture  
(Padalalu et al., 2017), and automatic  
watering systems (Patil & Shah, 2019).

 Nevertheless, there is a growing need 
among farmers for precision farming or smart 
farming systems that can effectively enhance 
productivity across multiple farms. There 

are many advantages to intelligent systems, 
such as the ability to analyze data. Automatic 
displays are convenient and easy to use for 
status monitoring, environment management, 
etc. The challenge in system development 
is its compatibility with a variety of devices. 
The design and development of applications 
are crucial for managing a diverse range of 
environments. We have studied the design 
concepts using information flow diagrams to 
understand and communicate the process 
(Rukhiran & Netinant, 2020a; Rukhiran & 
Netinant, 2020b).

 The Technology Acceptance Model 
(TAM) (Davis & Venkatesh, 1996; Venkatesh 
& Davis, 2000) is a theory that says and 
represents that the theory was developed 
from the Theory of Reasoned Action (TRA),  
a study about the acceptance and  
decision-making of new technologies or  
innovations by consumers. Many researchers 
have applied the concept of TAM to study the 
adoption of applications in various contexts, 
such as library information systems (Rafique 
et al., 2020), medical technology (Rahimi  
et al., 2018), and describing the ICT acceptance 
behavior of agriculture professionals (Alambaigi &  
Ahangari, 2016). We tested the acceptance of 
IoT technology, sensors, and remote-control 
devices to evaluate smart farm applications. 
The farmers were evaluated based on the 
principles of technology acceptance for the 
studied system. This assessment involves 
comparing the usefulness and ease of use 
between traditional farm systems and smart 
farm systems.
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 The objectives of this study are to 
investigate the adoption and utilization of IoT 
technology in precision agriculture, specifically 
in smart greenhouse systems. The application 
can improve efficiency, user experience, and 
acceptance of IoT technology for farmers.  
The authors concentrate on crafting the  
IoT system architecture and developing  
applications for smart greenhouse systems,  
which aid in automating control and  
monitoring environments. They used information  
flow diagrams (IFDs) for the design process, 
user interface, and user interaction of the  
web application. In addition, the TAM is used  
to examine the farmers’ satisfaction with the  
system. Therefore, developing a user interface  
design application for a smart greenhouse  
on a handheld device can support the  
needs of farmers.

2. Materials and Methods

2.1 The IoT Architecture Diagram 
Design

 The conceptual design of smart 
greenhouse systems using IoT for research 
purposes employs a 4-layer architecture. This 
architecture is utilized to design components of  
the IoT (Madato, Petlamul, & Mahamad, 
2022) concept, integrating with technology 
to communicate data between IoT devices 
for control or data exchange using the 
widely adopted Message Queue Telemetry  
Transport (MQTT) protocol. This includes 
environmental monitoring, such as detecting 
changes in rainfall and weather conditions  

and providing real-time plant care  
information to farmers in India (Mukherji  
et al., 2019). MQTT, being a reliable and  
secure protocol for data transmission,  
utilizes small-scale management, facilitates 
low-cost productivity enhancements, and 
offers high convenience. Hence, it is suitable  
for future smart farm technology (Yoon  
et al., 2020). Farmers can utilize this  
concept to develop plant care control  
systems in small-scale greenhouse  
environments using IoT technology. 

 The smart greenhouse systems 
have been developed to support the  
implementation and application of  
environmental condition monitoring and 
control systems, as shown in Figure 1. The 
applications and data logging layer retrieves 
data from the data logging component for 
analysis, visualization, and generating insights  
for decision-making through mobile  
applications. The data storage and  
processing layer enables tracking  
temperature, humidity, soil moisture, and  
soil PH data. The communication layer  
connects to Wi-Fi for wireless connectivity 
between the perception layer and other  
layers. MQTT is a lightweight messaging  
protocol that facilitates communication 
between the perception and application 
layers. The perception layer consists of IoT 
sensors and devices, such as the Raspberry 
Pi 3 Model B+, relay, temperature sensors, 
and humidity sensors.
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 In this paper, we study various sensors  
employed in designing and developing 
an IoT architecture for smart greenhouse 
systems for environmental detection. Our 
system uses the Raspberry Pi 3 Model B+ as 
the control unit for connecting all devices 
and sensors, which are programmed using 
a C++ instruction set to enable wireless  

connectivity at 2.4 GHz frequency to establish  
communication for sending data to  
applications with the MQTT protocol. The 
sensor devices used include a relay module 
(12 V, 1 channel), a SHTC3 temperature and 
humidity sensor, a soil moisture sensor module, 
and a soil pH sensor. The features of these 
sensors are shown in Table 1.
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2.2 Data Transfer using MQTT 
Protocol

 The MQTT is an IoT communication 
protocol that operates on top of the Transport 
Control Protocol (Dinculeană & Cheng, 2019). 
The system architecture is demonstrated in 
practice using Raspberry Pi connections to  
an application that is able to communicate  
with the PIN I/O of a board, as illustrated in  
Figure 3. MQTT connectivity enables the  
seamless transmission of sensor data from  
IoT sensors (such as the SHTC3, soil moisture,  
and soil pH sensors) to mobile devices, allowing  
users to monitor and analyze the greenhouse’s 
environmental parameters through a mobile 
application in real-time.

2.3 The Smart Greenhouse  
System on the Web Application

 The architectural design has been 
introduced to facilitate the utilization of 
sensors, networks, monitoring systems, data 
aggregation, and decision-making systems. In 

collaboration with IoT, data flow diagrams have 
been devised to improve the user experience 
of the web application for the intelligent 
subsoil decomposition system (Rukhiran & 
Netinant, 2020a; Rukhiran & Netinant, 2020b). 
Additionally, soil temperature monitoring in 
agricultural areas (Khan et al., 2022) and the 
regulation of temperature and humidity in 
greenhouses via cloud platforms and mobile 
apps enable effective data visualization, 
analysis, and real-time device control (Zaguia, 
2023). These systems serve various purposes, 
such as environmental management, light  
adjustment, and maintaining optimal  
temperature and humidity levels conducive 
to plant growth (Rukhiran, Chomngern, & 
Netinant, 2023; Sofwan et al., 2020).

 The smart greenhouse development 
is based on the System Development Life 
Cycle (SDLC) model, (Rhodes, 2012), which 
defines the development process. The working 
system can support the cultivation of various 
types of plants. The system can adapt to the 
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unique environment as needed. The smart 
greenhouse system uses data flow using 
the principles of the IFD shown in Figure 4, 
which consists of four primary components: 
the user interface, data, processes, data flow, 
and database.

 An IFD shows the overall system  
components and data collection. Users  
can access the system via a login page,  
register, and access various parameters,  
such as pump control, and monitor the  
temperature, humidity, and moisture content 
of the air and soil. 

2.4 Experimental Design

 To assess the implementation of 
the smart greenhouse system, we designed 
a research questionnaire to gauge farmers’ 
willingness to adopt the system. This involved 
examining various aspects of technology 

acceptance, namely: 1) perceived ease of 
use; 2) perceived usefulness; 3) behavioral 
intention; and 4) actual system use, which 
influences users’ intentions to use it and the 
likelihood of continued usage in the future  
(Davis, Bagozzi, & Warshaw, 1989). The  
TAM framework guides the identification of  
these constructs and the formulation of  
questionnaire items. The TAM factors were  
categorized into four sections: perceived  
usefulness (PU) (consisting of 5 items), perceived 
ease of use (PEU) (comprising 5 items), behavioral  
intention (BI) (including 3 items), and actual 
system use (ASU) (comprising 3 items).

2.5 Hypotheses Model

 The current research model for this 
study is adapted from the TAM. The proposed 
framework has four variables that suggest the 
following hypotheses:
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 H1: Perceived ease of use has  
a positive effect on perceived usefulness

 H2: Perceived usefulness of use has 
a positive effect on behavioral intention

 H3: Perceived ease of use has  
a positive effect on behavioral intention

 H4: Behavioral intention has a positive 
effect on actual system use

 By testing these hypotheses within 
the context of the smart greenhouse appli-
cation, researchers can gain insights into the 
relationships between perceived ease of use, 
perceived usefulness, behavioral intention, 
and actual system use. This model provides 
a structured approach to understanding user 
acceptance and adoption, contributing to the 
development and improvement of technology 
in agricultural practices, as shown in Figure. 
4.

2.6 Respondents

 Sampling for research according to 
Arikunto, if the subject was less than 100 
people all the sampling should be taken (Jiang 
& Yuan, 2017). The respondents in this study 
were chosen via simple random sampling. 

Specifically, by selecting 35 farmers with 
greenhouses near Rajamangala University of 
Technology Tawan-ok, Bang Phra campus as 
sampling objects.

2.7 Questionnaires and Data 
Collection

 A questionnaire was designed based 
on variables from the TAM framework. The 
questionnaire design used a five-point Likert 
scale, with values from 1 (strongly disagree) 
to 5 (strongly agree). The collection of data 
occurred between October 15 and December 
20, 2023. Research data were collected by 
giving the smart greenhouse system to farmers 
to try, then giving them questionnaires after 
trying out the system.

3. Results and Discussion 

3.1 Evaluation of Measurement 
Model

 The test of the measurement model  
is an evaluation of the validity and reliability  
of the instrument. Following the  
recommendations of Bagozzi and Yi, none  
of the 15 items were removed from the 
analysis because all standard item loading 
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values had a statistical limit of 0.5. The loading 
values of 0.754 to 0.984 were significant and 
showed great dependability. The instrument’s 
accuracy, consistency, and dependability 
were evaluated.

 The average variance extracted (AVE), 
which measured the proportion of variance 
captured by the latent variable, was above 
0.50 and ranged from 0.753 to 0.892. 

 The composite reliability (CR), which 
assesses the internal consistency of the  

instrument, exceeded 0.70 and ranged  
from 0.913 to 0.965. 

 These findings indicate high data 
reliability. Additionally, Cronbach’s alpha  
coefficient, which measured internal  
consistency, exceeded 0.70 and ranged  
from 0.905 to 0.967, as recommended by 
Cronbach. 

 Table 2 shows that all research  
variables are valid and reliable.

Table 2. Convergent validity and reliability of constructs

Constructs Items Loadings AVE CR
Cronbach’ 

alpha

Perceived Usefulness (PU)

PU1 0.907 0.753 0.938 0.930

PU2 0.754

PU3 0.945

PU4 0.809

PU5 0.910

Perceived Ease of Use (PEU)

PEU1 0.771 0.848 0.965 0.967

PEU2 0.925

PEU3 0.954

PEU4 0.955

PEU5 0.984

Behavioral Intention (BI)

BI1 0.918 0.778 0.913 0.905

BI2. 0.890

BI3. 0.836

Actual System Use (ASU)

ASU1 0.967 0.892 0.961 0.958

ASU2. 0.966

ASU3: 0.898
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 3.2 Overall Conformity  
Evaluation (Overall Goodness 
of FIT Model)

 Table 3 presents a summary of the 
overall model fit measurements. In addition 
to the chi-square, X2/df, CFI, GFI, AGFI, RMSEA, 
and SRMR values are checked (Diamantopoulos, 
Siguaw, & Siguaw, 2000; Bollen, 1989; Kaplan, 
2009; Hu & Bentler, 1999). 

 The overall results for the goodness 
of fit model were as follows: The chi-square 
value was significant (p = 0.075 > 0.05); the 
X2/df, a calculation of the chi-square value 
divided by the degree of freedom (df), = 1.139 
< 3, thus fulfilling the criteria for goodness of 
fit; the RMSEA = 0.014 < 0.05 and the SRMR 
= 0.003 < 0.05 meet the absolute goodness 
of fit requirement; the CFI = 0.975 ≥ 0.95, GFI 
= 0.997 ≥ 0.95 and AGFI = 0.987 ≥ 0.95 all 
meet the incremental fit measures.

3.3 Analysis of the Structural 
Model

 The application of the structural 
model produces the output in the form of 
path coefficients and R-squared. The value 
of R-squared (R2) was determined to identify  
the ability to explain the four research 
variables. If the value of R2 is close to 1, it 
indicates the independent variable explains a 
large portion the variance in the dependent  
variable (Imam, 2012). The test results showed 
that the R2 value of the perceived usefulness 
variable was 0.761, the behavioral intention 
variable was 0.498, and the actual system 
use was 0.541. While the perceived ease of 
use variable was 0.

 The path coefficient describes the 
positive or negative relationship between 
two latent variables and the magnitude of 
the influence one latent variable has on the 
other. The CR value is obtained by dividing  
the estimated parameter value by the  

Table 3. Overall results goodness of fit model

Fit Model Recommended Actual

Chi-square p > 0.05 0.075

X2/df < 2.00 1.391

CFI ≥ 0.95 0.975

GFI ≥ 0.95 0.997

AGFI (Adjusted) ≥ 0.95 0.987

RMSEA < 0.05 0.014

SRMR < 0.05 0.003
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estimated standard error (SE) value. The 
aim of the hypothesis test was to analyze 
the critical ratio (CR) value, then compare it 
to the required limit of 1.96, and use a 95% 
confidence level to determine if a relationship 
is significant. According to Table 4, it could 
be concluded that hypotheses H1, H2, H3, 
and H4 were acceptable.

4. Conclusions

 In this paper, the study highlights 
the significance of the IoT smart greenhouse  
system architecture, which acts as a foundational  
framework for integrating diverse components.  
The perception layer acquires crucial  
environmental data through sensors like 
temperature, humidity, soil moisture, and pH 
sensors. Efficient and reliable data transmission  
between the perception and application  
layers is ensured by the communication layer 
through MQTT connectivity. The application 
layer provides a user interface, empowering  
users to monitor, control, and analyze 
the greenhouse environment via a mobile  
application. The findings underscore the 

seamless integration of IoT devices and web 
applications into the design and operation of 
smart greenhouses. Key elements such as 
the main menu, data storage, and database,  
automatically updated according to the  
information flow diagram (IFD), contribute to 
establishing an appropriate and consistent  
natural environment. These findings resonate 
with Terence & Purushothaman’s (2020) research 
on smart farming architecture, leveraging IoT 
for remote monitoring and control to reduce  
labor intensity and optimize resource  
utilization. Addressing user acceptance  
factors and ensuring the perceived usefulness 
and ease of use of the IoT smart greenhouse  
system can enhance its adoption and  
successful implementation. This research 
utilizes a microcontroller that is compatible 
with wireless networks, specifically Wi-Fi, to 
establish connections with devices. This feature 
enhances the accessibility and usefulness of 
the system.

 In the future, we aim to develop an 
intelligent system to control and monitor 
greenhouse temperatures. Once a farmer 

Table 4. Coefficient calculation results

Hypothesis Estimate SE CR Description

H1: Perceived ease of use   
Perceived Usefulness

1.253 0.510 5.621

Acceptable

H2: Perceived Usefulness  
Behavioral Intention

1.791 0.239 4.327

H3: Perceived ease of use  
Behavioral Intention

1.920 0.182 4.877

H4: Behavioral Intention  
Actual System Use

0.358 0.101 4.974



วารสารวิทยาการสารสนเทศและเทคโนโลยีประยุกต์, 7(1): 2568
Journal of Applied Informatics and Technology, 7(1): 202537 วารสารวิทยาการสารสนเทศและเทคโนโลยีประยุกต์, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 202530Smart Greenhouse System Based on Internet of Things using...

Sommart Promput, Naris Uraipan, Suttipong Klongdee

Yoon, H. W., Kim, D. J., Lee, M., Weon, C., & 
Smith, A. (2020, August). L & M farm: 
A smart farm based on LoRa & MQTT. 
In 2020 International Conference on 
Omni-layer Intelligent Systems (COINS) 
(pp. 1-6). IEEE. https://doi.org/10.1109/
COINS49042.2020.9191387

Zaguia, A. (2023). Smart greenhouse  
management system with cloud-based 
platform and IoT sensors. Spatial 
Information Research, 31(5), 559-571. 
https://doi.org/10.1007/s41324-023-
00523-3

วารสารวิทยาการสารสนเทศและเทคโนโลยีประยุกต์, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 202527Smart Greenhouse System Based on Internet of Things using...

Sommart Promput, Naris Uraipan, Suttipong Klongdee

selects a crop type, we will create a database 
to automatically store the best environmental 
conditions for growing that crop. Additionally, 
we plan to improve the efficiency of control 
equipment compatible with 5G signal networks, 
enabling remote farming operations.
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