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ABSTRACT  

 
This study was conducted to address the critical issue of the poor safety management system in laboratories, 

through the design of a smart laboratory management facility based on the Internet of Things (IoT). In this 

design, three major safety parameters-fire, temperature and carbon (ii) oxide (CO) levels were monitored by 

appropriate sensors, which transmit data to the microcontroller (Arduino) for interpretation. The Arduino 

microprocessor processed the data received from the sensor(s), makes decisions based on the predefined 

algorithms. Based on the decisions made by the Arduino, the microprocessor sends instructions to a relay 

module triggered the necessary actions to be taken by the output hardware devices-fire extinguisher, air 

conditioning system and exhaust fan unit. The temperature monitoring system was designed at an 

operational range of 18°C to 25°C, the CO control unit was designed to maintain the CO concentration inside 

the laboratory at a level not exceeding 4 parts per million (ppm), as approved by the World Health 

Organization; while fire control unit was designed to detect the presence of smoke of naked fire inside the 

building. In the event that any of these parameters breach safety thresholds, the smart structure's safety 

system will trigger the appropriate responses. The designed structure was built in compliance with 

international safety standards. Results obtained through the testing and evaluation of the system revealed 

that the smart system had overall performance efficiency of 91% and false output of 9%. The system's failure 

rate of 9% can be reduced by employing advanced sensors and adjusting the delay rate. The findings of this 

study revealed that IoT and automation can successfully monitor and protect the working environment 

inside laboratories. 
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INTRODUCTION  

Laboratory is a specialized place equipped with various instruments/apparatus that 

enhanced research and developments, analyzed data and contribute immensely to 

knowledge and development of new technologies (Junwei et al., 2022; Wang, 2022). 

Laboratory provides a conducive environment for methodical investigation and 

experimentation, enabling researchers to test hypotheses, validate theories, and 

make meaningful contributions to their respective fields                                                       

(Shana and Abulibdeh, 2020). Laboratories which are integral spaces within colleges 

and universities play a pivotal role, in the education and professional development 

of the students. Apart from practical skills that students learn in laboratories, they 

are major source of internal generated revenue to higher institutions, as they carry 

out consultancy services for individuals and corporate organizations. Laboratories 

are hubs for research and modernization, as they enable individuals/students to 

conduct experiments, investigations, and research that will aid their practical 

knowledge in their respective areas of specialization (Liboreiro et al., 2022). 

There are several tasks required for an upkeep of any standard laboratory. Some 

of these tasks are environmental monitoring and control, attendance taking, 

materials inventory, waste management and other safety precautions.                    

Uguru et al. (2023) reported that high temperature usually affects the results of most 

food items during laboratory analysis, hence temperature should be considered as a 

serious factor during mechanical and textural evaluation of most agricultural food 

products. According to Befekadu et al. (2020), appropriate inventory management 

minimized bottleneck laboratory operations, and by ensuring that there are adequate 

materials for the smooth running of the laboratory system, by ensuring timely 

replenishment of laboratory commodities. Proper inventory management and 

environmental monitoring greatly influence the overall efficiency of laboratory 

operations (Leung et al., 2016; Restiana and Djukri, 2021). 

Smart system is a new innovation where the system meets remote monitoring 

needs, hence reducing the time taken and risks involved in the system operation. 

Smart systems enable real-time monitoring of laboratory equipment and processes 

from a remote location. The integration of automaton and smart systems into 

machine operations brings about several advantages, particularly in the context of 

remote monitoring and quality control (Ekruyota et al., 2021;                                             

Idama and Ekruyota, 2023). Well-furnished laboratories contribute immensely to the 

academic and socio-economic excellence of any institution of learning or research. 

Modernized laboratories are often equipped with sensitive apparatus and equipment 

that require specific environmental conditions (Timotheou et al., 2023). Many smart 

systems come with user-friendly interfaces that make it easy for researchers and 

technicians to interact with and control laboratory equipment remotely.  

Recently there are several innovations in agricultural productions that evolved 

from Internet of Things (IoT), automation, laboratory analysis, and biotechnology 

(Awad et al., 2022; Dhanaraju et al., 2022; Rejeb et al., 2022). Research findings from 

the laboratory have led to the development plants and animals with anticipated 

traits, and production of numerous high quality food items with improved shelf life. 

This has enhances the state of food security and reduces the occurrence of 

malnutrition (Pawlak and Kołodziejczak, 2020; Lenaerts et al., 2019;                                 
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Rajeev et al., 2022). Standard laboratories play a crucial role in supporting and 

advancing improved agricultural practices; thus their automation and application of 

IoT have become paramount interest (Dhanaraju et al., 2022). IoT is a new 

engineering innovation which allows hardware to be remotely activated and 

deactivated across the internet, as it has the ability to collect, share, and act on data, 

creating a network of interconnected systems (Nižetić et al., 2020; Ehsan et al., 2022). 

The (IoT) is a complex structure which involves the interconnectivity of various 

components (software and hardware) to create a network of interconnected devices. 

According to Sisinni et al. (2018), IoT has a lot of influence in the educational, 

agricultural, industrial and medical sectors, as it plays a pivot role in monitoring and 

controlling essential parameters in the workshop, laboratories and production unit 

operations. 

Several smart systems have been developed and evaluated by numerous researchers, 

and each system having its own assets and liabilities (Wenwen et al., 2016;                          

Ma et al., 2017; Zhichuang, 2018; Li et al., 2020; Zhou, 2022; Zhang and Zhou, 2023). 

The resources and liabilities of smart systems are dependent on the specific context, 

goals, and requirements of the intended application of the smart structure                    

(Reisinger et al., 2022). The major liabilities of smart structures are high initial costs 

of the smart equipment, and non-compatibility of the system with most obsolete 

apparatus and machines, though retrofitting package have been developed to boost 

the compatibility of older tools and machines with modern advance smart 

technologies (Pandiyan et al., 2023). Through numerous smart technologies has been 

developed and evaluated (Shazali Dauda and Toro, 2020; Tun and Myint, 2020), 

research into the development of hybridized smart university laboratory system is 

still scanty, mostly in the area of security and safety. Therefore, the goal of this 

research is to develop a smart technology for a modern laboratory of a university that 

will effectively monitor the temperature, fire and poisonous gas level. The monitoring 

of these crucial parameters will enhance the overall functionality and safety of the 

laboratory environment. 

 

MATERIALS and METHODS 

 

This smart structure design focused mainly on the implementation of intelligent 

control system in a laboratory to enhance the learning capability, and guarantee the 

safety of the occupants of the building-human beings and materials.                                 

Fatemi et al. (2022) during their investigation into laboratories safety, identified fire 

incidence and gas poison as some of leading cases of health hazards in major 

laboratories and workshops.  

The methodology adopted in this study was design of the smart system (with the 

goals clearly stated), testing and data collection, evaluation and monitoring systems. 

Remarkably, the system will provide alerts and warnings for any abnormal 

situations encountered (fire and excess CO), allowing for quick responses and 

interventions. Furthermore, the IoT unit will help to facilitating seamless 

communication between the system and administrator. Designing a system to ensure 

that critical parameters within the laboratory align with international safety 
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standards reflects a commitment to maintaining a healthy and secure environment 

in the workshop. 

 

The system software  

The Arduino Compiler (Integrated Development Environment-“IDE”), Blynk 

application for Android, and MATLAB were the software packages/platforms used 

for developing the system. The Arduino Compiler IDE is a powerful software 

platform that provides a user-friendly interface for programming Arduino 

microcontroller, and it is compatible with C++ programming language.  

Blynk Application for Android enables the development of more flexible Internet 

of Things (IoT) applications. Blynk Application has a strong potential of creating a 

graphical user interface (GUI) for IoT structures on mobile device. The MATLAB 

software was used to complement the capabilities of the Arduino in this smart 

laboratory facility. Remarkably, since Arduino which is compatible with C++ 

programming language was selected as the microprocessor, the C++ programming 

language was chosen as the programming language of the smart system.  

 

The system hardware 

 

Microcontroller  

An Arduino UNO R3 (model-ATmega328P) as shown in Figure 1 was used as 

microcontroller for the design of the smart facility.  The Arduino UNO have these 

specifications: voltage rating-6 V to 20 V, direct current-20 mA, main processor clock 

speed-16 MHZ, Memory-2KB SRAM and 32KB FLASH-, and operating voltage of 5 

V was used as microcontroller for the design of the smart facility.   

 
Figure 1. An Arduino microprocessor.  

 

MQ-2 Gas Sensor 

The MQ2 gas sensor which is commonly used for detecting carbon (ii) oxide and 

smoke was used to monitor the CO and smoke level inside the laboratory. It has these 

specifications: operating voltage of 5 V DC, heating resistance of 33Ω, power 

consumption of 800mw, and the sensing resistance ranges from 10 kΩ to 60 kΩ. The 

MQ2 gas sensor can be classically connected to an Arduino microcontroller to read 

the sensor's output.  
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DHT11 sensor 

The DHT11 sensor is basically used for Temperature and Humidity monitoring, and 

has a resolution of 1oC and 1% humidity.  It has an operating current of 2.5 mA and 

operating voltage of 5 V DC.  

 

Arduino Buzzer 

A buzzer for Arduino was used for the design and development of the smart system. 

The buzzer has a maximum sound output level of approximately 88 decibel, and 

operating voltage that ranged from 3 V to 24 V. 

 

Wi-Fi module 

The wireless router supports 2.4 GHz Wi-Fi with a transmission rate of 300 Mbps. It 

3 ports, with each port supporting network speeds of approximately 100 Mbps and, 

CPU frequency of 650 MHZ.  

 

Relay module 

Various types of relay modules were used to develop the system. Relay modules are 

specifically designed to control high-power output devices with lower-power rating 

microprocessor (Tjandi and Kasim, 2019). Their functions are to activate “switch ON” 

and deactivate “switch OFF” the control hardware, based on the instruction that it 

received from the microcontroller.  

 

Smart system architecture 

Figure 2 shows the block diagram of the smart laboratory, with the various entities 

of the prototype IoT based control system. The system architecture is a closed-loop 

system where the microcontroller interprets sensor(s) data, makes decisions based 

on programmed logic, and then controls the appropriate hardware device(s) in the 

laboratory.  

The various sensors are deployed in the laboratory to collect data from the system, 

and transmit them to the central processing unit (Arduino UNO R3). Thereafter, the 

microprocessor process and interprets the raw data received from the sensors, and 

activates the relay modules and Wi-Fi module in accordance with the interpreted 

data. The Wi-Fi module helps to facilitates basic communication between the 

Arduino UNO and the internet, and communicates wirelessly with to the designated 

mobile phone or personal computer. Interestingly, the system architecture depicted 

that the Arduino board is responsible for hardware control and interfacing, the Blynk 

app provides a user-friendly interface on a mobile device, and MATLAB may 

contribute additional analytical or computational capabilities. 
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Figure 2. The system block diagram.  

 

Hardware design 

The schematic view of the smart system hardware layout is illustrated in Figure 3. 

In the development phase of the system, the DHT11 sensor was connected to one of 

the digital pins on the Arduino board. The DHT11 interacts with the microcontroller 

through this digital pin, where its reads the digital signals to determine the 

temperature and humidity values inside the smart facility, and transmits the results 

to the microcontroller (Arduino), to process and determine if to initiate the relay 

module controlling the air conditioning unit based on predefined temperature 

threshold. The temperature relay module, when activated, controls the air 

conditioning unit according to the temperature conditions detected by the DHT11 

sensor. 

Furthermore, the buzzer functions as the alarm system. The buzzer and relay 

modules were linked to a digital output pin on the Arduino. Once it received data, 

the microcontroller sends a signal to the relay module by setting the digital pin to 

“HIGH” or “LOW”, which will translates if to activate or deactivate the appropriate 

hardware device after due interpretation of the signal. The hardware device relay 

module activates were air conditioning unit, fire extinguisher and exhaust fan for 

the temperate, fire and high CO presence signals, respectively. By combining these 

elements, the smart technology for the laboratory can create a dynamic, efficient, and 

secure learning environment for students while preparing them for the technological 

advancements in their studies.  

 
Figure 3. Diagram of the smart structure.  
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Arduino UNO R3 
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Targeted monitored parameters inside the laboratory  

Temperature control  

The system is designed to activate the air conditioning unit when the temperature 

rose above a specified threshold of 25oC, and deactivate the AC unit when the 

temperature falls below a specified threshold of 18oC. This is to maintain a 

comfortable and safe working environment. Figure 4 shows the flowchart of the 

temperature management inside the laboratory. Figure 4 depicted that the air 

conditioning unit will switched “ON” by a temperature relay module when the 

internal temperature exceeded the maximum predetermined level of 25oC; similarly, 

the flow chart revealed that the air conditioner will be switch “OFF” by the 

temperature relay module when the interior temperature of the laboratory falls 

below the minimum pre-set level of 18oC. Furthermore, the internet system will send 

alerts via email or SMS notifications to a selected administrator, indicating the 

interior temperature condition of the room.  

 

 
Figure 4. The temperature control flowchart.  

 

Carbon (ii) oxide control  

The CO concentration in the laboratory was constantly monitored to protect the lives 

of the students and other workers inside the structure. The flowchart in Figure 5 

turns the exhaust fan “ON” when the CO level inside the laboratory exceeded the 

World Health Organization (WHO) maximum limit of 4 parts per million (ppm), the 

CO relay module switches its state, enabling power to flow to the exhaust fan. 

Furthermore, the flowchart will send a signal to the targeted administrator if the 
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high CO accumulation problem exceeded 10 minutes after the force ventilation.  This 

is a common safety measure to ensure that the air quality in the laboratory remains 

within acceptable limits. The alert system will assist in promptly notifying 

responsible personnel, enabling them to investigate and address any potential issues 

contributing to prolonged high CO levels. 

 

 
Figure 5. The CO monitoring unit flowchart.  

 

Fire control  

Fire control is a pivot factor of safety in any laboratory or workshop. As shown in 

Figure 6, the flowchart activates the alarm system once smoke or naked flame is 

detected inside the building. Additionally, there is an IoT (Internet of Things) 

component calibrated to notify the administrator instantly, and if the issue persists 

after a set delay period of 10 minutes, the fire extinguisher unit is activated through 

the aid of the fire relay module. This will initiates the release of fire suppressant 

agents into the enclosed environment. This is a crucial step in attempting to control 

or extinguish the fire before it can spread further. 
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Figure 6. The fire control flowchart.  

 

Testing of the system  

The laboratory was tested for duration of 15 hours, during which the temperature, 

smoke and gas level inside the laboratory open space randomly varied through the 

aids of coal stove and electric heater. Incomplete combustion of coal produce carbon 

(ii) oxide (National Cancer Institute, 2022), which is the targeted poisonous gas 

designed for in this study. The internal temperature of the laboratory was preset a 

temperature ranged of 18oC to 25oC.  

The Wi-Fi module was responsible for connecting all the activities within the 

workroom to a cloud server, and the cloud server then relays this information to a 

designated administrator. Additionally, the buzzer helps in providing the necessary 

sound signal to alert the occupant of the building of the impeding danger. According 

to Tun and Myint (2020) and Ehsan et al. (2022), buzzer, an essential component of 

the IoT-based safety system (Arduino alarm system), provides audible alerts to notify 

a building occupants about potential environmental disasters.  Similarly, the cloud 

server incorporated into this system acts as an intermediary and a central hub for 

processing and storing the data (Tariq et al., 2023).  

The performance of each hardware device in the smart structure, and the overall 

performance of the structure were calculated through expressions shown Equations 

1 and 2. 
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𝑃 =  
𝑇0

𝑇𝑜+𝐹𝑜
× 100                             (1) 

            

∑ 𝑃 =  
𝑃1+𝑃2+𝑃3

3
                              (2) 

            

 

Where: To = True outcomes, 

Fo= False outcomes, 

P1= Performance of the temperature regulation unit 

P2= Performance of the fire control unit 

P3= Performance of the CO monitoring unit.    

 

RESULTS AND DISCUSSION  

 

The results of the testing of smart facility are presented in Figures 7, 8 and 9. The 

findings of the study revealed that the temperature, fire and CO monitoring units 

exhibited a commendable efficiency 87%, 93% and 93% respectively. These findings 

depicted that temperature control unit recorded the poorest (lowest) performance, 

while the fire and CO control units had the highest performance results. This reflects 

the system’s robust performance in detecting smoke/fire and carbon monoxide levels, 

and fairly good performance in regulating the room temperature. The fire protection 

results obtained in this study are in conformity with those previously recorded by 

Ehsan et al. (2022). The poor results recorded for the temperature monitoring unit 

could be attributed to poor delay setting (timing) and communication gap between 

the temperature monitoring unit and other components of the system                        

(Fang et al., 2021).  

Early fire and poisonous gases detection and containment are critical for the 

safety of the occupants of any structure, as it allows timely evacuation of human 

beings and reducing the risk of injury or loss of life (Firesafety, 2023). These goals 

were achieved by this system, as fire and CO detection recorded 93% success rate. 

Additionally, it was noted that the total performance efficiency of the smart scheme 

was 91%. Similar results were reported by Li et al. (2020) where they used ZigBee 

and RFID technologies to monitor the performance of some instruments and 

equipment in a smart laboratory. In the work of Poongothai et al. (2018), they 

developed a smart system using an Internet of Things (IoT) and mobile application 

technologies to control the environmental condition and energy consumption in a 

laboratory.   

This study finding highlights the positive synergies between different control 

subunits and how their collective performance contributes immensely to the overall 

success of the smart system. Damaševičius et al. (2023) stated that applying a robust 

smart system helps significantly in timely addressing of any anomalies; therefore, 

ensuring the overall safety of human beings and the environment. The failures (9%) 

observed during the testing of the scheme could be attributed to system of program 

errors, and partial compatibility of the software with the hardware, probably caused 

by coding issues and algorithmic shortcomings. These problems can be reduced 

through thorough examinations and optimization of the sensors and algorithms used 
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in the software system.  According to Ruskin et al. (2021), modifying the delay rate 

and sensors in a smart system is crucial for balancing responsiveness and avoiding 

false results.  

 
Figure 7. The result of the temperature monitoring unit.  

 
Figure 8. The performance of the fire control unit.  
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Figure 9. Performance rating of the CO monitoring unit.  

The overall performance of the smart system = 
87+93+93

3
  

= 91% 

 

CONCLUSION  

 

The study focused on developing a smart system that can monitor and control the 

temperature, poisonous gas (carbon monoxide - CO) level, and fire incidence inside a 

laboratory environment. These three parameters were designed to ensure a 

comfortable and operational environment for individuals working inside the 

laboratory. The fire detection and control unit was designed for effective fire 

extinguishing and evacuation of individuals and materials from the laboratory in 

case of fire incidence. Similarly, the system was programmed to maintain the 

laboratory temperature within the range of 18°C to 25°C. Simultaneously, the system 

will ensure that the CO level inside the laboratory is maintained below 4 ppm. 

Following the device's construction, the system underwent successful testing. 

Results obtained from the system testing revealed that: the fire detection and control 

unit successfully suppressed instances of fire within the laboratory, the temperature 

control unit successfully kept the room temperature within the desired comfort 

range, and the CO monitoring unit effectively prevented the buildup of the toxic gas 

within the laboratory environment. Summarily, the smart system indicated a 91% 

operational efficiency, earning it a performance rating that is generally considered 

above average. 

Considering the system's reliability and robustness in various scenarios, an 

automated monitoring system was developed by integrating three sensors, a 

microcontroller, and relay modules. This system responds to specific conditions 

inside the laboratory, contributing to both comfort and energy efficiency. Utilizing of 

advanced sensors and careful adjustment of delay rates can indeed be effective 

strategies for addressing and reducing the shortcomings (9% failure rate) identified 

in the system. Regular maintenance, testing and documentation are essential tools 
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in ensuring the reliability and effectiveness of the smart structure. Additionally, 

information obtained from this study will contribute to the advancement of smart 

agricultural production structures; thereby, improving food productivity and 

strengthening the prospects of achieving adequate food security. 

 

DECLARATION OF COMPETING INTEREST 

 

The authors declare that they have no conflict of interest. 

 

CREDIT AUTHORSHIP CONTRIBUTION STATEMENT 

 

The authors declared that the following contributions are correct. 

Friday Elohor Odoh: Designed the research Methodology and writing of the original 

draft. 

Ogaga Akpomedaye: Edited the manuscript. 

Ovuakporaye Godwin Ekruyota: Data analysis and review of the original draft.  

 

ETHICS COMMITTEE DECISION 

 

This article does not require any ethical committee decision. 

 

REFERENCES 
 

Awad NA, Mohamed E, Emad HE, Ahmed SMI, Yasser SGA, Mohamed SG, Reda MYZ, Rokayya S, 

Ebtihal K, Uguru H and Khaled S (2022). Evaluation of the effect of elite jojoba strains on the 

chemical properties of its seed oil. Molecules, 27: 3904-3913. 

Befekadu A, Cheneke W, Kebebe D and Gudeta T (2020). Inventory management performance for 

laboratory commodities in public hospitals of Jimma zone, Southwest Ethiopia. Journal of 

Pharmaceutical Policy and Practice, 13: 49-61. 

Damaševičius R, Bacanin N and Misra S (2023). From Sensors to Safety: Internet of Emergency Services 

(IoES) for Emergency Response and Disaster Management. Journal of Sensor and Actuator 

Networks, 12(3): 41-86. 

Dhanaraju M, Chenniappan P, Ramalingam K, Pazhanivelan S and Kaliaperumal R (2022). Smart 

farming: Internet of Things (IoT)-based sustainable agriculture. Agriculture, 12(10): 1745-1759. 

Ehsan I, Mumtaz A, Khalid MI, Iqbal J, Hussain S, Ullah SS and Umar F (2022). Internet of things-

based fire alarm navigation system: a fire-rescue department perspective. Mobile Information 

Systems, 2022: 1-15. 

Ekruyota OG, Akpenyi-Aboh ON and Uguru H (2021). Evaluation of the mechanical properties of 

tomato (Cv. Roma) fruits as related to the design of harvesting and packaging autonomous system. 

Direct Research Journal of Agriculture and Food Science, 9: 174-180. 

Fang B, Sun F, Quan Z, Liu H and Shan J (2021). Smart bracelet system for temperature monitoring 

and movement tracking analysis. Journal of Healthcare Engineering, 8347261-8347275. 

Fatemi F, Dehdashti A and Jannati M (2022). Implementation of chemical health, safety, and 

environmental risk assessment in laboratories: A case-series study. Frontiers in public health, 10: 

898826-898835. 

Firesafety (2023). Very Early Warning Fire Detection. Available online at: 

https://www.firesafetysearch.com/very-early-warning-fire-detection/  

Idama O and Ekruyota OG (2023). Design and development of a model smart storage system. Turkish 

Journal of Agricultural Engineering Research, 4(1): 125-132. 

Junwei W, Guangjun G, Xitao C and Liang T (2022). Development of Laboratory Management 

Intelligent Information System Using Functional Modules and Digitization Technology. 2022           

https://www.firesafetysearch.com/very-early-warning-fire-detection/


ODOH et al., / Turk J. Agr Eng Res (TURKAGER), 2023, 4(2), 263-277                                             276 

 

 

 

2nd International Conference on Networking, Communications and Information Technology 

(NetCIT). https://doi.org/10.1109/netcit57419.2022.00047  

Lenaerts B, Collard BCY and Demont M (2019). Review: Improving global food security through 

accelerated plant breeding. Plant Science, 287: 110207-110218. 

Leung NZ, Chen A, Yadav P and Gallien J (2016). The impact of inventory management on stock-outs 

of essential drugs in Sub-Saharan Africa: secondary analysis of a field experiment in Zambia. PLoS 

One, (5): 1-18. 

Li S, Gao X, Wang W and Zhang X (2020). Design of smart laboratory management system based on 

cloud computing and internet of things technology. Journal of Physics: Conference Series, 1549(2): 

022107-022119. 

Liboreiro KR, Corradi AA and Rapini MS (2022). The role of the university research laboratory in 

technology transfer to firms in Brazil: Two case studies in biotechnology. Industry and Higher 

Education, 36(4): 398-414. 

Ma Y, Wang F and Wang Z (2017). Intelligent laboratory management system based on Internet of 

Things. 12th International Conference for Internet Technology and Secured Transactions (ICITST). 

https://doi.org/10.23919/icitst.2017.8356449 

National Cancer Institute - NCL (2022). Indoor Emissions from the Household Combustion of Coal. 

Available online at: https://www.cancer.gov/about-cancer/causes-prevention/risk/substances/indoor-

coal  

Nižetić S, Šolić P, López-de-Ipiña González-de-Artaza D and Patrono L (2020). Internet of Things (IoT): 

Opportunities, issues and challenges towards a smart and sustainable future. Journal of cleaner 

production, 274: 122877-122891. 

Pandiyan P, Saravanan S, Usha K, Kannadasan R, Alsharif MH and Kim MK (2023). Technological 

advancements toward smart energy management in smart cities. Energy Reports, 10: 648-677. 

Pawlak K and Kołodziejczak M (2020). The role of agriculture in ensuring food security in developing 

countries: Considerations in the context of the problem of sustainable food production. 

Sustainability, 12(13): 5488-5497. 

Poongothai M, Subramanian PM and Rajeswari A (2018). Design and implementation of IoT based 

smart laboratory. 2018 5th International Conference on Industrial Engineering and Applications 

(ICIEA). https://doi.org/10.1109/iea.2018.8387090  

Rajeev RT, Shukadev M, Adinath EK, Rokayya S, Al-Mushhin AAM, Mahmoud FM, Uguru H and 

Mahmoud H (2022). Effect of harvesting stages and storage temperature on quality attributes and 

post-harvest shelf-life of mango (Mangifera indica). Journal of Biobased Materials and Bioenergy, 

16: 770-782. 

Reisinger MR, Prost S, Schrammel J and Fröhlich P (2022). User requirements for the design of smart 

homes: dimensions and goals. Journal of Ambient Intelligence and Humanized Computing. 

https://doi.org/10.1007/s12652-021-03651-6  

Rejeb A, Rejeb K, Abdollahi A, Al-Turjman F and Treiblmaier H (2022). The interplay between the 

Internet of Things and agriculture: A bibliometric analysis and research agenda. Internet of Things, 

19: 100580-100601. 

Restiana H and Djukri M (2021). Students’ level of knowledge of laboratory equipment and materials. 

Journal of Physics: Conference Series, 1842(1): 012022. 

Ruskin KJ, Corvin C, Rice S, Richards G, Winter SR and Clebone Ruskin A (2021). Alarms, alerts, and 

warnings in air traffic control: An analysis of reports from the Aviation Safety Reporting System. 

Transportation Research Interdisciplinary Perspectives, 12: 100502-100517. 

Shana Z and Abulibdeh ES (2020). Science practical work and its impact on students’ science 

achievement. Journal of Technology and Science Education, 10(2): 199-212. 

Shazali Dauda M and Toro US (2020). Arduino based fire detection and control system. International 

Journal of Engineering Applied Sciences and Technology, 4(11): 447-453. 

Sisinni E, Saifullah A, Han S, Jennehag U and Gidlund M (2018). Industrial internet of things: 

challenges, opportunities, and directions. IEEE Transactions on Industrial Informatics, 14(11): 

4724-4734. 

Tariq U, Ahmed I, Bashir AK and Shaukat K (2023). A critical cybersecurity analysis and future 

research directions for the internet of things: A comprehensive review. Sensors, 23(8): 4117-4132. 

 

 

https://doi.org/10.1109/netcit57419.2022.00047
https://doi.org/10.23919/icitst.2017.8356449
https://www.cancer.gov/about-cancer/causes-prevention/risk/substances/indoor-coal
https://www.cancer.gov/about-cancer/causes-prevention/risk/substances/indoor-coal
https://doi.org/10.1109/iea.2018.8387090
https://doi.org/10.1007/s12652-021-03651-6


ODOH et al., / Turk J. Agr Eng Res (TURKAGER), 2023, 4(2), 263-277                                             277 

 

 

 

Timotheou S, Miliou O, Dimitriadis Y, Sobrino SV, Giannoutsou N, Cachia R, Monés AM and Ioannou 

A (2023). Impacts of digital technologies on education and factors influencing schools' digital 

capacity and transformation: A literature review. Education and information technologies, 28(6): 

6695-6726. 

Tjandi Y and Kasim S (2019). Electric control equipment based on arduino relay. Journal of Physics: 

Conference Series, 1244(1): 012028. https://doi.org/10.1088/1742-6596/1244/1/012028  

Tun MZ and Myint H (2020). Arduino based fire detection and alarm system using smoke sensor. 

International Journal of Advances in Scientific Research and Engineering, 6(4): 89-94. 

Uguru H, Akpokodje OI, Hemdan DI, Sami R, Helal M, Aljahani AH, Ashour AA and Algehainy NA 

(2023). Effectiveness of plant oil in stabilizing the antioxidants, phenolic compounds and 

antimicrobial effects of groundnut (Arachis hypogaea L) oil. Materials Express, 13:704-716. 

Wang F (2022). Research on intelligent management of laboratory information technology. Procedia 

Computer Science, 208: 184-189. 

Wenwen J, Linbo Z, Feifan Z, Wenjing G and Yuxin G (2016). Intelligent wireless environmental 

monitoring system of university laboratory based on internet of things. Internet of Things (IoT) and 

Engineering Applications, 1: 1-5. 

Zhang N and Zhou L (2023). Design of intelligent art open laboratory management system based on 

internet of things. Proceedings of the 2023 3rd International Conference on Public Management and 

Intelligent Society (PMIS 2023), 4-11. 

Zhichuang C (2018). Research on the design of open laboratory management System based on Internet 

of Things. Digital technology and applications, 4(3):189-190. 

Zhou Z (2022). Design of medical equipment integrated management system based on Internet of 

Things. 2022 International Conference on Intelligent Transportation, Big Data &amp; Smart City 

(ICITBS). https://doi.org/10.1109/icitbs55627.2022.00092 

 

 

 

https://doi.org/10.1088/1742-6596/1244/1/012028
https://doi.org/10.1109/icitbs55627.2022.00092

