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 This report provides design, implementation, and testing of a PCB control board 

for managing multi-span greenhouses in a real-world setting. The board 

integrates many actuators and sensors to monitor and control the microclimates. 

It measures various environmental values, including temperature, moisture, and 

illumination. Using these values acquired, the system automatically regulates 

essential requested microclimate, like lighting, roof operation and air extraction, 

to optimize the inside environment. An LCD presents the gathered information 

for real-time monitoring. Moreover, the PCB accommodates multiple 

communication protocols, facilitating remote control via GSM and wireless 

connection with Xbee modules. This adaptable technology improves 

greenhouse automation and enables effective remote monitoring and 

administration. 
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1. INTRODUCTION 

Under this project, a controller for small to medium-sized multi-span greenhouses is developed. It 

controls three different kinds of sensors: temperature, humidity, and light (lux-meter); it has ten logic 

outputs with relays for power actuators. This system guarantees the best microclimate control by means 

of an intelligent heating and cooling controller, therefore providing ideal circumstances for plant 

development. One can have either manual or automatic control and monitoring. 

The gadget also supports three sorts of communication. The first is via a GSM link IEC 60068 (Xing et 

al., 2024) which lets the operator, and the greenhouse communicate digitally as well as vocally. The 

                                                           
* Corresponding author, E-mail address: zegaoui.abdallah@univ-ghardaia.edu.dz 

Tel : + 213 559722226 

https://doi.org/10.54966/jreen.v1i1.1432


 Journal of Renewable Energies ICREAA’24 Ghardaïa (2024) 133 – 138 

134 

second is a wireless local connection utilizing Zigbee technology (IEEE 802.15.4 standard) with a range 

of up to one kilometer; the third is wire communication using an RS232 interface. 

All warnings and measured values within the greenhouse are seen on an LCD screen. The relative 

humidity sensor measures from 0% to 99% RH; the temperature sensor measures a range from -55°C to 

128°C; the light sensor (lux meter) may measure from 1600 to 15000 lux. 

2. TYPES OF MULTI-SPAN GREENHOUSES 

Multi-span greenhouses provide many challenges including increased initial costs, limited financial 

access, unsuitable microclimate designs, poor technical knowledge, and insufficient post-harvest 

infrastructure (Prabhakar et al., 2017). Notwithstanding the possible long-term benefits, more 

productivity and longer growing seasons, these challenges limit wide application. Improving acceptance 

rates and promoting sustainable agriculture practices depends on facing these challenges (Forkuor et al., 

2022). 

Built with multiple parallel spans, the multi-span greenhouses offer more architectural freedom than 

single-span ones. Their scalability and adaptability make commercial agriculture often using them rather 

popular. 

 

Fig 1. PV-panel with one diode model simulation schematic. 

The categorization of greenhouses depicted in Fig. (1) depends on their architecture, materials, 

microclimates settings, and intended usage. The bent arches are the most used structures, enabling 

superior lighting, when gothic arches improve air ventilation, and even-span designs are the better for 

higher growing. The conventional glass offers optimal lighting but is heavy and expensive, when plastic 

(PE, PVF) is cheaper and easy for holding, the textiles are commonly utilized for shading and air 

ventilation. Control of the climate can be classified as natural, mechanical, or modern, the latter 

employing modern electronics systems for precise control. We classify greenhouses according to their 

usage, including producing greenhouses for commercial output, research greenhouses for studies in 

science, and educational greenhouses for educational purposes. This paper examines modern multi-span 

greenhouses employed in scientific research, which incorporate precise climate control systems and 

automation for accuracy in investigations. 
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3. DESIGN REQUIREMENTS AND SPECIFICATIONS 

The investigated multi-span greenhouse electronic system guarantees optimal and micro-climate 

settings by means of the management of the following actuators. These include regulating the 

opening/closing and the shading roofs systems, also enabling the ventilation as shown in Figs. (2), (3) 

and (4). The system also must control the air extractor to preserve the proper temperature and circulation. 

Especially in low-light settings, it should also regulate the moisture pump to control irrigation, the heater 

fan to guarantee sufficient warmth during colder seasons, and the lighting system to offer the required 

light for plant development. 

   

Fig 2. The air-extractor and moisture diffuser. 

   

Fig 3. The shading and amovible roof. 

 

Fig 4. The used multi-span greenhouse from inside. 
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4. HARDWARE DESIGN 

The board shown in Fig. (5) is designed with essential components to ensure effective and reliable 

performance. The system is powered by a regulated power source of 15V/333mA, and ten relays to 

control the requested outputs, thereby facilitating control over several actuators. The board incorporates 

also an RTC (Real-Time Clock) circuit for synchronous event execution, and an EEPROM enables 

external data logging capabilities. The board utilizes a PIC18F4520 microcontroller, and Zigbee 

communication in accordance with the IEEE 802.15.4 (Huang et al., 2015) standard for wireless 

networking. It also incorporates RS232 for wired connectivity and a GSM modem proficient at 

managing both data and voice transmissions. The system integrates an LCD display for real-time data 

monitoring, enabling user-friendly engagement. And Fig. (6) presents the full schematic without GSM 

communication. Where the GSM schematic and simulation is depicted in Fig. (7). 

 

Fig 5. The manufactured and tested board. 

 

 

Fig 6. Full schematic without GSM modem. 
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Figure 7 indicates the GSM communication schematic and simulation, we are using the GSM modem 

with the following reference TC35i (Wu et al., 2012) from siemens shown in Fig. (8), which can be used 

like data and voice communication. 

 
Fig 7. Full schematic without GSM modem. 

 
Fig 8. GSM modem. 

5. PCB DESIGN 

We route the board using the ECAD Proteus 8.6 Pro as shown in Fig. (9) and manufacture it with a one-

side copper FR4 PCB, positioning the RS232 and Zigbee far away from the power supply to prevent 

radio interference. We cover the entire PCB with the GND plan to minimize the impact of EMC (Keller, 

2023). 

 

Fig 9. PCB routing. 
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6. CONCLUSION 

Multi-span greenhouses can boost agricultural productivity and extend growing seasons, but high costs, 

complex microclimate regulation, and insufficient technical data hinder their widespread 

implementation. Despite these challenges, their adaptability and scalability make them suitable for 

commercial agriculture. Modern greenhouses, with advanced microclimate control and automation 

systems, provide optimal conditions for scientific research and sustainable agriculture. Addressing these 

issues is crucial for their widespread adoption and long-term sustainability. 
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