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Abstract 
In this design, single-chip computer is used as the control core, DHT11 temperature and 
humidity sensor is used to measure air temperature and humidity, soil temperature and 
humidity sensor is used to measure soil temperature and humidity, key circuit is used to 
adjust upper and lower threshold values of parameters, relay circuit is used to control 
humidification and dehumidification device, temperature rising and cooling device. 
With the light intensity detection circuit composed of photosensitive resistor and AD 
converter chip, the curtain rises and falls in the greenhouse can be controlled to achieve 
the temperature and humidity control in the greenhouse. 
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1. Introduction 

The Ministry of Agriculture and Rural Affairs issued the "Notice of the Ministry of Agriculture and 
Rural Affairs on Carrying out the Construction of National Leisure Agriculture Key Counties", 
guided by Xi Jinping Thought on Socialism with Chinese Characteristics for a New Era, based on the 
new development stage, implementing new development concepts, building a new development 
pattern, and closely linking agriculture The goal of high quality and efficiency, rural livability and 
industry, and farmers’ prosperity, take the structural reform of the agricultural supply side as the main 
line, and take the integrated development of the primary, secondary and tertiary industries in rural 
areas as the path, and give full play to rural food supply, ecological conservation, leisure experience, 
and cultural heritage. On the basis of building a new socialist countryside that is beautiful, pleasant, 
and productive, it will provide support for the overall revitalization of the countryside and the 
modernization of agriculture and rural areas. Therefore, the modernization of rural agriculture is once 
again put on the agenda. It has become an inevitable trend to use modern technology to realize the 
automatic management of vegetable greenhouses [1-3]. 

2. Program Design 

This design uses the single chip microcomputer as the control core, uses the DHT11 temperature and 
humidity sensor to measure the temperature and humidity in the air, uses the soil temperature and 
humidity sensor to measure the temperature and humidity in the soil, uses the button circuit to adjust 
the upper and lower limit thresholds of the parameters, and uses the relay circuit to control the 
dehumidification device. , heating and cooling device, to achieve temperature and humidity control 
in the greenhouse[4-6]. 
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Fig. 1. System block diagram 

2.1 Microcontroller Minimum System 

 
Fig. 2. Microcontroller minimum system 

 

The minimum system of single-chip microcomputer includes single-chip microcomputer, power 
supply circuit, reset circuit and clock circuit. 

Power supply circuit: DC 5V power supply is mainly used in this system. 

Reset circuit: The reset methods of the microcontroller mainly include power-on reset and manual 
reset. The purpose of reset is to restore the microcontroller to its initial state. The system adopts 
manual reset method. When the reset circuit of the single-chip microcomputer is just powered on, the 
capacitor has no electricity at first, and the resistance in the capacitor is very small. After the power 
is turned on, the 5V electricity charges the capacitor through the resistor, and the voltage across the 
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capacitor will slowly increase from OV. To about 4V, the differential circuit composed of RC 
generates a differential pulse at the moment of power-on, and its width is greater than two machine 
cycles, and the single-chip microcomputer is reset accordingly. Because of this, the voltage of the 
reset pin rises from a low potential to a high potential, which causes the reset operation of the internal 
circuit, and the voltage of the RST terminal drops slowly. When the reset button is pressed, both ends 
of the capacitor are discharged, and the capacitor returns to OV, so a reset is performed again (this is 
the principle of manual reset). 

Clock circuit: The clock circuit is used for the necessary clock signal when the single-chip 
microcomputer works. Under the beat of the clock signal, the single-chip computer executes the 
instructions one by one. Connecting a crystal oscillator and two capacitors to the XTAL1 and XYAL2 
pins of the microcontroller constitutes the clock circuit of the microcontroller. 

The minimum system of single-chip microcomputer is shown in Fig.2. 

2.2 Temperature and Humidity Acquisition Circuit 

The temperature and humidity measurement of this system selects DHT11 temperature and humidity 
sensor. DHT11 is a temperature and humidity sensor with calibrated digital signal output, which can 
directly output digital quantity. Its main technical parameters are: 

Measurement accuracy: humidity ±5%RH, temperature ±2℃. 

Measuring range: humidity 5~95%RH, temperature -20~+60℃. 

Resolution: humidity 1%RH, temperature 1℃. 

DHT11 applies dedicated digital module acquisition technology and temperature and humidity 
sensing technology to ensure that the product has extremely high reliability and excellent long-term 
stability. The sensor includes a resistive humidity sensing element and an NTC temperature 
measuring element, and is connected with a high-performance 8-bit microcontroller. The product is 
a 4-pin single-row pin package, which is easy to connect. The interface circuit diagram of DHT11 
and MCU is shown in Fig.3: 

 

 
Fig. 3. Interface circuit diagram of DHT11 and microcontroller 

 

The power supply voltage of DHT11 is 3-5.5V, and a 100nF capacitor can be added between the 
power pins (VDD, GND) for decoupling filtering. The DATA pin is connected in parallel with a pull-
up resistor of more than 5K to enhance the anti-interference ability of the signal. After the sensor is 
powered on, it waits 1s to get past the unstable state without sending any commands during this time. 
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2.3 LCD Display Circuit 

LCD1602 is an industrial character type liquid crystal, which can display 16*2 or 32 characters at the 
same time. The principle of LCD1602 liquid crystal display is to use the physical properties of liquid 
crystal to control its display area through voltage, and there is a display when there is electricity, so 
that graphics can be displayed. 1602 liquid crystal is also called 1602 character liquid crystal, which 
is a dot matrix liquid crystal module specially used to display letters, numbers, symbols, etc. The 
main parameters of LCD1602 are: 

Display capacity: 16 × 2 characters. 

Chip working voltage: 4.5—5.5V. 

Working current: 2.0mA (5.0V). 

The best working voltage of the module: 5.0V. 

Character size: 2.95×4.35(W×H)mm. 

The LCD screen 1602 has high definition, large screen and low price, so the system uses the LCD 
screen 1602 to display the data measured by the temperature and humidity sensor. The interface 
circuit between the LCD screen 1602 and the microcontroller is shown in Fig.4: 

 

 
Fig. 4. Interface circuit between LCD1602 and microcontroller 

2.4 Button Circuit 

 
Fig. 5. Button circuit 
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As shown in the key circuit diagram in Fig.5, the T/H key indicates the switching between temperature 
and humidity settings, the T+1/H+1 key means the temperature plus one or the humidity minus one, 
and the T-1/H-1 key means the temperature or humidity minus one First, the C/S button indicates the 
switch between the current state and the set state, and the TOP/BOTTOM button indicates the upper 
and lower limit setting switching. 

2.5 Alarm Circuit 

When the temperature or humidity in the greenhouse exceeds the set upper and lower limits, not only 
need to start the temperature and humidity adjustment system, but also need to alarm. Here, LED 
lights and buzzers are used in synergy, and the five LEDs represent normal, heating, cooling, 
humidification, and dehumidification. When the temperature and humidity measured by the sensor 
exceeds the set limit, the diode will light up to warn. At the same time, when the temperature is lower 
than the minimum set temperature, the buzzer will sound, that is, low temperature warning is realized. 
The buzzer is an electronic device with an integrated structure, which is powered by DC voltage and 
is widely used. The alarm circuit is shown in Fig. 6:  

 

 
Fig. 6. Alarm circuit 

3. System Layout 

The example in this article is a 12*120*5 rectangular greenhouse. The design of this scheme includes 
soil temperature and humidity monitoring, air temperature and humidity monitoring and includes a 
total control system, a heating and cooling system, a humidity increase and decrease system and a 
rolling shutter system. 

As shown in Fig.7, an electric fan is installed on one side of the greenhouse. When the air temperature 
is low, the fan runs to improve the temperature in the greenhouse and meet the temperature required 
for vegetable growth. Both sides are equipped with changing fans, so that the air inside the greenhouse 
and the external air convection, when the indoor temperature is higher than the outdoor temperature, 
can achieve rapid indoor cooling, when the indoor temperature is lower than the outdoor, can achieve 
rapid indoor heating, reduce the waste of energy, to achieve the purpose of temperature adjustment. 
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A rolling curtain system is distributed on both sides of the upper part of the greenhouse. When 
vegetables do not need direct light, the rolling curtain is controlled by a relay to reduce direct light to 
achieve the purpose of adjusting the light intensity. A spray cooling system is distributed on the other 
side of the upper part. When the temperature is high in summer, water is sprayed to the top of the 
greenhouse through this system. The water above the greenhouse evaporates rapidly due to the hot 
weather and absorbs the heat in the greenhouse to achieve the purpose of rapidly reducing the 
temperature in the greenhouse. There are two mobile sprinkler irrigation systems inside the 
greenhouse, which can realize automatic watering vegetables and reduce labor costs. The other side 
is equipped with the general control system, which contains 51 single-chip microcomputer control 
system. The general control system has a number of display screens which can observe the changes 
of air, land temperature and humidity as well as the changes of light intensity in real time. 

 

 
Fig. 7. Main view of the greenhouse 

 

 
Fig. 8. Top view of greenhouses (unit: M) 
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As shown in Fig.8, this design uses soil temperature and humidity sensor, temperature and humidity 
sensor and photosensitive resistance. The following layout is made based on the characteristics of 
wiring and components. 

Buying four soil temperature and humidity sensors plugs probes into the ground to measure soil 
temperature and humidity. Position at the point of the vertical view of the cross, in the graphic 
coordinates of (30, 6), (60, 3), (60, 9) and (90), and considering the sprinkler irrigation system stability 
and the homogeneity of the soil, the determination of soil water content and the depth of the probe is 
inserted into the ground and the pin is associated with the Angle of the horizontal ground, so the four 
sensors, Average the measurements of the four sensors as the final value. Soil temperature and 
humidity sensor uses frequency domain reflection method to measure soil moisture content, which is 
in essence to measure soil dielectric constant. Soil as containing medium capacity, according to 
transmission line theory, circuit due to the load impedance mismatch appear under a certain frequency 
resonant migration, reflection amplitude value is not the same at the same time, through comparing 
the difference of reflection wave and the incident wave amplitude value, measure the capacitance of 
the multiple reflection wave caused by the changes, and then measure the soil moisture content. The 
temperature and humidity in the soil are displayed on the LCD screen, and the upper and lower 
thresholds of temperature and humidity are displayed. The upper and lower thresholds of soil 
temperature and humidity are adjusted through the key circuit. Through the relay circuit control fan, 
hot fan and spray cooling system to achieve temperature control, through the mobile sprinkler system 
and fan, humidity regulation. Also 5V power supply. 

Two temperature and humidity sensors, DHT11, are arranged at a position of 3 meters above the 
ground, in the diagonal position of the overhead view, and the coordinates in the graph are (30,9) and 
(90,3). Considering the fluidity of the air, two sensors are set, and the measured values of the two 
sensors are averaged as the final values. The DHT11 temperature and humidity sensor is used to 
detect ambient temperature and humidity, and the LCD displays the upper and lower thresholds for 
temperature and humidity. The keypad circuit adjusts the upper and lower thresholds for temperature 
and humidity. Relay device is used to control the internal temperature of greenhouse by changing fan, 
heat fan and spray cooling system. 

At the diagonal position in the overhead view, the coordinates in the graph are (30,3) and (90,9). 
Considering the parallel nature of natural light, two sensors are set up, and the measured values of 
the two sensors are averaged as the final value. Photosensitive resistance is sensitive to the change of 
light intensity, so more accurate value of ambient light intensity should be obtained. 

4. Power Supply Scheme and Signal Transmission 

 
Fig. 9. Wiring diagram (top view) 
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Wiring principles: Keep communication cables away from interference sources such as fluorescent 
lamps and high-voltage wires. To avoid interference sources, the communications cable must be 
perpendicular to the power cable, not parallel, and not bundled. High-quality twisted pair cables are 
recommended. 

Power supply voltage: all modules selected in this design can supply 5V power. 

Collimation position: The soil temperature and humidity sensor is located on the ground. 

The height between the air temperature and humidity sensor and the light intensity collection module 
and the ground is 3 m. 

Output signal: each sensor outputs digital signal. 

Wiring Rules:The yellow line is the data channel. The data channel is located at a distance of 3 meters 
from the ground. The data lines of each sensor go through this channel, which greatly avoids the 
interference of the power line to the data of the data line. Each data line transmits data to the 
microcontroller, which further processes the data. 

The gray line is the power channel, which is located underground, which can effectively avoid 
mechanical damage to the line. 

5. Summary 

This paper puts forward the design scheme of the new smart greenhouses, which focuses on giving 
full play to the various functions of the countryside, enriching the rural industrial formats, expanding 
the employment space for farmers, and increasing the channels for farmers to get rich. Based on green 
agriculture and taking innovation and creativity as the path, it will demonstrate "rustic", reminisce 
"old-fashioned", rejuvenate "vigor", integrate "vigor", practice the concept of "green water and lush 
mountains are invaluable assets", and protect the ecological environment on the premise of To 
promote the coordinated development of production, life and ecology, and promote the construction 
of livable and business-friendly villages. Attract talents to return to their hometowns to start 
businesses, stimulate innovations in business formats and models, let the source of rural wealth flow 
fully, and the creativity of innovation and entrepreneurship will burst out to help agricultural 
practitioners reduce labor costs and achieve scientific management of fruit and vegetable production. 
This design is conducive to promoting the high-quality development of leisure agriculture in the 
county, and assisting the modernization of agriculture and rural areas! 
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