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[Abstract]

In this paper, we propose a thin-film hydroponic plant cultivator using HMI display and IoT technology. Existing
plant cultivators were difficult to manage due to soil-based cultivation, and it was difficult to optimize environmental
conditions due to the open cultivation environment. In addition, there are problems with plant cultivation as
immediate control is difficult and growth of plants is delayed. To solve this problem, a cultivation environment
was established by connecting the MCU and sensors, and the environment information could be checked and
quickly controlled by linking with the HMI display. Additionally, a case was applied to minimize changes in
environmental information. Implementation of a thin-film hydroponic cultivation system made soil management
easier, improved functionality through operation and control, and made it easy to understand environmental
information through the display. The effectiveness of rapid growth was confirmed through crop cultivation
experiments in existing growers and hydroponic growers. Future research directions will include optimizing growth
information by transmitting and storing cultivation environment information and linking and comparing growth

information using vision cameras. It is expected that this will enable efficient and stable plant cultivation.

» Key words: HMI display, IoT, Thin-film hydroponic cultivation, MCU and sensors,
Optimization of growth information
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I. Introduction
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1. Preliminary Research
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Fig. 3. Thin film hydroponic cultivation system
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ITII. System Design & Implementation

1. Hydroponic cultivation system configuration
gHkAl AATIE] 7] AJAED 20 2 AlZ AAto]| - g
401 LED, EQFS thAISh ooy} 2 238 9J5t %9}
F4 HE SN SIS 95 Alje} OAZRolR 7y
gtk AEAul7 o] EPEE ERlsh] s =5k Al
A2+ TVOC(Total Volatile Organic Compounds) AIAE
AFgatn A 37] $81S 93t Fan, BY FIS 93
LED, Ph AINE &3l YN 55 F51L FIYN 3=
< o3t 229 34 BRE ol AISFS 7152 At
C} AlZAE 7] A48 290 2 MCU(Main control unit)
9} HMI GUIE Al85to] AlZAu) T2] AAERLS 186

StEflo] 7ie 2732 Table 10f] LERHIH.

I n_||

r

Table 1. Hardware development environment
Hardware Function , Role
MCU ¢ Microprocessor functions
Board(STM32F) P

« Cultivation environment
measurement
* Check temperature and humidity

BME280 sensor

« Carbon dioxide measurement

¢ Air quality monitoring

* Measurement and monitoring of air
pollution concentration

SGP30 sensor

* Water quality measurement and

pH sensor nutrient solution concentration
measurement
* Wat t f trient luti
Water tank ater storage for nutrient solution
supply
Water pump e Pump for water supply circulation
Water level e For checking and notification of
sensor stored water capacity
LED « Artificial lighting to replace sunlight
Fan e For air circulation within the
growing season
Display

« For information display and control

(Nextion HMI)
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Table 2. S/W development environment information

Software function
* Write and compile code
« Fix error occurrence
¢ Provides libraries and
STM32CubelDE
(Ver 1.14.1) tools for STM32F MCU

e Firmware update
available

« HMI integration possible

GUI design possible

Writing code based on C

Nextion editor language
(Ver 1.65.1) « Nextion HMI display
executable

« Simulation possible

2. Hardware configuration
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Fig. 4.Configuration of hydroponic plant grower

7|38 Fdog= Ao] Bt oF FolA I x|
o, 4lg 145ty on Aol HE= STM 32f 103 MCU
£ 7|9to 2 HMI, Water Pump, LEDZ Ajo]g& 2 QI
AAsHA. Al 23 5785 sl Alo] Beo] 5%
AlAQF C20 AllA, pH AlA-& AAsto] MCUO| &5l
e S48 el g4 Hmeh 2 AR Alo] & 9lsl]
Nextion HMI Displayd] ¢Zs5t%ct ®£sF H/W Block
£ 3 IEmo]A(Interface) R 2flo]ohz{Layout)S
E3IH system /o] Bagh gle QA ES AASEH
of AAfsteltt. Fig. 5+ AAlgh Ao} HE 3] 2 w0} Ao
Hoo|th

Fig. 5. Control board circuit diagram and production
photos
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Fig. 6. Plant cultivation equipment exterior drawing

3. Control system configuration
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Fig. 7. System configuration diagram

4. System development
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void NEXTION SendString(char *ID,char *string){
char buf[28];
int len=sprintf(buf,"¥s.txt=\"%s\"",ID,string);
HAL UART Transmit(8huart2, (uint8 t *)buf, len,1000); //1000
HAL UART Transmit(8huart2, (nd End, sizeof((md End),100); //100
}

Fig. 8. String transfer code
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4.1 User interface design
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4.3 System implementation
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) . 2
405 692 19.7 38 OK
weeks
:
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Fig. 10. Implementation of a thin—film hydroponic grower 1 E(TVOC, C02) AEll= o giu|ct
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Fig. 11. Measurement data screen appears

IV. Experiments and Results
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Table 4. LED, fan, water pump operation test
Automatic
NO LED Fan Pump supply
(Success / Failure)

1 5/0 41 5/0 5/0

2 5/0 41 5/0 5/0

3 5/0 5/0 5/0 5/0

4 5/0 5/0 5/0 5/0

5 5/0 5/0 41 5/0

6 5/0 5/0 5/0 5/0

7 5/0 5/0 5/0 5/0

8 5/0 5/0 5/0 5/0

9 41 5/0 5/0 5/0

10 5/0 5/0 5/0 5/0
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Table 5. Plant growth by growing season

Plant Stem Number of | Length of
Type | heigh(mm) | length(mm) leaves leaves(mm)
Old | New | Old | New | Old | New | Old | New
"9 28 024035 2 | 2 | 75| 67
day
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day
191|895 36 |372] 9 | 11 | 884|563
day
d2a1y 141.9|152.8| 10.6 | 158 | 13 14 11495 86.2
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