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Abstract

Continuous monitoring of environmental parameters provides farmers with useful information,
which can improve the quality and productivity of crops grown in greenhouses. The objective
of this study was to develop a greenhouse environment measurement system using a low-cost
microcontroller with open-source software. Greenhouse environment parameters measured were
air temperature, relative humidity, and carbon dioxide (CO,) concentration. The ranges of the
temperature, relative humidity, and CO, concentration were -40 to 120C, 0 to 100%, and 0 to
10,000 ppm, respectively. A 128 x 64 graphic LCD display was used for real-time monitoring
of the greenhouse environments. An Arduino Uno R3 consisted of a USB interface for
communicating with a computer, 6 analog inputs, and 14 digital input/output pins. A temperature/
relative humidity sensor was connected to digital pins 2 and 3. A CO, sensor was connected
to digital pins 12 and 13. The LCD was connected to digital pin 1 (TX). The sketches were
programmed with the Arduino Software (IDE). A measurement system including the Arduino
board, sensors, and accessories was developed (totaling $244). Data for the environmental
parameters in a venlo-type greenhouse were obtained using this system without any problems. We
expect that the low-cost microcontroller using open-source software can be used for monitoring
the environments of plastic greenhouses in Korea.
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Open—source prototype board(Arduino Uno R3, Arduino, Ivrea, Italy)E B4t microcontrollerE: ©]-85}0] $EAAZ A| A~
ElS ESEITHTable 1, Figs. 1 and 2). CO2 AA(SE-0018, CO2Meter, Inc, FL, USA)Q} EOF 2 /&5 AIA(SHTI0,
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Adafiuit Industries, NY, USA)E open—source prototype board®] S1AE|31 0™, 128x64 graphic LCD(SE-KLCD-A,
Sample electronics, Korea)& A8t AA7HO 2 3EHZES 8Rolgt 4= QIQItt CO: Al HIEAFA o) MA 2 2% nfct
1-10,000ppm HE =4S 4= 9) o AT = +30 ppm©|tHCO2Meter.com, 2016b), EOF -2 /<55 AlA= Sensiron &
&S5 AN BES GG A0 2 BAF L0 /AT ML 77 —40~120°C2F0~100%0 |t 2L AT AlAf o] At
Z}7}0.5°C, 4.5%°] At Value Creation Technology, 2016). LCD HA-Ze|o]=128x64 1= o2 QMG KS 5601 I =7}
2] Q=ItHSample electronic, 2016),

Uno R3= 719} 42181 USB SIEIo1~5 711 910w, /1] b1 SJeiat 147he] 2]l el/zeina 7}

Table 1. Equipment list and component price needed to build a monitoring system (Jan., 2016).

Hardware and wiring equipment Brand P(r;e
Arduino Uno microcontroller Arduino, Ivrea, Italy 25
128x64 graphic LCD Sample Electronics, Korea 42
CO; meter CO2 Meter, Inc, FL, USA 85
Soil temperature/moisture sensor Adafruit Industries, NY, USA 50
10K resistor Generic 1
CPU Fan (120x120 mm) Generic 8
Tiny breadboard Generic 4
12 VDC adapter Generic 9
Arduino stackable header kit Generic 3
Terminal block (4 pin) Generic 2
Control box (150x200x120 mm) Generic 5
USB cable — Standard A-B — 3ft/Im Generic 4
Male/Male jumper wires 20x6" Generic 2
Female/Male jumper wires 20x6" Generic 2
Female/Female jumper wires 20x6" Generic 2
A B

33N
obSo)k 3L
| {Arduino KOREA
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— . = ¥

seesee
cscseevsee

Fig. 1. Open-source prototype board(Arduino Uno, Arduino, Ivrea, Italy, A), 128x64 graphic LCD(SE-KLCD-A, Sample Electronics,
Korea, B), CO, meter(SE-0018, CO2Meter, Inc, FL, USA, C), and soil temperature/moisture sensor(SHT10, Adafruit Industries,
NY, USA, D).
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Fig. 2. . A wiring diagram connected with two sensors and a LCD monitor with a microcontroller.
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float data valCO2 =0;

float data_ CO2_value =0;

if (valCO2 ) 10000) {

valCO2 =data valCO2;
}
data_valCO2 =valCO2;
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Fig. 3. Changes in CO, concentration for one day. Arrow indicates a mistaken value of CO, sensor. A and B are original and
modified sketches, respectively.
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Fig. 4. Changes in temperature (A), relative humidity (B), and CO, concentration (C) in a velno-type greenhouse from March 27,
2016 to April 2, 2016.

Korean Joumnal of Horticultural Science & Technology 865



AHIE 714@ MiaocontrollerS ArSet 2¢ 2H8 £ AIAH I
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Appendix A

#include {SoftwareSerial hy
#include {Wireh)

#include (Sensirionh)

fidefine KLCD HOME  0x01
#tdefine KLCD _CLSTART 0x02
#define KLCD CRIGHT
#define KLCD_CLEFT
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fdefine KLCD_CUP

fidefine KLCD CDOWN  0x06
#define KLCD NORMAL 0x08
#tdefine KLCD REVERSE
#define KLCD_ CLEAR  0x0B
#define KLCD ENTER

ffdefine KLCD LOCATE
SoftwareSerial K 30 Serial(12,13);
const uint8_t dataPin =2;

const uint8_t clockPin =3;
Sensirion Sensor = Sensirion(dataPin, clockPin);
byte readCO2[] = {

O0xFE, 0X44, 0X00, 0X08, 0X02, 0X9F, 0X25}:;
byte response[] = {0,0,0,0,0,0,0};

int valMultiplier = 1;

Float temperature;

float humidity;

float dewpoint;

float data valCO2 =0;

float data CO2_value =0;

void kled(unsigned int v) {
unsigned char d;

if (v ) OXFF) {

d=())8) & OxFF;

Serial. write(d);

}

d =v & OxFF;

Serial.write(d);

}

void kled locate(unsigned char r, unsigned char ¢) {
unsigned char t;

Serial write(KLCD_LOCATE);
t=(t<{<5) | (¢ &Ox1F));
Serial.write(t);

}

void setup() {

Serial begin(9600);

K_30_Serial begin(9600);
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Wire begin();
Kled(KLCD CLEAR);

delay(300);
}

void loop() {

sendRequest(readCO2);
unsigned long valCO2 = getValue(response);

ReadSHT();
if (valCO2 ) 10000) {
valCO2 =data_valCO2;

}
data_valCO2 =valCO2;
kled(KLCD CLEAR);
kled(KLCD NORMAL);
klcd(0xBFC2);
klcd(0xB5B5);

klcd(=");
Serial print(temperature, 1);

Serial println(" C");
kled(0xB3EB);
kled(0xC1A1);

kled(=");
Serial print(dewpoint, 1);

Serial println(" C");
kled(0xBDCO);
kled(0xB5B5);

kled(=");
Serial print(humidity, 1);

Serial println("%");
kled(0xBOA1);
klcd(0xBDBA);

kled(=");
Serial print(valCO2);

Serial print(" ppm" );
delay(5000);

1
void sendRequest(byte packet[]){

while(IK_30 Serial available()){
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K 30 Serial.write(readCO2,7);
delay(50);

}

int timeout=0; //set a timeoute counter
while(K 30 Serial available() {7) {
timeout++;

iftimeout » 10) {
while(K_30_Serial available())
K 30 Serial read();

break;

1

delay(50);

}

for (inti=0;1 {7; i++H){
responseli] =K 30 Serial read();
}

1

kled(0xC1A1);

kled(=";

Serial print(dewpoint, 1);

Serial println(" C");
kled(0xBDCO0);
kled(0xB5B5);

kled(=");

Serial print(humidity, 1);

Serial println("%");
klcd(0xBOA1);
kled(0xBDBA);

kled(=);

Serial print(valCO2);

Serial print(" ppm" );
delay(5000);

}
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