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OHT dht(DHTPIN, OHTTVPE): void loop(){

HKT11 scale(DOUT. CLK): unsigned long currentMiltis = millis():
HX711 scalel (DOUTE, CLK1):

float Time():

float hum; f1oat hum = dht. readtmidity();
float tmp: float tep = dht.resdiesperature();
float pHI():

float EC(): sendNTPpacket (timeServer):

na startMs = millis();
avallable() 88 (nillis() - startMs) < UOP_TIMEOUT) {}

float TempProcess(bool ch);
int Drtime = 22;

bool Data:

int pHArray|Arraylenth]:

it {(Udp.parsePackat()) == 48 )

1{
int pHArray|ndex=0; Data = true;
const byte nusReadings = 1; }

byte ECsensorPin = AZ:
byte DSI8B20_Pin = 10: {
unsioned int AnalogSamplelnterval=25.printInterval=T00.t  Data = falcs;

else it ({Udp.parsePacket()) == 148 )

wisiened int readings{nunReadings] }
byte index = 0; i1 (Ude.parsePacket()) {
e ra AnalogValueTotal = 0; Udp. read(packetBuf fer, NTP_PACKET_SIZE):

wizigned int Analoghverage = 0, averageYoltage=0; long highllord = sord(packetButfer[40]. packetButfer[41]):
ianed long AnalogSampleTine, printTine, tenpSampleTine; 9 4 lowlord = word(packetBut fer[42], packetButfer[43]):
ed long int ava¥alue; 3 secsdincel900 = highlord << 16 | lowllord:

ans lared long seventyYears = 22009503000 :

float b; s long epoch = secsSincel900 - seventyYears « 32400:

int buf[10], temp; Serin

float temperature,ECcurrent; Seria

int Timel: Serin

char ssidf] = "VHSlab."; Serin

char passl] = “vegetabled?0"; Serin

int status = WL_IDLE_STATUS; Serin B

char timeServer[] = "time.windows.con™; Seria (R
unsigned int localPort = 2390; Serial.print :

boolean Rel = false ; it ({{epoch % 3600) / 60) < 10} {

const int NTP_PACKET_SIZE = 48: Serial.print("0°):
const int UDP_TIMEOUT = 2000;

#({(epoch X 3600) / BO): // print the minute (3500 equals se
(')
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A BEA AR O FHAE 9T FRAC 29 BY g9 FRBYIE AL
() A3 BA 2200 W2 FEA S 22 B4
Oh AL N2 HA 54
L AREER T mAsgEe) F) 2 54
Size Matx.
. ' i water i
?{ngﬁ Length Width Height Volume Weight Density holding Porosity
: 0,
(mm) (mm) (mm) (D) (kg) (kg/L) ca%aflty (%)
Slab 1000 150 75 11.25 0836  0.074 10.11  89.87
Cube 100 100 65 0.65 0.056  0.086 0.51 79.29
Slab + 3 Cube - - - 13.20 1.004 0.076  11.64  88.18
Used slab 1000 150 75 11.25  0.838  0.074 9.68 86.04
Used slab + 3
Cube - - 13.20  1.006  0.076  11.21  84.92
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O Z+ M4ezke] BAE= Sigmoid FElS R Y o] = sigmoid FE) = fitting 3}<]
AeFs) st ZF W] g #:2 9 e
_ a
/= o)
1+e °
a b X0 R2
99 ml-min-! Dro 2166.37 -9.34 50.07 0.99
Dr 30% 4346.19 -10.60 50.67 0.99
198 ml-min-! Dro 1098.97 -8.45 53.71 0.99
Dr 30% 3759.95 -11.14 43.35 0.99
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1+e °
a b c X0 v0 R?
99 ml-min”" 2054.47 -11.27 0.59 43.30 -192.56 0.99
198 ml'min! 5273.51 -27.10 16.64 123.96 -94.20 0.99
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Irrigai Irrigaiton quantity (ml+Slab™)

ton Moisture content at Irrigation Start (%)

Veloci Tim Sta

Yo oot £ g0 75 70 65 60 55

(e (T % 9 o o9 o o 5% 45% 40% 35% 30%

in™h
D T, 4 eaa 110 19 280 389 5517 7069 7821 8960 9623
lst

99 saturat T 854 122 233 82 520 7%6 8620 10024 12409 13964 15210
ion

o TI3= 72 180 318 46 651 856 1088

Dry, T, 33 46 416 856 139 189 2178 2574 3089 3102 3577

1st
198 saturat T, 303 614 974 13 190 233 3010 3699 4260 4712 5168

ion 37 1
o 13— 21 11217 246 326
Dr30% T, 8 449 75 % 8 0 4026 5927 9527
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# 1. Adam HZA 3} A oA ShFetr] A Al

Parameter - Value - Description -

Number of training cases over which each stochastic gradient

Minibatch size 5000
descent update is computed -
Learning rate - 0.001 - Learning rate used by Adams optimizing method -
e 0.9. Exponential decay rate for the moment estimates «
78 0.999 . Exponential decay rate for the moment estimates -
g0 le-0.8+ A constant for numerical stability
Dropout probability - 0.7- Probability of dropping out units in the neural network -
Training epoch « Various « Number of training iteration
1.0
0.8
0.6
N
o
0.4 ~
0.2
0.0 T T T T T
0] 200 400 600 800 1000

Numbers of perceptrons
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byl Xel R = S o 2= = 57 0] &
(D) .csv FLds 759 A ¥ F AEF FLdFY HAIE
In [2]: | raw df = pd.read csv("./Data/Tra.csv", index col="date")
In [3]=
out[3]:
temp  humid co2 earth ec ph rad LAI tr
date
2017-08-04 29130 69.8 541.00 3068 0.0100 87250 0.0000 0.062720 0.000000
20170804 25030 705 538.70 3059 0.0100 87370 0.0000 0.062720 0.000000
20170604 26.920 706 53850 3050 0.0100 &.7400 0.0000 0.062720 0.000000
2017-08-04 28790 714 54040 3041 0.0100 87200 0.0000 0.062720 0.000000
2017-08-04 28720 716 54540 30.32 0.0100 87420 0.0000 0.062720 0.000000
2017-08-04 28650 723 54340 3024 0.0100 87310 0.0000 0.062720 0.000000
2017-08-04 28590 726 54530 30.10 0.0100 8.7400 0.0000 0.062720 0.000000
2017-08-04 28480 730 54670 30.02 0.0100 87430 0.0000 0.062720 0.000000
2017-08-04 28390 736 54760 2990 0.0100 87280 0.0000 0.062720 0.000000
2017-08-04 28310 737 54440 2986 0.0100 8.7430 0.0000 0.062720 0.000000
In [4]:  raw_df.columns. tolist ()
out[4]: ["temp', "humid', "co2', 'earth', 'ec', 'ph', 'rad', 'LAI', 'tr']
o] 3L Kelaye) S Z~ ol Z o Z } = }
a8 7. 1A% &8F  AEF doly Aol e Ao, H4g, i
["testdataset', 'testlabel', 'mins', '"trainlabel', 'traindataset', 'maxs', 'labelmins', 'labelmaxs']
[[ 0.3565454 0.61549708 0.22568606 0.49822064 0.42098947 0.37881643
0. 0.7222517¢]
[ 0.50725639% 0.415559064 0.08342481 0.45%46615%2 0.30044006 0.47399%171
0.05820005 0.249%3303 ]
[ 0.45542502 0.72368421 0.16487377 0.4452847 B 0.737278535
0.28775364 0.08662412]
[ 0.40877678 0.40643275 0.103841593 0.25403915 0.6352847 0.28609122
0.08340415 0.98440577]
[ 0.1478%21% 0.86588304 0.37475302 0.149%%1103 0.51700227 0.2773%8718
0. 0.85147125]]
(4500, 8)
[[ D.28840509]
[ 0.40050509]
[ 0.44272728]
[ D.58636364]
[ 0.330590509]1]
(4500, 1)
[[ 0.16531583 0.81871345 0.2636663 0.28425267 0.26803574 0.38899359
0. 0.66253427]
[ 0.302345%69 0.58625731 0.20724479 (0.33585409 0.27270303 0.46513381
0. 0.19660622]
[ 0.62404976 0.37134503 0.06212%533 0.49021352 0.32537672 0.34638657
0.043575%22 0.35045128]
[ 0.33621285 0.67105263 0.09%23161 0.3%635231 0.54127217 0.26196758
0. 0.833783 ]
[ 0.13545266 0.8391812% 0.23271131 0.12010676 0.6044806 0.31002639
0. 0.93625153]]
(1730, 8)
o]z > sL w1l ® ol = 29 ol sl & =
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train data.shape

In: [3]: ta
trai

n

[o1

n_test = test_data.shape[0]

n_input = train _data.shape[1]
n_output = test_label.shape[l]
n classes = n_output

(b
# Parameters
learning_rate
training_epochs
batch_size
display_step

n_hidden_1
n_hidden_2
n_hidden_3
n_hidden_4
n_hidden_5

n_hidden = 512

print("§ train: %d § test: %d, # input: %d, # output: %d" % (n train, n test, n input, n output))
print (" layer: %d" % n_hidden)
# train: 4500 # test: 1730, # input: 8, #% cutput: 1
% layer: 512
=2 o) LA A u} Z A 25
O™ 9. A3AAT 7= Y A=

# Network Parameters
n_hidden
n_hidden
n_hidden
n_hidden
n_hidden

end = time.

print ("Optimization Finished\ntraining time:

2

AR S 4%
= 0.001

70000

n_train

= 1000

# 1st layer num features
# 2nd layer num features
# 3rd layer num features
# 4th layer num features
# 5th layer num features

time () - start

%.2f sec." % {(end))

(Hh
(AD)

&)

TTETITIg BT UTE T
Epoch: 53000/70000 cost:

Epoch: 54000/70000 cost:
Training Acc: 0

Training Acc:
Epoch: 56000/700
Training Acc:
Epoch: 57000/70

Training Acc:

Training Acc:
Epoch: 53000/7
Training Acc:

1.432354, best: 0.921 ~
Training Acc: 0.969, Test Acc: 0.905
1.465709, best: 0.921
0.967, Test Acc: 0.903
i} cost: 1.402326, best: 0.921
), Test Bcc: 0.3909
cost: 1.521842, best: 0.8921
0 3, Test Acc: 0.900
cost: 1.373531, best: 0.922
o , Test Bcc: 0.909
0 cost: 1.382063, best: 0.3%Z22
1] 1, Test RAcc: 0.910
] cost: 1.348296, best: 0.922
0.973, Test Acc: 0.509
0000 cost: 1.361934, best: 0.923
0.972, Test Bcc: 0.913
] cost: 1.387850, best: 0.923
).971, Test Acc: 0.911 v

(o) .

TESTTETETUTIY

79 10. Tensorflows o] &3 JAFAAT F&5 oA

AALE HolHES Excel?] .csv dA)o] 93o] Inputa Outpute & 23+
St5-2 Python o] 719t =X] A4k gho]lH 2 2]<l Tensorflow 1.2.1 version A}

v A FEY BP0 2L UES FAFYL WP
AFAAYL 5Y 5 UES volE Ay FSE 4G




Ch AZAAT A8 TEE FeL RS ES BT
Input Data (10) Qutput DTa (1)
A B C D E | F G H J i8
1 |date DAT temperat humidity co2 earthtem ec ph tr solar IMC
2 | 2017-09-08 36 30.42 46.9 499.9 31 4.14 4943 0.042 51.114 56.622
3 | 2017-09-08 36 30.2 485 4985 30.89 4137 4.964 0.038  48.138 56.55
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m“z)

LAl (m? -

y = 3.38/[1+exp{-(DAT-40.64)/21.59}] y = 3.70/[1+exp{-(DAT-72.34)/16.44}]
R*=0.98 R*=0.97
44
34
2 Cropping Period 1 Cropping Period 2
14
[}
* *
0 T T T T T T T T T T T
17/08 17/09 17/10 1711 17112 18/01 18/02 18/03 18/04 18105 18/06 18/07
Time (yy/mm)
A2 T Ao mE JAFAFLAD W3k AL27] (Cropping period 1), o527

(Cropping period 2)

(3) AgRt AR BHNGe] GG BE AFUAY ol FA
Ob QEAAY dHRFE B8 o) ) ol F3
=1 AFAAY AYuse BE 99
Environmental factor Range
Air temperature (C) 9.0 - 407
Relative humidity (%) 231 - 97.0
Solar radiation (W-m?) 0.0 - 6321
CO; concentration(ppm) 4139 - 1060.6
Electrical conductivity (dS-m™) 21 - 53
pH 46 - 69
Substrate temperature () 126 - 39.8
Leaf area index (m*m?) 011 - 3.65

18/08
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h By o] =4+ =4 =d(Penman - Monteith ModeD) 3} Q1 F A A o] & =4tk
4 wde] A8, ADE B4 Y% vn Qh FBF FolH B
. &Fol o]8¥ ol A
ANN (24 h) ANN (10 min)
Period of data (;I\;[l) Trainin  Validatio Test Trainin  Validation Test
g n g
Whole-year 295 203 88 4 21,319 9,138 576
C i iod
1 TOPPINg - perio 130 88 39 3 9,070 3,887 288
Cropping period
5 165 113 49 3 12,250 5,250 288
Spring 74 50 22 2 6,720 2,880 144
Summer 91 62 27 2 5,530 2,370 144
Autumn 70 47 21 2 4,861 2,084 144
Winter 60 40 18 2 4,208 1,804 144
® 3 AE 7178 PM 8 ABUABANN) ol & Z4F o F %% W
Period of data P-M ANN
Whole-year 0.73 0.88
Croppin eriod 1 low
ppmg P ( 0.76 0.89
radiation)
Croppin eriod 2 high
ppmg P (hig 0.79 0.92
radiation)
Spring 0.83 0.93
Summer 0.79 0.84
Autumn 0.79 0.88
Winter 0.82 0.85
(WP P-M 2o Aoz AF AL (ANN) o] & & 8 B0 H3| =
7F vre AEgS HAAT, Fr)E, AFERE 7|3te] EAS A4S G A,
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O AE : ZA8FFH, EFTFI%). A9 2ol (mm), FEBFF D)
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8.33333
a9 83. #Ale] Ame} 4
- &4 : Ferrarezi RS, Dove SK, van lersel MW (2015) HortTechnology 25(1):110-118
(&) AE : B E o]§3 FE3F (m*m™)
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- Park JS, Tai NH, An TI, Son JE (2009), J Bio-Env Con 18:238-243
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Crop Initial Development | Mid season Late At harvest
Cabbage 04 - 05 0.7 - 0.8 09 - 1.1 09 - 10 0.8 - 0.95
Carrots 04 - 06 0.6 - 0.75 1.0 - 1.15 08 - 09 0.7 - 0.80
Cucumber 04 - 05 0.7 - 08 0.95 - 1.05 0.8 - 09 0.65 - 0.75
Lettuce 03 -05 0.6 - 0.7 095 - 11 09 - 10 0.8 - 0.95
Onion Dry 04 - 06 0.7 - 0.8 095 - 1.1 0.85 - 0.9 0.75 - 0.85
Onion Green| 04 - 0.6 0.6 - 0.75 0.95 - 1.05 0.95 - 1.05 0.95 - 1.05
Pepper 03 -04 0.6 - 0.75 095 - 11 0.85 - 1.0 0.8 - 09
Tomato 04 - 05 0.7 - 0.8 1.05 - 1.25 0.8 - 0.95 0.6 - 0.65
Watermelon 04 - 05 0.7 - 0.8 0.95 - 1.05 08 - 09 0.65 - 0.75

Source: Doorenbos and Kassam (1979).
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#include "HX711.h"
#define DOUT
#define CLK

HX711 scale(DOUT, CLK);
float calibration_factor = -7050;

void setup() {

Serial.begin(9600);

Serial.println("HX711 calibration sketch");
Serial.println("Remove all weight from scale");
Serial.printIn("After readings begin, place known weight on scale");
Serial.printIn("Press + or a to increase calibration factor");
Serial.printIn("Press - or z to decrease calibration factor");
Scale.set_scale();

Scale.tare(); //Reset the scale to 0

long zero_factor = scale.read_average();

Serial.print("Zero factor: ");

Serial.println(zero_factor);

void loop() {
Scale.set_scale(calibration_factor);
Serial.print("Reading: ");
Serial.print(scale.get_units(), 1);
Serial.print(" lbs"(E;

Serial.print(" calibration_factor: ");
Serial.print(calibration_factor);
Serial.printIn();

if(Serial.available())
char temp = Serial.read();
if(ttemp == "+ || temp == ")
calibration_factor += 10;
else if(temp == "-" || temp == 'Z))
}calibration_factor -=10;

)




#include "HX711.h"

#define calibration_factor -7050.0
#define DOUT

#define CLK

HX711 scale(DOUT, CLK),

void setup() {

Serial.begin(9600),
Serial.printin("HX711 scale demo");
Scale.set_scale(calibration_factor);
Scale.tare();
Serial.printIn("Readings:");

)

void loop() {
Serial.print("Reading: ");
Serial.print(scale.get_units(), 1);
Serial.print(" 1bs");

Serial.printIn();
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int soil = AQ;

void setup() {
Serial.begin(9600);
}

void loop() {
int water_value
int water
Serial.print("Read sensor value
Serial.println(water_value);
Serial.print("Water Content = ");
Serial.print(water);
Serial.printIn(" %");
delay(3000);

analogRead(soil);
map(water_value, 295, 1023, 100, 0);

".
7

2u) (AE)

#include <Wire.h>
#include <LiquidCrystal_12C.h>

LiquidCrystal_12C 1cd(0x3F, 16, 2); //3F 4> 0x20, 0x27,

int soil = AO0;

void setup() {
Serial.begin(9600);
led.init();
led.backlight();
led.print("Hello World !");
delay(3000);

}

void loop() {
int water_value
int water
Serial.print("Read sensor value
Serial.println(water_value);
Serial.print("Water Content = ");
Serial.print(water);
Serial.printIn(" %");

led.clear();
led.setCursor(0, 0);
led.print("Value = ");
led.print(water_value);
led.setCursor(0, 1);
led.print("W C =");
led.print(water);
led.print(" %");
delay(3000);

analogRead(soil);
map(water_value, 295, 1023, 100, 0);

".
7

0x3F =

=
i)




20A (AH2)

#include <serLCD.h>

serLCD lcd(4);
int soil = AO0;

void setup() {

}

Serial.begin(9600);
led.clear();

led.print("Hello World !");
delay(3000);

void loop() {

int water_value = analogRead(soil);

int water = map(water_value, 295, 1023, 100, 0);
Serial.print("Read sensor value = ");
Serial.println(water_value);

Serial.print("Water Content = ");
Serial.print(water);

Serial.printIn(" %");

led.clear();
lcd.selectLine(1);
led.print("Value = ");
led.print(water_value);
lcd.selectLine(2);
led.print("W C =");
led.print(water);
led.print(" %");
delay(3000);

2HA (A E3)

#include <LiquidCrystal.h>

LiquidCrystal led(12, 11, 5, 4, 3, 2);

int soil = AO0;

void setup() {

}

Serial.begin(9600);
led.clear();

led.begin(20, 4);
led.print("Hello World !");
delay(3000);

void loop() {

int water_value = analogRead(soil);

int water = map(water_value, 295, 1023, 100, 0);
Serial.print("Read sensor value = ");
Serial.println(water_value);

Serial.print("Water Content = ");
Serial.print(water);

Serial.printIn(" %");

led.clear();
led.setCursor(0, 0);
led.print("Value = ");
led.print(water_value);




led.setCursor(0, 1);
led.print("W C =");
led.print(water);
led.print(" %");
led.setCursor(0, 2);
led.print(" ");
led.setCursor(0, 3);
led.print(" ");
delay(3000);

20HA (A H4)

#include <SDISerial.h>
#include <LiquidCrystal.h>

#define INPUT_SIZE 30
#define NUMSAMPLES 5
#define DATA_PIN 7
#define INVERTED 1

int sensorDelay = 1000;

float bulkDens = 0.4;

float theta = 1 - (bulkDens / 2.65);
char* samples;

SDISerial sdi_serial connection(DATA_PIN, INVERTED);
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

void setup() {
sdi_serial_connection.begin();
Serial.begin(1200);
delay(3000);
led.clear();
led.begin(20, 4);
led.print("Hello World !");
delay(3000);

}

void loop() {
uint8_t i;

float dielectric]NUMSAMPLES];
float s0ilMoisti]NUMSAMPLES|;
float degC[NUMSAMPLES];

float bulkEC[NUMSAMPLES];

float porewaterECINUMSAMPLES];
float solutionECINUMSAMPLES];

float dielMean = 0.0;
float soilMoistMean = 0.0;
float degCMean = 0.0;
float bulkECMean = 0.0;

float porewaterECMean = 0.0;
float solutionECMean = 0.0;

for 1 = 0; i < NUMSAMPLES; i++) {
samples = get_measurement();
while (strlen(samples) < 5) {
samples = get_measurement();

}

char* terml = strtok(samples, "+");




term1 = strtok(NULL, "+");
dielectric[i] = atof(term1);

terml = strtok(NULL, "+");

degCl[i] = atof(term1);

terml = strtok(NULL, "+");

bulkEC[i] = atof(term1);

porewaterEC[i] = ((80.3 - 0.37 * (degCl[i] - 20)) * bulkEC[i] / 1000) / (dielectric[i] - 6);

if (bulkEC[i] < 5) {
soilMoist[i] = (5.89 * pow(10.0, -6.0) * pow(dielectric[i], 3.0)) - (7.62 * pow(10.0, -4.0) *
pow(dielectric[i], 2.0)) + (3.67 * pow(10.0, -2.0) * dielectric[i]) - (7.53 * pow(10.0, -2.0));

} else {
soilMoist[i] = 0.118 * sqrt(dielectric[i]) - 0.117;
}
solutionEC[i] = (bulkEC[i] / 1000 * soilMoist[i]) / theta;
dielMean += dielectric[i];
soilMoistMean  += soilMoist[i];
degCMean += degCli];
bulkECMean += bulkEC[i];

porewaterECMean += porewaterEC]i];
solutionECMean += solutionEC[i];

1

dielMean /= NUMSAMPLES;
soilMoistMean /= NUMSAMPLES;
degCMean /= NUMSAMPLES;
bulkECMean /= NUMSAMPLES;

porewaterECMean /= NUMSAMPLES;
solutionECMean /= NUMSAMPLES;

Serial.print("VWC = ");
Serial.print(soilMoistMean * 100);
Serial.printIn(" %");
Serial.print("EC = ");
Serial.print(bulkECMean / 1000);
Serial.printIn(" dS/m");
Serial.print("Temp = ");
Serial.print(degCMean);
Serial.printIn(" oC");

led.clear();
led.setCursor(0, 0);
led.print("Jeju National Univ.");
led.setCursor(0, 1);
led.print("VWC = ");
led.print(soilMoistMean * 100);
led.print(" %");
led.setCursor(0, 2);
led.print("EC = ");
led.print(bulkECMean / 1000);
led.print(" dS/m");
led.setCursor(0, 3);
led.print("Temp = ");
led.print(degCMean);
led.print(" oC");
delay(sensorDelay);

}

char* get_measurement() {
char* service_request = sdi_serial_connection.sdi_query("?M!", sensorDelay);
char* service_request_complete = sdi_serial connection.wait_for_response(sensorDelay);
return sdi_serial_connection.sdi_query("?DO0!", sensorDelay);

}




3HA

#include <SDISerial.h>
#include <LiquidCrystal.h>

#define INPUT_SIZE 30
#define NUMSAMPLES 5
#define DATA_PIN 7
#define INVERTED 1
#define Relay 8

int sensorDelay = 1000;

float bulkDens = 0.4;

float theta = 1 - (bulkDens / 2.65);
char* samples;

SDISerial sdi_serial connection(DATA_PIN, INVERTED);
LiquidCrystal led(12, 11, 5, 4, 3, 2);

void setup() {
pinMode(Relay, OUTPUT);
sdi_serial_connection.begin();
Serial.begin(1200);
delay(3000);
led.clear();
led.begin(20, 4);
led.print("Hello World !");
delay(3000);

}

void loop() {
uint8_t i;

float dielectric NUMSAMPLES];
float s0ilMoisti]NUMSAMPLES|;
float degC[NUMSAMPLES];

float bulkEC[INUMSAMPLES];

float porewaterECINUMSAMPLES];
float solutionECINUMSAMPLES];

float dielMean = 0.0;
float soilMoistMean = 0.0;
float degCMean = 0.0;
float bulkECMean = 0.0;

float porewaterECMean = 0.0;
float solutionECMean = 0.0;

for 1 = 0; i < NUMSAMPLES; i++) {
samples = get_measurement();
while (strlen(samples) < 5) {
samples = get_measurement();

}

char* terml = strtok(samples, "+");

term1 strtok(NULL, "+");
dielectric[i] = atof(term1);

terml = strtok(NULL, "+");

degCli] = atof(term1);

terml = strtok(NULL, "+");

bulkEC[i] = atof(term1);

porewaterEC[i] = ((80.3 - 0.37 * (degCli] - 20)) * bulkEC[i] / 1000) / (dielectric[i] - 6);




if (bulkEC[i] < 5) {
soilMoist[i] = (5.89 * pow(10.0, -6.0) * pow(dielectric[i], 3.0)) - (7.62 * pow(10.0, -4.0) *
pow(dielectric[i], 2.0)) + (3.67 * pow(10.0, -2.0) * dielectric[i]) - (7.53 * pow(10.0, -2.0));

} else {
soilMoist[i] = 0.118 * sqrt(dielectric[i]) - 0.117;
}
solutionEC[i] = (bulkEC[i] / 1000 * soilMoist[i]) / theta;
dielMean += dielectric[i];
soilMoistMean  += soilMoist[i];
degCMean += degCli];
bulkECMean += bulkEC[i];

porewaterECMean += porewaterEC]i];
solutionECMean += solutionEC]i];

1

dielMean /= NUMSAMPLES;
soilMoistMean /= NUMSAMPLES;
degCMean /= NUMSAMPLES;
bulkECMean /= NUMSAMPLES;

porewaterECMean /= NUMSAMPLES;
solutionECMean /= NUMSAMPLES;

Serial.print("VWC = ");
Serial.print(soilMoistMean * 100);
Serial.printIn(" %");
Serial.print("EC = ");
Serial.print(bulkECMean / 1000);
Serial.printIn(" dS/m");
Serial.print("Temp = ");
Serial.print(degCMean);
Serial.println(" oC");

led.clear();

led.setCursor(0, 0);
led.print("Jeju National Univ.");
led.setCursor(0, 1);
led.print("VWC = ");
led.print(soilMoistMean * 100);
led.print(" %");
led.setCursor(0, 2);
led.print("EC = ");
led.print(bulkECMean / 1000);
led.print(" dS/m");
led.setCursor(0, 3);
led.print("Temp = ");
led.print(degCMean);
led.print(" oC");
delay(sensorDelay);

if ((soilMoistMean*100) <= 20) {
digitalWrite(Relay, HIGH);
delay(10000);

} else {
digitalWrite(Relay, LOW);
delay(1000);

}

}

char* get_measurement() {
char* service_request = sdi_serial_connection.sdi_query("?M!", sensorDelay);
char* service_request_complete = sdi_serial_connection.wait_for_response(sensorDelay);
return sdi_serial_connection.sdi_query("?DO0!", sensorDelay);

}




4A (A H4)

#include <SDISerial.h>
#include <LiquidCrystal.h>

#define INPUT_SIZE 30
#define NUMSAMPLES 5
#define DATA_PIN 7
#define INVERTED 1
#define Relay 8

int sensorDelay = 1000;

float bulkDens = 0.4;

float theta = 1 - (bulkDens / 2.65);
char* samples;

SDISerial sdi_serial connection(DATA_PIN, INVERTED);
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

SDISerial bluetooth(0, 1);

String readString;

void setup() {
pinMode(Relay, OUTPUT);
Serial.begin(1200);
sdi_serial_connection.begin();
delay(3000);
led.clear();
led.begin(20, 4);
led.print("Hello World !");
delay(3000);

}
void loop() {
uint8_t i;

float dielectric]NUMSAMPLES];
float s0ilMoisti]NUMSAMPLES|;
float degC[NUMSAMPLES];

float bulkEC[NUMSAMPLES];

float porewaterECINUMSAMPLES];
float solutionECINUMSAMPLES];

float dielMean = 0.0;
float soilMoistMean = 0.0;
float degCMean = 0.0;
float bulkECMean = 0.0;

float porewaterECMean = 0.0;
float solutionECMean = 0.0;

for 1 = 0; i < NUMSAMPLES; i++) {
samples = get_measurement();
while (strlen(samples) < 5) {
samples = get_measurement();

}

char* terml = strtok(samples, "+");

term1 strtok(NULL, "+");
dielectric[i] = atof(term1);

terml = strtok(NULL, "+");
degCli] = atof(term1);
terml = strtok(NULL, "+");
bulkEC[i] = atof(term1);




porewaterEC[i] = ((80.3 - 0.37 * (degCli] - 20)) * bulkEC[i] / 1000) / (dielectric[i] - 6);

if (bulkEC[i] < 5) {
soilMoist[i] = (5.89 * pow(10.0, -6.0) * pow(dielectric[i], 3.0)) - (7.62 * pow(10.0, -4.0) *
pow(dielectric[i], 2.0)) + (3.67 * pow(10.0, -2.0) * dielectric[i]) - (7.53 * pow(10.0, -2.0));

} else {
soilMoist[i] = 0.118 * sqrt(dielectric[i]) - 0.117;
}
solutionEC[i] = (bulkEC[i] / 1000 * soilMoist[i]) / theta;
dielMean += dielectric[i];
soilMoistMean  += soilMoist[i];
degCMean += degCli];
bulkECMean += bulkEC[i];

porewaterECMean += porewaterEC]i];
solutionECMean += solutionEC]i];

1

dielMean /= NUMSAMPLES;
soilMoistMean /= NUMSAMPLES;
degCMean /= NUMSAMPLES;
bulkECMean /= NUMSAMPLES;

porewaterECMean /= NUMSAMPLES;
solutionECMean /= NUMSAMPLES;

led.clear();

led.setCursor(0, 0);
led.print("Jeju National Univ.");
led.setCursor(0, 1);
led.print("VWC = ");
led.print(soilMoistMean * 100);
led.print(" %");
led.setCursor(0, 2);
led.print("EC = ");
led.print(bulkECMean / 1000);
led.print(" dS/m");
led.setCursor(0, 3);
led.print("Temp = ");
led.print(degCMean);
led.print(" oC");
delay(sensorDelay);

if ((soilMoistMean * 100) <= 20) {
digitalWrite(Relay, HIGH);
delay(10000);

} else {
digitalWrite(Relay, LOW);
delay(1000);

}

readString = "";
String data = String(soilMoistMean * 100) + "," + String(bulkECMean / 1000) + "," + String(degCMean);
Serial.println(data);
while (Serial.available()) {
delay(3);
char ¢ = Serial.read();
readString += ¢;
}
}

char* get_measurement() {
char* service_request = sdi_serial_connection.sdi_query("?M!", sensorDelay);
char* service_request_complete = sdi_serial_connection.wait_for_response(sensorDelay);
return sdi_serial_connection.sdi_query("?DO0!", sensorDelay);

}




(2) 2E42 no|aZAEEH S AFH 2 AleQlEyl =09 i
b =239 WS 98 Visual Basics AHESIR 0™, obFol 9t HAFEE com
ZEE o83ty T4 94 + = ZEIYS Tt

(W) FAA2 AL o) 21HI A

olm
rx
&
N
=

[e] gl
(WaterContent.txt) 2 A& 4 A 3FATH




CEQEE C EQdEE

. H{X| S E (dS/m)

3™ 110 WA 9] FESEHS AAZCE HoF7] 93 3}

2

) =29 AA< v=3 2o

Dim InBuffStr As String
Dim flagBlink As Boolean
Dim G_data() As String
Dim it, T As Integer
Dim n As Integer

Private Sub Command1_Click()
Dim eFlag%
On Error Resume Next
eFlag = True

With MSComm1
PortOpen = False
.CommPort = Combol.ListIndex + 1
Settings = Mid(Combo3.Text, 4, 6) + ",N,8,1"
InputMode = comInputModeText
InputLen = 0
.Handshaking = comNone
.PortOpen = True
DoEvents
If Not .PortOpen Then
eFlag = False
MsgBox "FAIZEV Ao w A sy, , g Q"
Textl.Text = "Communication Off"
Textl.BackColor = vbRed
End If
End With

If eFlag Then
MsgBox "SAZEZ} B oE ARyt , "8 Qlr

i




Textl.Text = "Communication On"
Textl.BackColor = vbBlue
Textl.ForeColor = vbWhite

End If

ID = Combo2.Text

Timerl.Enabled = True
Timer2.Enabled = True
End Sub

Private Sub Command?2_Click()
MSComm1.InBufferCount = 0
MSComm1.0OutBufferCount = 0
If MSComm1.PortOpen = True Then

MSComm1.PortOpen = False
End If
Textl.Text = "Communication Off"
Textl.BackColor = vbRed
MsgBox "BAIZEE A ow @okFUThy, , "g Q"
Timerl.Enabled = False
Timer2.Enabled = False

End Sub
Private Sub Command4_Click()
End Sub

Private Sub Command3_Click()
Dim status As String
Text2.Text = ""

If Command3.Caption = "ON" Then
status = "a"
MSComm1.Output = status
Command3.Caption = "OFF"
If Text2.Text = "101" Or Text2.Text = "a" Then
Text2. Text = "
End If
End If
If Command3.Caption = "OFF" Then
status = "b"
MSComm1.Output = status
Command3.Caption = "ON"
If Text2.Text = "102" Or Text2.Text = "b" Then
Text2.Text = "
End If
End If
End Sub

Private Sub Form_Load()
If MSComm1.PortOpen = True Then
MSComm1.PortOpen = False
End If

For i =1 To 40
Combol.AddItem "COM" & i
Next i

Combol.Listindex = 1

Combo2.AddItem "0"
Combo2.AddItem "1"
Combo2.AddItem "2"
Combo2.AddItem "3"
Combo2.AddItem "4"




Combo2.AddItem "5"
Combo2.AddItem "6"
Combo2.AddItem "7"
Combo2.Listindex = 0

Combo3.AddItem "(0)4800"
Combo3.AddItem "(1)9600"
Combo3.AddItem "(2)14400"
Combo3.AddItem "(3)19200"
Combo3.AddItem "(4)38400"
)
)

=

1

Combo3.AddItem "(5)57600"
Combo3.AddItem "(6)76800"
Combo3.AddItem "(7)115200"
Combo3.ListIndex = 1

Timer2.Enabled = False
n=20

End Sub

Private Sub Optionl_Click()
If Optionl.Value = True Then
For i = 1 To MSFlexGridl.Rows - 2
MSChartl.RowCount = MSFlexGridl.Rows - 2
MSChartl.Row = i
MSChartl.Column = 1
MSChartl.Data = MSFlexGridl.TextMatrix(i, 4)
MSChartl.RowLabel = MSFlexGridl.TextMatrix(i, 0)
MSChart1.Plot.Axis(VtChAxisldY).AxisTitle. Text = "G&-& (%)"
Next i
End If
End Sub

Private Sub Option2_Click()
If Option2.Value = True Then
For i = 1 To MSFlexGridl.Rows - 2
MSChartl.RowCount = MSFlexGridl.Rows - 2
MSChartl.Row = i
MSChartl.Column = 1
MSChartl.Data = MSFlexGridl.TextMatrix(i, 6)
MSChartl.RowLabel = MSFlexGridl.TextMatrix(i, 0)
MSChartl.Plot. Axis(VtChAxisIdY).AxisTitle.Text = "% ()"
Next i
End If
End Sub

Private Sub Option3_Click()
If Option3.Value = True Then
For i = 1 To MSFlexGridl.Rows - 2
MSChartl.RowCount = MSFlexGridl.Rows - 2
MSChartl.Row = i
MSChartl.Column = 1
MSChartl.Data = MSFlexGrid1.TextMatrix(i, 5)
MSChartl.RowLabel = MSFlexGridl.TextMatrix(i, 0)
MSChartl.Plot. Axis(VtChAxisldY).AxisTitle. Text = "EC (dS/m)"
Next i
End If
End Sub

Private Sub Timerl_Timer()
Dim result() As Byte

On Error GoTo ErrorGo

result = MSComm1.Input
Text2.Text = "




For i = 0 To UBound(result)
Text2.Text = Text2.Text & Chr(result(i))
Next i

G_data() = Split(Text2.Text, ",")

If Text2.Text = "" Then
Else

Label5.Caption = G_data(0) i
Label9.Caption = G_data(1) T=
Label7.Caption = G_data(2) 2=
Labelll.Caption = G_data(3) 'RE=Z%&

End If

Exit Sub

ErrorGo:

Resume Next
End Sub

Private Sub Timer2_Timer()

On Error GoTo ErrorGo

Dim dat0, datl, dat2, dat3, dat4, dat5, dat6, dat7 As Double
it=1it+ 1

With MSFlexGrid1
Timer2.Enabled = False
Rows = .Rows

TextMatrix(Rows - 1, 0) = n

TextMatrix(.Rows - 1, 1) = Year(Now) & "-" & Month(Now) & "-" & Day(Now)
TextMatrix(.Rows - 1, 2) = Hour(Now)

TextMatrix(Rows - 1, 3) = Minute(Now)

TextMatrix(.Rows - 1, 4) = Label5.Caption
TextMatrix(.Rows - 1, 5) = Label9.Caption
TextMatrix(.Rows - 1, 6) = Label7.Caption
TextMatrix(.Rows - 1, 7) = Labelll.Caption

dat0 = n

datl = Year(Now) & "-" & Month(Now) & "-" & Day(Now)
dat2 = Hour(Now)

dat3 = Minute(Now)

dat4 = Label5.Caption

dat5 = Label9.Caption

dat6 = Label7.Caption

dat7 = Labelll.Caption

n=n+1

Open App.Path & "\WaterContent.txt" For Append As #1
Print #1, dat0, datl, dat2, dat3, dat4, dat5, dat6, dat7
Close #1

Rows = Rows + 1
it=0

Timer2.Enabled = True
End With

ErrorGo:
Resume Next
End Sub




%AI % Ad XA
t ey 9 SEET (VWC, %)
ENZEMS -2.61
[com2 - HiX| 2= (°C)
24.20
2 (D)
m x| &= (dS/m)
0.00
eSS
e BE{ZHE (1:0N, 0:OFF)
(1)9600 =
1
SHEE () el
OFF
427

|

30 1

a

20 1

10

SN 2 d%
482 43 SEET (VWC, %)
EAMZEHS 78.69
Ccom2 - Hix| 2= (°C)
24,28
=H (ID)
m i x| 5 £ (dS/m)
2.18
SHEE

ZE{ZE (1:0N, 0:0FF)

(1)9600 z 0

SHEE () ik
OFF
£4 27

Communication On

== ]

LAEglE R AE Ol

P 112, RS, iR es, XS EFS JYZEE B 4 9
S 3t




(D o, Aol A o= A7) 9] ol s ZARS A WA
dof Atk 23 YL e 7

= .
’

readString
String data = String(soilMoistMean * 100) + "," + String(bulkECMean / 1000) + "," + String(degCMean)+ "," +
String(Relay_value) + ",";
Serial.println(data);
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Zub wpd_cal l(Bw¥al frm As FrmMain]
Dim 2z A&s Single, 21 As Bingle.

Dim & As Single, Al A5 Single
Dim § &s Single, 31 4s Single

z = (Yal(ZB_temp{O) + 10))
zl = ms_Table(z)

vpd_daf0) = (ZB_humi{0) + 213 / 100

#1 As 3ingle

% = B11 + (Math,Exp{({19.65 + ZB_temp({0}) / (ZB_temp{0} + 27331)

®1 = (ZB_humi(0) + %) / 100
vpd_daf2) = {x - w1} /7 1000

A = (234,97 / (1 + Math.Exp{{(81.605 - temp_c{13) / 40.9133)3 - 28,101

vpdoda{@) = 3.5 / (1 + (Math.Exp((37.2 - ts_day) / 13.2)))

wpd_da{1) = (4.25 + {1 - Math.Ewxp(-0.84 + vpd_da{3))) + & + 0.009 + wpd_da{3) + vpd_da(2)) + 0.025

End Zub
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(1) Evaluating plant stress conditions in paprika by comparing internal electrical conductivity,
photosynthetic response, and sap flow
- SA1A : Horticulture, Environment, and Biotechnology, 2019.
- A A aEE w8, e

L. KCI =& AlA
(1) Transpiration Prediction of Sweet Peppers Hydroponically-grown in Soilless Culture via
Artificial Neural Network Using Environmental Factors in Greenhouse
- SAA AL AETE 26:1-5, 2017. 10

A A G, o)ES £

(1D Development of a moisture content monitoring system using arduino, load-cell, and soil
moisture sensor

- 2017 ASHS annual conference, 2017. 9

- A A, 29E

(2) Investigatiozn and Comparison of Water Movement Properties among Several Media for
Precise Irrigation Control at Soilless Culture of Fruit Vegetable

- GreenSys 2017, 2017. 8

- Az HGu, AFS

L s s
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- A A, ol 294
(2) AB1& 708 Microcontroller&} =EAA(HLE9) ©]-8-3F 2] & g =4 Al=d A
- SAA ;A sts|FAstETiS] A% EE 2, 2017. 10.
- A A, 29E
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(4) Estimation of Leaf Area of Paprika with Leaf Length, Leaf Width, and Node Number Using
Regression Model and Artificial Neural Network
- SAA ¢ =g FAstETH] ABH EE 2, 2017. 10.
- A7 o] F, EHIY, B, AdlE, WA, £

(5) Estimation of Transpiration of Paprika between Modified Regressed Equations and Artificial
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