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[Abstract]

Recently, interest in fine dust is increasing. Many organizations, including the WHO(World Health Organization), have
announced that air pollution is very dangerous for people, animals and plants. The decline in the economically active population,
and in particular the decline in agricultural workers, threatens eating among the three elements of human life. The application of
the IoT(Internet of Things) in agriculture is expected to increase convenience and efficiency for farmers. Through various sensors,
agricultural environment information can be collected and various facilities can be automatically controlled. In this paper, we
propose a cultivation system that can cope with problems caused by reduction of agricultural workers and environmental factors
such as fine dust. The system measures air quality through sensors attached to the Raspberry Pi, and uses the measured values

to automatically activate the ventilation system and remotely control and monitor via smartphone applications.
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Table 1. Smart Farm Distribution Performance and Target

Plants 17 ‘18 ‘19 20 21
Tomato 785 824 865 909 954
Paprika 575 587 601 614 627
Strawberry 600 720 864 | 1,037 | 1244
Cucumber 201 231 266 306 352
Watermelon 600 660 726 799 878
Melon 400 460 529 608 700
Flower 839 965 1,110 1,276 1,467
Total 4000 | 4447 | 4961 | 5549 | 6222
T};"ng:f 112% | 11.6% | 11.9% | 12.1%
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System for Cultivation in the IOT
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Fig. 1. System Framework
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Table 2. Sensor Specifications

Sensor Characteristics

humidity measuring range : 20-90% RH
humidity accuracy : £5% RH
temperature measuring range : 0-50 °C
temperature accuracy : +2% °C

power supply : 3—5.5VDC

low power consumption

DHT

minimum distinguishable particle diameter : 0.3 zm
power supply : SV

high anti-interference performance because of the
patent structure of six sides shielding

interface : 12C, UART

physical size : 48(W) x 37(H) x12(D) [mm]

PMS7003

power supply : +3.3-5V

LED 1 ins : Signal(Yellow), Vee(Red), GND(black)

power supply : +5V

interface type : analog

pins : S-Signal, V-VCC, G-GND
physical size : 19 x 27mm

Buzzer

physical size : 120mm x 120mm x25mm

Fan power supply : 12V

physical size : 21.8mm x 11.4mm x 22.6mm
rotation range : 0 - 180°
power supply : 4.8 V
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# 3. MysQLofl XZH= oo]E
Table 3. Stored Data in MySql

N To| 25 | to| 25| g | @ | e

cfl cfl atm atm - - -
1| 2019-11-17 11:39 9 10 9 10 1473 429 43
2 | 2019-11-17 11:42 8 9 8 9 1314 380 29
3 2019-11-17 11:45 9 12 9 12 1446 439 65
4 | 2019-11-17 11:48 9 12 9 12 1575 477 59
5 | 2019-11-17 11:51 8 10 8 10 1401 411 54
6 | 2019-11-17 11:54 8 10 8 10 1353 403 33
7 | 2019-11-17 11:57 7 9 7 9 1287 387 40
8 | 2019-11-17 12:00 8 10 8 10 1395 423 54
9 | 2019-11-17 12:03 8 10 8 10 1392 423 49
10| 2019-11-17 12:06 8 10 8 10 1404 415 37
11| 2019-11-17 12:09 8 9 8 9 1458 421 29
12| 2019-11-17 12:12 7 8 7 8 1254 386 34
13| 2019-11-17 12:15 9 11 9 11 1386 424 55
14| 2019-11-17 12:18 8 9 8 9 1365 409 41
15| 2019-11-17 12:21 9 11 9 11 1557 461 41
16| 2019-11-17 12:24 10 13 10 13 1635 508 59
17| 2019-11-17 12:27 8 10 8 10 1386 419 36
18| 2019-11-17 12:30 8 10 8 10 1380 421 78
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Table 4. Sensor Operating Standard

Fine Dust Temperature Ventilation System

higher lower Off

higher higher Off

higher normal Off

lower lower Off

lower higher On

lower normal On
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Table 5. Guideline levels for each pollutant(24-hour

concentrations)
Pi\(/)[- PZN;- Basis for the selected level
Based on published risk coefficients
Interim from  multi-centre  studies  and
target-1 150 | 75 | meta-analyses (about 5% increase of
(IT-1) shortterm mortality over the AQG
value).
Based on published risk coefficients
Interim from  multi-centre  studies  and
target-2 100 | 50 | meta-analyses (about 2.5% increase of
(IT-2) shortterm mortality over the AQG
value).
Based on published risk coefficients
Interim from  multi-centre  studies  and
target-3 75 | 37.5| meta-analyses (about 2.5% increase of
(IT-3) shortterm mortality over the AQG
value).
Air quality . .
- Based on relationship between 24-hour
guideline( 00023 and annual PM levels
AQG) )

f

3-5O0|E| S

o Eg| Aol tlolElE Eel 2] flsiA gtz Iho]
A AW E L53le] Hlo|EE JSON HEIZ X oj5= PHP 3}
A& Algste] 77| =il Zto]AE A o] PHP 3} T4
F4:510] MySQLoY| A HlolEl & B2 oA ®tk

A A E FE35H7] Y8iA o3| (Apache), PHP, MySqlS-
ARESISIT) BlzuE] glo] AW T2 e AA 9 SAHUE
< MySqlell Astar FEfoldEV} SIMHE 54 dlolHE
{781 YA Aol 12 HloJE3kE JSON X o & WEls}
o] A%t frk 28 40 SFelo]AET}E Muld] e
MySqlell A73E 547k 74 2= 2758 eI

Apache
(Web Server)

script request l T

PHP
query request

MySQL

38 4. APM 75 22
Fig. 4. APM Diriving principle

I"ZqLIE.ST response

script response

query results

3-6 2% S&l(Socket)

7]<& HTTP(hypertext Transfer Protocol)2] 73-%- S&}o|AE

http://www.dcs.or.kr



ClIX|" 28l = s+5|=&X|(J. DCS) Vol. 21, No. 3, pp. 627-636, Mar. 2020

7F 845 Bl w7 Sdshs FEE w7 wliel Ay
25 Client7} 35 9 & 4o L %]
Follwh ko] ARSE wle g 2 =gl A st
k=AM Ao 913k = Rol= Felo|AES} gl= s}
o] A ee] FAlE: AR FAle]l BQstnE

QI HTTPRES: ARS-5E7]ol] 2] 7k Itk 1 s=2oll 4] 7819k A
el FFoldEe] F4l  TCP/IP(Transmission Control
Protocol/Internet Protocol) 717t AW E T3l 18 59
E =ollA 753 SEfolAE AW A T4l FREE L

BT

f‘h‘
N,
S
)
v
e
ko
ot

Socket

- Connect
Send/Receive Send/Receive
Close Socket Close Socket

38 5. 2% 84 =%

Fig. 5. Socket Framework

A= A A7 (Socket) S RHEIL AAlol] FAE il
S| ERRY A48 vt Sefo|RIERRYH 14
87g0] 211 585 3lA FW o] FE AAIZE HlolE S
o] o] Fo| A Al 531 F4lo] fhE EH Allo] TR A Hrt

IV. StE20|= S210|HE ¥

ERo|= FEho|E 1 s/HZ gk A S
o SAES HolF L, dloly 55 BolFs o R
F3h= HIE, AlA Aol E Sl Auiet i sk g0 o]
Sh= HIE, 2 AEE HolFs Mo o 5ok HE,
PHP 542 O] 55 HHE Tl 2705 A7) el £

g0} gtk

o o B

4-1 W13t

AR SCI QFER O] g el HH S B
spe] ezzule] sholel 1145 511, ehz=ie] stole] Hele]
Hlo] 2= MySQLAA 2 Hlolelel A8 71% 2, 919,
L1 5], AR G701 of ol ik HlolElE el

http://dx.doi.org/10.9728/dcs.2020.21.3.627

o} shHo] HolA Hr). ojuf dolEdl= 2k=ug] wtolo A
A AlxEo] SA g 7Y Al 7] A RAk kA frt

PHPol| 4 4:317] 913 java.net = 2]2=%] HttpURLConnection
< ARSIl AL o] EEE Fate] BE2 Hlo|H & JSON 34
oz  Hodol  orgjsonolA  A|FSH=  JSONArmay,
JSONException, JSONObject 5-2] X =E ARR3lo] A4
FE| 2 W7 ARSI

I8 60l = ERo|E SElo]AE He] wQlstH-S VERA
=2

HBEN U @ 11:33
( DATE TIME h
2019-10-30 20:32:26
AL P
( D TEMP
789 22
g J
(" pusT WARING )

43 DusT
g J

a3 6. MolsH
Fig. 6. Main Activity

ERESEEERREESTE e S DS
& HolFi SO R o] §F WE, X AES BolFi 5
WO oE M, AAE Alojel] 93 Alet ddal] 9]
&l IP%} PortE Yok sfHOR o] 58 HE Fo2 745
o] etk w|QlshH o] A u gh=ue] ol 2AtwE a5}
Al ¥ a1, 2kzulE] 3ho]i= MySqloll A7 S 352 JSONS.
= Wgksto] HUlFRaL 12 vl 57| $A1S Fa8f gk ot shd
o FEgith t=wmolmo} ghzue] tolol A AR E FaL
T A2 FEE 363 3E 700 YERith M o)A g
e B B AAS D A4 Qo] AL g L=k et
wick

¥ 6. M2l HEHIE| 2ARE

Table 6. Main Activity Source Code

o

public class MainActivity extends AppCompatActivity {
protected void onCreate(Bundle savedInstanceState) {
new MyAsyncTask().execute("http://192.168.0.20/list.php");
}

private class MyAsyncTask extends AsyncTask<String, Integer,

String> {




protected String doInBackground(String... params) {
URL url = new URL(params[0]);
HttpURLConnection conn
= (HttpURLConnection) url.openConnection();
BufferedReader in = new BufferedReader(
new InputStreamReader(url.openStream(), "utf-8"));
while ((buf = in.readLine()) !=null) {
sb.append(buf);
}
}

protected void onPostExecute(String str) {
JSONODbject jsonObj = new JSONODbject(str);
JSONArray jArray = jsonObj.getISONArray("runners");
JSONODbject json = null;

for (int i = 0; 1 < jArray.length(); i++) {
json = jArray.get)SONObject(i);
if (json != null) {
m_arList.add(new DTO(
json.getInt("no")
, json.getString("date")
, json.getString("temp")
, json.getString("soil")
, json.getString("dust")
, json.getString("warning")
)
}
}
adapter.notifyDataSetChanged();
}
}
}

E 7. PHP &A3E
Table 6. PHP Source Code

<?php
header("Content-Type: text/html; charset=UTF-8");
$connect = mysqli_connect("localhost", "ID", "PW", "DB");

$sql ="SELECT * FROM tdust ORDER BY _id DESC LIMIT 1;";
$result = mysqli_query($connect, $sql);

$runners = array();
while( $row = mysqli_fetch_array($result) ){
$arr = array(
'no' => $row['no']
,'date' => $row(['date']
J'temp' => $row['temp']
,'soil' => $row('soil']
,'dust' => $row['dust']
,'warning' => $row['warning']
)i
array_push($runners, $arr);

}

echo json_encode(array(‘runners'=>$runners),
JSON_PRETTY_PRINT|JSON_UNESCAPED_UNICODE);
mysqli_close($connect);
>
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Table 8. Temp.HTML Source Code

o] e

9ol o2 el o

<html>

<head></head>

<body>

<iframe width="450" height="260"
src="https://thingspeak.com/channels/894399/charts/.."></iframe>

</body>

</html>

¥ 9. DataChart %E|H|E] &~AFE
Table 9. DataChart Activity Source Code

public class DataChart extends AppCompatActivity {
WebView wvTemp, wvHumi, wvpm10, wvpm?25;

protected void onResume() {
super.onResume();
wvTemp.loadUrl("file:///android_asset/Temp.html");
wvHumi.loadUrl("file:///android_asset/Humidity.html");
wvpml0.loadUrl("file:///android_asset/PM1_0_Chart.html");
wvpm!0.loadUrl("file:///android_asset/PM2_5_Chart.html");
}

@Override

protected void onCreate(Bundle savedInstanceState) {
wvTemp = (WebView) findViewByld(R.id.tempChart);
wvTemp.getSettings().setJavaScriptEnabled(true);
wvTemp.loadUrl("file:///android_asset/Temp.html");

wvHumi = (WebView) findViewByld(R.id.humiChart);
wvHumi.getSettings().setJavaScriptEnabled(true);
wvHumi.loadUrl("file:///android_asset/Humidity.html");

wvpml0 = (WebView) findViewByld(R.id.pm1_0Chart);
wvpml0.getSettings().setJavaScriptEnabled(true);
wvpml0.loadUrl("file:///android_asset/PM1_0_Chart.html");

wvpml0 = (WebView) findViewById(R.id.pm2_5Chart);
wvpml0.getSettings().setJavaScriptEnabled(true);
wvpml0.loadUrl("file:///android_asset/PM2_5_Chart.html");
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