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SUMMARY

With the growing interest in smart farms that combine ICT technology
and agriculture around the world, research related to smart farms has been
activated in Korea. However, it is a reality that even the most basic
first-generation smart farm is difficult to introduce because it has the
disadvantage that the initial cost is burdened and A/S is difficult for farms
to introduce smart farms. Since most of the smart farm systems
commercialized in Korea are expensive PLC-based systems that are
inefficient for facility agriculture, we attempted to develop a smart farm
model using an open source based MCU that is cheaper and easier to
handle. This system can control the environment of the house through
remote control of agricultural equipment such as air circulation fan.It built
its own web server and database using open source software, and the
control board transmits and receives data through WiFi communication. In
addition, data can be transferred smoothly through PHP. Since the system
structure i1s simple, if only the software source code is tailored to the
farmhouse environment, it can be a farm-customized smart farm system for
only the functions that the farmhouse wants. As a result of demonstrating
the system at a facility house that grows blueberries, the introduction cost
was significantly reduced compared to commercially available smart farms,
and the satisfaction of the farmers was high. As MCU performance
continues to improve around the world, it is expected that low—-cost smart
agriculture can be realized with low cost and simple configuration when an

open source based system is developed.
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Table 1. Comparison between PIC(Micro Controller) and PLC

PI1C
Properties ) PLC
(Micro Controller)
Cost Cheap Expensive
Size Smal ler Bulky

Need large area
Board Area Can be reduced
compare to PIC

Programming Easy to change Changing the program

programme requires physically
Handle Complex . e
Command At One Time Easier Difticult
Ease of Design Simpler Harder
Can choose any 1/o Ves No
as output
Required Voltage 5V 12V, 24V
) High
Maintenance Cost Low

(Require Specialist)




Fig 3. PLC-based smart farm system
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Table 2. Comparison between ESP32 and ESP8266

Properties ESP32 ESPB266
Number of Cores 2 1
Architecture 32Bit 32Bit
CPU Frequency 160MHz 80MHz
WiFi YES YES
BLUETOOTH YES NO
RAM 512KB 160KB
FLASH 16MB 16MB
GP10 PINS 36 17
Busses SPIL12C, UART. 125, oo 120, uaRT, 125
CAN
DAC Pins 2 0
ADC Pins 18 1
Size(mm) 25.0 x 48.0 25.0 x 48.0
Image
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& FdE M= Aol g Al WSM-40350] a1 A A B = VALCONA}
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(Solid State)¥ @l o] & & (SZH-RLBG-043)3} vlZUEAYEHE o] &3}o] Ao
Eia=

Table 3. Agricultural control device to be applied to the system

Ventilation Air Top Magnetic
Prope . .
) fan circulator Ventilator Valve
rties
(KMI-200K6) (SG-M220S-4) (WSM-4035) (AD24-2T)
Power AC AC DC 0C
Rated
Volta
220/380 220 24 24
ge
(V)
Rated
Curre
2.2/1.3 0.6 2.6 1.0
nt
(A)
Power
Consu
. 400 130 62 2.4
mtion
(W)
[mage
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WA FEeorgth. A FEHS fd e NEAEe] BHE S EALS A
E9ojel Apache, PHP, MySQL %+ MariaDB 23S ®o] Ab&3th & A
289l A= ApacheE ©]&3le] AAHE F+%313 PHPEES €Y=
A o] Z g Aol A B (WAS: Web Application Server)”’] 5& F7
183 MariaDBE A& o224 ARk Au 2~ 25 7H3l o

ojy gt YAHW F5& 98t F=E AL ¥ = Apache, PHP, MariaDB¢] St=
25 WA APMel2tagtt. Fig. 163 2ol A= Feto]dETL A9
AaAwre Bds 987 @ u, JEgeA= HTTP 45 &3 3d&

-~

o
20
32
k5

==

a4y, 2] &ntE fgAndd FAHNS W, gAAME LTS EAE
HTTP &4l= ol &8 BulE
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Web server HTTP Request Web Client
>

HTTP Response
e

>

Fig 16. HTTP communication between web server and web client

SgoldE oA 7M1 Fa% 24 F Ul Ul(User Interface)d Al &

skt Ul A= g el o] dojifs A3 = Alo]o] QJAEH o] AE T

Aol AP S FAHIGY[13] 2 FHAJNELS 1359 HlFo] @7 uo
[ex]

A AASA T Fig. 173 Lol Ab&AH7F Ao &

34 W 887 puw
2= A

S8 cs7|=2

Fig 17. Smartphone control screen
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="tah" aria-controls="window" aria-se
ple="tabh" apria-controls="water" aria-selected="tru:
e="tab" apia-controls="fan" aria-selected-"fa )

ar-tab” data-toggle="tab" href="#circular" role="tab" aria-controls="circular" aria-selected="false

aria-labelledby="water-tab"

CIE)

FICHEH S

palis|

Fig 18. User interface (UI) design

Alz=dl A= Ged] AFEAR A B 2E Juke] ARG HHQ1 gH g)
AH7E ofU et wlelH M o] 25 7|REo 2 ARG AR Al HAAZE R A Ee] FA
2l ‘5 AAMEelth, 2 B2 MariaDB9F 2 #AE dlolEjHlo] 2 el A
o] Fgoatm volgHo]2et YAHE A4 AW Aol = 1oj¢l PHP7F

23}H14]. "ol g Ho] 2~ =2 Fig. 19, 203 o] & zEH ol &3} %
A ~EgHolE 2 Y, FAAsH oA ZF Aid)d st A
olt}. wkeF ALEx7E UlE Sd e Fx& ‘de’ez dAgsdtd, do

o

[>
o
m

ﬂl\i\

A}

o]~ A 25 H o]l Bl A actvaluedgt= 12 BFH Il F Al status@k <
de’om fdHolEdAY. w2 AMEA I 2R’ er HdAstdvt™ actvalue
#2002 v il FA O statusit ‘B3O Z fdUuolEdY. agla FE A
= dolgHo] 2 AR 2R H o EolA 2} FA 9 s A3 D

S 17 002 Fd g,
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i ommainibiuecescioilNmmERen - HeidiSOL 11.0.05919 - O
o BY 34 EF OF E3¥
- = [
Fr kRGO @ -202(OHMHOQUXP-u-ALQN 46> i B IIRLLC
. BOIE#H0I2 gEl". E0|5 &H ‘ f 52E 127001 HIOEjH0|2: jejusmart [ E§O12: remotehistory ] HIOIEL P sqlsql
v.d S@.:RTFN}M h o ;’erjuuas?;irt.remutehlstoryz 7438 (8) » oe A0:u97 | wEHE() WM WwEE
!nlorrnatrl:n_sc Ea :M-O EB Il no savetime devicename actvalue
v
B Jemes e [ 0201230091041 mnw2 0
[ remotedevice 38 K8 801 2020-12-3009.1041  mrwl 0
F:'";:!i:‘tm — 800 2020-12-3009:1040  mowi 0
est A RhRE 799 2020-12-3009:0852  mswi 0
myq 798 2020-12-3008:0952  msw2 0
f::mam'“hem 797 2020-12-3000:0951  mmw2 0
796 2020-12-3009:0951  mnwi 0

44 SELECT * FROM "jejus
45 SHOW CREATE TABLE jejus
46 SELECT * FROM " jejusmart’.

Y}
ORDER BY no’

DESC LIMIT lees;

n:el (VB2 000 4 MariaDB 1054  7HS AlZh 22 9 2022 (D M AjZE € (D 8E

Fig 19. Database management using HeidiSQL(device history table)

© y - +-i0is0L 11005919

Oy BY @4 7 0F E8%

S kGOm0 -2 0MMO0 Xp-u-ARCN NS5 8 IEEET
LHOEH0A BER HOZEE  [% | ZAZ 127001 - GHOEHOA jeusmat [T EOIE: emotedevice ) GOIE P sqlsgl [
v.d SM?RTTARM Leauﬂsgertremotedewce; T4@®( Y 08 4050 | wiE v wEE

informati h 1920KiB | |
ln.om 1on.schema ' Tid  devicetype P devicename actvalue  offetvalue  levelvalue status
v . jejusmart 144.0 KiB . 73 =1
iadoics - Vil 1 mefi 0 0 0 F
r mmt i T 2 1 mef2 0 0 0 &%
ol | ST
- oy DON 4 2 mswi 0 0 0 CLOSE
m’:q ) 5 2 msu2 0 0 0 CLOSE
fe tmam'sc Eae 6 2 mw 0 0 0 CLOSE
“ 7 2 mm2 0 0 0 CLOSE

42 SHOW CREATE TABLE "jejusmart’.'test2_t A
43 SHOW CREATE TABLE “jejusmart’. ¥
44 SELECT * FROM “jejusmart . remote y' ORDER BY “no” DESC LIMIT 1209;

45 SHOW CREATE TABLE “jejusmart . remotedevice’;

45 SELECT * FROM "jejusmart’.remctedevice’ LIMIT 1008; v

n:el (B8 000 MariaDB 1054 7HE NZH22 8 2021 OAB AT CORE

Fig 20. Database management using HeidiSQL (device operation table)
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AN A = dolEuo] e AAZF HolHE %3], A, =4, AAT &
Atk ol & S8 A PHPS jQuery® Ajaxgls AHWAlol= 2wy o
7} A3ttt o714 jQuery: HTMLO Zglo]dEAlol= x2S th=3ldt =

= AAE 222 S9EY AnAAHE golB g ol Ajaxs Fo] A9 o
E glo] Ao R dolgwol Ay tE fHo]x e &S THAE F Ue
jQueryd] ™A =o]t}15]. Fig. 21 A1 indexhtml LA AjaxZES o]
sto] X 2E phpdtdel BFE Bule IZ=o|th of7]4 HTTP &4l

POST 835 Fdsto] A& il wabA] success 49 71 &

e
Fﬂ l o
£ ol oo

lon runfFunc(value){
data = {};
data.function type = value;

$.ajax({
url : /AR ZFF.php,
type : ‘post’
data : data,
success : function(data) {

>

}J
error : function(request, status, error) {

1
J

A 2tE php kol FHH 7] &

A FAAEE ol 59 actvaluedt 2 1, statust
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Hol&o] 2hE ofF HolE7F dAztez Agddn. AHE&A7E 744

== TEYU AWdE dHelyrt 4 W g

$servername
$username
$password
$db_name =

$mysqgli = new mysqli($servername, $username, $password,
$db_name);

if ($mysgli->connect errno) {
printf("Connect failed: \n", $mysqli->connect error())

$funcType = $ POST['fu
i f($funcType === '7
{
$a]. 101.'JE'd =

sta 'HEl' WHERE id 1 i
$allowed res = $mysqli->query($allowed);
$allowed ins i t intc

values ( H7] ", 1) . BY nﬁ D L
$allowed rins = $mysqgli->query($allowed ins);
$mysqgli->close();

}

if($funcType ===

iE
L

values ('7}=7]', ®) ORDER BY no DESC
$allowed rins = $mysqgli->query($allowed ins);
$mysqli->close();

Fig 22. Code to modify and create database data in device operation.php file



3. 9448 ¢ ESP32 ¥4

ESP327F QlEjdlel]l AAdw 7] 934 &3 MEe 4l Arduino IDEC &= WiFi
gtolB e & AlFsta Jdom, JAeule] 7]Ee] &&= TCP/IP TEZEZI A
H 2~ Algs g g 22 EFo] EAERE s e A4 F
ATHI7L. 4 ofolgto] H&S 8t Fig. 233 o] ESP320] widd
ESP32 WiFi® & o] AP(Access Point)oll # &l oFgtt}.

ESP327} vlo] g mlo] 2~ FXx|zHF e ol & dolHE x3 2 FHs7] 934
PHPE o] &%t 1ejA PHPH A S A AsHolEe] Holy %3183 ¢4
§ o2 U3t Fig. 242 FAZEHoO &S HolHE X33t PHPI Y o
tho o] T2 dHolElwo] ] HE T AAAFHOES FAH, ZF o

AENEY 5 RE folHE waddAdor Waste WEE AHoer, g a
g g el MEE jsonF Aoz WMEste] ESP320] HolEE mulFET)

Q)

_ Wi-Fi Client
“~ (STATION)

o Router iy
ESP32 Web Server (ACCESS POINT) (ﬁ D
(STATION)

\

Wi-Fi Client
(STATION)

Fig 23. AP connection between ESP32 and Client
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$servername
$username =
$password =
$db_name = "F

$con = new mysgli($servername, $username, $password,
$db name);
if (mysqli connect errno())
{ N | |
printf("Connect failed s\n”, mysqli connect error());
Lt() 3
$res = myqqll quer ($con,
$Pesu1t = array{j;
whil e($ruu = mysqli fetch array($res))

P
L
drrdy_puqh(bresult, array(’'1 _>3Puw[0]

atus —>$r:u[?]))

echo json_encode($result,JSON_UNESCAPED UNICODE);

mysqli close($con);

Fig 24. PHP file that retrieves the data of the device operation table

Fig. 25= ESP320ll A Azt &H ol &2 A 25 HolHE X3t 7 #H 7
= AEA7lE SEolth ESP32¢ Ho]Hulo] 29 HolH & FAR 338t
ol delolEHW AH7Y] & 548 FAE DA 71 = actvaluedk

ol 1d wf dea, 2 @3] = 2ol vk vkeF actvaluesko] 101} 2

d A HT A YuE 2 mEkd 54 Aol Hu Asor gXA

b HA Az AoBE R M = AL FA gbEs AAEH Ao
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& nodeMCU_msw | OFR0[ 1.8.13

WEn AN A%el FAHAGE

oz AojRrd Fug 27 Al A7 54

ke
lo

=

oy BY 27X 5 E¥

nodeMCU_mesw

if factValue==1)

{

alWrite ({LED BUILTIN, LOW):
if (deviceType==2)
{
delay (motorTime*1000);
}
else
2

delay({valveTime*1000);

IN, HIGH):

updateDeviceStatus (Ho, 4 _status);
1

else iff{actValue=2)

italWrite|LED BUILTIH, LOW);

if (devicelype=—2)

delay (motorTime*1000);

delay({valveTime*1000);

alWrite {LED BUILTIN, HIGH):
String 4 status="CLOSE";

updateDeviceStatus (No, 4 status);

return strResult;

digitalWrite (DevicePinNo[No-23][0],
italWrite (DevicePinNo[No-2][11,

alWrite (DevicePinNo[No-31[0],
alWrite (DevicePinNo[No-31[1],

italWrite (DevicePinNo[No-31[0]1,
alWrite {DevicePinNo[No-31111,

alWrite (DevicePinNo[No-31[0],
alWrite (DevicePinNo[No-31[1],

italWrite (DevicePinNo[No-31[0]1,
alWrite (DevicePinNo[No-31[1],

HIGH):
HIGH):

LOW) 7
LOW) 7

HIGH)
LOW) ¢

LOW) 7
LOW) 7

LOW) 7
LOW) 7

String devicelperationi{int No, int actValue, int deviceType)
i

Fig 5. Actuation code of the switch according to the value of the device operation table

Fig. 262 Z A 25 H ol &9 tlol8 & A4 3d= PHPI Lot} Fig. 253 # o]
ESP320) A A9 #&o] ¥ ¥ Fig. 269 PHPH A = F A7} TA = Atke
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=9l actvalued] 0& Wkstsl:= 3ot} 12 PHPH Y-S Z3] o o] g H| o]

s2 Aol FAAYGE HolH A5HRL ol % ASAI AL A%

it ($_SERVER[ 'REQUEST_METHOD']

= 'POST")

$data = json decode(file get contents("php://input™),true

print r($data);
L
I
fservername
fusername

$password

$db_name = "H |5
$id = $data['id'];
$act value = $data[':
$status = $data[’s

$mysqli = new mysqgli($servername, $username, $password, %$d

b name);

it (mysqli connect errno())

ntf("co

exit();

if(isset($id))
f
L
$pup allowed = "

"$act value’,st

$presult = $mysqgli-

1
%

$mysqli->close();

Fig 26. PHP file that modifies the data of the device operation table

#s\n", mysqli connect error());

“id” = $id;";
query($pup_allowed);
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Fig 27. Blueberry Farm Empirical Results
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HAdE MCU 7I9F Al ~d2 Y43 g 5 o8 BA=Z 571 4

Aol Al &go] ofelgleh. zejv WA Mg Fol A" dA AN &

MCUREZ F#3] ~neg A3 7heshA = At

Aol A7|7F A Al goln ofolmte] FamEo] UFH e

ESP32E& ol &3t 7iaA 7], Ay 53 e DCEHE Aostr] 93 =

B E=glel = MDDI0AE 7@ Ay &F 75 Aoty S 43 44
th 94 ¥ = HTML¥ Apache A W Z 2

F
.

o|EEI wtIUE A E o] &35
aHE ol gate] AA AME FHEAL HE dlo]E M o] 2= MariaDBE ©]
&3le] HeidiSQLZE dlolE#lo] =& sttt A 25 dolee a5
HE el E)7F o®| FAE Aojstdd L AojdelE 7t 57 — dAH —
PHP — dlo]HHo]~ — PHP — AoHE — s A= HdFo] Hol &
7b Aedn 283 A A g7 delEs A AE dolE et e o
FolA dAHE Bl U FA AFAFE 23T 5 Qv

A AEE AZE ] Ao or Tt AT A AAl sf=of

off
N

_82_



—_
file)
vzl

!

)A
]

Ao g Ao}

2]

=
T

o2 oft]

K

o

—_
fite)

i
el
Nm
B!

oW

o

el

_38_



—

R EHEENT RRE PR

2. 22 e A4dxk A e, 2016 R AYEE) WZEAE T BOOKS

w

Sang-Yeal Han, Jae-Heung Yoo and Hang-Jung Zo, 2015, “Business
Strateges for IoT Ecosystem Utilizing Open Source Hardware”. SKtelecom.
pp. 12-13

4. 2vhE el of, Al o) ok T4,

https://www.smartfarmkorea.net/contents/view.do?menuld=M01010103

5 AL, o] A5, 2019, “~vlER 7|&E U AT HA" 33| EdAE S
A, p. 6
6. AlE 2 o] Aoje} PLCAIY] A4, https://k-issue.com/26

J

. C. Frolund, J. H. Jeon, Y. K. Lee, S. Y. Lee and H. J. Kim, 2014 “Study for
strengthening the ICT DIY ecosystem”, information and Communication
Technology Convergence(ICTC), pp. 269-274

8. Y7)1MIpALA, TolFo]x | | https://ko.wikipedia.org/wiki/arduino

9. 3 2 Al M (processor) #?, https://soccom.tistory.com/59

10. oFFolx 9=} ESP329] A H]al, MCU 4= wlx|ul=, https://postpop.tistory.com/78

11. 28 d=a? 2y =dolH@d? 2y Aoy A gAlo], DCEH, 28 RH,

M ERE, ®EHE, http//makeshare.org/bbs/board.php?bo_table=Parts&wr_id=26

12. 3175 Fgo] [SSR] €d, https://k-whale.tistory.com/40

13. o]=, 2003, “UI tAplel Ao A4 dAE 918 b Ao 2|3k 9 <
77, TRt skal

14. 3 44, 2017, 22 E&, “HE49

AW E3AL pp. 209-210
15. 9719 A A, TjQuery ;) |, https://ko.wikipedia.org/wiki/JQuery

e
[

2% PHPeF MySQL”, #53%,

_34_



16.

17.

18.

31748, 2017, “AFEQIHUIS F2 ol Fol ALEQAEYle] a3l Ao BE
A AolA, pp. 20-21

AAgu, A, o] A, 2016, “9Fh2s HEgo]E BEF ACOME 7]

—

oT & AolEg el 74 M’ SarAdel =383+ A, vol. 16, no. 3,
pp. 296-304
Chang-Gyu Seong, 2017, “A Study on the Smart Home System under

Internet of Things Using Open Source”, Korea Maritime and Ocean

University, pp. 13-14

_85_



	Ⅰ. 서론 
	1. 연구 배경 및 필요성 
	1) 4차 산업혁명의 도래 
	2) 스마트팜의 개념 
	3) 연구의 필요성 

	2. 선행연구 검토 

	Ⅱ. 재료 및 방법 
	1. 프로세서 
	2. 장치제어모듈 
	3. 농업용 장치 
	4. 하드웨어 제작 

	Ⅲ. 연구 내용 
	1. 시스템 구성 및 동작 원리 
	2. 웹서버 및 데이터베이스 구축 
	3. 웹서버와 ESP32 통신 
	4. 시스템 농가실증 

	Ⅳ. 결론 및 향후 연구 
	참고문헌 


<startpage>10
Ⅰ. 서론  1
 1. 연구 배경 및 필요성  1
  1) 4차 산업혁명의 도래  1
  2) 스마트팜의 개념  2
  3) 연구의 필요성  3
 2. 선행연구 검토  7
Ⅱ. 재료 및 방법  10
 1. 프로세서  10
 2. 장치제어모듈  12
 3. 농업용 장치  14
 4. 하드웨어 제작  16
Ⅲ. 연구 내용  18
 1. 시스템 구성 및 동작 원리  18
 2. 웹서버 및 데이터베이스 구축  20
 3. 웹서버와 ESP32 통신  26
 4. 시스템 농가실증  30
Ⅳ. 결론 및 향후 연구  32
참고문헌  34
</body>

