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Development of a Prototype of loT Sensing System Using Solar Energy for Vegetable Plots
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Abstract

This research aimed to develop and test the efficiency of a prototype of the loT sensing system using
solar energy for vegetable plots. Development tools and methods consisted of 1) Microcomputer
Microcontroller Circuit (MCU) and Plant Sensor. 2) Evaluation form for the prototype of the loT sensing
system using solar energy for vegetable plots through the internet and web application development. One
crop cycle plant was evaluated. The system was used by experts in agricultural science, energy
engineering farmer fields and person who visited the vegetable plot learning base, Phetchaburi
Rajabhat University. The research results were as follows: 1) Developing a prototype of the loT sensing
system using solar energy for vegetable plots could be used to perform the functions specified in all 5
sets. 2) The efficiency of the loT sensing system using solar energy for vegetable plots of users is at the
highest level (X = 4.61 S.D. = 0.50). The values measured by the sensor can be used to make

decisions in the cultivation of table vegetables. In addition, it can reduce the cost of cultivation. This

system should be promoted to more farmers.

Keywords: Sensing system using solar energy, Plant sensor, Vegetable plots, Internet of Thing
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® Solar Energy ® The efficiency

Development of a

® Environmental Prototype of loT of the SMVP.

conditions (light L 3| sensing System Ly ® The cost of the

femperature using Solar Energy SMVP.

humidity)

for Vegetable Plots ® Benefits for use

® Vegetable Plots in cuttivation.

Figure 1. Conceptual framework for the
development of a Prototype of 10T Sensing

System using solar energy for vegetable plots
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Figure 2. Research and development of a
Prototype of 10T sensing system using solar
energy for vegetable plots, according to the

system development life cycle (SDLC) spiral
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Water pump

Figure 3. The prototype of loT sensing system using solar energy for vegetable plots (SMVP Model)
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Table 1. Estimated Cultivation/Production/Income and calculate the break-even point of SMVP Model

Estimated Cultivation/Production/Income 1 plot

Cultivation _ . Total income Calculate break-even point
Yield Price per
No. Plant type eriod er 1
P P (KQg) kilogram P (45,000 baht) **
lantin
(Baht)* P 9 (year and day)
cycle *
1 Spring onion 40-45 day 15 60-70 1,050 )
45,000/1,050 = 42.86 planting cycle
break-even point 5 year 104 day
2 Celery 70-80 day 20 120-130 2,600 )
45,000/2,600 = 17.30 planting cycle
break-even point 2 year 46 day
3 ) 40-45 day 2 150-200 400 )
Coriander 45,000/400 = 112.50 planting cycle
break-even point 255 day
4 Green oak/ 30-35 day 15 100-120 1,800 )
45,000/1,800 = 25 planting cycle
Red oak
break-even point 2 year 34 day
5 Cos 25-30 day 20 100-120 2,400 45,000/2,400 = 18.75 planting cycle
break-even point 2 year 34 day
6 Lettuce 30-35 day 15 60-80 1,200 45,000/1,200 = 37.5 planting cycle
break-even point 2 year 34 day
7 Cantonese 35-45 day 20 30-40 800 45,000/800 = 56.25 planting cycle

break-even point 2 year 34 day

* The quoted price is the price of organic produce, calculated at a high price, in order to find the break-even point as quickly as possible.

** Total value of the prototype set does not include the cost of building a vegetable plot
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Figure 4. User case Diagram; The prototype of 10T sensing system using solar energy for vegetable plots
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@ device_id - varchar(15)
# air_tempC : float

# air_humid - float

m dt - datetime
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@ device_id : varchar(15)
# soil_tempC - float

# soil_humid : float

[ dt - datetime

ﬂ g [oftest ligth_node
@ id - int(11)

@ device_id : varchar(15)
# ligth_val - float

m dt : datetime

7

)
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2 device_id : varchar(15)
# air_tempC : float

# air_humid : float

# soil_tempC - float

# soil_humid : float

# ligth_val - int(11)

[ dt - datetime

ﬂ & ottest fuzzy_LMH_config

4 cid ;o int(11)

# automatic - tinyint(1)
# npk_low : float

# npk_medium : float

# npk_high : float

# ph_low : float

# ph_medium : float

# ph_high : float

# mois_low - float

# mois_medium : float
# mois_high - float

# ligth_low : float

# ligth_medium - float
# ligth_high : float

Figure 5. Class diagram; Prototype of loT sensing system using solar energy for vegetable plots
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2. TURmIITUL (Construction) gWamun ldaglgarzesiie ginsnl Anidnwuemininismingu

Y o

wazaanFai g 5a Table 2

Table 2. Work characteristics, tool properties of SMVP Model

Tool Kit/Equipment

Feature/Function

Software/Library

Air Temperature and Humidity ® Measure temperature and humidity in the air Arduino IDE 1.812
Monitoring Kit
9 ® Measure the temperature in the air. Air ESP8266WiFi.h
® Microcontroller Node MCU .
temperature range 0-50 degrees Celsius ESP8266HTTPClient.h
ESP 8266 v3 e ) .
® Measure the humidity in the air, showing 0-100% Wire.h
® SHT-20 Sensor i2c
® Show messages on the LCD 1602 screen. DFRobot_SHT20.h
® | CD Display 1602 i2c )
® Send http request JSON data with POST method LiquidCrystal_I2C.h
to Pi 4
Soil Temperature and Humidity ® Measure temperature and humidity in the air. Arduino IDE 1.812
Monitoring Kit
g ® Measure the temperature in the air. Air. ESP8266WiFi.h
® Microcontroller Node MCU )
temperature range 0-50 degrees Celsius. ESP8266HTTPClient.n
ESP 8266 v3 o ) )
® Measure the humidity in the air, showing 0-100%. Wire.h
® STH-20 Sensor i2c
® Show messages on the LCD 1602 screen. DFRobot_SHT20.h
® | CD Display 1602 i2c )
® Send http request JSON data with POST method

to Pi 4.

LiquidCrystal_I2C.h
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Table 2. Work characteristics, tool properties of SMVP Model (continue)
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Tool Kit/Equipment

Feature/Function

Software/Library

Light Monitoring Kit and Data

logger

® Microcomputer Pl 4 8GB

® GY-30 BH1750FVI Sensor
(digital light intensity light
module) i2c

® | CD Display 2004 i2c

WWW port 80 service.

RDBMS port 3306 service.

SSH SFTP port 22 service.

Node-Red NodedS port 1880 service.
PHP Interpreter.

http request JSON date service.
Light sensor range 0-65535 (lux).

Show Light (lux) Temperature (C) and Humidity
(%rh) at LCD 2004.

Send http request JSON data with POST method

Raspbian GNU/Linux
10.9

Thonny Python IDE 1.812
VNC Server/Viewer
Bitvise SSH Client
Apache 2 service
MySQL Database
service & phpmyadmin

PHP 5 interpreter

to Pi 4.

JpGraph 4.28

® SHT20.py (lib)

® ph1750.py (Iib)

® RPi_|I2C_driver.py (lib)
®  Smbus (lib)

®  Mysql (lib)
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@'ﬁuﬂ'ﬁqmmﬁmemu%ﬂuﬁmm:mmﬂ Tne
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AYNT Y Tmﬁﬁmﬁ”’ﬁ:uuﬂﬁﬁﬁmi Raspbian
GNU/Linux 10.9

2.3 1411 sun9u Bitvise SSH Client

an'ldde Pi 4 data logger server Ingidianse

WU sftp BN port 22 el An s Apache 2
web service, MySQL DB service, PHP interpreter
WAL phpMyAdmin ‘71' Pl 4 Data logger Server

2.4 14Tsunsa phpMyAdmin (3en
N1 http://localhost/phpmyadmin U7 pia
Data logger #5195 1udeyanupaialagzunsy
sagtl Figure 5. 7 ldeanuun/ly
25 liauseaanaillnesnig HOMI niald
Tulsunss NG Viewer lonsaidn il Pi 4 Data
logger a1nsuan 4 sunsy Thonny Python
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@ B @rospbery.. [T tnonny - o [ L

+* o c H o

New  Load Run  Debug

Sht2010L.CD2004.py %

mylcd.lcd_display string('SHT20 Sensor read..', 1)
mylcd.lcd_display string(dt_string, 2)
mylcd.lcd_display_string('Temp.(°C): ' + '{:.2f}'.fo
mylcd.lcd display string(‘Humi.(%RH): * + '{:.2f}'.f
sleep(5)

mylcd.lcd_clear()

def save lightdata(lightlLevel):

(a)

Thonny - /home/pi/SMARTGreenTable/sht20toLCD2004.py @ 62:21 v ~ x
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Figure 6. (a) Python script for get data from sensor and (b) phpMyAdmin to manage light, soil, air, and

configuration in MySQL database table

26 deauldsunsuniwi PHP
\Touse MySQL 81UATLAY A1gUNHN AN
AINTY Ang1udeya MysQL Banldlaun?

JpGraph luntsuanansinaALas ngaw A

grun)i/ANTulueInIA uaznaWAIgUNN/
ANTBIUAY H1unng wandimes # URL

http:/localhost/testiot AYLL&AAS LY Figure 7.

de: Temparanare - 38,06 {C) Tamidiny - $8.028 (tark)

Seil Ligth sensor({lux)

Figure 7. (a) PHP script for get data from MySQL database and (b) Graph page for show air, soil, light data

2.7 ARFN Node.JS WWALARLY Pi 4
data logger 18 @5149 Node-Red flow \iaNFa

MySQL BMUALAS ANGIUNNH ANAIINTU UARY

nsIW 3 ATUULATL @FA (Dashboard)
Ina@1u190FaNn6W URL http:/ms.pbru.ac.th:

1880/ui AILARS MU Figure 8

PBRU Science Journal
Volume 20 Number 1 January-June 2023

10



PBRU SCIENCE JOURNAL
7 20 aduil 1 uns1Ax - Uiy 2566

2

-ﬂoal-a;\ﬁ‘m@ﬂoﬂﬂiI

.
+ o
20 Air g
9692 —— ‘ 2483

SHT20 Air Temp.

CPU Tempie)

SHT20 Soil Humi,

(a)

(b)

Figure 8. (a) Node-Red flow and (b) dashboard page for show air, soil, light data, control manual light

switch(on/off) and water pump switch(on/off)

v v
o a o

3.4UN1TAARSTEUU (Installation)

v
o v

W lda 1 fdun1sinfegAfuuLLIZIY

o2

9925AUAY QU A NTY wilaeinanifs

=

v '
a o o o =

ARAYAIRLLTEULAIAdRY NigaunisEauulas
dnenlfy Audizaufinumsdunsed annaneiade

912791 Aawanaluy Figure 9

Figure 9. (a) The station of loT sensing system
using solar energy for vegetable plots., (b) Wi-

Fi camera from smartphone

3.1 Andelansairailugniingadn
Usenaumlela1ussesiing 2 Wns Auu
WEIAN AR R AR TR 340 SAET (W) x
2 LB BLUTUNY IUAIANTIAAREN LazRAnmn
ks 2 fu ey

3.2 ﬁm%@ﬁmﬁhﬂmumb\lﬂﬁmﬂ%
AuUafAaTLLLNAN (Hybrid inverter) 111 500
W 220 VAC 50Hz 30A MPPT 12VDC 1 61 Waz
LuALAe3d13041 65 Ah 12 Volt x 2 69 WA
130Ah (Ampere-Hour) %QLL@NLLﬂﬁf—%@INQ Aa
mmﬂ-gﬂnmmemﬂ?:'luﬂwmmwﬁqmu

3.3 ﬁmrﬁ?@mdwﬁﬂmﬂ%ﬁuﬁmimﬁ
1 §afinLn 200 AR7 ieanm 0.5 T HiaiR
inasuuuLlas 4 A2 alsunaslanasan 4 6a

3.4 ﬁmﬁ?\mmmmﬁmmwLﬁTﬁJLLm/fqm

\Wiudaya (Pi 4 Data logger) IARTIATAYDINLHN
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wuvla@N(SIM Router)

3.6 Aarandndadasilalians (Wi-Fi
Camara) Feuretnuaumesidnines

4. %uwmmu F¥UU (System Testing)

way U3u139 (Maintenance) TARULULITUY
R9I9374 (SMVP) ﬁﬂmmiﬁﬂu;ﬂmmﬁﬂmiﬁx
puRuAN Uz uazAnaNTRR T a1y Tneld
warlunmeaeumesaslgnisuldauazisniin
1 78UNTNELgN

4.1 NARAUATNATUANTUTUAY
AnuatTR ToeAuansnnsldnaslniflgann
wasenfingresgnananszualnindunesines
WULNAN (Hybrid inverter) Tuiaa1na1adugn
Funtuszuufanmaday azldnasanuliinns
anugsafine wazlunanapuvise llilugsenfine
avldndasuannuuamesgnsadlil TaaAuan
Panrunisane i liiugansadauasiiy
dayaldusadulia 5 Taas (Vo) grudas
nezua i 3 wanil (Amp) (5Vx3A=15W)
AR AS AT 15 Smsl (Watt)

AnsERnunnzang Wi ldiuge
dneii (lwaannanedu) tEnnaalndn 370 dmsf
w1smae A w AN 220 Taasl (Volt) (370 W/
220V =168 A) Aalunszualndild
1.68 wanil

&:\

A 7

([
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AR unizans Wi liuge
m‘qﬁmqmmﬁmemmﬁu‘luﬁu‘hﬂmﬁTu"LWﬁ']
3.6 Taasl grusnanszualvidn 12 Fauesdl) (mA)
(3.6Vx0.012 A = 432 W) Anuflunszua i
14 43.2 st

AR unnsans Wi liiuge
mmm‘fm@qmuqﬁmefam%ulummﬁ
Idusedulnin 3.6 laasl Aoudaanszualvii
12 auaxtl (mA) (3.6 Vx0.012A=432W)
AuTunszualWin il 43.2 Smst

AuanaLERunnzang WA T e
naaagasilalfane ldn1aslnin 11 Tnef uns
poausaaulWii 12 Taast (11 W/ 12V =0.92 A)
AuTunszualin il 0.92 wesh!

Aualnindesadnengaatsanus
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Faun1f B IA NN 1E luaan

'
o

AANNAY 6 T2 1N WNAY {(15 SRH) x 6 TN.} +
{(43.29m6) x2 gALTULTDF(AW/@1NA)
X6 %Tm} +{(11 3m67) x 6 11.} / (s u AN
LURLAE X 0.6 (% sldaunszualninielu
mem@ﬁi) x 0.85 (U9z@nsn1waad Inverter)] Am
111 110.20 Ah Gaifaanasan1aldnaaan
wupAesnAL 130 Ah d1vsuluneunansiy
watideuntsaedlisunsussuunsaaday Taildlsy
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ANUNTLAE AaLARI LU Table 3
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Table 3. Energy used and test results, characteristics and qualifications of the tool kit/equipment

Tool kit/Equipment and Feature/Function

Energy used

Function Test

Results

Solar, inverter, and solar panels kit
® Able to supply electricity during the day during the time of sunlight.
® Able to supply electricity at night During the time when there is no

sunlight, all night.

Battery

65 Ah 12 Volt x 2

set

= 130Ah

‘/matoh

attributes/functions

Air temperature and humidity monitoring kit
® The sensor can measure air temperature. Air temperature range 0-50
degrees Celsius and air humidity display value 0-100%, display text
on the LCD 1602.

® Able to send http request JSON data with POST method to Pi 4.

Air sensor kit

3.6Vx0.012A

=432 W

‘/match

attributes/functions

Soil temperature and humidity monitoring kit
® The sensor can measure air temperature. Air temperature range 0-50
degrees Celsius and air humidity display value 0-100%, display text
on the LCD 1602.

® Able to send http request JSON data with POST method to Pi 4

Soil sensor kit

3.6Vx0.012A

=43.2W

‘/matoh

attributes/functions

Light monitoring kit and Pl4 data logger

® Able to store values from light sensor 0-65535 (lux) into database

® The data logger can store values from the sensors, enter the

database, and retrieve the historical values as an optical graph with

Pl4 Data logger

5Vx3A=15W

Electric lamp

20 W /220 V = 0.09

\/match

attributes/functions

browsers A

® Able to view the statistics of the sun, temperature and humidity in the
past as a light graph with browser

Dashboard monitor and planting grow camera Water pump v match

® Able to control on/off Automatic water pump according to conditions, 370 W /220 V attributes/functions
Temperature/Humidity/Light —168A

® Able to manually control the water on/off (manual) with a browser via

IP Camera

IP address

® Able to watch the growth of table vegetable plots via

phone/smartphone

1MW/12V =0.92

A
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42nnaauannguldanansel 5 9¥A1 AU 30 AU uanansduazInAns

A1 TN HATAIAATUASAIUNITIAINTTN 12 au uineas/gAnegau 30 aulue 3 41
WA UNANHIA1T1TT NN HATAIERT UAS Aanandlu Table 4

Y ¥ K v a
MNEATNTHILIANT AN PRI SIETE1 A

Table 4. Performance results of the SMVP model

Result
Assessment issues Mean Standardization
(X) (S.D.)
1. The efficiency of the SMVP model
1.1 Solar power supply unit: Able to supply electricity during the day throughout
the time of sunlight and can supply electric power at night during the time 4.66 0.47
when there is no sunlight all night. Available all day (24 hours)
1.2 Air Temperature and Humidity Monitoring Kit: The sensor can measure air
temperature. Air temperature range 0-50 degrees Celsius, air humidity display
0-100%, display the message on the LCD 1602, and send the data to Pi 4 99 002
data logger. Available all day (24 hours)
1.3 Soil Temperature and Humidity Monitoring Kit: The sensor can measure air
temperature. Air temperature range 0-50 degrees Celsius, air humidity display
0-100%, display the message on the LCD 1602, and send the data to Pi 4 had 07
Data logger. Available all day (24 hours)
1.4 Light Monitoring Kit and P14 Data logger: Able to store values from light
sensor 0-65535 (lux) into database, and show the statistics graph in the past
of the light, temperature, and humidity with browser. Available all day (24 4.66 0.47
hours)
1.5 Dashboard Monitor and Planting grow camera
1.5.1 Data logger able to store values from sensors into database and retrieve
historical values as graphs through a browser. Available all day (24 4.83 0.37
hours)
4.50 0.50
1.5.2 Data logger able to control on/off, Automatic water pump according to
conditions, temperature/humidity/light
1.5.3 Users can control the water on/off manually with a browser. 466 0.47
1.5.4 Users can watch the growth of the table vegetable plot through the
phone/smartphone. Available all day (24 hours) 4.83 0-37
Average efficiency of the SMVP Model 4.64 0.50
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Table 4. Performance results of the SMVP model (continue)

Result
Assessment issues Mean Standardization
(X) (s.D.)
2. The cost of the SMVP Model.
2.1 SMVP budget for design/build/installation with a budget of 45,000 baht
which consists of: 1) Solar power supply unit 2) Air temperature and
humidity monitoring kit 3) Soil temperature and humidity monitoring kit 4) 4.50 0.51
Light monitoring kit and P14 data logger and 5) Dashboard monitor and
planting grow camera is appropriate in the budget.
2.2 SMVP budget for design/build/installation with a budget of 45,000 baht
which estimated cultivation/production/income and calculate the break- 4.36 0.61
even point (Table 2) to be appropriate.
Average cost of the SMVP Model 4.33 0.56
3. Benefits for use in cultivation of the SMVP Model
3.1 The SMVP model can be installed and used with vegetable plantations,
4.83 0.37
raised tables and other areas.
3.2 The SMVP model is useful for monitoring the growth of vegetable plots
4.86 0.50
leading to public relations for sales through online and offline markets.
3.3 The SMVP model is useful to use statistics that are the factors of
vegetable cultivation, light value, temperature and humidity accuracy of 4.66 0.47
each vegetable. as information for the next cultivation.
Average benefits for use in cultivation of the SMVP model 4.78 0.45
Average of all aspects 4.61 0.50
4.3 Ufudgeudly (Maintenance) fayaasgiudeya nianldudenadenim
NANUTOL WENIAITNIUNIZANAN Python “try: except as e:” INamsaadeu
% a P g o & v a A = %
ANNUIARBNATITBINUN UL AY A9l AANANAIA error NTEUDTU/AUYLUAD Haann
4.3.1 d5unisuasnanlunis gudayallls
= 1 £ ¥ 1 o 4 1
FIEIU/DNY m@g@mgmmmﬁmmmmLﬁﬁum@ﬂm 4.3.2 Ufuseae/Aunianngng
nM9guLIan 5 wiiliieananisruiulunisden w9inas inanisimansiedoy iyt o Wi-Fi 28990

PBRU Science Journal
Volume 20 Number 1 January-June 2023



e s Ay oyrulaanuadasuiniy Tne 1y

SARaasdtynynnd Wi-Fi ldmaaiiu 80 lwms

433 fasfuinanadianes
Tilive s lnumumesiag [dnasatiuh

4.3.4 15y 1 99 Node-Red Ul
Flow TWannsnzeng lauuuaisnsne Tnedeu
A& Python Waridufl Pi 4 Data logger
Wﬂ'qﬂ'f]ﬁwmmLﬁuﬁffqim%wﬁﬁuimuu
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