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Research and design an automatic monitoring care system
for Phalaenopsis Orchid
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Abstract

The paper presents the research and design of an automatic monitoring care system for Phalaenopsis Orchid.
The central device is designed based on the Atmega16 microcontroller to control. The sensors measure the
temperature, humidity and soil moisture around the orchid integrated in the device to assess the ecological
condition of the plant. An interface developed on the Smartphone allows to collect and display information about
the loT (Internet of Things) monitoring care system. Initial results show that the device has worked well, suitable
for taking care of the orchid in household scale, to help the farmer plant the orchid more efficiently.

Keywords: Phalaenopsis Orchid; loT; temperature; humidity.
Téom tit

Bai viét trinh bay két qua nghién ctru thiét ké hé thong giam sat cham séc tw dong Lan hd diép. Thiét bj trung
tam duoc thiét ké dwa trén bo vi didu khién Atmega16 dé diéu khién. Cac cdm bién do nhiét do, d6 &m va d6 dm
cla dat xung quanh vuen lan dwoc tich hop trong thiét bi dé& danh gia tinh trang sinh thai cla cay trong. Giao
dién dwoc phat trién trén Smartphone ¢ho phép thu thap va hién thi théng tin vé hé théng cham séc giam sat loT
(Internet of Things). Két qua bwéc dau cho thay thiét bi hoat dong tét, phi hop vé&i viéc cham séc lan & quy md

hé gia dinh, giup ngwoi néng dan tréng lan hiéu qua hon.

Tir khéa: Lan hé diép; loT; nhiét do; do ém.
1. INTRODUCTION

Phalaenopsis Orchid is a beautiful flower which not
only brings huge commercial values to the farmer but
also has decorative and medicinal value in our life
[1]. Some scientific researchs on the element in this
flower have shown that they can be utilized to make
up medicine curing stomachache [2]. However, in
Vietham - a country with a tropical climate, the growth
cultivation of this flower still has some limitation. The
current output of Phalaenopsis orchids is not able to
meet the demands of our market, and every year, we
still have to import from 3 to 4 million phalaenopsis
orchids from Taiwan, China [3]. The main reason for this
situation is the disadvantages in our growing process
which lie in both cultivation scale: Smallholding and in
the green house.

Reviewer: 1. Ass. Prof. Dr. Nguyen Tung Lam
2. Dr. Nguyen Trong Cac

With the small holding, the fragmentation in cultivation
and lack of scientific technology application lead to
the unstable output and quality of flowers. On the
other hand, with the greenhouse cultivation scale,
high initial investment costs are a great barrier for the
majority of farmers in Vietnam, who have low - middle
income in the society [4]. Currently, there have been
studies applying high technologies to Phalaenopsis
orchid care, including the study [5] applying a decision
support system for the care of Phalaenopsis orchids
by means of a method rule-based inference methods,
research [6] intelligent irrigation control based on
visual recognition or [7] using information technology
in phalaenopsis care.

Therefore, a research and development of an loT
system for the measurement, monitoring as well
as automatical remote control using smart devices
such as smartphones and computers with low cost
is necessary. This system will help the farmers solve
the disadvantages of traditional cultivation model,

18 Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 1 (80) 2023
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contribute to improve the output and quality of
Phalaenopsis Orchid. From the urgent demand for an
loT system which can take care of Phalaenopsis Orchid
with a low cost, this paper presents the research, design
and manufacture of a measurement device, using a
micro-controller unit, communication module as well as
a modern server platform. This device meets the basic
requirements of a monitoring care system such as
environmental parameters measurement (temperature,
humidity), automatic control of lighting and irrigation
equipment, have an ability to communicate with the
user through an application on smartphone. Moreover,
with low investment cost, the research team hopes that
the farmers can access this device easily and thereby
improve the productivity and quality output of the flower
in their cultivation process.

This paper includes five sections. Following this
introduction, section 2 presents the main characteristic
of Phalaenopsis Orchid - central object of this loT
system. The hardware and software design are given
in section 3, followed by the results and discussion,
finalized by the conclusion and references.

2. THE CHARACTERISTIC AND ECOLOGICAL
CONDITION FOR DEVELOPMENT OF
PHALAENOPSIS

The research team have done some studies about
the characteristic development stage of Phalaenopsis
orchid, and learned that it can be divided into two main
development stages:

- The Root, trunk, leaf development (orchid under 15
months of age);

- The blooming stage (orchid above 15 months old).

Each growth stage of the Phalaenopsis orchid requires
some specific condition of temperature, moisture,
luminous intensity and fertilizer.

2.1. Temperature

At the root, trunk, leaf development: the Phalaenopsis
orchid needs a daytime temperature of 25°C-31°C and
a night temperature of about 20°C-24°C.

During the blooming stage: The optimized temperature
is from 23°C-25°C at daytime and 15°C-18°C at night.
Sudden changes in temperature can cause flower
buds to drop.

2.2. Humidity

An average humidity of 50-80% is suitable for the
Phalaenopsis orchids’ development, but this also
depends on the type of soil mixture use to plant the
orchid (commonly charcoal, coconut fiber, rubble,...) [8].

The water for the orchid should have the pH
concentration from 6 to 7 and doesn’t contain chlorine.
The average amount of the water should be more than
half of the volume of the pot when the new leaves
appear.

2.3. Luminous intensity

At the root, trunk, leaf development: the light intensity
during the first 4 weeks is maintained around 5000 lux
and gradually increased to a maximum of 8000 lux
over 4 months. After about 8 - 9 months, the intensity
can increase from 12000 lux up to 20000 lux at the time
of blooming (when the orchid is 12 months old).

During the flowering period: The light intensity per day
should be 20000-25000 lux and it should be maintained
for 6-8 hours/day.

2.4. Fertilizer

Before fertilizing, it is necessary to water the orchids.
In the period of 5 to 9 months when the old orchids
have new buds, the flower needs fertilizer with high
potassium concentration (30%). In addition, vitamin B1
can be added to the plant during this period to increase
the orchid’s health.

3. DESIGN OF THE AUTOMATIC MONITORING
CARE SYSTEM FOR PHALAENOPSIS ORCHID

3.1. System diagram

E Hilif- (@

| Conraldeder |

Figure 1. System d/agram

The micro-controller unit (MCU): Plays the roles of the
brain of this system. It collects and processes the data
from the sensor, reads and manipulates the actuators
like the lamp, water motor,... In addition, MCU is
responsible for communicating with the wireless
communication module (Wi-Fi) to push data to the
server as well as receive user’s control command from
the software on the smartphone.

The sensor block combines 2 types of sensors:
Temperature and humidity sensors. Through the
sensors, the users will know the ecological environment
around the orchid and they can handle automatic or
manual adjustments to suit the growth and growth of
the plant.

The actuator block: In this research, the actuators
are used to influence two important factors affecting
orchid’s growth: The soil moisture and light through the
water pump motor and lights.

Wifi communication module plays the role of connecting
the hardware system in the field with the webserver. The
data of the sensor and the actuator will be transmitted,
and vice versa through this module, the microcontroller
will also receive the user’s control commands from the
server.

Tap chi Nghién ciru khoa hoc, Trudng Dai hoc Sao Do, S6 1 (80) 2023



NGHIEN CUU KHOA HOC

The webserver includes server and database. This
block play an intermediary part between the user and
the system on the field. The data from the the sensor,
the status of the actuator will be pushed into this
webserver block and stored in the database with basic
parameters (value, time).

User interface device: This block helps users to
interact with the system. Through this device (such
as smartphone), users can have basic information
of the monitoring care system such as temperature
- humidity, current soil moisture, look up historical
information on database or set up the timer to turn on/
off the actuators... as well as some useful information
to plant the Phalaenopsis orchid with high efficiency.
With the development of the internet and technological
devices such as smartphones, the research team built
an application on user’s phone.

3.2. Hardware design

3.2.1. Power circuit

In the research, we use a 12 VDC voltage power supply
for the hardware device. This type of power source has
some advatages below:

- It has a compact size, which is convenient for
installation.

- It has a relatively low cost, but still maintains an
approximately accurate voltage to supply power for
other components like actuators, sensors, ...

Because some components in the system operate at
different voltage levels (12V, 5V, 3.3V), the research
team used ICs LM2596 and AMS1117 to generate
voltages of 5V and 3V respectively.

Based on the power requirements of the hardware, we
have a converter circuit design in the figure below:

ety

ON/OFF |
Feedback i
VN | Ground ™

'
v-ouT

Figure 2. IC LM2596 and converter circuit
3.2.2. MCU

Maintenance, Atmega16 microcontroller is a popular
controller in the market. It is an 8-bit microcontroller with
the advantage of low cost, having 1/O pins to connect,
control peripheral components like sensors, actuators,
and UART communication with other modules [9].

\ | "
WD H T T GND b

Figure 3. Atmega 16 microcontroller

3.2.3. Sensor nodes

In this research, to meet the technical requirements
as well as optimize the cost, we choose the DHT22
sensor to measure simultaneously temperature -
humidity and convert them to the digital signal so that
the microcontroller unit can read them directly [10].

Figure 4. DHT22 sensor

We also use a soil moisture sensor working with the
principle of capacitor (LDTR-WG0236).

Figure 5. LDTR-WG0236 soil moisture sensor

3.2.4. Actuator circuit

The research team designed an opto relay circuit
that plays a role of an intermediary circuit between
the microcontroller and the actuators, which work
with higher voltage. This design will also protect the

microcontroller in case some electrical problems
happen with the actuator.
£ L .:_"E yx_“;_l 'I.'!I'-.'s'_'
Las 2 I T e P 3
us ‘_" : | Relay 10412 Nz
R 2 bm 1 it Ql; ‘:q"n I"ﬁl?:m:\
=

Figure 6. Relay circuit
3.2.5. Communication module

In this research, we choose Wifi module Esp32 to
connectthedevice to the webserver. The microcontroller
can communicate with this module through the UART
communication standard.

Figure 7. Wifi module Esp32
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3.3. Software design
3.3.1. Database - Webserver

Based on the system data collection and storage
requirements, the research team used a Google
database platform called Firebase. This is a platform
for developing mobile apps and website with simple
APIs, combined with a backend provided by Google.

Figure 8. Data field on Google Firebase

We created data field to store data from sensors,
control history (lamp, motor, auto function) with a
corresponding timestamp.

3.3.2. Application on smartphone

The research team created an application on
smartphone, using NodeJS and lonic Framework to
build a user interface and the corresponding functions.
There are 4 main activity tabs in this application:

- The home tab is the first tab that users will see when
opening the application, with the current data of the
system such as temperature, humidity, actuator state. ..

- History tab: Users can look up data - the working history
of devices in the system, with 2 basic parameters: Time
and value at that time.

- Timer tab: In this tab, users can schedule on/off
devices such as lights or water pump motor.

- Brochure tab: Some information and tips on how to
grow Phalaenopsis orchids in stages will be displayed
here to help users take care of the plants effectively.
4. RESULTS AND DISCUSSIONS

4.1. Hardware device

Figure 9. Hardware circuit

The function blocks in the measurement device works
properly and the value of the sensors, the state of

the actuators was well collected and shown on the
software.

Figure 10. The device was installed on the field

4.2. Software on smartphone

The image below shows 4 function tabs of the software
in the research.

Figure 11. The interface of the software
on the smartphone

The data will be stored with the corresponding time,
every hour.

=] S O

Figure 12. Data history on the application

4.3. Discussion and evaluation

Based on the measurement on the field, the research
team first had some evaluations about the system:

- The system can work stably for a long time without
having signal errors of sensors, actuators,...

- Measurement value are updated realtime to the
database and to the monitoring surface.

- The control data is sychronized continuously and
accurately between the server on Firebase and mobile
application.
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5. CONCLUSION

During the study, the research team has successfully
designed and manufactured a measurement device for
the automatic monitoring care system for Phalaenopsis
Orchid. This device works properly with the functions
of monitoring, wireless communication, including the
microcontroller Atmega16 combined with Esp32 wifi
module. The device will be researched for further
upgrade. The research team are working with the
automatic watering feature based on the weather
forecast, so that the system can operate efficiently in a
natural environment outdoor as well as an Al system to
identify diseases for Phalaenopsis Orchid.
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TAP CHi NGHIEN CUU KHOA HOC, TRUGNG DAI HOC SA0 DO

Tap chi Nghién cttu khoa hoc, Truérng Dai hoc Sao D6 (P. ISSN 1859-4190, E. ISSN 2815-553X), thudng xuyén
céng bé két qua, cong trinh nghién citu khoa hoc va céng nghé clia cdc nha khoa hoc, can b, gidng vién, nghién
ctru sinh, hoc vién cao hoc, sinh vién & trong va ngoai nudc.

1. Tap chi xuat ban 01 s6/quy bang hai ngdn ngir tiéng Viét va tiéng Anh. Tap chi nhan ding cac bai bao khoa
hoc thudc cac linh vue: Dién - Dién tir - Tu dong hoa; Co khi - Dong luc; Kinh té; Triét hoc - Xa hdi hoc -
Chinh tri hoc; Céac linh vuc khac gobm: Cong nghé théng tin; Héa hoc - Cong nghé thuc pham; Ngon ngie
hoc; Toan hoc; Vat ly; Van hoa - Nghé thuat - Thé duc thé thao...

2. Bainhan dang la nhitng céng trinh nghién ctru khoa hoc chua céng b6 trong bat ky an pham khoa hoc nao.

3. Toa soan chi nhan bai bao gtti online trén website http:/tapchikhcn.saodo.edu.vn. Bai bao gi¥i vé toa
soan dudi dang file dién tir (*.doc *.docx va *.pdf); cudi bai bao, tic gia ghi ré théng tin dia chi lién hé, sé
dién thoai, email va cap nhat théng tin trén website. Bai bao phai dugc trinh bay ding dinh dang, ré rang;
Truo'ng hop bai bao phai chinh stra theo thé |é hoic theo yéu cau ctia Phan bién thi tac gia sé cap nhat trén
website. Nguai phan bién sé do toa soan mai. Toa soan khéng guri lai bai néu khéng duoc dang.

4. Céac cong trinh thudc dé tai nghién ctru cd Co quan quan ly can kém theo gidy phép cho céng b6 clia co
quan (Tén dé tai, ma so, tén chi nhiém dé tai, cap quan ly,...).

5. Teén bai bao trinh bay bang hai ngén nglr (Hiéng Viét va tiéng Anh), font Arial, c& chir 14, in dam, can gilra.

6. Tén tac gia (khéng ghi hoc ham, hoc vi), font Arial, c& chir 10, in dam, can [ phai; co’ quan céng tac clia cac
tac gia, font Arial, c@ chir 9, in nghiéng, can |é phai.

7.  Chir “Tém t3t” in dam, font Arial, c& chir 10; N6i dung tém tat cua bai bao khéng qua 10 dong, trinh bay
bang hai ngén nglr (tiéng Viét va tiéng Anh), font Arial, €& chir 10, in thuong.

8. Chir "Tir khéa" in dam, nghiéng, font Arial, c& chir 10; Co tir 03+05 tir khoa, font Arial, c& chir 10, in
nghiéng, ngan cach nhau béi dau cham phay, cudi cung 1a dau cham.

9. Noi dung bai bao viét bang tiéng Viét hoic ti€ng Anh; Néu I3 bai bao viét bang tiéng Viét: Tieu dé tiéng
Viét trudc, tiéng Anh sau; Tom tat tiéng Viét trude, tiéng Anh sau; Tir khda tiéng Viét trude, tiéng Anh sau;
Néu la bai bao viét bang tiéng Anh: Tiéu dé tiéng Anh trudc, tiéng Viét sau; Tém tat tiéng Anh trudc, tiéng
Viét sau; Tir khda tiéng Anh trudc, tiéng Viét sau.

10. Bai bao dugc danh may trén kho gidy A4 (21 x 29,7cm) c6 dé dai khéng qua 8 trang, font Arial, cé chir 10,
gian dong At least 12pt, Before 3pt, After 3pt; can [é trén 2.5cm, du'di 2.5cm, trai 3cm, phai 2cm; hinh vé
phai rd rang, dd nét va dugc dinh dang duéi dang file anh (*.jpg); Phuong trinh, céng thirc phai soan thao
bing Mathtype hodc Equation; Phan néi dung bai bao duoc chia thanh 02 cét, khoang cach cot 13 1cm;
Trong trirdng hap hinh v&, hinh anh cd kich thude lon, bang biéu cé dé réng Ién hodc cong thirc, phuong
trinh dai thi cho phép trinh bay duéi dang 01 cot.

11. Tailiéu tham khao duoc sap xép theo thir tu tai liéu dugc trich dan trong bai bao.

- Néu Ia sach/luan an: Tén tac gia (nam), Tén sach/luan an/luan van, Nha xuat ban/Trudng/Vién, [an xuat
ban/tai ban.

-'Néu la bai bao/bao cdo khoa hoc: Tén tac gia (nam), Tén bai bao/bao cao, Tap chi/Haéi nghi/Hoi thao, Tap/
Ky yéu, s, trang.

-Néu |a trang web: Phai trich dan day di tén website va duéng link, ngay cap nhat.

12 Pinhdangmaubaibaothamkhao taidiachihttp:/tapchikhcn.saodo.edu.vn/news/detail/198/format_paper
Bai bao sau khi xuat ban sé duoc céng bé trén http:/tapchikhcn.saodo.edu.vn.
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