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1. INTRODUCTION

Technological advances in agriculture and horticulture are rapidly developing, including automated
systems for watering ornamental plants. Optimal plant watering depends heavily on the plant type, soil moisture
level, and environmental conditions. However, many ornamental plant owners still water plants manually,
which can result in over- or under-watering. Therefore, it is important to determine which flower types are best
suited to a microcontroller- and solar-panel-based automatic watering system. [1]

Ornamental plants play a vital role in environmental aesthetics and ecosystem balance. However, one
of the main challenges in their care is proper watering, as each type of plant has different water requirements.
Overwatering can cause root rot, while underwatering can stunt plant growth. Therefore, a smart and efficient
watering system is necessary for optimal plant growth. [2.]

Along with technological developments, microcontroller-based automation systems are increasingly
being applied in agriculture and horticulture. Microcontrollers can be used to automatically control plant
watering based on data from soil moisture sensors, temperature sensors, and light sensors. Furthermore, the
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use of solar panels as a power source in these systems can increase energy efficiency and support
environmentally friendly technologies [3.]

MADM is a method that can assist in decision-making by considering various criteria, such as water
requirements, light intensity, soil type, and air humidity. With this method, it is hoped that the system can
automatically adjust the optimal watering pattern for each type of flower. With a microcontroller-based
watering system supported by solar panels, it is hoped that it can help ornamental plant owners in caring for
their plants more effectively and efficiently, as well as reducing dependence on human labor in watering plants.
Therefore, this study was conducted to develop and test an automatic watering system that is able to select the
optimal type of flower using the MADM method, so that it can provide a smarter and more sustainable solution
in ornamental plant care [4. ]

2. METHOD
This research uses a mixed methods paradigm with a sequential combination approach. A quantitative
approach is used to measure the effectiveness of a microcontroller- and solar-panel-based ornamental plant
watering system based on the water requirements of several flower types. Meanwhile, a qualitative approach
is used to explore user perceptions of ease of use, system efficiency, and preferences for certain flower types.
By combining these two approaches, the research is expected to produce more comprehensive, valid, and
applicable conclusions [5.]
This research intersects automation technology, Multiple Attribute Decision Making (MADM)-based
decision-making, and renewable energy for optimizing ornamental plant care. It offers novel contributions in
the following ways:
1. Integration of the MADM method for selecting ornamental flower types based on water requirements,
environmental resistance, and beauty.

2. Implementation of flower selection results into an automatic watering system based on a
microcontroller and solar panels.

3. Optimizing energy and water use with applied technology approaches and intelligent decision making
[6.]

In general, many automatic watering systems and the use of the MADM method have been developed in
agricultural contexts. However, there has been no research that comprehensively combines: flower selection
based on the MADM method, microcontroller-based automatic watering, and energy efficiency through solar
panels. Therefore, this research is in an innovative and applicable position, and has great potential to meet the
needs of modern urban gardening in an efficient and environmentally friendly manner [7.]

2.1. Research Data Sources
This research has data sources, namely

a.  Flower Type Data : Bougainvillea, Rose, Aglonema, Lily, Pothos, Bonsai

b. Component Data : Microcontroller (Arduino Uno / ESP32), Soil Moisture Sensor, Mini DC
3V-12V Water Pump, Relay Module, Solar Panel (Solar Panel 10W or 20W), Solar Charge
Controller, 12V Battery (or 7.4V Li-ion), Voltage Regulator Module (Step Down), Water
Hose / Irrigation Pipe, Solenoid Valve (optional), Breadboard and Jumper Cables, LED or
Buzzer (optional), LCD / OLED Display (optional).

c.  Data on Electrical Power Generated by Solar Panels

d.  Data on the Results of Calculating Interest Types Using the SAW Method

2.2. Research Stages
The research stages used were the Waterfall Method . The Waterfall Method is a sequential software
development process, where progress is viewed as flowing continuously downward (like a waterfall )
through the phases of planning, modeling, implementation (construction), and testing. The advantage of
using the waterfall method is that it allows for departmentalization and control. The development process
model is phased one by one . The following are the research stages in the waterfall method, as seen in the
following figure:
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Figure 1. Research Method and Design

3.  RESULTS AND DISCUSSION
A. Design Results and Control System Plan

The design of an automatic watering control system using a microcontroller and solar panels
consists of components of a microcontroller (Arduino Uno / ESP32), a soil moisture sensor, a mini
DC 3V-12V water pump, a relay module, a solar panel (Solar Panel 120WP), a solar charge controller,
a 12V battery (or 7.4V Li-ion), a voltage regulator module (step down), a water hose / irrigation pipe,
a solenoid valve (optional), a breadboard and jumper cables, an LED or buzzer (optional), an LCD /
OLED display (optional) [8.] This can be seen in Figure 2.

Figure 2. Design of an Automatic Ornamental Plant Watering Control System

The following are the results of the team's research into the types of flowers that will be used as an
alternative calculation method for the SAW method and selected directly at Mr. Rohim's flower shop
and can be seen in Figure 3 below [9.]
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Figure 3. Equipment installation activities at the “Kamila Garden” flower stand

The estimated power usage of the ornamental plant watering control system based on

microcontrollers and solar panels can be seen in Table 1 below :

Table 1. Estimation of Power Usage in Control System

No Component Name Power Consumption (Watts) Information
Active only part of
1 ESP32 microcontroller 0.8 — 1.5 watts the time
Can be disabled
2 Soil moisture sensor 0.05 watts when idle
Used only when the
3 Relay 0.2 watts pump is on
Turn on 5-15
4 Mini water pump 5 — 18 watt minutes per day
5 WiFi / Bluetooth Module 0.5 -1 watt IoT System
6 Solar Panels 15 Watt On for 4 Hours
Total Power Per Day 35.25 Watt

cost formula : Cost = Power (watt) x Duration of use (hours) x Tariff per kWh / 1000. PLN electricity tariff:
+Rp 1,444.70 per kWh (household customers R-1 1300 VA — 2200 VA) total power usage is 35.25 Watt.
Daily consumption is 35.25 watts x 24 hours / 1000 = 0.846 kWh. Cost per day 0.846 kWh x Rp 1,444.70
~Rp 1,222 if 1 month then Rp, 1,222 x 30 = Rp. 36,000. With a 120 WP solar panel, the cost to be paid is
Rp. 0 because all power in the control system is supported by solar panels that produce 200-250 Watts per
day [10.]

B.

Results of Calculation of Decorative Flower Type Selection Using the SAW Method

This section is the result of the calculation of the types of ornamental flowers used as alternative
decision support using the Simple Additive Weighting (SAW) method. The resulting weight value
(w) is used to indicate the relative importance of each sub-attribute. The first step in the SAW method
is to calculate the normalized performance rating value of alternative Ai on attribute Cj using formula
1. This value is then entered into formula 2 to obtain the preference value for each alternative (Vi).
These Vi values are then sorted in ascending order. A larger Vi value indicates that alternative Ai is
more preferred. The following is a list of alternative types of ornamental flowers in Table 2 [11.]

Table 2. Alternatives (A) Types of Ornamental Flowers

No Alternative Code (A) Alternative Name
1 Al Bougainvillea flowers
2 A2 Monstera Flower
3 A3 Peace Lily (Spathiphyllum)
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4 A4 Pothos Flower

The criteria for selecting ornamental flower types for SAW method calculations can be seen in Table
3 below [12.]

Table 3. Criteria (K) for Flower Types

No Criteria Code (K) Criteria Name
1 K1 Wide and Thin Leaves
2 K2 Continuous Flowering
3 K3 Grows in tropical climates
4 K4 Has a Dry Structure

The decision maker assigns preference weights as follows: W = (5, 3, 4, 2). The suitability rating of
each alternative for each criterion can be seen in Table 4 below [13.]

Table 4. Alternative Suitability Ratings

Criteria
Alternative o o < K4
Al 4 4 2 2
A2 3 5 4 4
A3 4 3 5 4
A4 2 4 2 4

The decision matrix is formed from a table of alternative suitability ratings for each criterion. The
following is the decision matrix [14.]

4 4 2 2
_ 13 5 4 4
X= 4 3 5 4
2 4 2 4
The normalization value of matrix x is:
4 4
Ryj-mmmm——=-=1
Max {4;3;4;2} 4
3
RZ]ZMax{4;3;4;2} T a4 0,75
4
R31:Max{4;3;4;2} T a4 1
2
Rai- Max (4;3;4;2) 4 0.5

And so on to obtain the normalized matrix value R as follows:
1 08 04 0.5

075 1 08 1
1 0.6 11

05 08 04 1
The ranking calculation after the normalized matrix process R then the ranking value results for each

alternative are known as follows:

R =
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Al = (5)(1) + (3)( 0.8) + (4)(0.4) + (2)(0.5) = 10

A2 =(5)(0.75) + (3)(1) + (4)(0.8) + (2)(1) =11.95

A3=05)(1)+(3)(0.6)+ @)+ (2)(1)=12.8
A4=(5)(0.5)+(3)(0.8) + (4)(0.4) + (2)(1) =8.5

The highest value in the alternative ranking value for all criteria is A2 with a value of 11.95 for the
Monstera flower type . This means that this type of flower requires very intensive watering. The Monstera

flower can be seen in Figure 4 below [15.]

C. Control Tool Test Results
1. Results of Soil Temperature Tests on Flowers

These results represent the temperature test results generated by the temperature sensor. This
test was conducted over three days. The temperature was cold at 6:00 a.m. WIB, hot at 12:00 p.m.

Figure 4. Monstera flower

WIB, cool at 6:00 p.m. WIB, and cold at 11:00 p.m. WIB. This can be seen in Table 5 below.

Table 5. Results of Soil Temperature Measurement Trial

No Date O'clock Test Sensor Thermom Accura Information
to- eter cy

1 09/05/25 06.00 WIB 1 22.11°% 22°% 100% Cold

2 09/05/25 12.00 WIB 1 28.16°¢ 28°¢ 100% Hot

3 09/05/25 6:00 PM 1 25.32°% 25° 100% A little cold
WIB

4 09/05/25 11:00 PM 1 23.54°¢ 23°c 100% Cold
WIB

5 10/05/25 06.00 WIB 2 27.32°% 27° 100% Hot

6 10/05/25 12.00 WIB 2 24.21°% 24°¢ 100% Cold

7 10/05/25 6:00 PM 2 22.21°% 22°% 100% A little cold
WIB

8 10/05/25 11:00 PM 2 22.11°% 21° 100% Cold
WIB

2. Control System Component Test Results

This section presents the results of a test run of the components of an automatic ornamental
plant watering control system using a microcontroller and solar panels. The test run consisted of
successful operational processes of the control system, including the switch, temperature sensor,

solar panel, and microcontroller. This can be seen in Table 6.

Table 6. Tool Trial Results

No Date Test of

Tool Name

Trial Results

Information
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Succeed Not successful Condition

09/05/25 1 Arduino v - Normal Fluent
09/05/25 1 Solar Panels v - Normal Fluent
09/05/25 1 Water Pipe Spray - v Error Little Water
09/05/25 1 Temperature Sensor v - Normal Fluent
09/05/25 1 Irrigation Pipes v - Normal Fluent
09/05/25 1 Water pump v - Normal Fluent
10/05/25 2 Arduino v - Normal Fluent
10/05/25 2 Solar Panels - v Error Error Power
10/05/25 2 Water Pipe Spray v - Normal Fluent

10 10/05/25 2 Temperature Sensor v - Normal Fluent

11 10/05/25 2 Irrigation Pipes v - Normal Fluent

12 10/05/25 2 Water pump v - Normal Fluent

3. Power Measurement Results on Solar Panels
These results represent the power output of the solar panel over three days, or three tests at
different times. Normal means the power never drops below 30 watts. The power required to
power the control system as a whole per day requires 35.25 watts. The power generated by the
solar panel per day is 200-230 watts. The solar panel measures 120 watts and can produce 300
watts. This can be seen in Table 7 below.

Table 7. Solar Panel Test Results

No Date O'clock Test Power Thermo Weather Information
to- meter
1 09/05/25 06.00 WIB 1 10 Watt 22°% Overcast Abnormal

2 09/05/25  10.00 WIB 1 95 Watt 25°% Hot Normal
3 09/05/25 1:00 PM 1 98 Watt 26°c Hot Normal
WIB

4 09/05/25 17.00 WIB 1 12 Watts 20°C Thought  Not normal.
5 10/05/25 06.00 WIB 2 9 Watts 22°% Thought  Not normal.
6 10/05/25 10.00 WIB 2 94 Watts 25° Without ~ Normal
7 10/05/25 13.00 WIB 2 97 Watts 26°c Without ~ Normal
8 10/05/25 17.00 WIB 2 19 Watts 20°C Thought  Not normal.
9 11/05/25 06.00 WIB 3 10 Watts 22°% Thought  Not normal.

10 11/05/25 10.00 WIB 3 98 Watts 25°% Panas Normal

lJournal of Electrical and Computer Engineering (JEECOM), Vol. 07, No. 2, May 20 25
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11 11/05/25 13.00 WIB 3 99 Watts 26°¢c Panas Normal

12 11/05/25 17.00 WIB 3 20 Watt 20°¢c Overcast  Abnormal

4. CONCLUSION

Based on the results of the research trials conducted three times on different days, from May 9 to 11, 2025,
it was explained that: The SAW calculation results show that A2 has the highest ranking, at 11.95, based
on four criteria. A2 refers to Monstera flowers, meaning this type of flower requires intensive watering.
The results of the trial of the temporary control device components showed errors in the water spray and
solar panels that emit power when exposed to the sun. The results of the solar panel power measurement
test at 6:00 a.m. showed a relatively low power output of 9-10 watts. At 1:00 p.m., the power output was
very high, reaching 96-99 watts. The power generated by solar panels per day is 200-230 Watts with a solar
panel size of 120WP. The power consumption of the control system is 95-100 Watts for 9 hours of active
operation, meaning that using solar panels can save 100-200 Watts of power per day. The flower shop
owner can save Rp. 36,000 per month on electricity costs for this control system.
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