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Abstract— Nowadays, digital transformation has become a part of
everyday life. One important sector is agriculture. Agricultural
technology was developed for the needs of greenhouse Polije as a
technology factory development unit. One of the challenges for
greenhouse farmers is monitoring the soil condition of melon
plants, which requires watering according to the plant's soil
moisture. Precision agricultural technology has a new look and
supports the implementation of smart systems on chips in portable
form. The portable smart system on chip is equipped with a
processing and controlling unit, namely ESP32 and several
supporting sensors. The results of the sensor readings become a
benchmark for watering. Sensor data acquisition shows real time
reading results with an error on the DHT22 sensor of 3.73%, the
DS18B20 sensor of 3.8% and the soil moisture sensor is known to
have an average normal condition at a percentage of 45.6%. The
three sensors have an average response time of 2.4 seconds.

Index Terms— Portable, smart system, SoC, melon plants.
|. INTRODUCTION

Challenges experienced by farmers in detecting soil moisture
visually based on color and visible conditions. Previous
conventional methods that only relied on visual observations of
soil color, texture and visual condition of the soil surface have
proven to be inefficient and inaccurate in determining soil
moisture. Variations in soil color are a major obstacle, causing
difficulties in identifying soil surface textures which are
important for plant growth[1].

The lack of appropriate tools to detect soil moisture, especially
those that can measure soil moisture and air temperature, has
resulted in less than optimal agricultural results. This condition
has a direct impact on the productivity and welfare of farmers,
especially for those who grow plants in greenhouses such as
melons which really need special attention to soil conditions.
Therefore, developing a system on chip device that is able to
accurately detect soil fertility is very important. This research
aims to create a solution that utilizes the latest technology, such
as the ESP32 as the main controller, as well as the soil moisture
sensor and DHT22 sensor and the DS18B20 sensor as the main
component in detecting the condition of the soil and
surrounding space.

The integration of sensors and system on chip (SoC)[2] on the
ESP32 becomes the core of the smart system in portable form
which will be designed and developed in this research. The
portable smart SoC can control watering melon plants based on
reading soil moisture data which is a benchmark for watering.
Apart from automatically controlling the smart system, farmers
can also water using an application on a mobile computing-
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based system, in this case using a smartphone with the MIT App
Inventor application software.

The Intended Greenhouse

Fig. 1.

Melon plants produced by the TeFa Polije greenhouse[3] are
the target of system design and implementation for data logger
system. The development environment supports testing and
validation of the smart SoC at certain times as well as
monitoring plants at the desired time using a portable smart
system. This also helps the precision agricultural technology
that Polije is developing to improve the digital transformation
of the agricultural industry.

This research aims to the portable smart system on chip will
give farmers better access to knowing the moisture conditions
in the soil. They can manage plant watering more efficiently,
by setting the time and amount of water needed based on the
data provided by the device. This is expected to increase overall
agricultural productivity and reduce losses due to inappropriate
land management..

Il. RESEARCH METHOD

The appearance of the actual conditions for planting melons in
the Tefa Greenhouse Polije is shown in Fig. 1. In the picture, a
location survey and system requirements are carried out.
Generally, the watering process is carried out on a schedule
with the operator observing the condition of the plants directly
and if he feels it is time to water, the operator or gardener will
turn on the watering pump. Uneven watering conditions
sometimes require special handling, so gardeners need to water
certain areas that have not been watered or in certain cases
require extra watering. The extra condition in question is a dry
area that requires watering.

A Planning System

The planning stage is the first step in the process of creating a
design of portable smart SoC, because in this planning it will be
determined what system will be built so that it can function
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optimally. Therefore, planning must be done carefully so that
the resulting system is truly optimal. There are so many
problems that arise that technology is needed to deal with some
of the problems that farmers often experience. So far, manual
methods have been used to monitor soil moisture for plants in
the tefa greenhouse polije. However, if this portable smart
system is used as a tool for monitoring soil moisture in plants
in the tefa greenhouse polije, it will certainly save farmers time
and energy in monitoring soil moisture because it can be
accessed via an application on a smartphone.
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Fig. 2. Block diagram of portable smart SoC

System design as shown in Figure 2 consists of designing
components in an integrated on-chip system with sensor input
and output. As an input unit, there is a DHT22 sensor that have
functions for better air humidity data acquisition[4]. DS18B20
sensor as a water temperature data reader. The DS18S20 sensor
can take temperature readings from -55 °C to +125 °C with a
resolution of 9 bits to 12 bits. The next input is the soil moisture
reading by the soil moisture sensor. The system output is
displayed on the LCD on the portable smart SoC and mobile
application.

B. Implementation System

System implementation begins with formulating an algorithm
on the system flowchart. This flowchart is the basis for
translating the steps in the pseudo code program in the Arduino
IDE and MIT App Inventor software. Portable smart systems
have two types of control systems, namely manual and
automatic control as shown in the picture 3. It is necessary to
measure the power used for each component to estimate the
power requirements required by the system using ohm law and
joule law, based on fig 2.

Implementation on hardware system srated by initialization
process shown in the picture 3. Initialization sensors, display
and actuator. After the system output results are read, the
system needs to be calibrated using a valid calibrator. The
difference in data read by the system and the calibrator is an
error obtained using a formula. Sum of error accumulated and
the average of error is calculated.

- 0
Er = (Xm- Xa)/Xa XIOOK)DDD
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Fig. 3. Flowchart Portable Smart SoC

C.

Data Analysis

The analysis stage is carried out to measure the level of
efficiency of the portable smart system that has been designed.
At this stage, the humidity sensor measurements are entered
into several categories with parameters as in table 1. The wet
category is included in the classification of high and very high
levels of soil moaisture index (SMI)[5]. Apart from analyzing
the soil moisture sensor measurement data, the DHT22 sensor
and D18B20 sensor measurements are then calibrated using a
sensor meter.

TABLE |. PARAMETERS OF THE SOIL MOISTURE
Soil Moisture Indicator
Condition Sensor Value Sensor Percentage
Dry 2800-3500 0-25%
Quite dry 2500-2800 25 -35%
Normal 2200-2500 35-50%
Wet 1800-2200 50% - 100%

D. Experimental method

In this experiment, the actuator's performance was based on
temperature and soil moisture sensor readings which indicated
dry soil conditions that required watering. watering is done
based on the reading value and will stop automatically based on
the reading value too. The parameter for stopping watering is
when the soil condition is indicated to be 65% wet. The
performance of the portable smart SoC is discussed from two
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phases: namely the speed of monitoring response time and the
speed of watering response time.
- "

(a) outside

(b) inside

Fig. 4. Appearance of portable smart SoC

(a) home (b) automatic (c) manual

Fig. 5. Mobile application of portable smart SoC

Fig. 6.

Experiment environment

The appearance of the portable smart system on chip is shown
in the figure 4. The external appearance of the system displays
the reading results on the LCD, while the internal appearance
contains an electronic circuit of the constituent components in
an integrated chip. Watering control can be used in automatic
mode as shown in the figure 5 and it can use manual mode using
on and off button in the application. System testing was carried
out as in the figure 6 using melon plants in the Tefa greenhouse
of Polije.

E. Experimental results

The experimental results are shown in Fig. 5 and Fig. 6. It is
seen from Fig. 5 that the improved manta robot has high
propulsive speed for the propulsive force, compared to the
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conventional Manta robot. From this result, it is considered that
the improved manta robot has low propulsive resistance,
compared to the conventional manta robot.

TABLE II. SENSOR DHT22 TESTING RESULT

Time RH Vv A w RHs Er At
1210 | 483 33 | 0001 | 00033 | 48 | 6.25% | 2s
1215 | 480 33 | 0001 | 00033 | 47.7 | 6.28% | 3s
1220 | 46.9 33 | 0001 | 0.0033 | 469 | 0% | 2s
1225 | 481 33 | 0001 | 0.0033 | 47.9 | 417% | 4s
1230 | 477 33 | 0001 | 00033 | 47.6 | 210% | 1s
1235 | 485 33 | 0001 | 00033 | 482 | 622% | 2s
1240 | 493 33 | 0001 | 0.0033 | 491 | 4.07% | 3s
1245 | 493 33 | 0001 | 0.0033 | 491 | 4.07% | 2s
1250 | 488 33 | 0001 | 00033 | 486 | 4.11% | 3s
1255 | 491 33 | 0001 | 00033 | 491 | 0% | 2s

TAB LE | | | SENSOR SOIL MOISTURE TESTING RESULT

Time SMI Vv A w % Indicated | At
1210 | 2867 | 3.3 | 0000702 | 0.00232 | 36 | normal | 2s
1215 | 1804 | 33 | 0000702 ) 0.00232 | 5g wet | 3
1220 | 2230 | 33 | 0000702 ) 0.00232 | 48 | normal | 2s
1225 | 2345 | 33 | 0000702 | 0.00232 | .5 | normal | g
1230 | 2366 | 33 | 0000702 | 0.00232 | 45 | normal | o
1235 | 2402 | 33 | 0000702 [ 0.00232 | 45 | normal | o
1240 | 2436 | 33 | 0000702 | 0.00232 | 45 | normal | g
1245 | 2a45 | 33 | 0000702 | 0.00232 | 45 | normal | o
1250 | 2453 | 33 | 0000702 | 0.00232 | 45 | normal | o
1255 | 2467 | 33 | 0000702 | 0.00232 | ,, | normal | 5

TABLE |V, SENSORDS18B20 TESTING RESULT

Time T vV A w Ts Er At
1210 | 3656 | 3.3 | 0000702 | 0.00232 | 334 | 946% | 25
1215 | 3136 | 33 | 0000702 | 000232 | 355 | 2550 | 3s
1220 | 3056 | 3.3 | 0000702 | 0.00232 | 353 | 5389 | 25
1225 | 3187 | 33 | 0000702 1 0.00232 | 354 | 164% | 4s
1230 | 3281 | 33 | 0000702 | 0.00232 | 354 | 126% | 1s
1235 | 3356 | 33 |0000702 | 000232 | 355 | 3269 | 25
1240 | 3356 | 3.3 | 0000702 | 0.00232 | 376 | 394% | 3s
1245 | 3349 | 33 | 0000702 1000232 | 357 | 24206 | 25
1250 | 3403 | 33 | 0000702 | 0.00232 | 358 | 3979 | 3s
1255 | 3422 | 33 |0000702 | 000232 | 375 | 41206 | 25
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Date Control Water | Time | SMI(%) V |[A| W At
Pump ON

24/05/2024 | Auto | ON | 105 | 89.88% |12 |2 | 24 | 25
25/05/2024 | Auto | ON | 135 | 90.50% | 12 | 5 | 24 | 3s
26/05/2024 | Auto | ON | 9 [96.50% |12 |2 | 24 | 35
24/05/2024 | Manual | ON | 85 | 8550% |12 | 2 | 24 | 4s
25/05/2024 | Manual | OFF | 10 | 87.90% |12 | 2 | 24 | 15
26/05/2024 | Manual | ON | 115 | 88.40% | 12 | 5 | 24 | 25
26/05/2024 | Auto | ON | 105 | 92.67% | 12 | 2 | 24 | 35
27/05/2024 | Auto oFf | 125 | 85.70% |12 | 2 | 24 | 25
27/05/2024 | Manual | ON | 85 | 85.65% |12 | 2 | 24 | 35
27/05/2024 | Manual | OFf | 145 | 93.43% |12 | 5 | 24 | 25

The research results show that the test used the DHT22 sensor
to display air humidity in the greenhouse with an average of
48.4 RH, while the average sensor meter was 48.22 RH with an
error of 3.73% and a response time of 2.4 seconds. Meanwhile,
the results of research on testing using a soil moisture sensor to
display soil moisture showed an average SMI of 2381.5, so it is
indicated that it is in normal condition because the average
reading percentage is 45.6% and the response time is 2.4
seconds. The results of the DS18B20 sensor show that the water
temperature reading results were an average of 33.23°C. The
meter sensor reading results at the same time were 32.61°C. so
the average error is 3.8% and the response time is 2.4 seconds.
The average watering time is 10.5 seconds, with manual
watering the average is 10.2 seconds with direct sensing results,
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while the average automatic watering is 10.8 seconds with
sensor reading results.

I11. CONCLUSION

n this paper, the portable smart SoC implementation shows
good performance. Apart from being expected to be able to
support precision agriculture which is being developed, test
results using a portable smart SoC also show satisfactory
results. The use of the DHT22 sensor has an error of 3.73%,
while the DS18B20 sensor reading on the Tefa Greenhouse
Polije is 3.8%. So it can be concluded that the error obtained is
<5%. Watering carried out through the smart system has an
average watering time of 10.5 seconds and is able to meet the
water needs of plants whenever needed.
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