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Abstract— It is necessary to install a monitoring tool to improve the quality of seaweed dried in the drying room of Agricultural
Technology Education, Engineering Faculty of Universitas Negeri Makassar. This drying room utilizes a solar dryer as the primary
source of heat. This study aims to build and develop a monitoring system in the seaweed drying room. The methods used in this paper
have been designed method consisting of two parts, such as hardware and software design. The hardware is an electronic board
composed of sensors, Arduino Mega, driver relay, display, RTC, SD card, and power supply. All these kits are connected with various
functions in a system that records temperature data in real-time. The software is an Arduino IDE with an integrated program to record
temperature data every 15 minutes and show it on the GLCD. The monitoring circuit's testing results and the controlling system showed
that it could function well indicated by the implementation without technical obstacles. The results showed that the highest temperature
and the smallest humidity in the drying room were 63.77 oC and 17.25%, respectively, and occurred from 11:45 to 12:15. The average
temperature and humidity of the air in the drying room during the study were 51.04 oC and 34.7%, respectively. Based on these values,
this system can help the process of air circulation in the drying room and optimize the drying process of seaweed.
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There are several methods of seaweed drying that had been
I. INTRODUCTION used in many studies. The previous studies have used solar
energy as a source of seaweed drying [2], [5], [6]. The study
of Pradana et al. [7] and Sappati et al. [8] shows the use of an
air dehumidification system with silica gel adsorbent to
decrease the efficient drying process. The process study of
Pradana et al. [7] tried to examine the drying time and
temperature of moisture content and the rate of drying. The
best condition in the drying process of seaweed is used
temperature 50°C at 4 hours. The other study used
dehumidified air to retain seaweed quality [4]. The result that
the dehumidified air also affected drying time positively. The
two above research used a sun dryer treatment directly,
different from the Suherman et al. [9], using a solar dryer tool
to make faster and best-dried seaweed products. Using this
method can dry the material up to 12,2% water content within
16 hours. A similar study of Phang ef al. [10] got the final
moisture content of seaweed weight less than 5% for
subsequent measurement.
Further research by Naim et al. [11] used a different
method. It used an oven in the seaweed drying process. The
oven seaweed dryer functions well. Seaweed drying can be

Seaweed is one of the most abundant biological resources
in Indonesian waters, with the most seaweed species
compared to other countries [1]. Post-harvest handling is a
series of seaweed agribusiness activities crucial in producing
a good quality seaweed product. This activity must be done
carefully from the harvest process and method, drying,
packaging, and storing. To meet export and domestic industry
requirements, seaweed must-have in better quality.

Post-harvest handling of seaweed requires serious attention
to get superior quality. One way that can be used to optimize
the quality of dried seaweed is to improve the drying process.
At present, farmers are still using the traditional drying
method, such as tarpaulin and bamboo tables. This method
greatly influenced the quality of seaweed and has several
disadvantages, such as requiring longer drying time and the
seaweed can get dirty, even more, it can get contamination by
dust and sand particles and other impurities Surata et al. [2]
and also airborne contamination (particulates, microbes, etc.)
[3]. So, this current drying process can degrade the quality of
seaweed products [4].
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done with the help of solar, sunlight, and oven [9]. Several
studies before did not use the temperature and humidity
sensor to monitor the drying room condition. Besides, the
environmental condition should also be monitored to ensure
that the room temperature does not exceed the safe limits that
can damage the seaweed quality.

The system that can be used to monitor and control the
temperature of the greenhouse is using an Arduino Uno
viewing into the Labview [12], microcomputers and
programmable logic control (PLC) [13], Arduino Uno and
Ethernet shield [14]. Some sensors used to read the
environment condition are wireless sensor network [15],
using an Infrared Thermometer Camera [16], and ZigBee
technology for data monitoring sensor-based [17].

The drying room of Agricultural Technology Education of
Universitas Negeri Makassar is using the solar dryer too. But
the room drying without having a temperature and humidity
monitoring system to keep the condition stable. Therefore, a
series of monitors/controls need to be installed to monitor and
control environmental conditions. This study aimed to
develop a circuit monitoring in the seaweed drying room
which was completed by adding a temperature and humidity
sensor, some circuit modules, including Real-Time Clock
(RTC) and Micro SD. This monitoring system can store data
quickly and accurately into the SD Card using the SHT
temperature and Humidity sensor.

II. MATERIAL AND METHOD

A. Design of Drying Room Systems and Sensor SHT10

The seaweed room dryer in this study has an area of 15x10
meters with ironstone construction and room cover using
polycarbonate material. Nearly 80% of the room is covered
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by carbonate material with the addition of 4 fans and exhausts
to dispose of seaweed evaporation air.

Fig. 1 Seaweed dryer tray

Inside the room, there are several rows of dryer trays made
of aluminum. This drying chamber utilizes solar energy as the
only source of drying. The design of a fully covered room by
polycarbonate can maximize the heat generated by adequate
air circulation. Temperature Start Input and Output
initialization and humidity sensors use the SHT 10 type placed
proportionally on the dryer tray line to get the temperature and
humidity data representing each dried seaweed storage tray

(Fig. 1).
B. Block Diagram and Flowchart

This research design's block diagram consists of several
main components, namely sensors, controllers, SD Card, RTC,
Graphic Liquid Crystal Display (GLCD), driver relay, fan,
and exhaust. Overall, the system can be described in block
diagrams, as shown in Fig. 2.

GLCD

Fan

Driver Relay

Exhaust

Fig. 2 Block diagram of temperature control system

Fig. 2 shows the automation system of temperature and
humidity control of seaweed dryers in the drying room. It used
7 SHT 10 temperature sensors placed in the seaweed dryer tray.
All temperature and humidity sensors are connected to the
controller in Arduino Mega, which has many input-output
ports. Hence, it allows the stem to increase the number of
sensors and the control type of output. Each sensor sends a
signal to Arduino in the form of temperature and humidity
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values. The signal is then processed by the processor based on
the maximum temperature setting for seaweed. To make it
easier to monitor the temperature sensor readings directly, a
GLCD can be added which can display the temperature and
humidity sensor values. RTC and SD cards are used as real-
time timers and sensor data recording media, while to run fans
and exhausts, a relay driver is needed, which functions as an
active switch if it meets certain temperature conditions.
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Fig. 3 Flowchart system

Fig. 3 shows the flowchart to test the system's initial stage
with a series of temperature sensors and LCD graphs to
display temperature and humidity values. Next, try the SD
Card, RTC, and Driver Relay circuits. If the tests of each
system function properly, then proceed with installing the
whole system. Otherwise, the system will be repaired by
looking for the cause of errors in the form of component
damage or program errors. The entire system functioning
properly was then connected to an integrated device and ready
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to be installed in a room dryer, followed by data retrieval that
is analyzed according to the research problem.

C. Hardware Design

This system's hardware consists of several electronic
circuits, including sensor circuits, graphic LCDs, RTC
circuits, micro-SD adapters, regulator circuits, and relay
modules. Each component was interlocked with their
respective functions that are shown in Fig. 4.
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Fig. 4 The whole system circuit.

Fig. 4 is a complete series of temperature and humidity
sensors. The SHT 10 sensor type has a reading ability between
-40 °C to 123.8 °C with a reading accuracy level of + 0.5 °C.
Meanwhile, the humidity that can be read is in the range of 0%
to 100%. This sensor consists of sensor elements and signal
processing in packaging with an output in the form of a fully
calibrated digital signal. The application of these sensors
guarantees excellent reliability and long-term stability.

The LCD circuit is used as an information display in the
form of temperature and humidity values. The LCD type is
the Graphics LCD with a 128x64 bit pixel area. The LCD is
different from the LCD Character. The advantage of graphic
LCD is that it can display characters in the form of images
that have been instructed into bitmap files with maximum
pixel area according to the type of graphic LCD used.

RTC is used as a time reference for hours, minutes, and
even seconds. Utilizing the RTC, temperature and humidity
data can be obtained in real-time and recorded using an SD
Card. The recording results are stored in the form of a text file.
To run the fan and exhaust with a 220Volt AC voltage source,
additional circuit in the form of a relay driver is needed. This
circuit can be controlled digitally, so Arduino can be used as
a control source to activate the relay driver circuit. Arduino
IDE is the software used in creating programs for all the
system functions. The program is made by following the
standard syntax for the Arduino IDE, although only a few
basic instructions require adjustments because, in general,
Arduino programming is almost the same as the C
programming language.
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III. RESULTS AND DISCUSSION

A. Hardware Module

The hardware module that consists of several electronic
boards is integrated into the main circuit (Fig. 5). The
description of each board in sequence according to the
number is (1) a series of sockets that can be connected to the
SHT10 sensors, (2) the Arduino Mega module, (3) the SD
Card module, (4) the voltage stabilizer circuit module, (5)
RTC module, (6) GLCD Circuit Socket, and (7) On-Off
switch connected to 12V 10A Power Supply Switching.

L LT

Fig. 5 Main series of monitoring systems and drying room controller

B. SHTI10 and GLCD sensors

The SHT10 sensor continuously detects the temperature
and humidity of the seaweed drying room. The resulting
digital data is sent to the Arduino Mega controller circuit for
processing and displaying on the GLCD (Fig. 6). To display



temperature and humidity information data on the GLCD, it
follows the Arduino program syntax.

Fig. 6 Display of temperature and humidity data on the GLCD

Fig. 6 shows the temperature and humidity reading
information on sensor module 3. The temperature read value
is 30.55 °C and is located under the Temp variable. While the
humidity is 71.67% under the humidity variable. This display
applies to all sensors installed in the seaweed dryer tray, but
what distinguishes it is the title of the sensor name that
appears at the top adjusted with what the sensor read. The
GLCD circuit displays sensor data from sensor 1 to sensor 7,
automatically alternating with a time lag of 3 seconds.
Following is a fragment of the program syntax to display
information on GLCD, as shown in Fig. 7.

void suhu 3() //Tela 3 - Caracteres Ascii - Pag. 1
usg.
uig.
usg.

setFont (uBg_font_unifont);
drawStr( 30, 14,
drawStr( 31, 14,
drawLine (30, 15, 5S4, 15);
drawLine (61, 16, €1, &0);
setFont (ugg_font_8x13);
drawStr( 15, 26,
drawStr( 75, 26,
setPrintPos (75, 50); uwdg.print((int)kelembaban); ulg.print(":");
setPrintPos (15, 50);ufg.print({(int)derajat); ulg.print ("*C"):
drawRFrame (0,0,128,64,5);

drawRFrame (2,2,124,60,5);

"Sensor 3"),
"Sensor 3");
udg.
udg.
udg.
usg. "Temp.™):
usg. "Humi.");
usg.
ulg.
ugg.
usg.

Fig. 7 Piece of one of the Sensor data display programs 3

The program shown in Fig. 7 shows that the u8g.drawStr
command displays string data constantly according to the text
or words inside the brackets (beginning and ending with
quotation marks). The word will be displayed in the GLCD
with the font position in the 30th column and row 14. While
to display temperature data whose dynamic value can change
at any time, a variable is used. These variables must be
declared in advance in the main program fragment. In Fig. 7,
the variable is shown to display temperature data using the
temperature (T) 3 variable, while humidity uses the relative
humidity (RH) 3 variable. To display variable data using the

u8g.setPrintPos instruction, then proceed with u8g.print (T3).

C. The Data Logger of Temperature and Humidity

The data logger functions to record every change in
temperature and humidity on each sensor. Not only that, but
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the data was also recorded, including the timing. Two
modules can be used to perform temperature and humidity
data loggers. These modules are the RTC module and SD
Card. The time recorded in real-time starts from seconds,
minutes, hours to years generated by the RTC module. Even
this module can store data even though the power supply
circuit was turned off.

All data needed, including temperature, humidity, and time,
was recorded and stored in micro-SD. The recording was done
every time a change of 1 minute. Recordings were saved in
Text file format. Fig. 8 shows the data recording of
temperature, humidity, and time.

) TEST -
File Edit Format View Help
Tuesday,88.10.2019--18:48:27--

T1:-40.01C -- RH1:-4.69%
T2:48.45C -- RH2:32.48%
T3:42.57C -- RH3:40.24%
T4:-48.81C -- RH4:-4.69%
| T5:-48.81C -- RH5:-4.69%
T6:67.67C -- RHE:14.38%
T7:49.83C -- RH7:25.12%
T8:62.53C -- RHB8:16.61%
T9:-41.29C -- RH9:-4.69%

T10:-40.81C -- RH10:-4.69%
Tuesday,88.10.2019--18:49:23--

T1:-48.81C -- RH1:-4.869%
T2:48.47C -- RH2:32.18%
T3:43.11C -- RH3:39.58%
T4:-408.81C -- RH4:-4.69%
T5:-46.81C -- RH5:-4.69%
T6:67.33C -- RH6:14.45%
T7:49.91C -- RH7:24.82%
178:62.37C -- RHB8:16.608%

1T9:-40.01C -- RH9:-4.69%
{T1@:-48.01C -- RH1@:-4.69%

Fig. 8 Recordings results stored in a Text file

D. Temperature and Humidity Monitoring Data

The Drying room of seaweed consists of several tray
dryers arranged in parallel, and each of them has 10 layers.
Placement of the sensor is done evenly and can represent
temperature and humidity readings in each tray used as a dryer.
The SHT10 position sensor is placed in a tray that is used as
a seaweed dryer. Therefore, there are 7 sensors installed that
can represent the temperature and humidity readings
proportionally. In addition to the temperature sensor, the
controller circuit and the data viewer are also placed in the
middle tray so that wires for data and communication lines
from the sensor to the controller are not too long. The
maximum cable size applied to the SHT10 sensor is 5 meters,
with various considerations that the use of a long cable will
easily produce noise and a large cable resistance and
capacitance. This will affect the measurement results of the
signal from the sensor [18].

Retrieval of temperature and humidity data carried out for
3 days at the same time with the drying of seaweed. Retrieval
of temperature and humidity data is taken every change in 15
minutes. The sample time observed is starting at 10:00 until
17:00. Data stored on the SD Card is then entered into Excel
to make it easier to do data analysis in diagram form.
Temperature and humidity data processing is done based on
the position of the sensor.



Fig. 9 Sensor SHT10 placement

There are three divisions of the sensor position as shown in
Fig. 9:
« Sensors in the first tray layer (top layer) are sensor |
(S1), sensor 4 (S4), and sensor 6 (S6),
o The sensors on the fifth tray (middle layer) are sensor 2
(S2), sensor 5 (S5), and sensor 7 (S7)
o The sensor on the ninth tray (the lowest layer) is sensor
3 (S3)
The Temperature and humidity observation data was
obtained on the first day of drying with three divisions of
sensor positions: the upper, middle, and bottom tray sections.

1) Position of the first tray (top).: This type of sensor is a
sensor that is placed on the top tray that sensor 1 (S1), sensor
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4 (4), and sensor 6 (S6). Fig. 12 shows the temperature and
humidity sensor readings on all three types of sensors.
According to Fig. 10, the results of the temperature sensor
data readings topmost layer tray highest temperature values
obtained amounted to 63.77 °C, the minimum temperature
reading value is 35.51 °C, while the average value of the
temperature on the top shelf is 51.04 °C. The peak point of
the temperature reading occurs from 11:45 to 12:15. Based on
the graph, the sensor reading value 1 (S1)and sensor
6 (S6) has an average value that is almost the same as the
difference of 0.2 °C. While the average value of sensor
reading 4 (4) is 50.13 °C.

Temp. S6

B T B B B B B B B B B B B B B e T T T e T e JE = T B R

Fig. 10 Temperature data at sensor 1 (S1), sensor 4 (S4) , and sensor 6 (S6)

In Fig. 11, the highest humidity value was obtained at
57.71% (more than 50%)at 17:00. This is due to the
temperature of the air starting to fall. Humidity values tend to
increase from 14.00 to 17.00. Based on the graph, the lowest
humidity value was obtained at 17.25% at 11:45. This value
is contrary to the maximum readable temperature data at the
same time. If the temperature and humidity data show values
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that tend to be opposite, then water vapor in seaweed is more
quickly circulated in the drying chamber. Thus, humidity is
inversely proportional to temperature if high temperatures
affect humidity and vice versa. This condition is controlled by
a series of monitoring so that the quality of seaweed quality
level.
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Fig. 11 Humidity data at sensor 1 (S1), sensor 4 (S4) , and sensor 6 (S6)

2) Position of the fifth tray (middle): The type of sensors
observed are sensors placed in the middle tray, namely sensor
2 (S2), sensor 5 (S5), and sensor 7 (S7) (Fig. 12). Based on
the temperature sensor reading on tray 5, the maximum
temperature value is 52.13 °C, the minimum temperature

value is 34.04 °C, and the average temperature reading is
42.49 °C. The highest temperature read on tray 5 is lower than
the maximum temperature reading results on tray 1 because
the sensor position on tray 5 is in the middle, so that several
stack trays block the heat distribution from the surface.
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Fig. 12 Monitoring sensor readings on tray 5
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Fig. 13 Humidity monitoring on tray 5
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Based on Fig. 13, the maximum humidity value read by
sensor 2 is 65.61% at 17.00, while the minimum humidity
value is 25.14% at 13.45at sensor 5. The graph shows
differences in humidity readings between sensor 2, sensor 5,
and sensor 7 even though they are in the same position, tray 5
in the middle. The average value of humidity readings on
sensor 2 is 48.01%, while on sensor 5 is 39.41%, so there is a
difference in the two sensors' average reading that is equal to
8.6%. Observation of temperature and humidity on sensor 3
on the lowest tray (tray 9) is shown in Fig. 14.

E. Discussion

Many studies have used sensors in designing room
temperature control devices, household electrical appliances
that produce remote home lighting control systems, and fire
prevention systems due to gas leaks in the home [19]. Reading
the condition of the drying chamber conducted by the SHT10
sensor produces data that the highest temperature value is
63.77°C and occurs from 11:45 to 12:15 at an average
temperature of 51.04 °C, while the humidity conditions at the
same time are obtained the smallest value is 17.25%. The
value of the difference between temperature and humidity
means that water vapor coming from seaweed can be
circulated properly. Analysis of dry seaweed quality results of
trials on dryers through the SHT10 sensor in real-time has a
water content of 18.32%, ash content of 45.61%, fat content
0f 0.59%, protein content of 9.20%, and carbohydrate content
of 26.28%, whereas in conventional drying it has 18.52%
water content, 48.90% ash content, 0.59% fat, 8.53% protein,
and carbohydrate 23.46%. Testing adds humidity to 80%.
This system can reach 80% with a tolerance level of 5%
[20]. The higher the air temperature and airflow, the faster the
drying time [4]. The study of Saptadi [21] states that the use
of DHT11 and DHT2 2 with the result of a relative error
above 10% indicates the need for recalibration. The
difference in location (inside and outside the room) and the
platform used (AVR or Arduino) does not affect the
measurement results. All humidity measurement results show
errors above 10% and temperature measurements ranging
from 1-7%. The research of [22] says that the use of the
SHT10 sensor can control temperature and humidity
accurately and in real-time. Goeritno ef al [23] explained that
the SHTI1 sensor is very reliable because it has a
measurement range from 0 -100%, RH with an absolute
accuracy of +/- 3% when measuring humidity from 20% -80%.
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IV. CONCLUSIONS

Implementation of a series of monitoring and controlling
systems of seaweed drying room conditions can function
properly without technical obstacles. Compose an SHT10
that uses sensors capable of properly handling ambient
conditions. The measurement data is accurate, automatic, and
worked digitally. The reading of the drying chamber
conditions seaweed with a series of sensors SHT10 generates
data in the form of the value of the highest temperature of
63.77 °C and occurred at 11:45 until 12:15 with an average
temperature of 51.04 °C. Humidity conditions at the same
time obtained the smallest at 17.25%. According to the value
of the difference between the temperature and the humidity,
the water vapor was derived from seaweed can be circulated
well.
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