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ABSTRACT

In this study, an electronic measuring instrument was designed to measure temperature and relative humidity.
The method used to measure relative humidity is the psychrometric hygrometry method. In this method, relative
humidity is calculated from measurements of dry-bulb and wet-bulb temperatures. The temperature measured
directly with a thermometer is the dry bulb air temperature. The wet bulb temperature is obtained from a thermom-
eter with the tip connected to a water tube via a wick. The wet bulb temperature is affected by airflow. Because the
tip of the wet bulb thermometer is connected to the water, the dry bulb temperature is always higher than the wet
bulb temperature. The value of these two temperatures is then used to calculate the relative humidity. Therefore,
two temperature measuring instruments are required to measure relative humidity. The designed measuring instru-
ment can be used to measure 4 temperature points and 4 relative humidity points. Therefore, the total number of
temperature sensors used is 12. In general, the designed measuring instrument is capable of measuring tempera-
ture and relative humidity with an error below 5%. The instrument is capable of measuring temperature with an
error below 2%. When compared to the calculation of relative humidity with dry-bulb and wet-bulb temperatures
measured using a hygrometer, the measuring instrument has an error of 4.29%. When compared to the DHT22

humidity sensor, the error is 4.5%.

Keywords: biomass briquettes, humidity, psychrometric hygrometry, temperature, wet and dry bulb.

INTRODUCTION

One alternative energy source is biomass bri-
quettes made from coconut shell charcoal. The
quality of briquettes can be determined by their
dryness (Harini et al., 2025; Muda et al., 2026).
In the briquette drying process, temperature and
relative humidity are key parameters. If these two
parameters are not properly monitored, it can re-
sult in energy waste, inconsistent product quality,
and suboptimal drying performance. This can im-
pact briquette quality.

One method for measuring relative humidity
in a briquette drying machine is the Psychromet-
ric Hygrometry method (American Society of
Heating, 2001). In this method, relative humidity
is calculated from the temperatures obtained from

the dry-bulb and wet-bulb. The temperature mea-
sured directly with a thermometer is called dry
bulb air temperature (Hasan, 2010; Shallcross,
2005). The temperature of the wet bulb is ob-
tained from a thermometer with the tip connected
to a water tube via a wick. The wet bulb tempera-
ture is affected by airflow. Because the tip of the
wet bulb thermometer is connected to the water,
the temperature in the dry bulb is always higher
than the temperature in the wet bulb. The value of
these two temperatures is then used to calculate
the relative humidity.

Psychrometric hygrometry has been widely
recognized as a robust and reliable method for
determining humidity in industrial applications.
Nevertheless, the relative humidity is highly sen-
sitive to measurement errors in the dry and wet
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bulb temperature sensors (Ustymczuk and Giner,
2011). The greater the temperature error in both
thermometers, the greater the relative humidity
error. Therefore, dry and wet bulb temperature
measurements must be calibrated before being
used to calculate relative humidity.

The accuracy of the dry-bulb thermometer
and the wet-bulb thermometer has been tested to
calculate relative humidity using a psychometric
chart (Rani, 2022). The results were then com-
pared with the humidity measured with a hygrom-
eter. The study yielded a relative humidity error of
3%. However, the study did not use a measuring
instrument to directly measure relative humidity;
instead, it only measured temperature with two
thermometers. The relative humidity values were
then calculated manually. Another study con-
ducted by Chen and Chen (2022) actually sought
the wet-bulb temperature value from the dry-bulb
temperature and relative humidity based on the
psychometric method. This wet-bulb temperature
value was obtained by manual calculation.

Several researchers have created relative
humidity measuring instruments using vari-
ous methods. Yang et al. (2006) created Rela-
tive Humidity Measurements using an Electrical
Conductivity Method. Zhang et al. (2021) made
a relative humidity measuring tool using a fiber
optic sensor. Fu et al. (2024) also made a relative
humidity measuring instrument using an optical
fiber. The use of fiber optics in measuring relative
humidity requires relatively higher costs.

Most existing studies about psychrometric
hygrometry focus on psychrometric analysis for
theoretical evaluation. The development of prac-
tical psychrometric-based measurement instru-
ments specifically designed for biomass briquette
drying machines is currently unavailable. Instru-
ment integration to support energy-efficient and
environmentally sustainable briquette drying pro-
cesses remains underexplored.

As stated above, the relative humidity is
calculated using the psychrometric hygrometry
method. Unlike the method used by Rani (2022),
this measuring instrument will produce an output
in the form of relative humidity. The relative hu-
midity calculation in this study uses the equation
proposed by Huang et al (2013). This research
will investigate whether the designed device can
effectively measure relative humidity. The mea-
surement results will be compared with those
obtained using a hygrometer. One application of
this measuring device is to monitor temperature
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and humidity, such as in a briquette drying system
(Purwadi and Prasetyadi, 2022; Prasetyadi and
Kusbandono, 2023). The drying system requires
four dry thermometers and four pairs of dry bulb
and wet bulb thermometers. This means a total of
12 thermometers are required, consisting of eight
dry bulb thermometers and four wet bulb ther-
mometers. This device is designed with tools and
materials commonly used in various applications.
The temperature is measured using the DS18B20
sensor (Maxim Integrated Products, 2019). This
sensor has been widely used to measure tempera-
ture in various studies (Suwardono et al., 2024;
Satra et al., 2024). The measuring instrument is
also equipped with a humidity sensor. This sensor
is used to compare the results obtained from the
designed humidity meter and the hygrometer. The
humidity sensor used for comparison in this study
is the DHT22 sensor. This humidity sensor has
been widely used in various studies (Sinaga et al.,
2026; Yasin et al., 2025; Rajkumar, 2025). How-
ever, the two sensors above have not been used
for humidity measuring instruments based on the
psychrometric hygrometry method. The aim of
the study is to create and evaluate a cheap and
reliable instrument to measure dynamic humidity
applicable to a dehumidifier dryer for a biomass
briquette drying machine. Therefore, a tempera-
ture and relative humidity (// ) measuring instru-
ment will be created, which is specifically de-
signed for biomass briquette drying applications.

METHODOLOGY

Calculation of relative humidity using
psychrometric hygrometry

In the psychrometric hygrometry method,
relative humidity is calculated from the tempera-
ture measurement results of the dry-bulb and wet-
bulb thermometers. The temperature difference
between the temperature at the dry-bulb and the
wet-bulb is known as the wet-bulb depression
(Hasan, 2010). Wet-bulb depression is a crucial
term for determining relative humidity. Relative
humidity is the amount of water vapor in the air
compared to its full saturation. It means that rela-
tive humidity is the ratio between the amount of
water vapor in the air and the maximum value that
the air can hold at that temperature (Hasan, 2012).

Relative humidity can be calculated using
Equation 1 (Huang et al., 2013).
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H, = %‘1"“ x 100 (1)

where: H_is the relative humidity (%), e is the
saturation vapor pressure in the wet-bulb
temperature (mbar), e, is the saturation

vapor pressure in the dry-bulb tempera-

ture (mbar), 4 is the coefficient of measur-

ing humidity, P is the mean atmospheric
pressure (mbar), and At is the difference
between the temperature in dry-bulb and

the wet-bulb (°C).

The temperature difference is calculated us-
ing Equation 2.

At=T,;—-T, 2)
where: T, is dry temperature (°C), T is wet tem-

perature (°C).

The value of saturation vapor pressure in the
wet-bulb temperature (e,) and in the dry-bulb
temperature can be obtained using Equations 3
and 4 (Huang et al., 2013).

17.502 X Ty

e, = 6.112 x 2209747y 3)
17.502x Ty
e, = 6.112 X 2409747 )

The conversion factor (4) can be calculated
by the empirical formula using Equation 5 (Butler
etal., 2012).

A =0.00066 % (14 0.00115%xT,) (5)

DS18B20

The value of mean atmospheric pressure can
be calculated using Equation 6 (American Soci-
ety of Heating, 2001):

P =101.325(1 — 2.25577 x 10752)5255% kPq 6
P =101.325(1 — 2.25577 x 10752)5255 x 10 mbar (0)

where: Z is altitude (m).

Hardware design

The hardware design of a temperature and
relative humidity measuring instrument based
on the psychrometric hygrometry method is
shown in Figure 1. The measuring instrument
consists of:

a) an Arduino Mega microcontroller as the mea-
suring instrument processor;

b) twelve DS18B20 temperature sensors (Maxim
Integrated Products, 2019): 4 for room temper-
ature, 4 for dry-bulb, and 4 for wet-bulb;

¢) a20 x 4 12C LCD (Liquid Crystal Display) to
display altitude, pressure (P), temperature, and
humidity;

d)a 3 x 4 keypad to input altitude values and se-
lect an LCD;

e) four DHT22 (Aosong Electronics Co) to com-
pare humidity values;

f) SDcard shield and RTC (Real Time Clock) to
store data and provide time.

The pin connections of the input-output de-
vices to the microcontroller are shown in Ta-
ble 1. Room temperature measurements were

LCD 20x4 12C

-

Keypad 3x4

SDcard shield & RTC

Arduino
MEGA

[
il

Figure 1. Design of the temperature and relative humidity measurement instrument
using the psychrometric hygrometry method
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Table 1. Connection of input-output devices to the microcontroller

Arduino Mega PIN Device/Sensor Function Protocol
49 DHT22 - no.1 10 data OneWire
47 DHT22 - no.2 10 data OneWire
45 DHT22 - no.3 10 data OneWire
43 DHT22 - no.4 10 data OneWire
28 DS18b20 - no.1 10 data OneWire
32 DS18b20 - no.2 10 data OneWire
40 DS18b20 - no.3 10 data OneWire
26 DS18b20 - no.4 10 data OneWire
30 DS18b20 dry - no.1 10 data OneWire
34 DS18b20 dry - no.2 10 data OneWire
46 DS18b20 dry - no.3 10 data OneWire
36 DS18b20 dry - no.4 10 data OneWire
42 DS18b20 wet - no.1 10 data OneWire
44 DS18b20 wet - no.2 10 data OneWire
48 DS18b20 wet - no.3 10 data OneWire
38 DS18b20 wet - no.4 10 data OneWire
10 Sdcard shield SD CS SoftSPI
12 Sdcard shield SD MISO SoftSPI
1 Sdcard shield SD MOSI SoftSPI
13 Sdcard shield SD SCK SoftSPI

SDA/SCL RTCDS1307 SDA/SCL 12C
SDA/SCL LCD 20x4 SDA/SCL 12C
39 Keypad Row 0 Keymap
37 Keypad Row 1 Keymap
35 Keypad Row 2 Keymap
33 Keypad Row 3 Keymap
31 Keypad Column 0 Keymap
29 Keypad Column 1 Keymap
27 Keypad Column 2 Keymap
Indicator Write LED out high
3 Indicator Error LED out high

performed using four temperature sensors cali-
brated with the hygrometer’s sensors. The rela-
tive humidity value was obtained from Equations
1-4 by measuring the dry-bulb and wet-bulb
temperatures. The pressure (P) value was deter-
mined from Equation 6 by measuring the altitude
using an altimeter application. The algorithm for
calculating relative humidity (#7) is as follows:

. Measure altitude.

. Calculate pressure (P) using Equation 6.

. Measure dry and wet temperatures.

. Calibrate dry and wet temperature values.

. Calculate delta 7 (Ar) using Equation 2.

. Calculate ¢, e, and 4 using Equations 3-5.

. Calculate H_ using Equation 1.

~N N B W~
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The flowchart for calculating relative humid-
ity is shown in Figure 2.

RESULTS AND DISCUSSION

The instrument consists of dry bulb and wet
bulb temperature sensors. The DS18B20s are ap-
plied as the sensors are cheap and reliable. The
DS18B20 has a fast response to temperature
change, although it is not as sensitive and accu-
rate as type-K thermocouple and PT-100 sensors
(Topakham and Koonsrisuk, 2025). The DS18B20s
work well as the dry and wet bulb sensors, as seen
in Table 2. The sensors have a linear response in the
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Altitude

Calculate P

Y

Dry and wet
temperature

Y

Calibrate dry and wet
temperature

Y

Calculate delta T, ew,
ed, A, and Hr

Y
/ Hr /
Y

End

Figure 2. The flowchart of the temperature and
relative humidity measurement instrument using the
psychrometric hygrometry method

temperature range with high precision and accu-
racy. These sensors guarantee that the temperature
values of the dry bulbs and wet bulbs are reliable.
The design results of the temperature and rela-
tive humidity measuring instrument based on the
psychrometric hygrometry method can be seen
in Figure 3. The measuring instrument consists
of 4 temperature thermometers (Figure 3b), 4
pairs of dry and wet bulbs, and 4 humidity sen-
sors (Figure 3c). The measuring instrument is
provided with a keypad for entering the altitude

value. This altitude value is measured using the
altimeter application. Figure 4a shows the alti-
tude measurement results, which are 164 m. This
value is then entered into the measuring instru-
ment via the keypad and displayed on the LCD
(Figure 4b). In this initial display, the LCD also
displays the pressure value calculated in the pro-
gram with Equation 6.

P=101.325(1 —2.25577x101%4)5.2559%x10 =
=993.703 mbar

The air pressure is adjusted as it was a very
important factor in determining the relative hu-
midity calibration, as mentioned in (Milosevic
et al., 2012).

Figure 5 shows the measuring instrument test-
ed to measure temperature and relative humidity
in the briquette dryer room (Figure 5a). The first
measurement was used to calibrate the sensor
with a reference to a Herma brand hygrometer
(Figure 5b). This measuring instrument shows
the humidity value from the measured dry bulb
and wet bulb temperatures. The calibration results
are shown in Figures 6—8. The calibration equa-
tion is shown in Table 2. The table shows that the
average R? is 0.9978. All temperature measuring
instruments have R? above 0.99. An R? value ap-
proaching 1 indicates that the calibration equation
is close to the actual value.

After the calibration process, a second mea-
surement was performed. The second measure-
ment was used to test the calibration results of the
measuring instrument. The measurement results
were compared with the reference Herma brand
hygrometer measuring instrument (Figure 9a).
This measuring instrument shows the tempera-
ture value of the dry-bulb and wet-bulb tempera-
tures and the humidity that is calculated from the
measured dry-bulb and wet-bulb temperatures.
The results of the measurements and calcula-
tions to obtain relative humidity (/) are shown
in Table 3. From the measurement results using
the hygrometer, it was obtained that the dry tem-
perature = 27.1 °C while the wet temperature =
22.9 °C. From the results of the measurements
of these two temperatures, the relative humidity
(H) value was then calculated, so that the relative
humidity (/) value was obtained at 69.96. Using
the hygrometer shown in Figure 9(b), both val-
ues only gave H = 65%. The hygrometer value is
displayed based on sea-level pressure conditions.

Following the work of Huang et al. (2013),
the wet and dry bulb temperatures provide a
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Figure 3. The instrument design: (a) overall instrument, (b) four temperature sensors, (¢) dry bulb and wet bulb,
(d) humidity sensor electronic circuit

Altimeter

Live tracking of altitude 5]

Visible on your lock screen and smartwanch

your phone does hot have
# barometric sensor

"164%

AN
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55281 Xecamotan Depe h Istimews
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of, 0775603900 110 42095220 413 m

(a) (b)

Figure 4. The altitude measurement: (a) measurement result, (b) keypad and LCD display
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(a)

(b)

Figure 5. The measurement testing: (a) temperature and relative humidity sensors,
(b) Herma brand hygrometer
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Figure 6. The calibration of a single temperature measurement

relative humidity of 68.74%. The value results in
a difference of 1.7% with the designed hygrome-
ter. In addition of 4% maximum difference due to
numerical calculation, the current work used 164
m altitude as the reference instead of sea level.
The altitude difference between the current work
and Huang’s work implies a difference in pres-
sure reference. Similarly, the Herma instrument is

also designed to apply the 0.101325 MPa. Table 4

shows the error calculations for the measurements

and calculations for the designed instrument.
These errors consist of:

1. Error between the dry temperature of the instru-
ment and the dry temperature of the hygrom-
eter Table 4 shows that the average error for
dry temperature is 0.93%. The highest error,
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Figure 7. The calibration of dry temperature measurement
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Figure 8. The calibration of wet temperature measurement

1.11%, occurred in the dry temperature mea-
surements on instruments 1 and 2, while the
error for instruments 3 and 4 was only 0.74%.
2. Error between the wet temperature of the in-
strument and the wet temperature of the hy-
grometer. Table 4 shows that the average error
for wet temperature is 1.42%, higher than the
error for dry temperature measurements. This
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error can occur due to the different sizes of the
water tubes in the designed instrument and the
water container in the hygrometer, as shown in
Figure 10. The same applies to the size and ma-
terial of the wick connecting the sensor and the
water. The highest error, 2.62%, occurred in
the wet temperature measurements on instru-
ment 3. No error occurred in instrument 2.
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Table 2. Calibration equation

Temperature measurement Calibration Equation R?

First temperature 1.1504x - 5.4902 0.9984
Second temperature 1.0853x - 2.8467 0.9991
Third temperature 1.1348x - 4.8981 0.9986
Fourth temperature 1.0417x - 2.1235 0.9991
First dry temperature 0.9201x + 0.3794 0.9990
Second dry temperature 0.9701x + 0.6796 0.9983
Third dry temperature 0.8963x + 2.5042 0.9991
Fourth dry temperature 0.9644x + 0.9133 0.9977
First wet temperature 0.8249x + 2.651 0.9939
Second wet temperature 0.7895x + 3.6936 0.9970
Third wet temperature 0.7869x + 3.715 0.9974
Fourth wet temperature 0.7351x + 4.7307 0.9961

Average 0.9978

Table 3. Results of temperature measurements and humidity calculations

Variable Instrument Hygrometer
1 2 3 4

Dry temperature, T (°C) 27.4 27.4 27.4 27.4 27.1*
Wet temperature, T, (°C) 224 22.9 235 22.7 22.9*
Saturation vapor pressure in the dry bulb, e ) 36.49 36.49 36.28 36.28 35.86**
Saturation vapor pressure in the wet bulb (e,) 27.08 27.92 28.95 27.58 27.92**
Humidity coefficient (A) 6.77x10+ 6.77x10* 6.78x10+ 6.77x10+ 6.77x104**
Relative humidity (H ) 64.99 68.19 72.73 67.48 69.96**
Relative humidity sensor DHT22 69.7 70.3 1.7 72.4 -

Note: * The temperature is measured using a hygrometer, ** The value is calculated using the equation with dry

and wet temperature measured using a hygrometer.

(@)

Figure 9. The result of the measurement

(b)

3. Relative humidity (/) calculated using the
instrument from the A calculation, calculated
based on dry and wet temperatures measured
using a hygrometer. Table 4 shows that the
average error for relative humidity in the de-
signed instrument is 4.29%, with the highest

error of 7.11% occurring in the relative humid-
ity calculation using instrument 1, while the
lowest error occurred in instrument 2.

. Relative humidity (/) calculated using the in-

strument from H_ calculation, measured based
on dry and wet temperatures measured using

115



Ecological Engineering & Environmental Technology 2026, 27(4), 107-117

Table 4. Error calculation

(a) (b)

Figure 10. Water container

a hygrometer, as shown in Figure 9b. Table 4
shows that the average error for relative humidity
in the designed instrument is 5.16%. The high-
est error, 11.89%, occurs in the relative humidity
calculation using instrument 3. This could be due
to the high wet temperature error in instrument 3.

5. Relative humidity (/) calculated on the instru-
ment from A measured with the DHT22 sen-
sor. Table 4 shows that the error in the calculat-
ed relative humidity of the designed instrument
compared to the measurement results from
the DHT22 sensor is 4.5%. This result is still
relatively small (below 5%), so the designed
measuring instrument can be used to measure
relative humidity.

Table 4 shows that the average error in the
temperature measurements and relative humidity
calculations is 3.26%. With an error below 5%,
the designed measuring instrument performs well.
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Error of instrument (%)
Variable Average error (%)
1 2 3 4
Dry temperature 1.1 1.1 0.74 0.74 0.93
Wet temperature 2.18 0.00 2.62 0.87 1.42
Relative humidity (H ) from H_ calculation 711 2.53 3.95 3.55 4.29
Relative humidity (H ) from H_at hygrometer 0.02 4.91 11.89 3.82 5.16
Relative humidity (H)) from H at DHT22 6.76 3.00 1.44 6.80 4.50
Average 3.26
CONCLUSIONS

In this research, a temperature and relative
humidity (/) measuring instrument has been
created using DS18B20s humidity sensor and
evaluated. Relative humidity is calculated based
on the Psychrometric Hygrometry method, where
relative humidity calculations are targeted at the
temperature in the dry and wet bulbs. In general,
the measuring instrument designed is capable
of measuring temperature and relative humid-
ity below 5% uncertainty. The tool is capable of
measuring temperature with an error below 2%.
When compared with the relative humidity calcu-
lation with the temperature measured using a hy-
grometer, the measuring instrument has an error
0f'4.29%. When compared with the DS22 humid-
ity sensor, the error that occurs is 4.5%.
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