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A bstract: This project describes a simple and efficient room temperature control system developed using a
microcontroller, a DHT11 temperature and humidity sensor, a DC motor, and a motor driver. The DHT11 sensor con-
tinuously monitors the ambient temperature and sends the data to the microcontroller. Based on the temperature read-
ings, the microcontroller adjusts the speed of the DC motor, which acts as a cooling unit. When the temperature exceeds
a predefined upper limit, the microcontroller activates the DC motor to cool the room. When the temperature drops
below the lower limit, the motor is turned off to conserve energy. The motor driver ensures the safe and efficient
operation of the motor, ensuring compatibility with the microcontroller. This simple system offers an affordable and
economical solution for regulating temperature in small spaces, demonstrating the practical application of basic elec-
tronics and microcontroller programming.
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JAU3AJH 1 PA3BOJ HA MEXATPOHHNYKHN CUCTEM 3A PEI'YJIAIIMJA
HA AMBUEHTAJIHA TEMIIEPATYPA

AncrtpakT: OBOj MPOEKT ONUIIYBa €HOCTaBEH U €(hHKACEH CUCTEM 3a KOHTPOJIA Ha TeMIIepaTypara Bo co0a,
pa3BHeH co KOpUcTeme Ha MUKpokoHTpoiaep, DHT11 cens3op 3a TemmepaTtypa u BiaxkHocT, DC-MoTOp U Apajsep 3a
motopoT. Cenzopor DHT11 xoHTHHYHpaHO ja Mepy aMOMEHTaIHATa TEMIIEpaTypa ¥ TH UCTIpaka TOAATOIUTE 10 MUK-
POKOHTpOIEpOT. Bp3 ocHOBa Ha HOOWEHHUTE Meperma Ha TeMIeparypaTa, MUKPOKOHTPOJIEPOT ja MpUCIIocoOyBa Op3u-
Hata Ha DC-MOTOpOT, K0j CITy>KH Kako eqUHHUIA 3a Tafeme. Kora Temneparypara ke ja HaIMUHE IPETXOJHO eHHA-
paHaTa TOpHa I'paHHuIla, MUKPOKOHTPOJIEpOT ro aktuBupa DC-MoTopoT 3a Aa ja n3naau npocropujara. Kora temnepa-
TypaTa Ke ce HaMaJli 1101 JOJIHaTa IPaHMIIa, MOTOPOT Ce HCKIIydyBa 3a Jia ce 3aIlTean eHepruja. JlpajsepoT 3a MOTOPOT
0BO3MOXXYyBa 06e30e1HO0 1 ehUKacHO paboTemhe Ha MOTOPOT, OCUTYPYBajKi KOMITATUOMITHOCT CO MUKPOKOHTPOJIEPOT.
OBOj €HOCTaBEH CHCTEM HyJAH JOCTAIlHO U eKOHOMHYHO PEIICHUE 3a PEeryjnparme Ha TeMIlepaTypaTa BO Majld Mpo-
CTOPUH, IEMOHCTPUPAjKH MPaKTUYHA IPUMEHA HAa OCHOBHA €JIEKTPOHUKA M IPOrPaMHUpame HA MUKPOKOHTPOJIEPH.

Kayunn 36oposu: DHT11; remneparypa; BIaXHOCT; peryanuja Ha coOHa Temneparypa; PID koHTpona

1. INTRODUCTION

Temperature and humidity sensors are key
components in engineering systems that require pre-
cise monitoring of environmental conditions. These
sensors measure temperature and relative humidity,
providing real-time data through continuous moni-
toring, and they are essential for maintaining con-
trolled conditions in applications such as HVAC

systems, industrial machinery, and agricultural
equipment. These sensors are indispensable for op-
timizing thermal management, ensuring equipment
reliability, and improving energy efficiency. Ad-
vances in sensor technology have resulted in com-
pact, precise, and durable designs that can be easily
integrated into mechanical systems.

Temperature sensors work by detecting
changes in physical properties such as resistance,
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voltage, or current, which vary with temperature.
These changes are then converted into electrical sig-
nals, which can be measured and interpreted to de-
termine the temperature. Temperature sensors are
classified into contact and non-contact measuring
systems. Most instrumentation systems use contact-
based measurement. Contact temperature measure-
ment involves conducting heat from the surface of
the object to the sensor. A portion of the body's ther-
mal radiation is absorbed by the sensor and con-
verted into a useful signal. Heat transfer from the
centre of the sensor, which causes it to heat up, can
lead to inevitable measurement errors. Non-contact
temperature measurement systems are based on the
principles of radiation thermometry, which has re-
cently been used in medicine. The advantage of
non-contact temperature measurement is that there
is no heat absorption from the body or surface being
measured. Various types of thermometers com-
monly used include mechanical, electrical, semi-
conductor devices, and thermal sensors [1].

In smart temperature sensor systems and mi-
crosystems (MEMS), integrated sensors are often
used, combining sensing elements with the interface
electronics required for communication, for exam-
ple, with microcontrollers. The most common tem-
perature sensing elements include transistors, ther-
mocouples, and thermopiles, as these elements can
be implemented using IC technology [2].

A humidity sensor works by detecting changes
in the physical properties of a material when ex-
posed to moisture in the air. These sensors are typi-
cally based on two main principles: resistance and
capacitance. In resistive humidity sensors, the elec-
trical resistance of a hygroscopic material changes
as it absorbs moisture, and this change in resistance
is directly related to relative humidity. A capacitive
humidity sensor operates by measuring the change
in capacitance of the sensor material when there is a
change in ambient humidity. The sensor material is
usually a dielectric material that absorbs water
vapor from the air, altering its electrical properties.
Capacitive sensors often use plastic or polymer as
the dielectric material.

2. LITERATURE REVIEW

Traditional temperature measurement instru-
ments are difficult to carry, expensive, and have
limitations in monitoring specific locations (such as
wounds or tumor ablation sites). Patient movement
can also lead to inaccurate measurements. To ad-
dress these issues, wearable, flexible, thin, and

sensitive temperature sensors have become a re-
search focus. The flexible temperature sensors use
various materials. Common flexible substrates in-
clude polydimethylsiloxane (PDMS), polyimide
(PI), polyurethane (PU), polyethylene terephthalate
(PET), polyvinyl alcohol (PVA), polyvinyl butyral
(PVB), paper, and silicone rubber. For better skin
compatibility, biodegradable materials such as
pectin, cotton, silk, and other cellulose-based mate-
rials are used. Heat-sensitive active materials in-
clude various carbon-based materials such as
graphite (Gr) and graphene. Metallic materials like
gold (Au), silver (Ag), copper (Cu), platinum (Pt),
nickel (Ni), and aluminum (Al) are used for elec-
trodes and wiring. Metal oxides such as vanadium
dioxide (VO.) and nickel oxide (NiO) are also im-
portant active materials. Polymers also serve as
thermally sensitive materials, with hydrogels and
carbon nanotubes increasing temperature sensitiv-
ity. Research has led to the development of flexible
temperature sensors that can accurately monitor
skin temperature, detect dehydration and heat stroke,
and track wound healing progress. These sensors are
integrated into fabrics, threads, and bandages, offer-
ing wireless data transmission capabilities. Results
show that flexible temperature sensors can provide
precise temperature monitoring [3].

The core material of a humidity sensor is its
moisture-sensitive material. When the moisture-
sensitive material interacts with humidity (through
chemical action, biological action, or physical ad-
sorption), its quality, thickness, and optical, me-
chanical, and electrochemical characteristics change,
altering the impedance between detection elec-
trodes. In this way, humidity information can be
obtained by detecting the output signal of the
impedance. Graphene is a new type of carbon
material with a flexible, two-dimensional structure.
Due to its excellent lattice stability and mechanical
flexibility, graphene-based materials can be used in
flexible humidity sensors. Since graphene oxide
(GO) and reduced graphene oxide (rGO) are rich in
oxygen-containing functional groups and have a
large specific surface area for molecular adsorption,
they have great potential for widespread application
in flexible humidity sensors. With their high
sensitivity, excellent flexibility, good elasticity, and
stability, graphene-based flexible humidity sensors
have significant potential for applications, including
personal health monitoring. They can be placed on
the human body or clothing to detect signals from
human activity and obtain various physiological
information. Graphene-based flexible humidity sen-
sors can be classified into four categories: monitor-
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ing human respiration, monitoring skin humidity,
detecting sweat, and detecting environmental hu-
midity [4].

A sensor that combines both temperature and
humidity measurements is the DHT11. The DHT11
temperature and humidity sensor can be used for au-
tomatic room temperature control using Arduino.
The user sets the minimum and maximum reference
temperature range via a keypad. The DHT11 sensor
measures the room's ambient temperature and pro-
vides the result in degrees Celsius. The reference
and measured values are displayed on an LCD. The
Arduino microcontroller, as the system’s processing
unit, receives the measured data from the sensor and
compares it with the set value. The results are as fol-
lows:

—  When the measured room temperature is lower
than the minimum set value, the microcontrol-
ler activates the heating system.

Microcontroller

Power and data cable for
microcontroller-computer
connection

L298N motor driver |

' 4 P,

y

— If the measured room temperature is higher
than the maximum set value, the fan is acti-
vated.

— The fan speed is controlled via Pulse Width
Modulation (PWM), depending on the differ-
ence between the sensor's measurement and
the maximum set value. The greater the tem-
perature difference, the higher the fan’s duty
cycle and speed.

— Finally, if the measured room temperature is
within the set range, all devices remain off [5].

3. SENSOR ANALYSIS METHODOLOGY

3.1. Conceptual analysis of the measurement
system using the DHT1 1 sensor

Our measurement system consists of several
key components working together to monitor and
control the room's temperature as shown in Figure
1.

|DHT11 temperature and
humidity sensor

Cables for 5V power
supply to the driver

A\

Fig. 1. All physical components illustrating the connection between them
1. Microcontroller — The central control unit, responsible for processing the DHT11 sensor data and controlling the DC motor.
2. DHT11 sensor — Measures ambient temperature and humidity, providing real-time data for temperature adjustment.
3. DC motor — Acts as a cooling unit or ventilation device. 4. Motor driver (L298N) — Ensures safe and efficient motor
operation, as microcontrollers cannot directly supply the required voltage and current. 5. Power supply — Provides 5V power
to the motor driver and other components.
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The system operates as follows: The DHT11
sensor continuously monitors the temperature and
humidity in the room, sending the data to the micro-
controller, which uses PID control to continuously
regulate the number of rotations to maintain 30 de-
grees Celsius in the room. The microcontroller gen-
erates a PWM signal and sends it to the driver,
which controls the motor.

Read temperature
and humidity from

DHT11

l

Calculate error:
Error= 30°C-current

temperature

'

|
|
=
|

PWM

l

Send PWM to
driver to control

motor speed
NO YES
Continue Maintain
loop current PWM

Fig. 2. Flowchart for fan speed control

The DHT11 sensor is used for measuring air
temperature and humidity. This sensor is designed
for applications with low power consumption, high
stability, and compatibility with [oT-based systems.
The DHT11 has a measurement accuracy of £1°C

for temperature and +5% for relative humidity,
making it an ideal choice for real-time environmen-
tal monitoring applications [6]. The DHT11 sensor
measures humidity and temperature using a capaci-
tive humidity sensor and a thermistor. The capaci-
tive sensor detects changes in humidity by measur-
ing the change in capacitance caused by moisture in
the air. This change is converted into a digital sig-
nal. The thermistor changes its resistance based on
temperature; the sensor reads this resistance and
converts it into a temperature value. The sensor
communicates with the microcontroller using a spe-
cific protocol, sending a total of 40 bits of data,
which include humidity and temperature measure-
ments along with a checksum for error detection.
For example, the first 16 bits represent humidity, the
next 16 bits represent temperature, and the last 8 bits
serve as a verification check to ensure data integrity.
Changes in resistance (for temperature) and capaci-
tance (for humidity) are initially analog signals, but
the DHT11 has a built-in microcontroller that con-
verts these analog signals into digital data. The
ADC process involves sampling the signals at regu-
lar intervals, then quantizing them into discrete val-
ues representing temperature and humidity levels.
Once the microcontroller converts the analog data
into digital values, it formats the data into a stand-
ardized output (usually a series of binary numbers)
representing both temperature and humidity. The
microcontroller reads the pulse widths of the signal
sent by the DHT11, processes them to extract the
temperature and humidity values, and converts
these numbers into a readable format (e.g., Celsius
for temperature and percentage for humidity).

3.2 Analysis of sensor performance parameters

Main static and dynamic characteristics of the
sensor:

Humidity range: 20% to 90% RH
Temperature range: 0°C to 60°C
Humidity accuracy: £5% RH
Temperature accuracy: +£2°C

Resolution: 8-bit for both humidity and tem-
perature.

Sampling frequency: 1Hz
Power supply: 3.3V to 5.5V

Current consumption: 0.5 to 2.5 mA during
operation, 100 to 150 pA in standby mode [7].

Response time: A few seconds for tempera-
ture, 5-30 seconds for humidity changes.
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While the DHT11 performs well under typical
weather conditions within its specifications, ex-
treme environments such as condensation or lack of
protection can degrade its accuracy and lifespan.
For better performance in specific weather condi-
tions, more durable sensors such as the DHT22 or
BME280 can be used. These sensors offer a wider
range and higher accuracy, and the BME280 also
has a higher sampling frequency.

3.3. Sensor applications

The main applications of the DHT11 include
agriculture (monitoring environmental conditions
for optimal crop growth), pharmaceuticals (ensur-
ing proper storage conditions for medications), bio-
medical applications (maintaining controlled envi-
ronments for patient care and laboratory experi-
ments), home automation (smart home climate con-
trol systems), and meteorological stations (collect-
ing data for weather studies) [8].

4. RESULTS

The system was tested by setting up the
hardware components and using the Arduino IDE to
execute the instructions, along with MATLAB to
display real-time graphs of the temperature (°C),
humidity (%), and motor speed (RPM). When
power is supplied to the system, the sensor begins
measuring temperature and humidity. PID control is
implemented in the microcontroller to regulate the
fan speed and maintain a stable temperature.

It continuously compares the measured tempe-
rature to the desired setpoint (30°C) and calculates
a control signal based on the error. The control
signal determines the duty cycle of a PWM signal,
which is then sent to the motor driver to adjust the
fan speed.

The PID controller calculates the control out-
put using three terms:

— Proportional (P): Reacts to the current error
by applying an immediate correction.

— Integral (I): Accumulates past errors to elim-
inate steady-state deviations.

— Derivative (D): Predicts future errors and re-
duces sudden fluctuations.

The control signal is determined using the fol-
lowing formula:
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t de(t)
u(t) = Kpe(t) + Kif e(t) dt + K, It
0

where:
K, is the proportional gain,
K; is the integral gain,
K is the derivative gain,
e(t) is the error.

This feedback control ensures that the system
dynamically adjusts the fan speed to maintain the set
temperature with minimal deviation.

For the purpose of visual representation of the
collected data, three separate graphs for the
humidity, temperature and RPM (revolutions per
minute), are extracted as shown in Figure 3.
Furthermore, based on the PID feedback control, it
is conluded that the ouput(RPM) curve follows
almost the same curve of the input (temperature).
This gives us the opportunity to make certain post-
processing calculations that allow us to dive deeper
in understanding the meaning of the curves in the
graphs themselves.

Table 1 represents the dots from Figure 4.

As shown in Figure 5 the orange line repre-
sents the behavior of the system: the ratio between
RPM values and temperature values. The dotted
black line is a linear trendline fitted to the orange
line’s data to give a simplified model of the
relationship. The trendline is given as:

RPM = 138.98-temperature — 934.36

The equation is in the form of a straight line
y = kx + b where y is RPM (dependent variable),
x is the temperature, k is the slope and b is the y-
intercept. From the trendline we can conclude that
for each 1°C increase, the RPM increases by 138.98
on average since the slope has a value of 138.98.
This shows a positive, strong correlation between
the temperature and motor speed. The y-intercept
has a value of —-934.36 and it is important for defin-
ing the full line equation.

The trendline serves as a mathematical simpli-
fication of how the system behaves. In our case, it
gives the ability to easily predict and estimate the
RPM values for any given temperature within or
slightly outside the range, which can help in con-
trolling the system.
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Fig. 3. Real-time graphs of the humidity, temperature and RPM and their influence on each other
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Fig. 5. Effect of temperature on motor speed (RPM) with linear trendline

5. CONCLUSION

The room temperature control system devel-
oped in this project successfully demonstrates how
a simple combination of a microcontroller, a
DHT11 sensor, a DC motor, and a motor driver can
be effectively used to regulate ambient temperature.
The system achieved its primary goal of maintain-
ing the desired temperature by monitoring real-time
temperature data and activating the motor when
necessary. The project showcased the functionality
of the motor driver, which safely amplifies the con-
trol signals from the microcontroller to power the
motor, while the use of a PWM signal enabled a
simple and efficient method for motor control. This
system is energy-efficient, as the motor operates
only when necessary, reducing power consumption
and extending the motor’s lifespan. Additionally, it
is cost-effective and easy to implement, making it
suitable for small rooms or environments where
basic temperature regulation is required.
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