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AHoOTALA

3 momynspu3aliero KOHIEMNIli po3yMHUX OYIWHKIB 1 PO3BUTKOM TEXHOJIOT1i
InTepHeTy pedell CUCTEMHM MOCTIHHOI TeMIEpaTypu 1 BOJOIOCTI BIOMA CTajH
BOXJIMBUM KOMITIOHEHTOM PO3yMHHX OYAMHKIB 1 OTpHUMald IIHPOKY yBary. Xoda
TpaJuLIAHI CHUCTEMH KOHTPOJIIO TEMIIEpaTypu 1 BOJOrOCTI BIOMAa MOXKYTb
3aJI0BOJIBHUTH TOTPEOM B KOHTPOJII TEMIEPATYpPH 1 BOJOTOCTi, BOHU BCE ILIE MAKOTh
HEJIOJIIKK B PO3YMIHHI, €HEpro30EpeKeHHI Ta MpPOCTOTI ekciutyartarii. Cucrema
MOCTIHOT TeMmepaTypu 1 BOJOTOCTI y JIOMI Ha OCHOBI MIKPOKOHTPOJIEPIB
MPUBEPHYJIA BEJIHMKY yBary 3aBJsSKW CBOIM BHUCOKIM MPOJYKTUBHOCTI Ta HU3BKOMY
€HEeprocrnokuBaHHi. BiH Moxke 30upatu AaHi MPO HABKOJIMILHE CEPENOBUIIE B
INPUMIILIEHHI B PEXUMI PEallbHOTO 4Yacy, TOYHO KOHTPOJIIOBATH TEMIIEpaTypy 1
BOJIOTICTh Ta MOJETNIyBaTH poOOTYy KOpPHUCTyBaua uepe3 iHTepdeilc B3aemojli Mix
JIOAMHOIO Ta KOMII FOTEPOM, MTOKPAILLyIOUH B3aEMO/IIIO 3 KOPUCTYBAUYEM.

VY 1iii cTaTTl po3poOIEeHO CUCTEMY MOCTIHHOI TEMIEPAaTypH 1 BOJOTOCTI Y JOMI1
Ha ocHOBl STM32 y mnoegHaHHI 3 JAaTYUKAMH TEMIEPATYPU Ta BOJOTOCTI IS
OTPUMAaHHs JIaHUX MPO HABKOJUIIHE CEPEIOBUILE B MPHUMIIICHHI B pEalbHOMY 4Yaci.
Hani BimoOpaxatotecsi Ha OLED-ekpani, a cucremMa BUKOPHCTOBYE O€3IpOTOBHIA
Moayiab ESP8266, skuii Moxe 3aBaHTaXyBaTH JaHI B pEaIbHOMY 4Yacli Ha XMapHY
miaThopMy Ta 3MIMCHIOBATH BIJAAJICHUA MOHITOPUHT 3a JOMOMOIOK MOOUIHHOTO
MOOUIBHOTO A0JATKy. Ll KOHCTpyKIId AONOMara€e yCyHyTH HENONIKHA TpaJuLiiHI
CUCTEMH, CIPUSIIOTh PO3BUTKY TEXHOJIOTI] pO3yMHOIO JJOMY, MOKPAIIylOTh KOM(pOpT
KUTTS Ta pIBEHb 3J0pPOB’s, OJHOYACHO 3MEHIIYIOYM CIIOKUBAaHHA €HEprii Ta

JIOCATAaI0YU KOHIENIT €KOJIOTTYHOI'O KUTTS.



Annotation

With the popularization of the concept of smart homes and the development of
Internet of Things technology, home constant temperature and humidity system have
become an important component of smart homes and have received widespread
attention. Although traditional home constant temperature and humidity system can
meet the needs of temperature control, they still have shortcomings in intelligence,
energy conservation, and ease of operation. Home constant temperature and humidity
system based on microcontrollers has attracted much attention due to its high
performance and low power consumption characteristics. It can collect real-time
indoor environmental data, accurately control temperature, and facilitate user
operation through human-computer interaction interface, improving user experience.

This article designs a home constant temperature and humidity system based on
the STM32, combined with temperature and humidity sensors, to obtain real-time
indoor environmental data. The data is displayed on an OLED screen, and the system
uses the ESP8266 wireless module, which can upload real-time data to the cloud
platform and achieve remote monitoring through a mobile app. This design helps to
address the shortcomings of traditional systems, promote the development of smart
home technology, improve living comfort and health levels, while reducing energy

consumption and achieving the concept of green living.

Key Words: STM32; OLED; ESP8266; Remote monitoring.
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1. NAME AND SCOPE OF USE
The scope of application of the developed system is a tool designed to monitor the
temperature and humidity in the House. The tool allows users to get up-to-date information
about the temperature and humidity in the house, as well as manage it for optimal results.
2. REASONS FOR DEVELOPMENT
The basis for the development is the task for the implementation of The Bachelor's thesis
project, approved by the Department of computer engineering of the National Technical
University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute".
3. PURPOSES OF DEVELOPMENT
The main goal of developing the tool is to create a reliable, accurate and convenient tool for
controlling the temperature and humidity in the House. This includes providing access to in-
house data online, temperature and humidity metrics that can help users make decisions..
4. DEVELOPMENT SOURCES
Sources of development are scientific and technical literature, technical documentation,
publications in periodicals and the Internet.
5. TECHNICAL REQUIREMENTS

5.1 Requirements for the software product being developed.

The system under development must meet the requirements set out below:
e Real-time data updates
e Data analysis.
e Managing the tool.
5.2 Requriments for the tool software.
To develop a project on a PC, we need the following software:
e Windows.

e Installed VSCord for writing code in the C programming language.
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INTRODUCTION

Authenticity of the topic.In order to keep the temperature and humidity of the home
within a reasonable range, reasonable steps are the main way to achieve automation. It is
necessary to develop a scientific and practical intelligent system monitoring method and an
intelligent system control method to ensure that each component can operate reasonably
and efficiently. The function can be automatically executed by the device or manually
turned on by the user to ensure that the temperature and humidity remain within a
reasonable range.

At present, there is a lack of products that can control temperature and humidity at the
same time on the market, and temperature and humidity are important indicators for
measuring human comfort. An effective way to solve this problem is to design and make a
temperature and humidity control system.

The research objectives of this paper are:

1. Use the temperature and humidity sensor DHT11 to obtain data and control
components such as servos, fans, and relays to design a temperature and humidity control
system.

2. Use WiFi technology to enable users to monitor data or perform operations through
mobile terminals

3. Provide a system design plan, including schematics and circuit flow charts

4. Master the system debugging of the temperature and humidity detection system and
realize the required detection methods

5. Debug the system to meet the detection requirements

6. Improve the ability to consult literature and write papers.

The research object is: indoor temperature and humidity measurement, and the process
of the system making corresponding decisions.

The research topic is: Home constant temperature and humidity system.

Research method: This paper adopts theoretical methods and experimental research to
analyze whether the threshold is reached by detecting the ambient temperature and
humidity. The basis of the paper research is: the method of determining parameters and the

development of monitoring and control systems.
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Solution: When the indoor temperature and humidity change, the temperature and
humidity sensor DHT11 feeds back the data to the control system, and the control system
performs the corresponding operation control according to the set solution. By controlling
the working status of the fan, air conditioner, humidifier, and servo, the indoor temperature
can be quickly restored to the set comfort range.

Scientific novelty is as follows: Taking into account the common trend of future
science and technology, and the gradual popularization and improvement of the Internet of
Things. Developing a home temperature and humidity control system can control the
constant temperature and humidity in the room by setting and adjusting, which can be used
for practical life applications and has certain expansion capabilities.

Taking into account the common trend of monitoring and automation, a fairly simple
wireless temperature and humidity sensor model was developed. Through setting and
programming, a system for monitoring changes in these parameters can be realized. The
result is a real model of the device and system, which can be used for practical applications

and has the ability to be further expanded.
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CHAPTER 1. PROLEGOMENON

1.1 Research background

With the concept of smart home becoming more and more popular and the rapid
development of Internet of Things technology, the design and research of home constant
temperature and humidity system, as an important part of smart home, have received
widespread attention. Although traditional home constant temperature and humidity
systems can meet people's needs for temperature control to a certain extent, they still have
shortcomings in terms of intelligence, energy saving, and ease of operation. Therefore, the
design of home constant temperature and humidity system based on single-chip
microcomputer came into being and became a hot spot in current research [1].

In daily life, common devices for controlling temperature and humidity include air
conditioners, water heating, floor heating, heaters, humidifiers and other products. But they
only have one of the functions of a single item. The functionality is not perfect. Doesn't
give a good experience. For example, when we turn on the air conditioner in the summer,
we often feel dry. For example, when we turn on the water heating in winter, some people
may experience chest tightness due to inappropriate humidity. There are many products on
the market that can change temperature, and there are also many devices that can change
humidity. However, there is always a lack of a device that can combine temperature and
humidity well and control temperature and humidity at the same time through the same
controller. In an automatic way, the indoor temperature and humidity are always kept
within a comfortable range. So I researched a device that could control temperature and

humidity at the same time.

3m.

TAJTIT.467100.003 I13 |j

ApK. Ne dokym. Nidnuc | Aamal




1.2 Research significance

As a high-performance, low-power microcontroller, the STM32 microcontroller has
powerful computing capabilities and rich peripheral interfaces, providing the possibility for
intelligent control of home constant temperature and humidity systems. The home constant
temperature and humidity system can collect indoor environment data in real time, perform
temperature control, and realize constant temperature adjustment of the indoor
environment. At the same time, the system can also facilitate users to perform personalized
settings and operations through the human-computer interaction interface, improving user
experience. It can solve the shortcomings of traditional constant temperature and humidity
systems in terms of intelligence and energy saving, and can also promote the development
and application of smart home technology [2]. Through the home constant temperature and
humidity system based on STM32 microcontroller, people can control the indoor
environment more conveniently and improve the comfort and health of living. At the same
time, the intelligent and energy-saving features of the system also help reduce household
energy consumption and environmentally friendly life concept.

The significance of this research is to innovate the interaction of various hardware and
make up for the shortcomings of temperature and humidity control in the home
environment. A highly integrated system meets the conditions for achieving daily
functions. While improving the degree of integration, it is easier to observe and operate.
Intelligent control of human-computer interaction complies with the needs of the new era
and lays the foundation for the home Internet of Things. While improving the experience, it
also improves user comfort, saves energy and reduces emissions, achieves low-carbon

environmental protection, and promotes users' healthy life and improve the quality of life.
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1.3 Research status at home and abroad

Developed countries such as Europe and the United States started research in the field
of smart home earlier, and have formed a relatively complete technical system and market
structure. Foreign researchers focus on innovation and breakthroughs, and constantly
introduce new algorithms and technical means to achieve indoor environment control. For
more precise and intelligent control, some well-known smart home companies have
launched a variety of home thermostatic system products based on microcontrollers and
have gained a good reputation in the market. These products are not only highly intelligent
and personalized, but also focus on user experience, energy conservation and
environmental protection, and meet the needs of modern families [3].

In recent years, with the continuous expansion of the domestic smart home market and
the increasingly mature technology, home thermostatic systems have received widespread
attention in the country. Many scientific research institutions and universities have begun to
invest in research in this field and have achieved a series of important results. Domestic
researchers have achieved precise control of the indoor environment by optimizing
algorithms and improving hardware performance. Due to its high performance and low
power consumption, microcontrollers have become the preferred solution for home
thermostatic system design. At the same time, domestic researchers have also actively
explored linkage control with other smart home devices to achieve a more intelligent and
convenient living environment [4]. Some smart home companies have begun to launch
home thermostatic system products and gradually occupy a place in the market. These
products not only have excellent temperature control performance, but also have high cost

performance and easy operation, and are favored by consumers.
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1.4 Review existing solutions

1.4.1 Household air conditioner

Let’s take a look at common solutions and an analysis of their feasibility.

As one of the most common temperature control solutions, air conditioning has the
advantage of being convenient and fast. The air conditioner passes through a compressor,
which condenses the air. It can quickly lower the room temperature in summer. In winter,
you can use the principle of heating resistance wire to heat the air and blow out hot air to
increase the indoor temperature. But at the same time, the shortcomings are also very
obvious, and it is impossible to effectively control the air humidity in the room. Any time
you use an air conditioner, it removes moisture from the room. This reduces the air
humidity and makes people feel dry. While we gain rapid cooling, it comes at the cost of
losing moisture.

At the same time, the air conditioning control system consists of a microcontroller,
compressor, resistance wire, blower, etc. The microcontroller controls the operation of the
compressor blower to blow out cold air. By controlling the resistance wire and the
hairdryer, hot air is blown out. However, this system cannot control the temperature and
humidity of the air at the same time. While getting temperature control, there is no way to
control humidity. Household air conditioner is shown in Figure 1.1. Air-conditioning

compressor is shown in Figure 1.2.

Figure 1.1 — Household air conditioner Figure 1.2 — Air-conditioning compressor
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1.4.2 Household air heater

¥

Figure 1.4 — Heater heating principle

As one of the common solutions to heat energy problems in winter, heaters can reach
working status in a very short time and continuously output warm air. The advantages are
that they are convenient, fast and easy to move. They can be used on desktops or floors to
provide hot air where needed. Its shortcomings are also very obvious. For large spaces, the
heating effect on the entire room is very slight, and blowing heat onto people's skin for a
long time can easily cause local dryness of the skin and even cause diseases. Its working
principle is also to heat the air at the expense of losing moisture. But while it heats, it also
makes the room drier in the winter.

Its system structure is simpler, and the controller only needs to control the power of
the fan and resistance wire, but while it is simple, it also loses functionality. Still unable to
control humidity. Household air heater is shown in Figure 1.3. Heater heating principle is

shown in Figure 1.4.
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1.4.3 Floor heating

o 'l Tem

Rinnai

Figure 1.5 — Floor heating Figure Figure 1.6 — Floor heating schematic diagram
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Figure 1.7 — Floor heating pipes

As one of the common heating solutions in northern winter, floor heating can greatly
improve indoor comfort. It can spread heat over a wide range inside the floor, keeping the
entire room in a stable state of uniform heat. This bottom-up heating method can reduce
people's discomfort in the room to a certain extent. Its shortcomings are also obvious,
including high energy consumption, slow heating speed, and the need for manual
adjustment.

You can clearly see its system structure in the picture. The controller heats the heat
pipe and the pump controls the water flow. The hot water flows through the water pipe to
bring heat into the room. Its shortcomings are also very obvious. It cannot detect the real-
time temperature of the room and adjust the humidity. This system cannot meet the
automation needs of today's Internet of Things. Floor heating Figure is shown in Figure
1.5. Floor heating schematic diagram is shown in Figure 1.6. Floor heating pipes is shown

in Figure 1.7.
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1.4.4 Air humidifier

Figure 1.9 — Air humidifier working principle diagram

Figure 1.8 — Air humidifier
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Air humidifier is a product that is used frequently throughout the year. Its advantage

1s that it can replenish moisture in the air conveniently and quickly. It uses the principle of

atomization to atomize pure water into small water droplets, thereby increasing air

humidity. Its shortcoming is also obvious, it requires manual control. And due to design

reasons, it cannot accurately calculate the average humidity of the room. Whenever we

think about using it, often the air is already excessively dry.

The air humidifier system consists of a simple atomizer, which is turned on or off

through switch control. At the same time, it cannot detect humidity or change working

status based on humidity. Just human control. The structure of this system is very simple.

Air humidifier is shown in Figure 1.8. Air humidifier working principle diagram is shown

in Figure 1.9.
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Conclusion about 1 CHAPTER

I analyze the various ways of controlling temperature and humidity on the market, and
they have their own advantages. However, there is a lack of a comprehensive product on
the market that can automatically and reasonably control room temperature and humidity at
the same time. With the changes of the times, we have ushered in the era of the Internet of
Things. Perhaps we should adapt to the development of the times. In the future
development trend, smart home and the Internet of Everything are an area with a huge
market. We should adapt to the development of the market. Make products more
competitive.

After analyzing the advantages and disadvantages of each, I decided to combine their
advantages and develop a controller with networking capabilities to control the temperature
and humidity of the room and always maintain the range that is suitable for the human

body.

Task: Develop a controller with a network function, select the appropriate single -chip
machine, and choose the appropriate component. And assemble, debug, and program on

them.

Objective: Develop a controller with networking capabilities, so that the controller
can control the temperature and humidity of the room, and the network can upload the data
to the cloud. Users can experiment with a single -chip board control or the mobile terminal
for remote control. By adjusting the parameters, the temperature and humidity in the room

can reach the ideal state of the user.
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CHAPTER 2. OVERALL DESIGN SOLUTION

2.1 Overall system scheme

This design uses a single-chip microcomputer as the core control device to accurately
obtain the temperature and humidity data of the home environment through external
sensors and display it on the LCD screen in real time, making it convenient for users to
check the temperature and humidity status of the current environment at any time. The
system is also equipped with a simple button operation function, allowing users to easily
set temperature and humidity thresholds. When the ambient temperature and humidity
exceed the set threshold range, the system will automatically activate the adjustment
mechanism to ensure that the indoor temperature and humidity are maintained within the
user's desired comfort range. Real-time temperature and humidity readings can be
synchronized to the cloud platform through wireless communication, and the system's
setting parameters can be easily adjusted using a mobile phone.

Temperature control scheme: When the user sets the temperature threshold on the
interface or cloud platform, the system receives the instruction to set the value. If the
temperature sensor detects that the temperature is lower than the set value, the steering gear
works to open the water valve, and the flow rate sensor monitors the flow rate of the liquid
in the heating to increase the indoor temperature. If the temperature sensor detects that the
temperature is higher than the set value, the air conditioner will be turned on to lower the
indoor temperature.

Humidity control scheme: When the user sets the humidity threshold on the interface
or cloud platform, the system receives the instruction to set the value. If the humidity
sensor detects that the humidity is lower than the set value, the humidifier will be turned on
to increase the indoor humidity. If the humidity sensor detects that the humidity is higher
than the set value, the fan will be turned on to exhaust air and reduce the indoor humidity.

Block diagram of hardware system design scheme is shown in Figure 2.1.
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External power
supply
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Flow rate
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Wireless
module
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Figure 2.1 — Block diagram of hardware system design scheme

(1) Microcontroller: collects and analyzes data and controls system work;

(2) Temperature and humidity sensor: collects indoor environment temperature and
humidity data;

(3) Liquid crystal display module: displays temperature, humidity, clock, etc.;

(4) Wireless module: Upload temperature and humidity data to the cloud platform for
remote real-time monitoring of data;

(5) Fan: The fan works to discharge the humid air indoors and reduce the humidity;

(6) Flow rate sensor: detects the flow rate of liquid in the heater;

(7) Steering gear: controls the flow of liquid in the heater and increases the indoor

temperature;

(8) Indicator light: Indicates the working status of servos, relays, etc;

(9) Button(key): used to set time, temperature threshold, and humidity threshold in the

microcontroller control panel;

(10) Relay: controls the power of external equipment such as air conditioners.
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2.2 Argument and comparison of plans

2.2.1 Microcontroller selection and demonstration

Option 1: 51 microcontroller has the advantages of low operating voltage, low power

consumption, high operating frequency, low price, etc. It can be widely used in various

low-power, high-precision, miniaturized electronic equipment [5]. Due to its larger size,

lower computing speed, and fewer pins, the 51 microcontroller may gradually be replaced

by more advanced microprocessors. 51 microcontroller is shown in Figure 2.2.

Option 2: STM32 microcontroller, which has the characteristics of powerful functions,

numerous models, and wide use. It integrates many functions internally, such as analog

signal conversion, serial peripheral interface, serial communication, etc. Due to its high

main frequency, it has high-performance processing capabilities and low power

consumption, which is very suitable for the needs of wireless product design [6]. STM32

microcontroller is shown in Figure 2.3.

Figure 2.2 — microcontroller

Figure 2.3 — STM32 microcontroller
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Option 3: Arduino microcontroller, which uses the Atmel AVR series microcontroller,

which is based on the Hanard structure RISC processor and has the characteristics of low

power consumption, low cost, and easy programming. It uses standardized pins and

interfaces (such as GPIO) and various expansion boards (Shields), making it more scalable

to meet application needs. Typically used in small embedded systems. Arduino

microcontroller is shown in Figure 2.4.

Option 4: Rasberry Pi development board, which is based on ARM chip and has more

powerful processing performance and larger memory for similar products. It can run

complex applications and multi-task, and has network connectivity and graphics

capabilities. But essentially, it's a powerful single-board computer with full computing

power and running a full operating system. The Rasberry Pi development board is shown

in Figure 2.5.

Figure 2.5 — Rasberry Pi development board
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The theme of this design is: Home constant temperature and humidity system. The
Home constant temperature and humidity system designed this time uses the STM32
microcontroller with higher integration and smaller size as the control device, which can
meet the design requirements and adapt to future development trends.

Compared with option 1: Although the I/O pin of the 51 microcontroller is simple to
use, it has no output capability when the level is high. When parsing double data pointers, it
runs too slowly. Moreover, the self-protection ability of the 51 microcontroller is very poor
and it is easy to burn out the chip. Even though the 51 microcontroller is one of the most
widely used 8-bit microcontrollers, considering future scalability, the 32-bit core of STM32
is more in line with the mainstream of future development.

Compared with option three: Arduino usually uses a low-power microcontroller with
weak processing capabilities and is suitable for processing simple control tasks and sensor
data. It has lower clock speed and memory and cannot handle complex computing tasks. In
terms of scalability, STM32 has richer supporting equipment and more flexible
programming methods, which is more suitable for the production of this theme.

Compared with option 4: First of all, the Raspberry Pi is a complete single-board
computer with strong processing capabilities and rich interfaces. Secondly, the Raspberry
Pi supports a large number of expandable modules and sensors, and can be expanded
through USB, GPIO and other interfaces. It can run Linux operating system and various
application software. But behind its powerful performance is its high price. Its performance
completely exceeds the performance required for this theme. In terms of economy, there is
a lack.

To sum up, the Home constant temperature and humidity system designed this time
uses the STM32 microcontroller with higher integration and smaller size as the control

device, which can meet the design requirements and adapt to future development trends.
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2.2.2 Wireless module selection and demonstration

Option 1: HC-05 Bluetooth module is a classic Bluetooth module, using the standard
Bluetooth V2.0 protocol, working in the 2.4GHz frequency band, supporting serial
communication and transparent transmission mode, and the price is relatively low. The
maximum transmission rate is 2.1Mbps, using serial communication, which can be used to
connect wireless products to communicate with each other. HC-05 Bluetooth module is
shown in Figure 2.6.

Option 2: The ESP8266 wireless module is a low-cost wireless product. It integrates WIFI
function and can be widely used in smart homes, Internet of Things products and other
fields. It has a built-in processor and can run custom programs, making it suitable for
development - IoT devices and embedded systems. Users can realize functions such as
sensor data collection, remote control and data transmission through programming [7].
ESP8266 wireless module is shown in Figure 2.7.

This design is applied to indoor temperature and humidity monitoring in homes. The
WIFI module can be connected to the router for relay to realize the networking function.
Bluetooth is a near-field communication device with point-to-point connection, which
requires additional transfer equipment to achieve remote control. Therefore, this design The

WIFI module was selected for this design.
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Figure 2.6 — HC-05 Bluetooth module  Figure 2.7 — ESP8266 wireless module
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2.2.3 Selection and justification of display screen

Option 1: The digital tube is a simple character display device that displays numbers
by lighting up different segment codes. It is often used for timing, counting and other
occasions that require digital display, and has the advantage of strong reliability. The
digital tube is shown in Figure 2.8.

Option 2: OLED LCD display is small in size, has many pixels, and has relatively rich
display content. It has its own backlight and the display effect is clear and vivid. It can be
used in industrial and medical fields. OLED LCD display is shown in Figure 2.9.

This design needs to display information such as the temperature, humidity of the
indoor environment, and the set clock. The display content is relatively diverse, so option 2

is selected as the display screen for this design.

LA A O
1 G VDD SCK SDA RES IC S 7

Figure 2.9 — OLED LCD display
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2.2.4 Selection and demonstration of temperature and humidity

modules

Option 1: PT100 thermal resistance sensor, which has a wide collection temperature
range, fast response speed, small size, high accuracy, three-proof appearance and structure,
and can be used in water tanks, bathtubs and other occasions. PT100 thermal resistance
sensor is shown in Figure 2.10.

Option 2: DHT11 sensor module can collect temperature and humidity at the same
time, and realize data transmission and control through a single signal line. It is simple and
easy to use and can be widely used in the field of temperature and humidity monitoring,
such as smart home, warehousing environment monitoring, etc. DHT11 sensor module is
shown in Figure 2.11.

Its compact package design makes it easy to install in various devices, and it is stable
and reliable. It can provide real-time and accurate temperature and humidity information,
providing users with valuable environmental data support [8].

This design uses the DHT11 sensor module as the sensor to collect the temperature

and humidity of the indoor environment.

Figure 2.11 — DHT11 sensor module
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Conclusion about 2" CHAPTER

I analyzed the overall system design plan, as well as the temperature design plan and
humidity design plan. Among the four mainstream microcomputers on the market, they
have their own advantages. After weighing the functionality and economy of the
microcomputer, I chose the STM32 as the microcomputer used in this design and
configured it with various sensors.

As the times change, various types of components are constantly updated on the
market. While their performance continues to improve, the prices are also very affordable.
We not only follow the development of the times, we also enjoy the development of the
times and enjoy the changes in life through technology. Make it easier for us to turn the
ideas in our heads into reality.

STM32 has a 32-bit core, which brings higher computing power, more complete
interfaces and accessories, and better economy, which is the core of this design. When
designing, we need to have a full understanding and analysis of the design goals, analyze
the advantages and disadvantages of each component from a debate perspective, and find
the most suitable hardware. This is not only the first step to make excellent products, but
also improves the product's economy and cost-effectiveness. The hardware used is shown

in Figure 2.12.

R L D T B = e i e = B 1
i Name Model i
i

Ji Microcontroller STM32F103 i
i OLED 12864 OLED IIC E
i WIFI module ESP8266 wireless module E
i Temperature and humidity sensor DHT11 i
Flow rate sensor YF-S201 E

i Button (key) Cl-4 i
]i Steering gear SG90 i
| i
| FUN FUN-STM32 |
]i Relay relay-stm32 i

. |

Figure 2.12 — Use hardware

3m.

TAJIIT.467100.003 IT3 |;

ApK. Ne dokym. Nidnuc | Aamal




CHAPTER 3. DESIGN AND IMPLEMENTATION OF
HARDWARE AND SOFTWARE

3.1 Design and implementation of hardware circuit structure

3.1.1 Introduction to the core board of microcontroller

This design uses STM32F103C8T6 microcontroller. The microcontroller is based on
the ARM core and adopts Harvard structure, which is configured with a higher main
frequency. The chip has 49 general-purpose I/O ports and a series of rich peripheral
resources, including AD/DA modules, timers, communication interfaces, PWM output,
etc., which can meet the needs of a variety of applications. The STM32 microcontroller
system clock can reach up to 72 MB through configuration. It has an internal RTC clock
function, an external 32.768KHz crystal oscillator, and can be powered by a CR1220

battery [10]. The core board of the microcontroller is shown in Figure 3.1.
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Figure 3.1 — Pin diagram of the microcontroller core board
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3.1.2 Partial circuit design of OLED liquid crystal display module

This design uses a monochrome LCD display with 128*64 LCD display points. It is

manufactured using organic light-emitting diode technology and has the characteristics of

high contrast, fast response, wide viewing angle and low power consumption. It uses I12C or

SPI interface for serial communication. , can be easily connected to various main control

devices [11]. This design uses the IIC method for connection, which has the characteristics

of fewer pins and fast refresh speed. The OLED screen is externally powered by 5V. The

hardware interface circuit diagram is shown in 3.2.
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Figure 3.2 — LCD screen interface circuit
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3.1.3 Partial circuit design of OLED liquid crystal display module

DHT11 sensor module has two built-in sensitive elements, which can collect
temperature and humidity at the same time. It uses a single wire for communication. It can

be used to send and receive data. It can obtain secondary data of the integer and decimal

parts of temperature and humidity, followed by the smallest the working voltage' can reach

3V][12]. The hardware circuit interface is shown in Figure 3.3.
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Figure 3.3 — DHT11 temperature and humidity sensor pin connection diagram
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3.1.4 WiFi module circuit interface design

This design uses the ESP8266 wireless module, which can transmit data and
communicate with other devices through wireless connections. Its working principle
includes integrating wireless modules and processors inside the hardware, firmware
providing wireless communication protocol implementation, communicating with other
devices through wireless connections, and using TCP/IP protocol stack for data
transmission [13[14]]. The hardware circuit connection between the microcontroller and

the wireless module is shown in Figure 3.4.
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Figure 3.4 — ESP8266 hardware connection circuit diagram
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3.1.5 Flow velocity sensor interface design

This design uses the S201 flow rate sensor, which contains a Hall element inside. It is

designed based on the principle of magnetic field and current conversion. When the

external magnetic field changes, the voltage changes. The internal amplifier circuit contains

an amplification circuit to amplify the changing voltage signal. Contains a comparator

output pulse signal internally. The flow rate sensor interface circuit is shown in 3.5.
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Figure 3.5 — Flow velocity sensor circuit schematic diagram

3m.

ApK.

Ne dokym. Mionuc

Aamal]

IAJI1].467100.003 113

I Apx.

| 26




3.1.6 Relay control circuit design

The increase in humidity and cooling of the indoor environment is controlled by two

relays as switches. The relay works based on the principle of magnetic induction. When the

base level of the triode is pulled low, the triode is turned on, and the coil generates a

magnetic field to attract the shrapnel. Make the relay conductive. At this time, the

humidifier or air conditioner is powered on and starts working. The hardware circuit design

is shown in Figure 3.6.
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Figure 3.6 — Relay control principle diagram
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3.1.7 Fan control circuit design

In this design, the fan acts as a dehumidifier. When the humidity threshold is reached,
the exhaust fan is started. The fan is powered by 5V and controlled by a triode as a switch.
When the control signal is high level, the transistor is turned on, thereby driving the fan to

start working. The hardware circuit is shown in Figure 3.7.
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Figure 3.7 — Fan control circuit schematic diagram
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3.1.8

Key circuit design

The key circuit design uses four separate key controls. The key detection port is

connected to the I/O pin of the microcontroller. The microcontroller detects the low level

state. In this design, it is used as addition, subtraction, threshold setting and clock setting

functions. As

shown in Figure 3.8.
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Figure 3.8 — Circuit diagram of the button part
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3.1.9 Steering gear control circuit design

The SG90 servo has only three leads, the power line, the ground line and the control
signal line. The control signal line is a pulse signal with a frequency of 50Hz. The angle of
the rotating shaft can be adjusted by changing the pulse width [15]. The hardware interface

is shown in Figure 3.9.
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Figure 3.9 — Servo hardware interface
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3.2 Software system design and implementation

3.2.1 Software system program flow char

The microcontroller program part of this design is carried out using the KEIL software
compilation environment, and the software is configured according to the functions of the
DHTI11 temperature and humidity module, WIFI module and other peripherals. After the
system is powered on, the main program starts to run, first initializing the system clock and
peripheral ports. Use a microcontroller to control the temperature and humidity sensor and
flow rate sensor, obtain the current data, and display it in real time through the OLED
display. At the same time, the obtained data is sent to the WIFI module through the serial
port and uploaded to the cloud. Users can obtain the data through the mobile APP. The

main program flow chart is shown in Figure 3.10.

=
;

Clock initialization
WIFI initialization
l Mobile App
Read temperature and
humidity data
. :
LCD display temperature and
humidity, clock WIFI upload to cloud

YES

Start the air conditioner or
steering gear

Figure 3.10 — main program flow chart
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3.2.2 OLED LCD screen programming

Based on the hardware design OLED LCD screen pin definition and the timing
diagram provided in the specification book, the corresponding code was written. In
the process of writing code, two commonly used sub-functions are mainly used,
including the write command function and the write data function. The LCD screen
display process must first initialize the SSD1306 driver controller and set its working
parameters and display mode. Next, turn on the display function of the LCD screen
and prepare to receive and process image data. After clearing the video memory, the
data to be displayed is written into the video memory and sent to the controller. The
controller displays the image on the LCD screen based on the data. The OLED LCD

screen control process is shown in Figure 3.11.

Figure 3.11 — OLED LCD screen control process
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3.2.3 Programming of ESP8266 module

This design controls the ESP8266 wireless module through the microcontroller serial

port. According to the module's data manual, AT instructions are used to configure the

server port to upload the data to the server. The user can view the data in real time through

the mobile phone App. The data sent by the microcontroller is sent according to a certain

protocol format. The ESP8266 module sends the data to the human cloud platform in

transparent transmission mode, and the mobile APP receives the information and displays

it. The specific flow chart design is shown in Figure 3.12.

=
l

Serial port initialization

:

WIFI module configuration

;

Serial port sends temperature,
humidity, flow rate and other
data

'

Upload APP (Human cloud)

'
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Figure 3.12 — specific flow chart design
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3.2.4 Temperature and humidity detection program design

=
l

PB11 Low Level

:

Delay 18ms

;

PB11 High Level

l

Delay 40ms

Read whether the PB11 pin is low level

measurement results. The detection flow chart is shown in Figure 3.13.

The DHT11 temperature and humidity sensor is a single-bus design. When reading the
DHTI11, you can directly read the entire package of data from the temperature sensor by

writing a program, and process the data at the same time to achieve more accurate

Whether the 80us low level ends?

Whether the 80us high level ends?

Microcontroller data reception

|
=)

YES

Figure 3.13 — detection flow chart
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3.2.5 Steering gear control program design
Since this time to control the opening and closing of the heating water pipe liquid, the
input signal pulse width period is 20ms, which can be controlled by configuring PWM. It

only needs to configure the two states of the switch. The program flow is shown in Figure

=
l

Initialize port

_ _ NO
Command signal received
Control the steering gear to Control the steering gear to
rise lower

=

Figure 3.14 — program flow
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3.2.6 Programming of button module

The button module uses four physical buttons. The button module selects falling edge

trigger. When the button is pressed and the microcontroller detects that the I/O level is low,

it starts button processing. The key triggering process has a steady-state process. Delayed

sampling is used in the program for key detection to avoid false triggering of the key. This
pling prog y ggering y

design contains four keys: plus and minus keys, temperature and humidity threshold setting

and time setting keys. Through button adjustment, the flow chart of button recognition is

shown in Figure 3.15.

Figure 3.15 — flow chart of button recognition
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3.2.7 Programming of status indicator light

Two sets of two-color indicator lights are used to determine humidity and temperature.

The green light indicates operation within the threshold, and the red light indicates

exceeding the limit. The indicator light control flow chart is basically as shown in Figure

3.16

=
l

Port initialization

NO

Humidity and temperature exceeding limits?

Red indicator light on

|
=)

Figure 3.16 — indicator light control flow chart
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Conclusion about 3" CHAPTER

In this chapter, I designed the circuit interface for the core board of microcontroller,
OLED liquid crystal display module, DHT11 temperature and humidity module, etc.
Hardware circuit structure design is an essential part of completing the entire project. We
have clarified the usage specifications of the components used to avoid possible functional
deviations in the later stage.

Circuit design is a very important part of the whole thing. I considered the reasonable
connection of all components and planned a reasonable signal path. Make the circuit have
sufficient reliability through reasonable layout.

I used Altium Designer software to draw the circuit schematic diagram of each
component to ensure that all components are connected correctly and reasonably. And
consider signal integrity, anti-interference, heat dissipation and other issues. Timely
correction of these problems can greatly shorten the time and cost of later debugging.

In general, I carefully thought about every link and verified it one by one. I believe
that only through rigorous design and extensive testing can we obtain excellent, reliable,
and high-quality works.The overall circuit connection diagram is shown in Figure 3.17.

In the complete software development life cycle, software system design and
implementation is a very important part. Its process includes a series of processes from
requirements analysis to actual coding. The core requirements of the task can be converted
into specific software structures and codes to achieve our goals.

In this chapter, I drew the software system program flow chart in detail, and drew the
design flow chart of each component according to the working principle, so that we can
understand the system structure and functions more intuitively. Through detailed design of
each component, the implementation path of each module is clarified, thereby reducing
uncertainty and rework risks when writing programs later. This process plays a vital role
throughout the project, ensuring that the overall functionality is as expected.

All in all, software system design and implementation is a systematic and detailed
process. Only through rigorous analysis and design can we lay the foundation for

development and meet the ease of maintenance and scalability of the entire project.
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CHAPTER 4. SYSTEM CODE DESIGN AND DEBUGGING

4.1 System debugging
4.1.1 Software and hardware debugging

This design uses circuit perforated boards, and each module is reasonably laid out
according to the schematic diagram, and then welded. After completing the production of
the experimental board, first use a multimeter to detect short circuits on the capacitors in
the circuit to ensure that there is no short circuit. Refer to the schematic and measure the
voltage output at each key point to ensure it is as expected. If it matches the design value, it
means that the debugging work of the hardware circuit has been completed. When writing a
microcontroller program, debug external modules such as DHTI1 temperature and
humidity reading data, ESP8266 wireless module serial port data, and check whether the
current register status is correct.

4.1.2 Display content debuggin

First, debug the interface and button functions. The text will be displayed. According
to the row and column scanning method, the fonts will be taken out and displayed first.
After repeated verification, the LCD screen display content is correct, and the LCD screen
will display the temperature and humidity values on the main interface. , date and

clock, etc. The main interface display of the OLED LCD screen is shown in Figure 4.1.

Figure 4.1 — The main interface display of the OLED LCD screen
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4.1.3 Temperature and humidity sensor debugging

Place the DHT11 temperature and humidity sensor indoors and compare it with the
instrument to verify whether the data currently received is correct. If it is observed that the
displayed value is close to the value in the meter, it means that the temperature and
humidity data packet has been successfully and correctly parsed. At this time, the sensor
measurement accuracy must be taken into consideration. Warm and humidify the area
around the sensor. At this time, the value should change significantly. Temperature and

humidity test is shown in Figure 4.2.

Figure 4.2 — Temperature and humidity test

4.1.4 WIFI wireless module debugging

Use the serial communication module to connect the ESP8266 module to the
computer. According to the data manual, enter the AT command through the serial port tool
and verify whether the reply content is consistent with expectations. Open the network
debugging assistant, set the protocol to TCP server, then enter the server's IP address and
port number, and click Create Server. Initiate a TCP connection for data reception and
transmission. The data 1s first sent from the server to the ESP8266 module, and then
transmitted through the serial port to the serial port debugging software for reception and

display. The network debugging assistant and serial port tool interface are shown in Figure

4.3.
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Figure 4.3 — The network debugging assistant and serial port tool interface

4.1.5 USR cloud platform introduction

USR cloud platform is an IoT technology company in Jinan, China. It focuses on the

research and development, production and sales of communication products and is a leading

industrial IoT software and hardware solution service provider in the industry. It has its own

factory and has the ability to provide services for the entire industry chain from chips to the

cloud. It is committed to providing customers with communication terminals, IoT modules,

cloud platform services and IoT solutions.

For individual users, you can use the USR cloud platform, confirm the hardware and

software equipment, add the equipment to the cloud, and then build IoT applications,

allowing users to highly customize functions to achieve user goals. And it is adaptable to

multiple devices, using WeChat applets or web pages to facilitate viewing of various data

and operation control. USR cloud platform is shown in Figure 4.4.
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4.1.6 USR cloud console introduction

WWW.USI.Cn

CQluick start

Screen
management
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management

Device
management
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Figure 4.4 — USR cloud platform

- USR Cloud Console

Hi, Welcome to USR Cloud

| Operational Overview

| Real time overview
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Total Devices
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Total Scenes

0

Number af
gateway alarms
today

0

The USR cloud console has a wide range of functions. It can monitor the online status

of each device in real time, form an overview architecture diagram, manage device usage

scenarios, and manage the device's gateway and configuration. It also includes alarm
9

linkage and other functions. The USR console is shown in Figure 4.6.

This design configures various variables on the USR cloud platform, and uses the

platform function to directly sample data such as temperature, humidity, and flow rate. In

addition, the device can be controlled online through the console, and each component can

be turned on separately, and the temperature and humidity thresholds can also be changed

online. The import of various variables is shown in Figure 4.5.
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Figure 4.5 — The USR console Figure 4.6 — The import of various variables
4.1.7 USR cloud platform debugging
Enter the USR cloud development platform free cloud development APP, set up the

interface to configure the temperature, humidity and other environmental variables, and
input the variable byte information according to the serial port command. After the APP is
completed, you can choose to use the automatically generated domain name or bind your

own domain name. The USR cloud platform APP interface is shown in Figure 4.7.
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Figure 4.7 — The USR cloud platform APP interface

ApK.

TAJIIT.467100.003 IT3

ApK. Ne dokym. Nidnuc | fama] 44




Conclusion about 4" CHAPTER

In the design of the Home constant temperature and humidity system, I
comprehensively considered multiple factors such as performance, power consumption,
feasibility, reliability, etc., and rationally designed the system architecture and effective
interrupt processing to make the system efficient and stable. By using the powerful
processing performance of STM32, the design requirements were met, and the control from
simple sensors to replicating [oT devices was completed.

I defined the functions of the four controllable physical buttons, which can control the
time and change the thresholds of temperature and humidity. The microcontroller receives
the sensor signal, determines whether the threshold range is reached, and gives
corresponding feedback. Use the Wi-Fi module to upload data to the USR cloud platform,
or receive control instructions from the USR cloud platform.

In order to ensure that the functions and performance of the Home constant
temperature and humidity system meet expectations after development, I performed
hardware debugging, software debugging, and functional verification. This directly affects
reliability, stability, and user experience.

In order to ensure that the product meets design requirements and quality standards, I
tested the connection reliability of each interface, ensured that each module can work
stably, and ensured the correctness of data transmission and function calls. And tested the
response time to ensure timeliness. I also tested the environmental test of the product to
ensure its stable operation at high and low temperatures, high humidity, and low humidity.

Passing the above system debugging and testing can effectively guarantee the quality
and reliability of the developed products and provide users with high-performance and

reliable products.
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FULL TEXT SUMMARY

The design of a home thermostat system based on the STM32 microcontroller is an
integrated and intelligent solution. It combines peripherals such as temperature sensors,
relay modules and display modules to build a home thermostat system that can monitor and
adjust indoor temperature in real time. In the home thermostat system, the microcontroller
can collect temperature and humidity sensor data in real time, and perform preliminary
processing and analysis to control the hot water pipes, air conditioners, and humidifier
switches. In terms of remote monitoring and control, remote mobile phone APP monitoring
is achieved through the WIFI module and cloud platform, so that the indoor environment

can be remotely monitored and intelligently managed.

There are many imperfections in this design, such as how to better control the relationship
between the flow control valve angle and temperature. In addition, the stability and security
of the wireless network are also an important part of the design that cannot be ignored.
Effective measures must be taken to ensure the real-time transmission of data and the safe
operation of the system. In order to solve these problems, it is necessary to continue in-
depth research, optimize the design scheme, and achieve better results in practical

applications.
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void task key(void)

{

if(IsKeyDown3() !=0)

bsp DelayMS(10);

if(IsKeyDown3() !=0)

{

set u type =0;

set time_ type ++;

if(set_time type ==1)

{

/* Time setting button */

set year =g tRTC.Year;

set mon =g tRTC.Mon;

set day =g tRTC.Day;

set hour =g tRTC.Hour;

set min =g tRTC.Min;

set sec =g tRTC.Sec;
OLED ClrScr(0);

b

/* Clear screen */
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set_sec);

else if(set_time type ==7)

{

set_time type = 0;

RTC WriteClock(set year, set mon, set day, set hour, set min,

}

twhile(IsKeyDown3() !=0);

}

if(IsKeyDown4() != 0)

{

bsp DelayMS(10);
if(IsKeyDown4() != 0)

{

set_time type = 0;

set u type ++;

if(set u type==1)

{

OLED_ClrScr(0);

}

else if(set u_type ==5)

{

set u type =0;

/* Threshold setting button */

/* Clear screen */

/* Threshold setting completed */

3m.

ApK.

Ne dokym.

nionuc

Aama]

IAJII].467100.007 /14

APpK.




twhile(IsKeyDown4() != 0);

if(IsKeyDown1() !=0) /* Time-key */
{

bsp DelayMS(10);

if(IsKeyDown1() != 0)

{
switch(set_time type)
{
case 1: /* Set year */
set_year --;
if(set_year < 2024)
{
set_year = 2024,
i
break;
case 2: /* Set month */
set mon --;

if(set mon <1)

{
set mon = 12;
b
break;
case 3: /* Set day */
set_day --;

if(set day <1)

{
set day =31;
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break;
case 4: /* Set hour */
set_hour --;

if(set_hour < 0)

{
set_hour = 23;
b
break;
case 5: /* Set minutes */
set_min --;

if(set min < 0)

{
set min = 59;
b
break;
case 6: /* Set seconds */
set_sec --;

if(set_sec <0)

{

set sec =359;
b
break;

switch(set u_type)

{
case 1:
temp ul --;
break;
I Apx.
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case 2:
temp uh --;
break;

case 3:
hum ul --;
break;

case 4:
hum uh --;
break;

b
ywhile(IsKeyDownl1() != 0);

if(IsKeyDown2() !=0)
{
bsp DelayMS(10);
if(IsKeyDown2() != 0)
{
switch(set time type)
{
case 1:

set_year ++;

/* time+key */

/* Set year */

if(set_year > 2099)

{

set_year = 2024,

f
break;

case 2:

set_mon ++;

/* Set month */
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case

casc

case

case

if(set mon > 12)
{
set mon = 1;
}
break;
3: /* Set day */
set_day ++;
if(set_day > 31)
{
set day =1;
§
break;
4. /* Set hour */
set_hour ++;
if(set_hour > 23)
{
set_hour = 0;
§
break;
5: /* Set minutes */
set min ++;
if(set_min > 59)
{
set min = 0;
}
break;
6: /* Set seconds */
set _sec ++;
if(set_sec > 59)
{

IAJII].467100.007 /14

3m.

ApK.

Ne dokym.

Nidnuc | Aamal

I Apx.




set_sec =0;

}
break;

switch(set u_type)
{
case 1:
temp ul ++;
break;
case 2:
temp uh ++;
break;
case 3:
hum_ul ++;
break;
case 4:
hum_uh ++;
break;

}
twhile(IsKeyDown2() !=0);
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int main(void)

{
char buf[16];

uintl6 ttmp co2;

/* Set font parameters */

{
tFont16.FontCode = FC_ST 16; /* Font code 16 dot matrix */
tFont16.FrontColor = 1; /* Font color 0 or 1 */
tFont16.BackColor = 0; /* Text background color 0 or 1 */
tFontl16.Space = 0; /* Text spacing, unit = pixels */
tFont12.FontCode = FC_ST 12; /* Font code 12 dot matrix */
tFont12.FrontColor = 1; /* Font color 0 or 1 */
tFont12.BackColor = 0; /* Text background color 0 or 1 */
tFont12.Space = 0; /* Text spacing, unit = pixels */

b

bsp_Init();

OLED_DispStr(0, 0, "pwr on", &tFont12);
bsp_StartAutoTimer(0, 200);
bsp StartAutoTimer(1, 1000);
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EXTI_Config();
while(1)

task wifi get();
task auto();

task key();

if(bsp_CheckTimer(0))

{
if(DHT11 ReadData(&dhtl1))
{
temp = dht11.Temp;
hum = dht11.Hum;
b

OLED_StartDraw();

RTC ReadClock();

OLED_StartDraw();

if(set _time type == 0 && set_u_type ==0) /* Display real-

time time when not set time */

{

RTC_ReadClock();
sprintf(buf, "%4d/%02d/%02d %02d:%02d:%02d",

g tRTC.Year, g tRTC.Mon, g tRTC.Day,
g tRTC.Hour, g tRTC.Min, g tRTC.Sec);
OLED DispStr(0, 0, buf, &tFont12);

sprintf(buf, "#& 5 :%3d °C", temp);
OLED_DispStr(0, 16, buf, &tFont16);
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sprintf(buf, "¥E 1 :%3d %%", hum);
OLED DispStr(0, 32, buf, &tFont16);
sprintf(buf, "%4d", speed);

OLED DispStr(0, 48, buf, &tFont16);

else /* Display the set time when setting
the time */
sprintf(buf, "%4d/%02d/%02d %02d:%02d:%02d",
set_year, set_mon, set day,
set_hour, set min, set sec);
OLED_ DispStr(0, 0, buf, &tFont12);
sprintf(buf, "%3d  %3d", temp_ul, temp_uh);
OLED_DispStr(0, 16, buf, &tFont16);
sprintf(buf, "%3d  %3d", hum ul, hum uh);
OLED DispStr(0, 32, buf, &tFont16);
OLED_ EndDraw();
b
if(bsp_CheckTimer(1))
{
speed = plus;
plus =0;
task wifi send();
}
b
b
A 1 I Apx.
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void Analyze(uint8 t *buf, uint8 t len)

{

uint8 t tmp;

if(buf[3] == 3) /* temperature threshold */

{
temp ul = buf[4] << 8 | buf]5];

b
else if(buf[3] ==4) /* temperature threshold */
{

temp uh = buf[4] << 8§ | buf[5];
}
else if(buf[3] ==5) /* humidity threshold */
{

hum_ul = buf[4] << 8 | buf[5];
b
else if(buf[3] ==6)  /* humidity threshold */
{

hum_uh = buf[4] << 8 | buf]5];
}
else if(buf[3]==7) /* Humidifier switch */
{

if(buf[5] == 1)
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comSendBuf(COM1, (uint8 t *)ack 7 1, 8);
bsp _jk on(1);
jkl sw=1;

b

else

{
comSendBuf(COM1, (uint8 t *)ack 7 0, 8);
bsp jk off(1);
jk1 sw=0;

b
else if(buf[3] ==8)  /* air conditioner switch */
{
if(buf[5S]==1)
{
comSendBuf(COM1, (uint8 t *)ack 8 1, 8);
bsp_jk on(2);
k2 sw=1;
b
else
{
comSendBuf(COM1, (uint8 t *)ack 8 0, 8);
bsp_jk off(2);
jk2 sw=0;

b
else if(buf[3] ==9) /* Humidifier switch */

{
if(buf[5] == 1)
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comSendBuf(COMI, (uint8 t *)ack 9 1, 8);
bsp fan on();
fan sw=1;

b

else

{
comSendBuf(COM1, (uint8 t *)ack 9 0, 8);
bsp fan off();

fan sw = 0;

b
else if(buf[3] ==10) /* Plumbing switch */
{
if(buf[5S]==1)
{
comSendBuf(COM1, (uint8 t *)ack 10 1, 8);
bsp open water();
step_motor sw = 1;
b
else
{
comSendBuf(COM1, (uint8 t *)ack 10 0, 8);
bsp close water();

step_motor sw = 0;
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About each component working code

void task auto(void)
{
if(temp <= temp_ul) /* The temperature is below the threshold, turn on the
water heating */
{
step_motor off flag=0;
if(step_motor on flag ==0)

{
step_motor on_flag=1;
step_motor sw = 1;
bsp open water();
b
b
else
{
step_motor on_flag = 0;
if(step_motor off flag ==0)
{
step_motor off flag=1;
step_motor_sw = 0;
bsp close water();
b
b

if(temp >= temp_uh) /* The temperature is higher than the threshold, turn on the

air conditioner */

{
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jk2 off flag=0;

if(Gk2_on_flag == 0)
{
jk2 on flag=1;
k2 sw=1;
bsp jk on(2);

}

else
{
jk2 on flag =0;
if(jk2 off flag==0)
{
jk2 off flag=1;
jk2 sw=0;
bsp jk off(2);

if(hum <= hum_ul)
threshold */

{
jk1 off flag=0;

if(Gk1_on_flag == 0)

/* Turn on the humidifier when the humidity is less than the

{
jk1 on flag=1;
jkl sw=1;
I Apx.
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bsp jk on(1);

}

else
{
jk1 on flag =0;
if(jk1_off flag ==0)
{
jk1 off flag=1;
jk1 sw=0;
bsp_jk off(1);

if(hum >= hum_uh)

{
fan_off flag = 0;

if(fan_on_flag == 0)
{

fan_on flag=1;
fan sw=1;

bsp fan_on();

else

fan_on_flag = 0;
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if(fan_off flag==0)
{
fan off flag=1;
fan sw = 0;

bsp fan off();

if(step_motor on flag==0 && jk2 on flag == 0)

{
bsp led off(2);
bsp led on(1);
}
else
{
bsp led off(1);
bsp led on(2);
b
1f(jk1 on flag==0 && fan_on flag == 0)
{
bsp led off(4);
bsp led on(3);
b
else
{
bsp led off(3);
bsp led on(4);

3m.

ApK. Ne dokym. Nidnuc | Aamal

IAJII].467100.007 /14

I Apx.

|17




3.1.3  About wifi related settings and working logic
Witi send to USR cloud

void task wifi get(void);
static void EXTI Config(void);

void task wifi send(void)

{

uint8_t tx_buf[32];

uintl6 _t crc;

tx_buf[7] = 0;
tx_buf[8] = temp;
tx_buf[9] =0;

tx_buf[10] = hum,;

// Slave Address
// function code
// Register Address

// Number of registers

// Number of data bytes

tx_buf[11] = speed >> §;

tx_buf[12] = speed;

tx_buf[13]=0;

tx_buf[14] = temp_ul;

tx_buf[15]=0;

tx_buf[16] =temp uh;
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tx_buf[17]=0;
tx_buf[18] = hum ul;
tx_buf[19]=0;
tx_buf[20] = hum_uh;
tx_buf[21]=0;
tx_buf[22] = jk1_sw;
tx_buf[23]=0;
tx_buf[24] =jk2 sw;
tx_buf[25]=0;
tx_buf[26] = fan_sw;
tx_buf[27]=0;
tx_buf[28] = step_motor sw;

crc = CRC16_Modbus(tx_buf, 29);
tx_buf[29] = crc >> §;

tx_buf[30] = crc;

comSendBuf(COMI, tx_buf, 31);

void bsp_open_water(void)

{

b

bsp_SetTIMOutPWM(GPIOA, GPIO Pin_1, TIM2, 2, 50, 300);

void bsp close water(void)

{

bsp_SetTIMOutPWM(GPIOA, GPIO Pin_1, TIM2, 2, 50, 1000);

IAJII].467100.007 /14

3m.

ApK. Ne dokym. Nidnuc | Aamal

I Apx.

| 19




Wifi receives USR cloud control signal

void task wifi_get(void)

{
uint8 t ucData;
static uint8 tucHead = 0;
static uint8 t ucaBuf[64];

static uint8 t ucPos = 0;

while(1)
{
if (comGetChar(COMI1, &ucData))
{
if(ucHead == 0)
{
if(lucData == 0x01) /* data pack */
{
ucHead =1;
ucPos =0;
ucaBuf[ucPos++] = ucData;
b
}
else if(ucHead == 1)
{
if(ucData == 0x06) /* data pack */
{
ucHead =2;
ucaBuf[ucPos++] = ucData;
b
else
I Apx.
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if (ucPos < sizeof(ucaBuf))

{
ucaBuf[ucPos++] = ucData;
if(ucPos == 8)
{
Analyze(ucaBuf, ucPos);
ucHead = 0;
b
}
else
{
ucHead = 0;
b
}
continue; /* There may be more data, continue to analyze */
b
break;
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static void EXTI Config(void)

{

/* Configuration PA8 */

GPIO_InitTypeDef GPIO InitStructure;
EXTI InitTypeDef EXTI InitStructure;
NVIC InitTypeDef NVIC InitStructure;

/* GPIO Clock */
RCC_APB2PeriphClockCmd(RCC_APB2Periph_ GPIOA, ENABLE);

/* Configure PA7 to input floating mode */

GPIO _InitStructure. GPIO Pin = GPIO Pin_0;
GPIO_InitStructure.GPIO_Mode = GPIO_Mode IN FLOATING;
GPIO_Init(GPIOA, &GPIO _InitStructure);

/* AFIO Clock */
RCC_APB2PeriphClockCmd(RCC_APB2Periph  AF1O, ENABLE);

/* Connect EXTIO Line to PA.00 pin */
GPIO_EXTILineConfig(GPIO_PortSourceGPIOA, GPIO PinSource0);

/* Configure EXTIO line */
EXTI InitStructure. EXTI Line = EXTI Line0;
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*/

EXTI InitStructure. EXTI Mode = EXTI Mode Interrupt;
EXTI InitStructure. EXTI Trigger = EXTI Trigger Rising;

EXTI InitStructure. EXTI LineCmd = ENABLE;

EXTI Init(&EXTI InitStructure);

/* Enable and set EXTIO Interrupt to the lowest priority */

NVIC InitStructure. NVIC IRQChannel = EXTIO IRQn;

NVIC InitStructure. NVIC IRQChannelPreemptionPriority = 0xOF;
NVIC InitStructure. NVIC IRQChannelSubPriority = 0x0F;

NVIC InitStructure. NVIC IRQChannelCmd = ENABLE;

NVIC Init(&NVIC InitStructure);

/* Rising edge trigger
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