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Introduction 

Actuality 

In the Supercomputer Center, we need a continuous monitoring system for 

temperature to protect the servers in this room from damage due to high tempera-

ture, especially in the summer. 

There are many systems, which monitor the temperature in rooms in the 

market, but none of them can inform the engineers and other staff about problems 

in their absence. These systems can produce the alarming sound; can also auto-

matically switch on/off the coolers. Simultaneously, they can’t send e-mails or 

SMS. In addition, it is impossible to control the device, which monitors the tem-

perature remotely. The person must come and change the settings of this physical 

device by his hand; it can’t be controlled by a program usually. 

Therefore, the idea of this project is the ongoing monitoring of the tempera-

ture in the Supercomputer Center and sending a warning to the engineer if it is 

necessary. The message will inform about the high temperature, which allows of-

fering the necessary activities to deal with the rise of the temperature. We must 

design the application, which sends a message to the engineer's e-mail address 

and mobile phone. 

Research goal and objectives 

The goal of the research is the development of the application for monitor-

ing the temperature at the supercomputer center of South Ural State University. 

For the reaching this goal we must solve the following objectives: 

1) to describe the problem statement of temperature monitoring;  

2) to study the modern tools of application developmentfor Arduino micro-

controller; 

3) to design circuit diagram, deployment diagram and use case diagram for 

the application for monitoring the temperature; 

4) to develop the structure of database for keeping history of temperature 

changes and current temperature; 

5) to develop the interface of the client and administrator applications; 
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6) to implement and test the application. 

The practical significance 

This project is useful for all rooms that need the certain temperature. This 

project can be useful because it contains the possibility to remote threshold tem-

perature from any computer connected to the server and the possibility to send 

email and SMS to the mobile phones. 

This system can be used to monitor temperature in the supercomputer 

room, which contains many servers, which needs to work in environment with a 

certain temperature in order to protect it from damage. Also, you can take an ad-

vantage of this system to monitor the temperature in the intensive care rooms in 

hospitals, animal husbandry to control the degree of private rooms such as poultry 

temperature, in the process of storage of food items that require a certain tempera-

ture to keep the suitability of products and so on. 

The application can be established at any amount of computers connected 

with the server. 

Very useful possibility is that the user can change the threshold temperature 

through the application. 

Structure of the thesis 

The thesis consists of four chapters, introduction, conclusion andreference 

list.In the first chapter,the problem statement is represented,as well as the descrip-

tion of Arduino microcontroller and configuring of Arduino project window. 

In chapter two, there is a description of functional requirements, circuit di-

agram, use case diagram, deployment diagram,and scheme of databaseand devel-

opment of the interface of client and administrator applications. 

In chapter three, we show preparation for the implementation, the program 

for microcontroller, the program for sending SMS and e-mails, and queries for the 

database. 

Chapter Four is devoted to the testing of the application, the used methods 

of testing, and screen forms of the application. 

The thesis has 38pages; the list of references contains 20 resources.  
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1. The analysis of the subject area 

1.1. The problem statement 

 The range of temperature must be stable to prevent damage to the data cen-

ter servers. Any electronic device transitioning from a cold temperature to a warm 

temperature could form water condensation inside the servers endangering the da-

ta center equipment to short out. While cold temperatures do not adversely affect 

electronic hardware, extremely high temperatures will cause overheating and, in 

event, failure of the electronic device[15]. 

In the Supercomputer Center, we need a continuous monitoring system for 

temperature to protect the servers in this room from damage due to high tempera-

ture, especially in the summer. 

Therefore, the idea of this project is the ongoing monitoring of the tempera-

ture in the Supercomputer Center and sending a warning to the engineer if it is 

necessary. The message will inform about the high temperature, which allows of-

fering the necessary activities to deal with the rise of the temperature. We must 

design the application, which sends a message to the engineer's e-mail address 

and mobile phone. 

There are many systems, which monitor the temperature in rooms in the 

market, but none of them can inform the engineers and other staff about problems 

in their absence.  

These systems can produce the alarming sound; can also automatically 

switch on/off the coolers. Simultaneously, they can’t send e-mails or SMS. In ad-

dition, it is impossible to control the device, which monitors the temperature re-

motely. The person must come and change the settings of this physical device by 

his hand; it can’t be controlled by a program usually.  

My goal isto develop and manufacture the physical system for temperature 

controlling remotely, by the special application. In order to do that, I have to de-

velop the circuit, to choose the microcontroller, to study how to create programs 

for it, the study how to create client applications for controlling the real physical 

device in a real-time mode and exchange the data between computers and device.  
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1.2.Description of Arduino microcontroller 

The Arduino microcontroller [19] is an easy to use yet powerful single 

board computer that has gained considerable traction in the hobby and 

professional market. The Arduino is open-source, which means hardware is 

reasonably priced and development software is free [2].  

The Arduino project was started in Italy to develop low cost hardware for 

interaction design. The Arduino home page contains information about the 

Arduino hardware of several types [11]. Fig.1 shows the Arduino microcontroller 

of type I, used in my project. 

 

Fig. 1.Arduino board 

 

The Arduino Nano ATmega328 microcontroller operates at 5 V with 2 Kb 

of RAM, 32 Kb of flash memory for storing programs and 1 Kb of 

EEPROM(Electrically Erasable Programmable Read-Only Memory). EEPROM 

is a type of non-volatile memory used in computers and other electronic devices 

to store small amounts of data that must be saved when power is removed. 

Specifications of Arduino Nano ATmega328 microcontroller[8]: 

1) ATmega328 type of microcontroller; 

2) operating voltage 5v; 

3) digital I/O pins 14; 

4) analog input pins 8; 

5) DC current per I/O 40 mA; 

6) flash memory 32 KB; 

7) clock speed 16 MHz; 
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8) EEPROM 1KB; 

9) length 45 mm; 

10) width 18 mm; 

11) weight 5 g. 

More information about Nano type of Arduino microcontroller is 

represented at [6]. 

The Arduino programming language is a simplified version of C/C++. The 

programmer, who knows C, can easily make programs for Arduino[17]. 

An important feature of the Arduino is that the programmer can create a 

control program on the host PC, download it to the Arduino device, and then this 

program will run automatically. The last program the programmer saved in the 

microcontroller will run. The programmer connects the Arduino board to the host 

PC in order to develop and debug his program by USB cable. 

1.3. Configuring of Arduino project window 

This is circuit diagram to my project which usedArduino [18]board Nano 

ATmega 328 connected to the host PC in order to develop and debug his program 

by USB cable. Fig. 2 shows the circuit diagram. 

Connection of the Arduino board to the computer goes through the 

following steps. 

Firstly, it is necessary to configure the computer to recognize the Arduino 

board. If the programmer want to install the new driver, he skips this step. The 

computer will not recognize the Arduino, and the programmer will not be able to 

upload the code to the Arduino microcontroller. 

The steps of connection are the following: 

1. Download and install Arduino software from the page with software 

available for downloading [4]. The programmer must download the file and 

extract the archive on the C drive. 

2. Connect the board to the computer. PWR LED should light up. 

3. Wait until the operating system Windows install driver for Arduino 

board. 
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-

 

Fig. 2. Circuit diagram 

 

After installing the driver, there must be following steps. 

1. Open the program Arduino which was installed. Select “Tools”, after 

that choose “Board” from the options and select the type of Arduino board from 

the list. Fig. 3 shows the type of Arduino that used by me. 

2. Choose the processor type from the menu “Tools” – “Processor” (fig. 4). 

I chose the type ATmega328. 
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Fig. 3. Chose Arduino type 

 

 

Fig. 4. Selection of the processor  
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3. Choose the port name from the menu “Tools” – “Port” (fig. 5). I chose 

the port COM3, it is a number of serial port used by computer.  

 

Fig. 5. Choosing the serial port number 

 

After that, the programmer must write the program codes inside the project 

window as shown in fig. 6. 

 

Fig. 6.The program codes 
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After the program is ready, the programmer must verify it, if it has errors, 

whether it is correct or not as shown in fig. 7. 

 

Fig. 7. Verifying the program 

 

When the program is already verified, the programmer can upload it to the 

Arduino microcontroller as it is shown in fig. 8. 

 

Fig. 8. Upload the program  
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2. Development of application 

2.1.Functional requirements 

There must be two applications: for the administrator and the engineer.  

The application for administrator contains the following basic functions: 

1) show the current temperature from sensor 1; 

2) show the current temperature from sensor 2; 

3) show the threshold temperature; 

4) set a new threshold temperature; 

5) show the information from the table “History”; 

6) save new value of the threshold in the tables “History” and 

“Client_Changes”. 

The application for client contains the following basic functions: 

1) show the current temperature from sensor 1; 

2) show the current temperature from sensor 2; 

3) show the threshold temperature; 

4) set a new threshold temperature; 

5) save new value of the threshold in the tables “History” and 

“Client_Changes”. 

2.2. Circuit diagram 

In my project, I used two groups of components, to each groupIshall take 

the temperature via thetemperature sensor LM35. It will connect with theArdui-

nomicrocontroller [16], and I shall use the USB-port to connect with the server 

where my application will work. The project circuit is represented in fig. 9.  

There are 13 points at the picture: 

1) Pin 13 connected with red led through resistance 10 kΩ; 

2) Pin A0 received analog signal from temperature sensor; 

3) Pin 5v as power source to temperature sensor; 

4) Pin 4 connected with green led through resistance 10 kΩ; 

5) Microcontroller ATmega 328; 

6) USB-port; 
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Fig. 9. The project circuit  

 

7) Buzzer connected with pin 9; 

8) Resistance 10 kΩ connected between pin 13 and red led; 

9) Resistance 10 kΩ connected between pin 4 and green led; 

10) Green led; 

11) Red led; 

12) USB cable; 

13) Temperature sensor LM35. 

The temperature sensor LM35 is represented in fig 10. It is a sensor to 

measure the temperature of the air around it. 
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Fig. 10. Temperature sensor 

 

The Microcontroller ATmega328inside Arduinoboard converts the input 

analog signal from the sensor to the digital signal, so that I can use it in the com-

puter, according to mathematical equations, which are inside the microcontroller. 

The microcontroller ATmega328 is shown in fig. 11.  

 

Fig. 11.Arduino board 

 

USB-Port is used to connect the Arduino board and the server computer to 

send output data from microcontroller to the server application. 

Thefinalshape of thedeviceused inthe project is represented in fig. 12. 
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Fig. 12.The project device 

2.3. Use case diagram 

We developed use case diagram [1] for application,the use case diagram for 

application shows that there are two actors “Administrator” and “User”.The ad-

ministrator can see “Current Temperature”,“Current threshold Temperature”,“Set 

new threshold temperature” and “See history”. The User can see “Current Tem-

perature”,“Current threshold Temperature” and“Set new threshold temperature”. 

Use case diagramfor using the application is represented in the (fig. 13) 

The “User” can see all functions which administrator see it except the  

function “See history”. 

The relation between the “Current threshold Temperature” and“Set new 

threshold temperature” it is extend. 
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Fig. 13. Use case diagram for application 

 

2.4. Deployment diagram 

The deployment diagram shows the sensor, which measures the tempera-

ture and sends it to the microcontroller. Microcontroller sends data after convert-

ing from analog to digital signal to the server. The server will send a message to 

the engineer’s e-mail address and an SMS to his mobile phone. These devices are 

available through clouds (fig. 14). 
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Fig. 14. Deployment diagram 

 

2.5. Development of the database 

For keeping the history about the system’s work and user’s changes I de-

veloped the database with two tables: “History” and “Client_changs”.  

The table “History” contains information about the data that received 

fromthe serial port, whichis connected with Arduino board. It contains four 

columns: 

1) id; 

2) temperature; 

3) mdate; 

4) threshold; 

5) sensor. 
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The table “History” is represented in fig. 15. 

 

Fig. 15. Structure of the table “History” 

 

The table “History” saves the current temperature and the time to this read 

and threshold value, that represented infig. 16. 

 

Fig. 16.Contents of the table “History” 

 

The table “Client_changes” contains information about the changes of the 

threshold by a client or administrator. 

It contains twocolumns: 

1) id; 

2) threshold. 
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The table “Client_changes” is represented in fig. 17. 

The table “Client_changes” saves the threshold changes by administrator 

and client (fig. 18). 

 

Fig. 17. Structure of the table “Client_changes” 

 

 

Fig. 18.Contents of the table “Client_changes” 

The item value “threshold” in the table “Client_changes” it is will be the 

equel the item value “threshold” in the table “History” that's mean the application 

for administrator and application for client there are see the “threshold” from the 

table “Client_changes” and the relation between item “threshold in two table it is 

one to many the fig. 19.” 
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Fig. 19. Relation between “threshold”in the tables “History” and“Client_changes” 

 

2.6. Development of the interface of client and administrator applications 

I shall implement future viewsof an application.  

Fig. 20 shows the administrator application window for temperature moni-

toring system. 

Fig. 21 shows the window “History” for temperature monitoring system. It 

shows information about the temperature in previous time and updates which 

were made by administrator (button “Refresh”). 

Fig. 22 shows the client application window for the temperature monitoring 

system. 

 

Fig. 20. The administrator window 
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Fig. 21. The window “History” 

 

Fig. 22. The client window  
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3. Implementation of applications 

3.1. Preparation for the implementation 

This project needs the special environment and need the device containing 

the temperature sensor and microcontroller to measure the temperature degree, 

which, the application will monitor it in my project. 

I used the operating system Windows Server 2008 [14]. Server will ex-

change data with administrator’s and client’s computers by IPof these computers.  

I save and access to all information about temperature in the project by using 

Structured Query in database [5]. I built the database on this operation system us-

ing Microsoft SQL 2008 [12]. 

The administrator’s application works at the administrator computer, 

whichconnects with the project devices. The client application can run at another 

computer connected with server without necessity of connecting with the project 

devices. 

I used the Visual Studio.NET [13] to write my applications program in 

Visual Basic language [7]. 

3.2. Program for microcontroller 

I used Arduinoboardthat containmicrocontroller type ATmega 328[10]. 

Arduino programs can be divided in three main parts:  

1) Structure (setup() and loops()); 

2) Values (variables and constants); 

3) Functions. 

More information about these parts is represented at the website [9]. 

Program codes which I have written are represented in fig. 23. 

In this program, there are the following commands. 

#define tempSensor 0 – defines the initial value for the temperature 

sensor, it is zero. 
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Fig. 23. Program for microcontroller 

 

intredled =13 – the red led is connected to the pin 13. 

intgreenled =4 – the green led is connected to the pin 4. 

intVIm_value – the value of the analog read voltage from the 

temperature sensor. 

intCentigrad_Value – the value of a degree of Celsius temperature. The 

Celsius and Centigrad values are given in [3]. 

pinMode(redled,OUTPUT) – sets the pin which the red led connected with 

it as output. 

pinMode(greenled,OUTPUT) – sets the pin which the green led connected 

with it as output. 

Serial.begin(9600) – sets the data rate in bits per second (baud) for 

serial data transmission. For communicating with the computer I use the rate 

9600. 

Digital Write(greenled, HIGH) – sets the led on. 

http://chemistry.about.com/od/temperature/a/How-To-Convert-Celsius-To-Kelvin.htm
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VIm_value = analogRead (tempSensor) – sets the analog read voltage 

VIm_value from initial value which is equal zero. 

Centigrad_Value=(500.0*VIm_value)/1023.0 – calculation of 

Centigrad_Value according to this equation. 5v = 500mv (5V is the highest value 

the temperature sensor gives as voltage, this value will multiply with the analog 

read voltage (VIm_value) and divided by 1023 to become a digital value. 

Serial.println("TEMP_DEGREE")– prints to the serial port the sentence 

“TEMP_DEGREE”. 

Serial.println(Centigrad_Value) – prints to the serial port the 

sentence “Centigrad_Value”. 

delay(1000) – waits for one second to read the sensor pin again. 

char alarm = Serial.read() – reads the char as alarm name from the 

serial port. 

digitalWrite(redled,HIGH) – sets the red led on. 

digitalWrite(greenled,LOW) – set the green led off. 

tone(9,4000) – runs the buzzer on pin 9 in frequency 4000Hz. 

digitalWrite(redled,LOW) – set the red led off. 

digitalWrite(greenled,HIGH) – set the green led on. 

noTone(9) – turns off the buzzer. 

3.3. Program for sending SMS and e-mails 

Firstly, I decided to develop the application that sends e-mail and SMS to 

the engineer's mobile. The application is written in Visual Basic [20]. The codes 

of the program is shown in fig. 24. 

VB.Net allows sending e-mails from the application. The System.Net.Mail 

namespace contains classes used for sending e-mails to a Simple Mail Transfer 

Protocol (SMTP) server for delivery. The SmtpClient class allows applications to 

send e-mail by using the Simple Mail Transfer Protocol (SMTP). 

MailMessage represents an e-mail message that can be sent using the 

SmtpClient class. 
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MailAddress represents the address of an electronic mail sender or reci-

pient. 

SmtpClient allows applications to send e-mail by using the Simple Mail 

Transfer Protocol (SMTP). 

EnableSsl specifies whether the SmtpClient uses Secure Sockets Layer 

(SSL) to encrypt the connection. 

Credentials gets or sets the credentials used to authenticate the sender. 

Send(MailMessage) sends the specified message to an SMTP server for de-

livery. 

SmtpException represents the exception that is thrown when the 

SmtpClient is not able to complete a Send or SendAsync operation. 

 

Fig. 24. Code of the application for sending e-mail and SMS 

 

3.4. Queries for the database 

This is the query to select all items from table “History” when the adminis-

trator clicks the button “History” at his main form (fig. 25). 

 

Fig.25. Query “History” 
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This is the query to select all items from table “Client_changes”, which 

contains the field “threshold” (new threshold temperature) (fig. 26). This query 

runs when the client or administrator change threshold.  

 

Fig. 26. Query “Client_changes” 
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4. Testing of application 

4.1. The used methods of testing 

There are two applications: for the administrator and the client. 

Functional system tests should be based on the coverage of the functionali-

ty described in the requirements. Each test of my system contains input and out-

put information.Therefore, I compare the actual results and the expected resultsto 

administrator application (tab. 1) and to client application (tab. 2). 

Table 1.The protocol of functional testing of the administrator application 

No. Function Expected result Obtained result Conclusion 

1.  Show the current 

temperature sen-

sor-1 

 

The administrator applica-

tiondisplays the current 

temperature in the“Current 

temperature” textbox 

The administrator  

application dis-

playsthe current tem-

perature in the “Cur-

rent temperature” 

textbox 

The function 

works 

2.  Show the current 

temperature sen-

sor-2 

 

The administrator  appli-

cation displays the current 

temperature in the “Cur-

rent temperature” textbox 

The administrator  

application displays 

the current tempera-

ture in the “Current 

temperature” textbox 

The function 

works 

3.  Show the threshold 

temperature 

The administrator applica-

tion displays the last saved 

value of the threshold 

temperature in the “thre-

shold” textbox 

The administrator ap-

plication displays the 

last saved value of the 

threshold temperature 

in the “threshold” 

textbox 

The function 

works 

4.  Set a new thre-

shold temperature 

The administrator applica-

tion save the new value of 

threshold temperature in 

the tables “History” and 

“Client_changes” and dis-

play it in “threshold” text-

box 

The administrator ap-

plication save the new 

value of threshold 

temperature in the 

tables “History” and 

“Client_changes” and 

display it in “thre-

shold” textbox 

The function 

works 
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5.  Show the informa-

tion from the table 

“History” 

The administrator 

application opens the new 

form with information of 

the table “History”  

The administrator 

application opens the 

new form with infor-

mation of the table 

“History” 

The function 

works 

6.  Save new value of 

the threshold in the 

tables “History” 

and 

“Client_Changes”. 

 

Administrator application 

displays the new value in 

the “threshold” textbox 

Administrator appli-

cation displays the 

new value in the 

“threshold” textbox 

The function 

works 

Table 2. The protocol of functional testing of the client 

No. Function Expected result Obtained result Conclusion 

1. Show the current tem-

perature sensor-1 

 

The client applica-

tion displays the cur-

rent temperature in 

the “current tempera-

ture” textbox 

The client applica-

tion displays the 

current temperature 

in the “current 

temperature” text-

box 

The func-

tion works 

2. Show the current tem-

perature sensor-2 

 

The client applica-

tion displays the cur-

rent temperature in 

the “current tempera-

ture” textbox 

The client applica-

tion displays the 

current temperature 

in the “current 

temperature” text-

box 

The func-

tion works 

3. Show the threshold tem-

perature 

The client applica-

tion displays the last 

saved value of the 

threshold tempera-

ture in the “thre-

shold” textbox 

The client applica-

tion displays the 

last saved value of 

the threshold tem-

perature in the 

“threshold” textbox 

The func-

tion works 

4. Set a new threshold 

temperature 

The client applica-

tion save the new 

value of threshold 

temperature in the 

tables “History” and 

“Client_changes” 

and display it in 

“threshold” textbox 

The client applica-

tion save the new 

value of threshold 

temperature in the 

tables “History” 

and 

“Client_changes” 

and display it in 

“threshold” textbox 

The func-

tion works 
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5. Save new value of the 

threshold in the tables 

“History” and 

“Client_Changes”. 

Client application 

displays the new val-

ue in the “threshold” 

textbox 

Client application 

displays the new 

value in the “thre-

shold” textbox 

The func-

tion works 

4.2. Screen forms of the application 

The window application for administrator is represented in fig. 27.  

When the administrator clicks the button “History”, he sees the special 

form (fig. 28). 

The window application for client is representedin fig. 29. 

On default the background color of the textbox “Current temperature” is 

green. It means that the current temperature is normal. When the temperature is 

more than or equal to the threshold value then the background of the textbox with 

the temperature will change its color from green to red (shown in fig. 30). 

 

 Fig. 27.Application for administrator  
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Fig. 28. The “History” window 

 

Fig. 29. Application for client 
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Fig. 30. The color change to the temperature text 

 

The administrator application has a special icon located on the desktop 

(fig. 31).  

 

Fig. 31. Icon of the administratorapplication 

 

The client application has a special icon located on the desktop (fig. 32).  

 

Fig. 32. Icon of the client application  
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Conclusion 

In this thesis, the application for monitoring the temperature at the Super-

computer center of South Ural State University was proposed to design and setup 

automatic alarming system. 

Most probablyin summer days,the supercomputer center requires a moni-

toring system, which monitors the rise of high temperatures in the server rooms. 

There will not be alarmsof the responsible engineers' staff in their absence. 

The existing analogues can play the most important role of alarming by the sound 

system and mechanically switch on/off the cooler system. At the same time, they 

cannot send e-mails or SMS to the engineers. On the other hand, it is impossible 

to control the device, which observed the temperature, comfortably and easy. The 

person must come and change the settings of this physical device by himself; a 

program could not control it regularly. 

So that, the aim of this project is to develop an applications, preventing the 

danger of the high temperaturein the supercomputer center and alarming the re-

sponsible workers by sending email or massage to the workers' phones. 

The goal of the research is the development of the application for monitor-

ing the temperature at the supercomputer center of South Ural State University. 

For the reaching this goal we solved the following objectives: 

1) described the problem statement of temperature monitoring;  

2) studied the modern tools of application development for Arduino micro-

controller; 

3) designed circuit diagram, deployment diagram and use case diagram for 

the application for monitoring the temperature; 

4) developed the structure of databasefor keeping history of temperature 

changes and current temperature; 

5) developed the interface of the client and administrator applications; 

6) implemented and tested the application. 
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The perspectives for the application are the following: 

1) to control the temperature degree by air condition devices through the 

application; 

2) to make the mobile version for the application. 
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