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ABSTRACT 
 

 

 

 

 The microcontroller and the coding is the heart of making a timer. The 

strategic release planning is gotten from the concept of how a door machine with 

password access functions.    

 In this thesis project, all that has been studied in school such as circuit 

theory, electronics, digital design and microprocessors basic and programming 

course are combined to the success of this project. Therefore the objective is 

producing a practical knowledge of what has been studied which is the timer with 

password access.    

 The method used was an inspiration gotten after reviewing many 

materials in some respective topic related to designing a timer. The particular method 

comes from creating an SPI Interface from the Programmer to the Microcontroller to 

Make Transferring More Convenient. 

 The performance of the MCU, LCD and keypad was just as was 

expected in the software code and hardware also. The password is inputted, timer is 

set appropriately and timer runs till port is opened. 

 To conclude, the result can be achieved in different method but this 

method was for an easy method for beginners. 
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1 INTRODUCTION 
 

 

 

 

 

 The use of automated devices has helped to solve a lot of problems in 

our present world and building a timing device which can receive a password can be 

found in security devices, monitoring devices, mobile phones, computing devices 

etc. A timer can control any electronic equipment if connected properly. Below are 

examples of different types of timer controlling devices:   

1. Lighting on and off the bulbs of an apartment at a set time. 

2. Putting off a cooking meal at a set time. 

3. Security alarm system. 

 

Example of advanced timer device having external sensors and they are: 

4. Voice controlling devices 

5. Finger print controlling devices 

6. Weather controlling devices, and others. 

 

 This thesis will be focused on just making a simple timer of which the 

inbuilt switches or button is used to input a four digit password to either activate the 

timer or deactivate the timer.  

 The circuit will be implemented not with on PGA but with a 

microcontroller. The Programming language that will be used is C or any suitable 

language compatible with the microcontroller. 
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2 PROGRAMMER AND USAGE 
 

 

 

 

 

 For this thesis project to be carried out successful there was a need for 

an easy programmer. There are other programmers like AVR kits, Arduino kit etc, 

but Pocket AVR programmer is used because of compatibility, portability and it is 

easy to use. The pocket AVR programmer is very easy to use and it makes an 

individual have a good understanding on how the pins of a microcontroller interfaces 

with the programmer. It is not an in socket programming but an out of socket 

programmer. Figure 1 shows the programmer and the pins are labeled in figure 2. 

(Sparkfun Electronics 2013) 

 

 

 

Pocket AVR Programmer 

 
 

                                               

  Figure 1.  AVR Programmer 
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 The programmer has six out pins which are connected to the MCU, they are 

MISO, VCC, SCK, MOSI, REST, and GND. 

 

 

 

 

 
 

 

 

 

 

 
 

Figure 2. Pins 

 

 

 

 

 
 

                                       Figure 3. flexible Interfacing construction 

 

 

Figure 3, is having six pins on the right end of the board in serries and this six pins are 

soldered  to the board in a position that it fitts into the bread boad therefore providing contact 
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connection to pins in the MCU in the following pattern pinx1: MOSI, pinx2: MISO,pinx3: 

SCK, pinx4:Rest, pinx5: GND, pinx 6:VCC . The  left end  has 6 pins in total but they 

divided into two parralles to each other.This has been , so that the AVR pocket programmer 

can fit the out put cable tightly into providing contact to the six pins in parallel which is 

connected to the six pins in serries and  then to the MCU fitted on the bread board.This 

construction is made so that the out put of the AVR programmer can easily be infaced with 

the MCU instead of using only flexible cables and to provide flexibility making the 

programmer to be removed any time. Can be seen in Figure 5. 

 

  

  Figure 4 below shows how the programmer is succeffully connected to 

the MCU. The coloured lines is to make the connection vissible and clear to 

understand. MISO is conected to pin 7, VCC to pin 40, SCKto pin 8, REST to pin 9, 

MOSI to pin 6 and GND to pin 20. 

 

 

 
 

 
                                            
  Figure 4. Programmer connected to MCU 

 

 

 

 

 Fasten the six pins and solder them together on a board in such a way 

that the programmer will fit in and that the connection is followed according to the 

circuit diagram. It will look like the picture in figure 3.   

  Figure 5 is a good example on how the programmer looks like when is 

fixed.                                                        
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                                            Figure 5. Fixed Programmer  (Newbiehack 2013) 

 

 Programming environment and initializing the MCU, within the files 

that has been downloaded from the net. The programming environment is where the 

code is written compiled and flashed into the MCU. Also before the flashing the 

programmers’ notepad initializes the MCU before the code is flashed to the MCU. 

All files can be downloaded from the net. (Sourceforge 2013) 
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3 MCU 

 

 

 
 MCU stands for Micro Controller Unit. A microcontroller is an 

integrated chip that is often part of an embedded system. The microcontroller 

includes a CPU, RAM, ROM, I/O ports, and timers like a standard computer. 

(Engblaze 2011-2013) 

 Microcontroller differs from a microprocessor, which is a general-

purpose chip that is used to create a device and requires multiple chips to handle 

various tasks. Thesis project has been made using a microprocessor ATMEGA8515. 

Figure 6 shows how the ATMEGA8515 looks like. 

 The ATmega8515 is a low-power CMOS 8-bit microcontroller based 

on the AVR enhanced RISC architecture. By executing powerful instructions in a 

single clock cycle, the ATmega8515 achieves throughputs approaching 1 MIPS per 

MHz allowing the system designer to optimize power consumption versus processing 

speed. (Atmel 2013) 
 

 
 

                    Figure 6. ATMEGA8515  (Arabtronic Centre 2013) 

 

Features of ATMEGA 8515:  

 8K BYTES of In-System Programmable Flash  

 512 BYTES of In-System Programmable EEPROM  

 512 Bytes SRAM  

 Analog Comparator  

 Watchdog  

 SPI  

 8-bit Timer plus prescaler  

http://www.wisegeek.org/what-is-a-microprocessor.htm


  7 

 16-bit Timer with PWM etc.  

 UART  

 Low power and Idle modes, External and External interrupts, selectable on-

chip Oscillator  (Atmel 2013) 

 

 
 

 

                                    

 
                                      

  Figure 7. ATMEGA8515 Pinout, Pinouts  (Atmel 2013) 
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3.1 Pin Descriptions  
 

 

 

 

 Below are the pins that have been regarded so important because the 

usage of these pins has brought the success of this project: 

 

VCC: Here digital supply voltage from programmer and later from batteries. 

 

GND: Ground or the earth. 

 

Port A (PA7..PA0): Port A is an 8-bit bi-directional I/O port with internal pull-up 

resistors. Some of the pins were used to configure the keypad. 

 

Port B (PB7..PB0): Port B is an 8-bit bi-directional I/O port with internal pull-up 

resistors. These pins were used to configure the LCD. 

 

Port C (PC7..PC0): Port C is an 8-bit bi-directional I/O port with internal pull-up 

resistors. Also combined with some port A pins to configure the keypad. 

 

 

Port D (PD7..PD0) Port D is an 8-bit bi-directional I/O port with internal pull-up 

resistors. The programmer and the controlling pins of the LCD are configured in 

these Port. 

 

Port E (PE2..PE0) Port E is an 3-bit bi-directional I/O port with internal pull-up 

resistors. 

 

RESET: Reset input. A low level on this pin for longer than the minimum pulse 

length will generate a reset, even if the clock is not running.  (Atmel 2013) 
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3.2 Directing and using the I/O-ports 
 

 

  

 

 The vital part of the MCU is to be able to code it. This is telling the 

MCU what to do. Using the C language, MCU is implemented by coding three 

registers at all time. There resisters are DDR, PORT and PORT INPUT (using port D 

for an example). 

 

 DDRD: This is the Data Direction Register of PORTD. The bits in this 

register set the data direction of individual pins. The direction for each pin can be 

input or output. Port pins are made input when you want to read data from them ex a 

light sensor. They are made output when you want to use them to output data ex 

blink led or control a motor. To set any pin as output set its bit to ‘1’ and to make it 

input make it ‘0’. 

 

For example: 

 

//Make portd-0 as output  

DDRD=0b00000001; 

In this example port’s 0th bit is made output while rest pins are input. By default all 

IO port pins are input i.e. ‘0’  

 

 PORTD: After you have set the pins to output now you can control 

them with is register the values you write here will be visible on the related pins of 

the MCU.  

 

For example: 

//Make portd-0 high  

PORTD=0b00000001; 

//Wait one sec 

Wait (1); 

//Make it low 

PORTD=0b00000000; 

… 

 

  

 

 PIND - Port Input: When you set any port pin as input you have to 

read its status using this register. Suppose you have connected a switch as shown 

below: 
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Figure 8. Interfacing a switch to an Input PORT 

  

  

 

 Then as the ports are initially input type then you need no initialization. 

You can read the state of key/switch by simply reading the PIND. It will be ‘1’ when 

un pressed and ‘0’ if pressed.  

 

Sample code: 
... 

if(PIND & 0b00000010) 

{ 

 //Switch is not pressed 

 ... 

} 

else 

{ 

 //Switch pressed 

 ... 

} 

... 
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4 INTERFACING AN LCD (LIQUID CRYSTAL 

DISPLAY) 
 

 

 

 
 An LCD which means a Liquid Crystal Display is a type of screen that 

is used in many computers, TVs, and cell phones of these days.  LCD is made of 

layers which include two polarized panels, with a liquid crystal solution between 

them. Light is projected through the layer of liquid crystals and is colorized, which 

produces the visible image. They are used to for display or as an output device. 

Figure 9 is the real physical image of the LCD. (Engineers Garage 2012) 

 

 

 

 
                            Figure 9. LCD (Direct Industry 2013) 
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    Figure 10. Pin diagram  (Engineers Garage 2012) 

 

 

 

 

 

 

Pin Description:  

 
 Pin 

No 
 Function  Name 

1 Ground (0V) Ground 

2 Supply voltage; 5V (4.7V – 5.3V)  Vcc 

3 Contrast adjustment; through a variable resistor  VEE 

4 Selects command register when low; and data register 

when high 

Register 

Select 

5 Low to write to the register; High to read from the register Read/write 

6 Sends data to data pins when a high to low pulse is given Enable 

7 

8-bit data pins 

DB0 

8 DB1 

9 DB2 

10 DB3 

11 DB4 

12 DB5 

13 DB6 

14 DB7 

15 Backlight VCC (5V) Led+ 

16 Backlight Ground (0V) Led- 

 
 Figure 11. Pin description  (Engineers Garage 2012) 
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Connecting pattern between LCD and MCU 
 

 
 

Figure 12. Connecting pattern between LCD and MCU 
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4.1 Controlling the LCD 
 

 For The LCD to be controlled an understanding of the principles of 

how the LCD functions is needed. There are three basic things to do with an LCD for 

the proper functioning:  

(1) To make sure the LCD is not busy;  

(2) Control the LCD's cursor, or display function. 

(3) Write a character to the LCD for it to display.  

 

Each of these will require its own process: 

(1) Checking if the LCD is busy (If to display a character to the LCD while the LCD 

is busy, then the LCD will just ignore the character and it will not be displayed). 

  Set the port to receive data on the microcontroller (Data direction as input). 

  Put the LCD in read mode (RW on). 

 Put the LCD in command mode (RS off). 

 And the port now magically contains the data from the LCD. 

(2) Send a command to the LCD 

 Check to see if the LCD is busy (Perform the steps in #1 above). 

 Set the port direction as output so we can send information to the LCD. 

 Turn RW off so we can write. 

 Turn RS off for command mode. 

 Fire up the data lines with the command we want (simply making the port 

equal to a number that associates to a specific command). 

 Turn on the enable and then turn it off. 

 The LCD will magically perform the command. 

 

(3) Send a character to the LCD: This is the same as sending a command except the 

RS is on and the port will equal the character corresponding to the ASCII code. 

(Newbiehack 2013) 
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5 INTERFACING KEYPAD 
 
 

 

 A keypad is a set of buttons or keys have digits, symbols and/or 

alphabetical letters placed in order on a pad, which can be used as an efficient input 

device. A keypad may be purely numeric, as that found on a calculator or a digital 

door lock, or alphanumeric as those used on cellular phones. 

 In this thesis project, the keypad used is that which has the resemblance 

of a digital door lock. It is called 3 by 4 matrix keypad, it has seven input terminals 

and a total of  twelve buttons such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 0.*, # as seen in figure 

13. (Extreme electronics 2010) 

 
 

 
 

 

                                                        Figure 13.  3 by 4 Matrix Keypad 
 

 

 

 To avoid troubles we introduce a technique. Technique is normally 

known as the multiplexed matrix keypad. keys are connected in a matrix 

(row/column) style as shown below. 

 The rows R0 to R3 are connected to Input lines of Microcontroller. The 

I/O pins where they are connected are made Input. This is done by setting the proper 

DDR Register in AVR and TRIS Register in PIC. The column C0 to C3 is also 

connected to MCUs i/o line. These are kept at High Impedance State (AKA input), in 

high z state (z= impedance) state these pins are neither HIGH nor LOW they are in 

TRISTATE. And in their PORT value we set them all as low, so as soon as we 

change their DDR bit to 1 they become output with value LOW. One by One we 

http://extremeelectronics.co.in/avr-tutorials/part-v-digital-io-in-avrs/
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make each Column LOW (from high Z state) and read state of R0 to R3. (Extreme 

electronics 2010) 

 
 

 
               Figure 14. Matrix keypad Basic Connection (Extreme electronics 2010) 

 

  

 

 In Figure 14 a C0 is made LOW while all other Columns are in HIGH 

Z State. The Value of R0 to R3 to get their pressed status. The button is NOT pressed 

if they are high. As we have enabled internal pull-ups on them, these pull-ups keep 

their value high when they are floating (that means NOT connected to anything). But 

when a key is pressed it is connected to LOW line from the column thus making it 

LOW. After that we make the C0 High Z again and make C1 LOW. And read R0 to 

R3 again. This gives us status of the second column of keys. Similarly we scan all 

columns. (Extreme electronics 2010) 
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                                        Figure 15.   3x4 Keypad 

 

 

 
Schematics of  a keypad 

 
                                           Figure 16. Schematics of a keypad  (eProject 2012) 
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5.1 Logic behind a keypad 
 

 

 

 
 The keypad has seven terminals and the total push button is twelve. So 

there must be logic in it.  A greater understanding of the pattern brings s the success 

of coding a keypad. When button 1 is pushed then terminal 3 and 2 are short 

circulated, if button 8 is pushed there is a short circuit between 1 and 6 and again if 

button # is pushed, terminal 5 and 4 are short circuited. 

 
      

 

 

 
Figure 17. Keypad 

 

 

 

 

 

Button and terminals looking from Figure 17. 

 

Button 1, terminal 3, 2. 

Button 2, terminal 1, 2. 

Button 3, terminal 5, 2. 

Button 4, terminal 3, 7. 

Button 5, terminal 1, 7. 

Button 6, terminal 5, 7. 

 

Button 7, terminal 3, 6. 

Button 8, terminal 1, 6. 

Button 9, terminal 5, 6. 

Button #, terminal 3, 4 

Button 0, terminal 1, 4 

Button *, terminal 5, 4 
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Connecting pattern between Keypad and MCU 

 
                                       Figure 18. MCU and Keypad connection 
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6 TIMER MAKING 
 

 
 

Figure 19. Timer (Wordpress 2011) 

 

  

 The concept of the timer making there is a need to use the built-in 

register in the microcontroller setting.The two registers to hold setup values and they 

are called Timer/counter control Register (TCCRxA and TCCRxB) and The x 

represents the timer number. Each register holds 8 bits and each bits stores a 

configured value.  The figure below is the data sheet. (Engblaze 2011-2013) 

 

 

 

 

 
                                                 Figure 20. Timer (Engblaze 2011-2013) 
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  Figure 21. Clock select bit description  (Engblaze 2011-2013) 
 

 

 The timer is set with the TCCR1B, CS12, CS11 and CS10 from figure 

20 and 21. There is a prescaling which is used to control the time count before 

overflow to run the interrupt service Routine (ISR).  To count not till the overflow 

the CTC is introduced. With the prescaler the clock signal is divided various power 

of two which in turn increases the timer period. 
 

 Code sample: 

Int main( ) 

{ 

 

while(1) 

  {                sei(); 

                            DDRB |= 1<<PINB0;  

    TCCR1B |= 1<<CS10 | 

1<<CS11 | 1<<WGM12; 

      

 TIMSK |= 1<<OCIE1A; //If using atmega8515, this 

regester is TIMSK1 

      

 OCR1A = 15624;  

 _delay_ms(100); 

 

      

      

  } 

 

 

 

ISR(TIMER1_COMPA_vect) 

{ 

    Counter=1; 

   Seconds-counter; 

    if (seconds == 0) 
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    { 

        Seconds = 60; 

        Munites-1; 

         

         

    } 

} 
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7 PASSWORD ACCESS 
 

 

 The password access is a coding in which some set of numbers are 

stored in a memory called array. The numbers are four digits 5, 4, 1 and 8. The key 

function at all time listens for a key to be pressed and then it checks if the value is the 

same. If the numbers are the same according to how it is in the code the timer 

function is called to set the timer but if it is not then the code shows that a wrong 

code was inputted and requests for the code. 

 

Code sample: 

 
int main( ) 

{ 

 While(1) 

{ 

answer=codelock(Array,increment); 

if( answer==1) 

 { 

     

 checklenght=0; 

     

 welcome(); 

       

               } 

             } 

int codelock(int array[],int increment) 

{ 

 

   int result=0; 

 

  int Q=5,R=4,S=1,T=8; 

 int  a=array[0]; 

 int  b=array[1]; 

 int  c=array[2]; 

 int  d=array[3]; 

   

  if(a==Q && b==R && c==S && T==d) 

   { 

       a=0,b=0,c=0,d=0; 

     

   array[0]=a; 

   array[1]=b; 

   array[2]=c; 

   array[3]=d; 

  return result=1;   }   

return ; 

} 
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8  RESULT 
  

     

 

 

 The LCD and Keypad which are interfaced to the MCU functions as 

expected. Password is always requested any time the circuit is powered on. If the 

code 5418 is not entered correctly the timer will not be set but told that the wrong 

code has been entered and should enter code. When the numbers are entered 

correctly a welcome address comes quickly followed by how to set the timer. To set 

the timer, use * to run make the timer start running also # and * is used to clear or 

clean the number in case you made a mistake. The timer runs and when it is 00:00:00 

there is a congratulating text and a port opens at which the led lights up. 

 

The Project can be further developed so that changing the password can be possible 

by applying the change from the keypad. If so the LCD can be changed since 

because creating a menu in the timer will need the LCD to display more characters. 
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9 CONCLUSION 
 

 

 

 

 It has been a good privilege to put all I have studied such as circuit 

theory, electronics, digital design and microprocessors basic and programming 

course in BTH in the construction of this timer thesis project. The coding was 

challenging but thanks to my thesis supervisor Carina Nilsson that gave me tips on 

what to do when I got stuck. 

 The timer functions as expected and there is no error or any 

malfunctioning of any sort. 

 

 

 
 

 

 

 
 

   Figure 22.  An overall connection of the programmer, MCU, LCD and the Keypad 
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