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 ς ς ς  ς ς  σ  , ώ   

,  ς  ώς  σ ς. σ ς ώ  
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α ισ ί ς 

 

 σ ώ      .  , 

   σ σ    ς   σ  ,   ς ς 

ς σ  σ    σ ς ς  ώ  . 

 

 

Έ  σ ώ ς ς  ,   ώ     ς 

ώσ ς ς    ς σ σ σ   σ  σ  

 σ . 

 

 

ς    ώσ     σ  σ ς ς  

Ά   σ   ,   σ  σ  ς     

 ς,   σ  ς ς  ς  ς σ ς 
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Π ί  

 σ   σ    σ σ   σ  

ς σ σ ς ς ς .    σ  ς 

σ   ς PIC16F877 ς ς ώ  PIC 

ς ς Microchip Technology.  ς ς   

  ,  σ      .  

  σ   ώ     

 σ   , ς σ     σ ς 

σ   (ADC – Analog to Digital Converter   σ  σ  σ  

.  σ   σ   ς 

σ ς σ ς  SPI – Serial Peripheral Interface), 

   σ    ς  flash (SD - Secure 

Digital).   σ  ς σ ς  σ  σ  ς 

ς, ς       SD. 

σ  ς ς PWM (Pulse Width Modulation)    ς 

 ,      σ ς 

σ   DAC – Digital to Analog Converter).    ς  

σ  σ ς  ς ώ  ώ     . 
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Κ φά αιο ο – ισα ή σ α φια ά 
σ σ ή α α ή ο  

   σ     σ   σ σ  

 ώσ   σ   ώ  σ ς  ώ    

  ώ ς, ,   σ   σ  

σ   ,   σ    σ ,  

σ .  σ   ς  σ  σ  σ ,   

σ σ  σ ς σ  ς σ ς laptops),   

σ  ς σ σ ς ς  PMP – Portable Media Player). 

   ς   σ      ς ς 

ς ς,  σ    σ   ς  

 . Έ σ      σ   σ σ ,   

σ ώ ς ς ς ς ς   σ ς 

, σ ς)   σ  σ ς ς ς ς 

(cd s, mp3 players). 

 σ σ      σ σ    

  , , , σ , σ    

   ς  ς σ   .  

  ς ς ώ  σ σ    ς 

  σ   ς  ς ς σ σ   

σ .  σ   σ σ  ώ     σ  

 ς          σ  ς 

 σ  σ   σ  σ σ  . .  

σ ς,    ς σ σ ς σ  ς 

σ  σ    . . σ σ ς σ ς, mp3 players,  

ώ  σ ώ  .  σ      

σ σ       ς  

σ σ ς .       σ  σ  ς  

 σ σ ς   ς σ ς ς. 
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ι ό α 1 – ύ ο η ός ι ού ηφια ού σ σ ή α ος ή ο  
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1.1  - Η ο άφηση 

 ώ  σ  ς  σ σ ς    σ , 

  σ         σ   

ς  σ   σ ς σσ ς ώσ ς    σ  

 σ   σ σ .  σ       

 σ  ώ .     ώ    

        .   

  ς  ς  ς ς ώ   

σ  σ  σσ   σ σ  .  ς  ς 

ς  σ ς   σ    ς    

σ σ    ς     σ  .   

σ   ώ       σ   σ . 

σ   ς  ς    σ   σ  

, σ    ς σ ς ς ς  σ σ ς , 

σ    σ ς σ   (ADC)   σ  

.  

  O ADC (Analog to Digital Converter), σ    σ  , 

  σ  ς ς     σ  

σ  .   ς σ σ ς ς   ADC  

      ς ς. ς ς 

ς ς σ  σ   ς  ώ   

σ ς σ  σ  ς.  ADC  σ   σ ς, 

    σ .      

  ς σ ς σ ς σ σ    σ  σ  

   ώ  ώ .  ς  

σ ς ς  ς   σ  σ  σ  ς 

ς.  ς ς   σ  ς,  

      ς ς ς.   ς 

σ ς   σ  σ       

  ς     σ   σ .   

σ    σ   σ σ     

 σ   σ  σ  ώ  ώ    σ   
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σ   σ  ώ  . ς  ς ς 

σ   σ     σ  ς.  ς  

 ώ   σ   σ     ώ  

ώ    σ  σ  ς  ώ  ώ . Έ σ  ς ADC 

 σ  8-bit   σ    σ  σ    6 

 (28 = .  ς  ς σ  ς ADC   

σ σ   σ    σ ,  ς ώ ς 

ώ      σ  σ ς.   

  ς ς     σ σ   ώ  

σ ώ  ώ .  σ        ς 

σ   σ    σ σ    σ   

ADC. Έ  ς ς    ADC   σ  ώ  

        σ   σ   σ σ ς. 

        ADC σ    

σ ς   PCM (Pulse Code Modulation).   

σ  PCM      σ σ    

σ ς   ς  σ ς ,   

 ς σ σ  ώ  bit.    standard)  

 . 

1.2 – Α οθή ση 

  σ σ    σ     

   σ   σ     σ σ   

σ ς σ ς  , σ    σ  ς ς 

σ ς σ    USB   σ  ς ς ς ς SD Card).  

σ    ς ς    σ   

CD (Compact Disk).  ς  σ   CDs     

   σ  ς σ  ,  σ    

σ  σ     σ  σ  ώ  σ ώ  σ ς ς 

  iTunes, σ          

  σ  σ  ς  σ   σ σ  ς.  

 σ ς streaming ς  Spotify  ς ς   

  σ ώ  ώ  σ       
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     σ     σ ς.   

σ        ώ  ς σ    σ  

online ώ  ώ  cloud)  σ ώ  streaming   

 ς σ ς. 

     σ        

σ  σ  σ ς  σ ς  σ  σ ς. 

 σ          σ  

ς    σ  σ ς.  ς    ς 

 σ     σ . σ ς  σ σ  

          σ    

σ  σ      σ σ ς.  

      σ ς   σ  σ  

    ς σ σ ς. 

1.3 – ί ση  

 σ σ   σ    σ σ    σ  

ς ς σ ώ ς  bits σ  σ σ      

  σ    ADC.  σ  ς σ σ ς   

σ   σ    ώ   σ   

   σ       σ   

. 

 σ σ   σ   ς.  σ  (lossy)   

σ  (lossless) σ σ .    σ  σ σ    

 .  σ  ς       

     σ σ    σ σ   ώς  

.  ς ς σ σ ς ς σ  σ  ς  σ   

σ      ς ς σ  σ     

 . .   ώ  σ   ,  ς ς σ   

σ  σ σ .   σ  ς  σ ς σ σ ς   

         σ  σ  

 ώ .   σ  σ σ  σ  σ  ώσ ς 

σ ς ς   σ    ς ώ    
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σ    ς ς  (  ς ς ) 

     ς   ς σ  σ  

   σ  master records).  

  σ  σ σ   ώ  . ώς  

ώ        σ  ώσ      

   σ .  ς σ   σ ς 

  σ   σ           

ώ  σ  σ σ .        ς 

σ ς       ς   

σ          

.    σ  σ σ    ς   

   σ   ς     σ  

 ώ   σ        σ  σ .  

  ς     σ   σ ς ς  

σ  ς σ ς         

σ     σ .  

 σ   σ σ       σ  

   FLAC (Free Lossless Audio Codec)   WMAL (Windows 

Media Audio Lossless). ώ σ    σ     

σ  σ  ς mp3 (MPEG-1 Layer III)   wma (Windows Media Audio). 

Ό ς   σ  ς  ς    

  ς   σ     ς 

ς σ ς  σ  .   σ σ   

   σ σ ς   σ   σ   

σ σ ς . . mp3  wma  ώ      

σ σ       ς  σ   σ  

  ς   .  

1.4 – η ιο ία, ασία, Πα α οίηση 

  σ σ   , ς  ς,  

σ   σ     ς ς  σ  ς σ σ ς 

  ς σ ς ς σ      



11 

 

σ  σ σ .  ς    σ      

  σ σ          σ ς 

ς ς  ς   σ  ώ  ς σ ς  

ς  ς. 

  ς σ ς   σ σ    ς 

σ ς  σ ς ς σ ς. ς    

 σ   σ  σ ς    σ  ώ   

   σ  σ ς σ ώ   σ ώ ).  

σ      σ   σ  

σ σ   σ  σ     ς ς , 

ς ς  σ σ σ ς.  σ σ    DAW 

(Digital Audio Workstation – ς σ ς  ). ς 

σ   DAW  σ      ς σ ς 

  σ   σ      σ   .  

   ,     ώσ ,   σ σ   

 σ        ς ς    

.   σ  DAW σ      FL Studio,  

Ableton Live,  Pro Tools ώ        

σ ς ς.   σ  σ    

 σ  σ    studio  σ  ς 

ώσ ς    ς σ ς  ς σ   ς 

 σ ς.  

   σ   σ  ς σ ς   

    ς ς σ ς σ ώ ς σ  

   σ ς σ  ς  σ σ ς.   

ς σ ς      σ  σ   studio  

σ ς ς ς σ      

σ  ώ ς σ  .   ς σ ς  

, σ ς ς ς,      ς ς σ ς  

 ς   ς,  σ   σ    

 σ ώ  σ σ  ς   ς σ ς 

ώσ ς. 
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1.5 – Α α α α ή 

      σ    σ σ  . 

  σ      ώ  σ ς, σ   

 σ ς σ   (DAC) ώ      σ  

σ   σ σ .  DAC     ώ  ώ   

σ  ς ς σ           

 .   σ  ς σ ς    σ  

ώς  σ   ,    ς ς 

, σ      ς   

σ , σ  (   ς ς   ς 

σ ς            σ  

 σ        σ     σ    

   . 

Ό ς  σ  σ    ADC  σ σ    

σ  σ ς σ   σ     DAC  ς 

  σ  σ .  DAC (Digital to Analog Converter) σ  

 σ σ    ς ς ς   ς 

σ   ς σ σ ς σ  σ    σ      

.   ς σ , σ   , σ  ς σ ς 

ς,  σ ,  σ  σ  ς   

.  ς ς  ς ς ς   

ς    ς  σσ  DAC   

ς  ώ .  ς σ ς  DAC   

σ σ    σ .  DAC σ  ς σ  

 ς   σ ς σσ ς ς σ σ ς. 

  ς ς σ ς DAC      

  σ σ  .  ς    

     DAC σ  σ  CD players, σ  mp3 

players ώς  σ ς ς   σ ώ .    

  ώ      σ  σ ς σ  hi-fi 
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σ σ    σ σ  DAC   ώ    

    σ σ    σ      

σ  ς  σ ,     σ  σ  ς 

    . σ  σ  ς   σ ς 

ς VoIP  σ     ς σ ς  ς 

DAC  ς σ    σ .  

1.6 – Α ι ο ι ή ο  PIC16F877 

    σ σ ς      

ς ς ς Microchip Technology PIC16F877.  ς 

ς σσ  σ  σ   ς ς ώ  PIC. 

 ς  ς, σ  σ σ   ς σ ς, ς 

 ς   ς,  ς    ς ς 

ώ , σ      σ  ς  

 ώς  σ  σ σ ς ς σ ς. Έ   σ   

      σ σ  ώ  σ , 

 σ    σ ς.    σ  

 ς   σ  ς.  

 

ι ό α 2 – Α ο έ ς ο  ι ο ή PIC16F877 

 ς ς ς RISC     

ς Harvard    σ ς,  ώ  σ ς,  

 ς,  ώ    .    PIC  

 σ  σ   σ  ,    ς ς ς.  

 σ   CPU,     ς ώ . ώ σ ς 
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ς ς   ς σ  -  ς ς   bit,  

   bit     bit), ς   ς  bit   

  bit), ς  σ ς σ  ,  σ ς 

ς, ς ς σ ς ς, σ ς   ς 

σ ς ς. ώ ς     ς  CPU 

   ALU (     σ ς – 

Arithmetic Logic Unit    ς ς ς  ς ς. 

  σ ς ς ς σ ς   σ  

ώ      ROM .    σ  ς 

ς ς,  ROM,  RAM   EEPROM.   ROM 

  ς         

 ς. Έ  ς K (14-bit       

σ  ς ς    .  σ ς 

ς ς ς   σ   σ .  

 ώς     ς  . 

 σ ς  σ  σ  σ  σ ,  ς  

   σ   ,   PICkit 3 σ ς ς Microchip 

Technologies.      σ . 

 

ι ό α 3 – Ο ο α α ισ ής PICkit 3 
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 H EEPROM       σ     

     σ ς.        

    ς  ώ  σ ς.    

     σ   σ   σ   

 .  ς ς ς ς   byte. ς   RAM 

.    ς  ς   σ ς ς  

σ  σ ς.  RAM  σ   . ς ς  

σ  (GPR)  ς ς ώ  ώ  (SFR).  ς 

 σ   ς  byte. σ  ς   

σ  σ ώ  σ  . .       

σ   .    σ   

 .  SFR ς  ς  , σ  

σ ,  σ ς ς  σ  σ   

σ ς ς σ  . Έ σ , ς  ς ς  

,   ς ς ς.  σ    

   ς ς  σ       

ς    bit,  σ  σ ώ ς   

σ  ς   σ σ  ς.  RAM   σ    

(banks).         σ  σ   bank  

      . ς ς σ ς  banks 

σ  ς SFR ώ σ ς ς   GPR.    

   banks ς  ς SFR  GPR. 
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ι ό α 4 – α  ιαφο ι ά ή α α (banks) ης RAM ή ης  

 ς    ώ , ώ       

interrupt, σ   σ    ς  σ   

σ  ς  σ   stack  .   

σ    ς    σ  ς σ ς 

ς  ς      interrupt  σ   

 ς ς.  σ σ   ς ς ς  ς 

PIC16F877   σ    σ  ώ  ώ    

 σ        σ .  
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1.7 – Π ιβά ο  ο α α ισ ού MPLAB X IDE 

  σ  MPLAB X IDE  σ   

ς σ ς ς σ ς ς    σ  σ  ς σ ς 

MPLAB.  σ σ    σ σ  σ ,  ώ ,  

NetBeans.  σ  σ  ς ς σ σ ς  MPLAB X ς  ς 

 ς ς   .   σ   MPLAB X   

 σ , σ σ ,  σ ς   ώ  

ώ  ς Microchip.   ς σ ς ς σ  σ σ    

MPLAB    MPLAB X  cross-platform  σ ,   

Windows, Mac OS  Linux  σ σ .  σ ς  

σ    MPLABXC8       σ  

 σ  ώσσ  C  ς 8-bit ς PIC. ώς   

MPLAB X     σ   σσώ  σ   ς 

C.       ς   σ  ς ς 

 

ι ό α 5 – ι αφή ο  MPLAB X 

  σ   MPLAB X   σ    

(Projects)   σ  ώ   σ    . 
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ς σ      ώ   ς ς ς 

    σ ς   ώσ      

ς. ς σ   ς    Output    σ  

 σ     build ς ς.    

  σ  errors) ώς  ς σ ς warnings)  

.   ς  σ    

ς  σ     ώ . 

 σ  , ς ώσ   σ  σ   

σ σ  ,  σ        

  σ  ς ς σ σ ς ς ς  

ς .        

   ς ς ς σ ς    σ σ   

    ς σ  σ     

σ σ ς.       ς ς software   

.     ς  ώ ς    σ   

ώ   ώ      σ      

  ς.  

 σ      σ ς σ σ ώσ ς.  ώ    

ϊ      σ ,    

ώ  ς ς σ ς   σ σ ς   σ     

σ   ς σ σ  ώ    

 ς   σ  ώ   σ  

σ σ     ς, σ  σ     

ώ ς, ς σ    σ   σ   

σ        σ σ ς .  

 σ σ ώσ    σ     σ   σ   

σ          σ     σ  

σ ς ς  σ   PIC16F877      

σ  σ .  
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Κ φά αιο ο – Α ά σ  ο  ώ α ος 

   σ ς    σ ς   

  ώ ς  σ  ς ς σ  σ  

σ  σ .   σ   σ  ώς  

ς   σ σ .  σ   σ     

σ  σ   6    σ   7   

σ    ώ ς. 

 

ι ό α 6 – Φ ο αφία ό ης ης σ σ ής 
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ι ό α 7 – Κ α ι ό σ έ ιο ης σ σ ής 
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2.1 - οφο οσία ο  ώ α ος 

  σ ς      

σ  σ ς V  σ   L7805.   1 

σ   σ σ ς     σ  

σ ς   . 

Pins 

No 

L7805 

Pins 

Circuit Explanation  

1 Input 

Voltage 

VDD Power Supply Positive Pole  

2 Ground VSS Power Supply Negative Pole/ 

Negative Power Line 

 

3 Output 

Voltage 

Circuit 

Input 

Positive Power Line  

Πί α ας 1 – Πί α ας σ σ ο ο ιώ  ο  ώ α ος οφο οσίας 

 ώ ς ς  σ  σ      ς 

σ ς.  σ  σ  σ   ς  

 . V σ ς σ  σ  σ     σ    V 

σ ς. ώ    σ    σ ς σ ς,   

σ     σ  σ    σ   

 ς,       σ    

   σ .   σ  σ   σ  

σ  σ      σ  . V    σ  V    

 σ .  ς σ  σ    V    

      σ  σ σ      

12V        ώ .  ς 

ς  σ   ς  σ      

ς σ ς      σ ς     

σ    ώ  σ     

σ  σ  . ς       

σ  σ   σ  V   σ  σ   

σ ς       ώ ς.    

σ   ώ    σ  ς σ ς    

ώ   ς led ς    σ  ς  

ώ ς σ ς. 
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 σ          σ ς ς ς 

  σ   ώ ς      

. Έ  σ   ώ     σ   

 σ ώς σ ς σ ς σ    ς σ  

σ   ώ ς   σ   σ   σ  

   ώ .   ς   σ   

ώ  ς σ ς    ς    

     σ   ς ς ς. 

ς  ,    σ ς,      

ς     ς σ  σ  . 

 σ    σ σ    σ   σ σ  

σ ς  ς .   8  σ   

    σ   9   σ . 

 

ι ό α 8 – Φ ο αφία ο  ώ α ος οφο οσίας 
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ι ό α 9 – Κ α ι ό σ έ ιο ο  ώ α ος οφο οσίας 

2.2 – Μι όφ ο αι ο ισ ής ι οφώ ο  

  ς σ ς ς  ώ ς    

ώ    σ  .   σ   σ σ  ς 

σ ς σ   ώ    σ       

.   10  σ     ώ ς 

σ σ ς ώ . 

 

ι ό α 10 – Φ ο αφία ο  ο ισ ή  ι οφώ ο  

LM7805KC

LINE VREG

COMMON

VOLTAGE

9V

Key = A 

LED 330Ω

5.0V

+

-
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 σ          

, σ   ς ς σ ς      

,     σ    

.          ώ   σ  

ς ώσ ς.      ώ    ς 

ς σ ς ς. ώ ,   ς     

  σ  σ  ,      ς 

σ ς ς     ς σ   ,   

σ ,     .  σ     

     (max. : 25mV), σ     

      .      σ  

 σ  ώ .   σ   ώ ς σ   11 

 σ    σ   σ  ώ . 

 

ι ό α 11 – Κ α ι ό σ έ ιο ο  ο ισ ή ι οφώ ο  

 σ ς ώ   σ   ς σ ς 

  CE – Common Emitter)  σ   σ   σ   

 σ  ς σ  ς ς.   σ   σ   

σ   σ  (BC5 , σ σ ς  ς.  BC547 

  NPN  σ  σ  σ σ   .  NPN 

σ  σ  σ σ     σ  

σ  σ     σ  ς σ ς σ ς. 

BC547A

Microphone
0.1µF

220µF

1µF

100kΩ

47kΩ
10kΩ

1kΩ

220kΩ

PIC16F877
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Έ σ    σ  σ  σ  σ    σ  ς 

  .   σ   σ  σ    

   σ ς      ώ   σ ς 

σ     σ .  

    σ σ   ς   ώ    

σ  ώ   σ    σ σ  σ  V.  σ  ς σ σ  

      σ  σ    σ    

 σ .     ώ   σ   σ  σ   

σ  ς σ  ς  ς AC σ     σ  

σ  ς σ ς   .  ς  σ  

σ  σ  σ  ώ  σ ς σ   σ σ ς σ    V. 

     σ ς  pull-up  σ  ώ    

   pull-down ς σ ς.  ς    

 σ  σ    AC σ      σ σ     

       σ    ς   

    ς    .     σ   

σ σ   ς σ ς   σ    σ    

σ   σ ς          σ σ  ς 

ς ς. ώς ώ ς   σ σ  

  σ σ   σ ς.  σ σ     

σ    σ    σ      

   σ     .  

  σ   σ   σ σ    

 ς ς ς σ ς ς. Έ   σ ς   σ  

,  σ  σ   σ  mV  σ    

σ  σ  σ  , V. O ς σ ς / σ   VOUT/VIN = 62.5 

    ώ ς ς     20 log 𝑉𝑉𝐼  

 dB.   σ σ    σ  ς  σ  σ   

,   σ   σ     . 

   ώ     σ  σ  σ σ   

σ ς σ ς  .       

. 
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Frequency in KHz Gain in dB 

1 35,9176 

2 38,97695 

3 36,56636 

6 37,32213 

Πί α ας 2 – Α ο αβή ο ισ ή  

 

 

ι ό α 12 – άφη α α ο αβής ισ ή 

2.3 – ύ ση ι ο ή  οθό η  LCD 

 σ    σ   σ σ      , 

σ          σ σ  ς 

σ σ ς σ ς.    σ  ς σ σ ς  

    σ   σ   ώ  LCD 

(Liquid Crystal Display  σ        σ  

ς σ σ ς     .   13   

ς LCD. 

34

34.5

35

35.5

36

36.5

37

37.5

38

38.5

39

1 2 3 4

G
a

in
 i

n
 d

B
 

Frequency in KHz 

Gain of the Amplifier 
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ι ό α 13 – Φ ο αφία ης οθό ης LCD 

  LCD 16x2   σ σ     ώ  

σ    ς ς   ς.   σ   

σ σ ς ς ς        -bit 

σ    -bit σ .  σ   σ ς  ς 

ς σ σ ς    -bit σ  σ   

ς      ώ  8-bit σ  

σ   ς  ς ς ς.   4-bit σ  

    ς   σ  ς    

σ  ς ς, ώ σ  -bit σ    .  

  ς σ   σ  -bit   σ     

σ  ς ς.  σ  σ     σ  ς 4-bit 

σ ς ς   ς ς   σ σ   

ς ώ   σ ς ς ς  σ   ς  

  ς σ σ ς ς σ σ ς. ς     

ώ     ώ ς  ς σ ς   

σσ        ώ .  

  3 ώ   σ σ ς    

   ς ς LCD.  
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Pins 

No 

LCD 

Pins 

Circuit Explanation 

1 VSS Gnd Ground 

2 VDD 5V VDD 

3 VE Pot Contrast 

4 RS RB2 Register 

Select 

5 R/W Gnd Read/Write 

LCD 

6 EN RB1 Execute 

11 DB4 RD0 Data Pin4 

12 DB5 RD1 Data Pin5 

13 DB6 RD2 Data Pin6 

14 DB7 RD3 Data Pin7 

15 LED+ 5V BackLight + 

16 LED- Gnd BackLight - 

Πί α ας 3 – Πί α ας σ σ ο ο ιώ  ης LCD 

 ώ  σ      σ   ς 

σσ ς ς 11 - 14 (DB4 – DB7)  ς ώ ς  σ  σ  

    σ  σ ς ς 19 – 22 (RD0 – 

RD3)       LCD      ς 

ς.  ς   2   σ  σ  v    

 σ ς σ   VDD)  σ  σ ς LED+) ώ  ς 1 

(VSS)   (LED-) ώ .  σ ς      (VE) , 

 σ   σ       σ σ ,  σ  ς 

σ ς ς ς   σ         

 σ  σ σ    σ  σ .   σ    

   (RS)   σ    LCD   ς.   

ς ώ  Command Register)   ς  Data 

Register). Ό  σ  ς ς ς   σ  ς 

ς  ς  σ   ώ     

    σ  ς.    

σ   , σ σ       σ  

.  ς     ς  ς    

  ς ώ       ς . 

Ό   ς RS  σ ς     RS = 0)     

ς ώ  ώ   σ ς     RS = 1)   

  ς .   ς ς    
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  σ  ώ     ς σ   σ  

 .  ς    R/W)  ς    

   σ  LCD    σ   . Ό   

ς RW  σ ς    RS = 0)     

    σ   ώ   RS  σ ς    

 RS = 1)   σ    σ     LCD.  

 project   σ  ς LCD  σ    σ  

ς σ σ ς σ   σ  σ   σ   σ σ , ώ   

   ς  LCD σ   .  

σ      EN) , σ   ώσ  ς σ ς 

ς Command & Data Registers)   ώσ    

 σ   5 (R/W ,  σ   ώ      

σ  σ  LCD.     σ   ώ     

σ  σ    data line)    ς 6 

σ ς     EN = 0)  ς     σ  ς ς 

  σ      EN =    σ    

(ms).  σ  σ   σ σ  . EN = 0).   14 

   σ    ς σ σ ς  

   LCD  3        σ  

σ  σ ς  ς ς ς  σ  σ  

σ  ς ς σ ς.  
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ι ό α 14 – Κ α ι ό σ έ ιο ης οθό ης LCD 

2.4 - ύ ση ι ο ή  Κά α SD 

 σ    ,    σ ,   ς 

σ ς ς  ,   σ σ   

    SD.        σ  

ς  ς SD  ς σ    SPI   

 .   15       

ώ ς ς ς SD. 

 

ι ό α 15 – Φ ο αφία ο  ο ο έα ά α SD 

PIC16F877

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20 21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

G
N
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V
C
C

C
V

R
S

R
W E

D
0

D
1

D
2

D
3

D
4

D
5

D
6

D
7

5.0V

220Ω

Pot_Contrast

100 %
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 SPI (Serial Peripheral Interface)      ς 

σ σ   ς   σ σ  ώ  

  ώ   ς.   σ  σ  

 ς      

ς σ ς  ς . σ    

σ  ς   σ  σ  σ σ .   

σ σ ώ    σ  σ  SPI,  Master    σσ ς 

Slave σ σ ς.   σ     σ  σσ  

 (four-wire serial bus).  ς  ς    ς 

ς slave σ σ ς    ς  σ ς    σ σ .  

 ς   : 

 MOSI (Master Out Slave In) –   σ     

Master σ  Slave  

 MISO (Master In Slave Out) –   σ     

 Slave σ  Master 

 SCLK (Serial CLocK) –    σ    

MOSI  MISO 

  ς ς SS (Slave Select   ς     Master  

  σ σ    σ   .     

 σ σ  Master     σ   σ   σ  

    σ  ς  σ σ ώ  Slave.     

  σ  σ  σ  SCLK      

    ς Master  Slave σ σ ς. σ σ   

 σ   σ ς ς MOSI  MISO σ   ώσ   

    .      ς 

  σ  σ     ς  σ   

 .  

  σ  ς  σ σ ς   SPI  

 σ  σ    .  ς 

σ   SPI        -bit 
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.     SPI  σσ ς ς.  

ς    :  

 MSSP Control Register (SSPCON) – ς  σ  

 SPI 

 MSSP Status Register (SSPSTAT) – ς σ σ ς σ  

 SPI 

 Serial Receive/Transmit Buffer Register (SSPBUF) – ς 

ς  σ ς  

 MSSP Shift Register (SSPSR) – ς   σ σ  

  ς    ς 

     SPI      bit ώ  

 ώ    σ     σ σ    

σ σ ώ   ς.   σ   σ    

σ     ώ     ς  ώ . 

  4   σ σ ς     

  ς ς SD. 

SD Pins Circuit Explanation 

VSS Gnd Ground 

VDD 5V VDD 

SS RC2 (CS) Chip Select 

CLK RC3 (CLK) Serial Clock 

MISO RC4 (SDI) Master In Slave 

Out 

MOSI RC5 (SDO) Master Out Slave 

In 

Πί α ας 4 – Πί α ας σ σ ο ο ιώ  ης ά ας SD 

 σ σ ς     ς   ς 

 ς ς ς,   σ  ς ς σ ς 

ς (SCLK, MISO,MOSI) σ ς ς ς Pin 18, Pin 23, Pin24) ς 

PORTC,   RC3, RC4  RC5 σ   ς ς ς ς SD 

CLK, MISO  MOSI σ . σ   ς RC2 (Pin 17) ς 

ς σ σ ς SS (Slave Select)   σ    σ  

 ς ς SD CS (Chip Select).    σ    

σ     SD  σ  σ  .6V ώ  ς σ  V. 
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       ς ς  σ ς,  ς 

  σ σ ς,      .  ς 

σ ς   σ ς ς CS, CLK  MOSI    σ  

  .  ς MISO σ  ς    

SD.      VDD ς ς σ    V  

ώ ς     σ  σ    σ  σ   

   SD (3.6V).  σ  σ    σ   

   σ    σ  ς ς SD   

  σ ς σ   σ ς .    ς 

σ ς σ  σ      σ  σ  ς ς SD 

  σ  ς σ  ώ ς.   6   

σ  ς ς SD   σ σ  ς   . 

 

ι ό α 16 – Κ α ι ό σ έ ιο ης ά ας SD 

 

PIC16F877

1

2

3

4

5

6

7

8

9

10
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13

14

15

16

17
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20 21
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27
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34

35

36

37

38

39

40

SD Card Reader

C
S

S
C
K

M
O
S
I

M
I
S
O

V
C
C

G
N
D

3.6V

2.2kΩ

3.3kΩ
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2.5 – Πα α ή PWM  ι ο ή  

    ς ς  σ  σ  σ ς  ώ  

   σ   SD     σ  

.         ς  

 σ ς σ   DAC – Digital to Analog Conversion).  

 PIC16F877    σ  σ    

 DAC     σ σ  σ     σ .  

σ     σ     DAC     σ  

  .    σ   σ   -4 

ς     σ σ  σ  SPI     ς 

ώ     ς ς.        

σ   PWM (Pulse Width Modulation)    σ σ ς σ  σ  

 ς. Έ σ    σ   PWM  ς  

,  σ  ς DAC       

 σ ς.   7      

. 

 

ι ό α 17 – Φ ο αφία ο  φί ο  RC 

H PWM σ  ς ώ     σ ς  

σ    σ    σ . σ  

 σ   ς ς ς σ  ς    
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 ς σ ς   σ  ς σ σ ς . . ς σ  . 

  project     ς ς ς 

σ ς ς   σ   , ώ ς 

  σ   ς     σ  σ   

    σ   ώ      

σ  σ ς.   PWM    σ   

σ   σσ   ς ς ς σ σ ς σ  σ σ    

 ς ς σ σ ς.    σ  ς    

ς ς   σ σ    σ σ     ς.  

σ σ    duty cycle ( ς . ς   duty 

cycle   σ σ  %,    σ   σ   

σ σ     σ   σ   σ σ , ς σ  

σ  5V  σ       . V σ .   

       σ   

 ς         

.  

Όσ    ,     ώ     σ  

 ,     DAC    

 σ σ . Ό   σ   σ     

  PWM σ   σ   . Έ   

σ     RC.  σ σ  (R)  RC   

σ  σ  σ     ώ  ς (C)  σ  σ σ   

 .  ς  σ  σ σ    ς σ ς  ς 

 σ  . ς ς σ ς  σ σ    

σ   σ   σ   σ     ς 

σ ς σ  σ  ς ς.   σ   RC  

 σ  ς σ σ ς , k  ς  pf.  ς ς ς 

   σ  σ .    18  

 σ    RC      ς 

σ σ ς. 
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ι ό α 18 – Κ α ι ό σ έ ιο ο  φί ο  RC 

2.6 – Α ο σ ι ός ισ ής 

  ς      σ   

σ  σ   σ    σ σ      

σ   σ  .   σ   σ   

  σ σ ς σ ς TDA7052.   

σ     ς ς  σ  σ σ   

   ς  ς σ σ ς   σ   .   9 

    σ  σ . 

 

ι ό α 19 – Φ ο αφία ο  α ο σ ι ού ισ ή 

  5 ώ   σ σ ς     

σ σ    σ . 

PIC16F877

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20 21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

100pF

4.7kΩ To amplifier
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Pins 

No 

TDA7052 

Pins 

Circuit Explanation 

1 VDD 5V VDD 

2 IN RC Filter 

Output 

Signal Input 

3 GND1 Gnd Ground 

4 N.C. N.C. Not Connected 

5 OUT1 Pot to SPKR Potentiometer to Speaker 

6 GND2 Gnd Ground 

7 N.C. N.C. Not Connected 

8 OUT2 SPKR Speaker 

Πί α ας 5 – Πί α ας σ σ ο ο ιώ  α ο σ ι ού ισ ή 

 σ σ   TDA ,   ,  ώ ς  

    σ   σ  ς ς 20. 

 ς    σ    σ  ώ  ς  

   6 σ    σ .  ς      

 σ  σ  σ  , σ ώς   σ  

.  ς     ς σ     

σ  σ  σ .   σ  σ  σ   

    ώσ        DC σ .  

ς     σ      Ohm.   

   σ σ     σ     

   ς σ ς  .  

 ς σ ς TDA7052   σ σ ς  ς 

 σ  ς   σ     Watt σ   

      σ  σ   ς  

ς σ ς.    
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ι ό α 20 – Κ α ι ό σ έ ιο ο  α ο σ ι ού ισ ή 

  

PIC16F877

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20 21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

TDA7052

1234
5 6 7 8

Speaker

1 2

100µF

220µF

100nF

Pot_Volume1

100 %

5.0V

100pF

4.7kΩ
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Κ φά αιο ο – Α ά σ  ο  ώ ι α 

      ώ ς  σ     

 ς σ σ ς      ς  ς.  

ώ ς  σ   σ   σ σ ς  ς 

ς      σ  σ .     

  ς  ς  ς σ ς ς ς ς. 
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False

START

Setup

Playback Loop

Send Read 

Command

Handle Command 

Response

Record Button 

not Pressed?

Send Write 

Command

Handle Command 

Response

Playback Button 

not Pressed?

Reproduce

Record

False

True

True

True

 

ι ό α 21 – ιά α α οής 



41 

 

3.1 – ADC (Analog to Digital Converter – 

Μ α ο έας α α ο ι ού σή α ος σ  ηφια ό) 

 σ  σ   σ   σ  ADC  

  PIC16F877  σ      bit  ς σ . 

σ    σ     σ  ς ς  

     ώ     σ σ . ς 

σ  ς ώ  ς Vref+  σ  σ ς  σ  

  V  ς Vref-  σ .  σ      

  σ  ς  V σ ς. Ά   σ    

5V/255=0.01960V. σ ς σ   σ   ADC   ς 

ς.  ς ς σ  PIC16F877   σ   

 σ ς    ς (Acquisition Time + A/D  

Conversion Time).  ς σ ς TACQ)  σ     

PIC   , s.      σ σ  ς  ς 

ς TAD)    σ  TAD      

.   σ   TAD σ    ς  ς 

ς σ  , σ    σ    σ  σ  

σ  M z),    TAD σ     TAD = 

32TOSC  MHz σ )  σ   σ   TAD = , s.  TOSC 

  σ ς ς  ς  TOSC= 1/FOSC = 1/20MHz = 

0.05 s.  ς  ς  TAD = 32TOSC = 32* . s = 1.6 s   

  ς σ ς TAD ς. ς   σ σ  

  σ   ς TAD = * , s = 19.2 s. 

ώ ς   σ   ς TACQ + 12TAD 

= 19.72 s + 19.2 s = 38.92 s ≈ 39 s.  

  σ      ADC,  ς   

PIC16F877,   ς.   2  ς   ς 

.  ADCON0   ADCON1   ς  ς ς 

   ς  σ   ,    

ώ  ώ ,  σ   bit  ώ  ώς   

 ς ς  σ ς  . Έ    

  ς  ADRESH   ADRESL    
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σ  ς ς.   ADC  σ σ    σ  ς 

σ ς ς  -bit,  σ    ADRESL.     ς 

ς ς       bit  ADCON0 

GO/ DONE  . Ό      σ      GO = 1) 

  ,    σ  ς    

σ    σ  GO = 0). ς σ ώς  bit  

     σ σ  ς ς.  

    σ ς  ADC,  setup_adc();. 

/** 
 * Sets up the ADC 
 */ 
void setup_adc() {  
     
    TRISA0 = 1;          // PORTA0 Input 
    ADCON0 = 0b10000001; // Fosc/32 ADC On 
    ADCON1 = 0b10001110; // Port A0 Analog Input Right justified 
} 

 

      σ       

σ σ    A/D .  ώ    1  pin ς 

PORTA   σ ς  σ    σ ς   . 

      σ  σ   σ  

 pin . Έ    ADCON0   ADCON1   

σ   A/D . Ό ς  ,  ς ς 

ς  Fosc/32.       σ σ   ADCON0 

 ADCON1. Έ  σ  ADCON0   ώ     

 ώ     ς     

A/D module.  ADCON1   σ  right justified    

6 MSB (Most Significant Bits)  ADRESH  σ  ς .   

   σ  σ   ADRESL  

  σ  ς ς. ς  σ ς ς 

σ ς    ς      ς σ ς 

ς. Ά   ς  σ ς  AN0  σ  ς 

Vref+=VDD  Vref-=VSS.  ς ς σ ς ώ   

σ   A/D .  
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 σ σ   σ  read_from_adc();   σ  

ς. 

/** 
 * Reads from ADC  
 */ 
unsigned char read_from_adc() { 
    GO = 1;         // When GO=1 starts A/D conversion   
    while(GO);      // Wait until conversion is complete (bit cleared 
by hardware when conversion complete) 
     
    return ADRESL;  // Return converted data 
} 

 

 PIC16F   A/D   ς    

σ   GO/ DONE  bit. Ά  σ  ώ   ώ   

σ  ς A/D ς   σ   while   

  σ  .   σ  ς ς  

σ   σ ς ς,  σ  σ   ADRESL, 

σ  σ  σ σ . Έ σ    σ  ς  ς.  

3.2 – LCD (Liquid Crystal Display – Οθό η ώ  

σ ά ) 

        , σ  σ  

   LCD.   ς  σ    

   ς  σ .      

  ς   σ σ ς  σ     

ς LCD ς.       σ ς ς  

σ  σ    σ     ς ς LCD.  

Commands 

No 

Commands  Hex 

Value 

Decimal 

Value 

1 Function Set: 8-bit, 1 Line, 5x7 Dots 0x30 48 

2 Function Set: 8-bit, 2 Line, 5x7 Dots 0x38 56 

3 Function Set: 4-bit, 1 Line, 5x7 Dots 0x20 32 

4 Function Set: 4-bit, 2 Line, 5x7 Dots 0x28 40 

5 Entry Mode 0x06 6 

6 Display off Cursor off (clearing display 

without clearing DDRAM content) 

0x08 8 

7 Display on Cursor on 0x0E 14 

8 Display on Cursor off 0x0C 12 

9 Display on Cursor blinking 0x0F 15 
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10 Shift entire display left 0x18 24 

11 Shift entire display right 0x1C 30 

12 Move cursor left by one character 0x10 16 

13 Move cursor right by one character 0x14 20 

14 Clear Display (also clear DDRAM content) 0x01 1 

Πί α ας 6 – Πί α ας ο ώ  LCD 

 ς  σ , σ  σ   ς ς 

σ   . , ς  σ   ,   

σ  ς ς σ ς     .    

   σ   -bit 2 ώ .  σ      

 ς     σ  σ    

 σ ς ς ς       

   . ς σ  σ  σ   

   .     σ      

  σ     ς σ  , ώς    

 σ σ    σ  .     

σ σ        σ ς   σ    

  σ  ς . ς   ς ς  

σ    σ  ς ς.   σ  ς LCD 

  σ σ ς.  setup_lcd();      

 σ   ώ   σ  ώς   

σ  ς LCD   σ    ώ  (commands)  

   ς.  

/** 
 * Sets up the LCD 
 */ 
void setup_lcd(){ 
  
   TRISD=0;     // PORTD as output 
   TRISB2=0;    // PORTB2 pin as output 
   TRISB1=0;    // PORTB1 pin as output 
   PORTD=0;     // PORTD zero value 
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES);   // Command instruction set 
4bits 2 lines mode   
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES);    
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES); 
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_CURSOR_OFF);     // Command instruction set 
cursor off  



45 

 

   lcd_command(LCD_COMMAND_CLEAR);          // Command instruction 
clear screen 
   lcd_command(LCD_COMMAND_ENTRY_MODE);     // Command instruction set 
entry mode Display Shift off -> 
} 

 

ς ώ ς ς  σ   ώ   

    σ   ώ    

σ    LCD.  ς ς PORTD    

ς ς      σ   ς ς 

 ς LCD.  ς ς  ώ  σ ς  Pin 1  Pin 2 

ς PORTB      Enable (EN)   Register Select (RS) 

σ . Έ    PORTD      

ώ  ώ . ς ς ς ώ    σ  ς 

LCD. ς ς ς LCD σ  :     σ  

4-bit  ώ ,     σ   σ ,     

σ  ς ς   σ   .  σ  

  σ  ς σ σ ς lcd_command();.      

σ , σ  σ  ,  ς    ώς   σ  

(        4-bit 2 ώ   8-bit 2 ώ  

   σ ς  σ   ς    

σ   .  

  σ σ    lcd_strobe();. 

/** 
* Execution of the instructions 
*/  
void lcd_strobe(){  
     
    EN = 1;         // To execute instructions set EN=1... 
    __delay_us(1);  // ... wait for execution... 
    EN = 0;         // ... and set EN=0 
} 

 

   σ σ     σ    ώ   

 σ   ς σ   bit  ς  σ   

.   
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  σ σ        lcd_command (unsigned 

char ; .   σ σ     σ   ώ  σ  . 

/** 
 * Sends the command to the Lcd 
 *  
 * @param {unsigned char} command    The command passed to the lcd 
 */ 
void lcd_command(unsigned char command){ 
     
    RS = 0;                     // When RS = 0 sends command  
    __delay_us(1); 
    PORTD = (command >> 4);     // First 4 bits to PORTD 
    lcd_strobe(); 
    PORTD = command;            // Last 4 bits to PORTD 
    lcd_strobe(); 
} 

 

    σ σ    .  ς 

ς σ σ ς      ς ς ς  σ  σ  

,  σ   σ  ς σ  LCD.  ώ     

RS=0     σ  ς commands). Έ   σ  

PORTD   MSB     lcd_strobe(); σ  σ  LCD.   

     LSB      lcd_strobe(); σ . 

  σ   ώ   σ   ώ  σ  LCD. H 

σ    σ      σ σ  

lcd_data(unsigned char);.  

/** 
 * Sends the data to the Lcd 
 *  
 * @param {unsigned char} data    The data passed to the lcd 
 */ 
void lcd_data(unsigned char data){ 
     
    RS = 1;              // When RS = 1 sends data  
    __delay_ms(80); 
    PORTD = (data >> 4); // First 4 bits to PORTD 
    lcd_strobe(); 
    PORTD = data;        // Last 4 bits to PORTD  
    lcd_strobe();    
} 

 

 σ σ    ώς     ς 

lcd_command(unsigned char);.  ς ς   σ   

σ    ς σ     RS  σ      
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(RS=1)   σ    LCD ς  ς σ .  

  ς σ σ ς  ώς  .   σ σ  

 σ    σ  ς LCD   print_to_lcd(const 

char*);. 

/** 
 * Prints a string to the LCD  
 *  
 * @param {const char *} string    String to be printed 
 */ 
void print_to_lcd(const char *string) {      
     
    lcd_command(LCD_COMMAND_CLEAR);  // Clear LCD  
 
    while (*string) {                // Sends the string to the LCD 
character by character 
        lcd_data(*string++);         // It makes the string point to 
the next memory address 
    } 
} 

 

 σ σ   ς    σ   ώ  

 σ  σ σ  string)     σ  

. Έ σ   σ σ   σ   σ     ώ    

 ώσ  σ  .  ώ     σ ς 

ς ς.  σ    while      σ  

ς σ σ ς  σ .  σ  ς while   σ  

   σ  σ   ASCII  statement ς while  true. 

 σ   ς  σ  σ  ASCII   

σ  ς while  true   .   σ  ς 

while   σ  ς ς σ     ς σ  σ  

    σ  ς σ ς, σ ώ ς  

σ  ++,   string  σ   σ  ς σ  

ώσ ,    σ  while,    ς ς. Ό  

  ς \   σ  σ  ς ς σ σ ς   

statement  false  σ   σ   ς while.    

σ  ώσσ  σ  C  ς ς \   false. Έ σ  

  σ  ς σ σ ς σ  LCD.  ς σ σ ς 

ς  ς ς σ σ ς    σ  ς LCD 

ς σ  σ  .  
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3.3 – SPI (Serial Peripheral Interface)  

     SD   σ  ς ς  

σ ς    ς σ    SPI. 

Ό ς  σ        σ  

σσ  .       ς    

ς    ς    ς   (MOSI  MISO 

σ .  ς  ς ς    ς σ  (SCLK)   

ς   slave (SS) σ σ     .   

   SPI  ς σ σ ς.  ώ    

   setup_spi();.  

/** 
 * Sets up the SPI 
 */ 
void setup_spi(){ 
     
    TRISC4 = 1;                     // PORTC4 4bit input 
    CS     = 1;                     // Chip Select is high 
    RC3    = 0;                     // Clock is low 
    RC5    = 0;                     // Data out low 
    TRISC2 = TRISC3 = TRISC5 = 0;   // PORTC 2,3,5 bit output 
    SSPCON = 0b00100010;            // SPI Master Mode Fosc/64, Clock 
Polarity idle state=low level 
    SSPEN  = 1;                     // Configuration of SCK,SDO,SDI, 
!SS as serial port pins  
    SMP    = 1;                     // SSPSTAT 7bit input data sampled 
at end of data output time 
    CKE    = 1;                     // SSPSTAT 6bit transmit from 
transition high -> low 
    CKP    = 0;                     // Idle state for clock is a low 
level 
     
} 

 

 σ σ   ς ς ς setup σ σ ς    

ς ς   σ σ    SPI.     

PORTC4  bit σ       σ    

MISO   SPI. Έ     PORTC2,3,5   bit   

σ    SS ,  SCLK   MOSI .  

 ς   low state   SCLK  MOSI  ώ  SS=1 

    ς ς slave σ σ ς  .   

σ   SSPCON=0b00100010    Master  

  σ ς           
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 σ    .   Fosc/64    

σ  SPI  σ    σ  ς ς SD.   

σ   SPI     ς SPI  ς 

(SPI transfer mode .   ς σ     σ  ς 

σ ς  ς σ ς  ,  σ   ς   

 σ .    transfer mode    

ς  σ   . 

SPI 

Mode 

CPOL 

(Clock 

Polarity) 

CPHA 

(Clock 

Phase) 

CKP(CPOL in 

PIC) 

CKE(NotCPHA 

in PIC) 
Explanation 

0 0 0 0 1 

Base Value of the clock is zero, 

Data captured from low to high 

transition and transmission from 

high to low transition 

1 0 1 0 0 

Base Value of the clock is zero, 

Data captured from high to low 

transition and transmission from 

low to high transition 

2 1 0 1 1 

Base Value of the clock is one, 

Data captured from low to high 

transition and transmission from 

high to low transition 

3 1 1 1 0 

Base Value of the clock is one, 

Data captured from low to high 

transition and transmission from 

high to low transition 

Πί α ας 7 – SPI Modes 

      CKE=1  CKP=0   SPI Mode 0  

       ώ  σ     

   ς       σ     

  ς    . ς   σ  SSPEN=1  

σ   SCK, SDO, SDI,  SS ς ς   σ  

, ώ   SMP=1       

σ    σ  ς   .   σ   
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ώ  ώ   σ    ς    

σ  SPI. 

   ς   σ    SPI. Έ  

 σ   σ σ      . H 

write_to_spi(unsigned char);    σ  . 

void write_to_spi(unsigned char data) {  
     
    SSPBUF = data;   // Send the data to SSPBUF 
    while (BF == 0); // Wait until receive of data is complete 
} 

 

ς  σ        ς σ  

.   SSPBUF       σ  

ς while   BF bit    σ   SSPBUF    

 σ . 

 read_from_spi();   σ  σ ς    SPI.  

/** 
 * Reads data from SPI bus  
 */ 
unsigned char read_from_spi() {      
    SSPBUF = SPI_DUMMY_CLOCK; // Send dummy data to slave 
    while (BF == 0);          // Wait that data is received 
    return SSPBUF;            // Read the data that slave has sent 
back 
} 

 

  σ  SPI       

 master  slave.  σ       σ  

σ ς       .    

 , σ  ώ   ς σ σ ς,   

dummy  σ  MOSI   σ   σ  ς   

MISO  ς ς SD). Έ  σ ώ ς    bit BF 

  σ  ς ς    σ    

 SPI,   σ  σ  σ  σ σ  ς  

    ς SD σ   SPI.  
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3.4 – SD Card (Secure Digital Card) 

 SD Card   σ  SDC  ς ς  ώ   

ς   σ  σ   .    ς 

ς   σ σ  ς  σ      

σ  Micro SDC.    ς ς σ  σ σ    

 ώ   σ     ς σ   ς 

σ σ ς         σ  σ   

σ   σ  σ  ς σ  σ  σ σ . ς ς SDC  

 MMC  ώ   ς  Micro SDC  σ  ς ς 

ς σ    ώ . σ    σ  ς   

ς σ ς σ       . V ς  . V,   

      5V  σ  σ .  

   ς  ς ς SDC σ    SPI 

     σ   .    σ   

     SDC     σ ς ς  

σ     .    

σ  ς, σ   σ      σ  

σ .  ς  σ ς     ς 

    σ ς.         ς 

 CMD<n> (  CMD  σ   Command,   <n> 

 ς ς    ς  ).  σ ς     

 SD  ς R1, R1b, R3, R7.       ς  

ς σ ς ς         SDC 

ς σ , , σ   σ  σ  σ  

σ . 

Command 

Index 

Argument Response Data Abbreviation Description 

CMD0 None(0) R1 No GO_IDLE_STATE Software reset. 

CMD1 None(0) R1 No SEND_OP_COND Initiate initialization 

process. 

ACMD41(*1) *2 R1 No APP_SEND_OP_COND For only SDC. 

Initiate initialization 

process. 
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CMD8 *3 R7 No SEND_IF_COND For only SDC V2. 

Check voltage 

range. 

CMD9 None(0) R1 Yes SEND_CSD Read CSD register. 

CMD10 None(0) R1 Yes SEND_CID Read CID register. 

CMD12 None(0) R1b No STOP_TRANSMISSION Stop to read data. 

CMD16 Block 

length[31:0] 

R1 No SET_BLOCKLEN Change R/W block 

size. 

CMD17 Address[31:0] R1 Yes READ_SINGLE_BLOCK Read a block. 

CMD18 Address[31:0] R1 Yes READ_MULTIPLE_BLOCK Read multiple 

blocks. 

CMD23 Number of 

blocks[15:0] 

R1 No SET_BLOCK_COUNT For only MMC. 

Define number of 

blocks to transfer 

with next multi-

block read/write 

command. 

ACMD23(*1) Number of 

blocks[22:0] 

R1 No SET_WR_BLOCK_ERASE_COUNT For only SDC. 

Define number of 

blocks to pre-erase 

with next multi-

block write 

command. 

CMD24 Address[31:0] R1 Yes WRITE_BLOCK Write a block. 

CMD25 Address[31:0] R1 Yes WRITE_MULTIPLE_BLOCK Write multiple 

blocks. 

CMD55(*1) None(0) R1 No APP_CMD Leading command 

of ACMD<n> 

command. 

CMD58 None(0) R3 No READ_OCR Read OCR. 

*1: ACMD<n> means a command sequence of CMD55-CMD<n>. 

*2: Rsv(0)[31], HCS[30], Rsv(0)[29:0] 

*3: Rsv(0)[31:12], Supply Voltage(1)[11:8], Check Pattern(0xAA)[7:0] 

Πί α ας 8 - Πί α ας ο ώ  ά ας SD 

 σσ ς ς ς  σ    ς 

σ ς  R .  σ   bit  R1  σ   22.   

R1 = 0x00  σ  ς    σ  σ  ώς. 

 ς σ σ  σ    ς σ  σ  σ  

 σ    x00    σσ  bit  R1   

     σ   .     

σ .  R3  R7  σ ς   σ ώ  ώ ,  

CMD58   CMD8,   ς σ   R1+OCR (32bit).  OCR 

(Operating Conditions Register)  ς    σ σ  
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ς ς ς. H R1b σ   ς ς  ς 

 σσ     σ .      R1b 

   R1 σ     ς busy flag    

     σ .  

 

ι ό α 22 – Α ά ση α ο ίσ  ο ώ  ά ας SD 

 σ      σ ς ς  σ  σ  

σ  .  ς  σ  σ  SDC   σ  

σ         σ   .  σ  

    .   ς,  σ  ς ς  

ς  CRC (Cyclic Redundancy Code)    ς σ ς  

σ ς ς.   23   σ   σ  σ  

    σ  ώ . 

 

ι ό α 23 – Π αίσιο ο ώ  ά ας SD 

   σ   ώ  σ   SD  σ  ς 

σ σ ς sd_command(unsigned char, unsigned long int, unsigned char ;.  

 σ σ   σ σ    σ  ώ  ς ς 23 

   ώ σ      SDC.  

/** 
 * Sends a command to the SD Card 
 * @param {unsigned char}       command      Command Code 
 * @param {unsigned long int}   argument     Argument of the Command 
 * @param {unsigned char}       crc          CRC Value  
 */ 
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void sd_command(unsigned char command, unsigned long int argument, 
unsigned char crc) { 
     
    write_to_spi(SPI_DUMMY_CLOCK); 
    write_to_spi(0b01000000 | command);             // OR the command 
because Bits 7-8 are always 01 
    write_to_spi((unsigned char) (argument >> 24)); // send the four-
byte argument in byte chunks 
    write_to_spi((unsigned char) (argument >> 16)); 
    write_to_spi((unsigned char) (argument >>  8)); 
    write_to_spi((unsigned char) (argument)); 
    write_to_spi(crc); 
} 

 

 σ σ     σ  ώ  . 

ώς            σ  

ώ    ς ς,  σ ς ς ς   CRC.  

ώ   σ   dummy clock   σ   σ .  

σ   ς ς ς.  ς ς  ς  bit.  

   σ  σ  ώ   ώ   bit   01    

σ   -bit ς.  σ  SDC, ς  σ  ς OR, 

ώ   01     command   σ  ς .  

σ  σ   32-bit σ ς ς ς   byte) σ  σ   

 (byte chunks) ς    SPI       byte  

. Ά   σ   MSB bits ς ώς σ  LSB bits.  

ς     CRC     σ  ς ς. 

 σ σ  ς σ  SPI mode ς ς SD  CRC      

  ς σσ ς ς σ     ς  

σ   σ   σ . 

  SD    boot σ  SD mode.  σ   

ώ   project        

σ  σ  SPI mode.   σ     

σ  .        σσ   

 σ      σ  σ   σ ς.  ώ  

   σ   CMD0       reset) 

ς SDC  σ ς ς σ  σ σ  ς (idle mode) ώ  

  CS σ      CS=0)   σ    σ  

 SPI.  σ σ  ς  SDC     
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σ ς ς.     σ  ς ς   σ  

  σ ς    CMD1.    ς ς ς  

             

σ .       σ , ς   

ς ς σ ς σ ς,   CMD16      

block size (  ς    σ    512 byte    

    ς σ  block size σ ς SDC.  σ   

  σ , ς   σ   , ς σ  

σ    σ   file system (σ σ   ς 

FAT16, FAT32, NTFS . σ ς     σ   

 ς raw ( σ     σ   ς σ σ ς, 

ς mp   wma,  σ       σ   

 σ σ    σ   . 

 σ σ  setup_sd();   σ  ς σ ς  ς 

. 

/** 
 * Sets up the SD Card  
 */ 
void setup_sd() { 
     
    unsigned char received_data; 
    unsigned int counter = 0; 
    CS = 1;  
     
    for (unsigned int i = 0; i < 74; i++) {              // Apply 74 
clock pulses to SD Card 
        write_to_spi(SPI_DUMMY_CLOCK); 
    } 
     
    CS = 0; 
    __delay_ms(1); 
    sd_command(SD_COMMAND_GO_IDLE_STATE, SD_START_ADDRESS, 0x95); // 
Software Reset 
    received_data = read_from_spi();  
     
    while ((received_data != 1) && (counter < 1000)) {   // Reads from 
SPI until received data = 1 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000) {                               // If 
received data != 1 command fails 
        print_to_lcd("Cmd 0 failed"); 
        while(1);  
    } 
    sd_command(SD_COMMAND_INIT, SD_START_ADDRESS, 0xff); // 
Initialization process 
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    received_data = read_from_spi(); 
     
    counter = 0; 
    while((received_data != 0) && (counter < 1000)) {    // Reads from 
SPI until received data = 0 
        received_data = read_from_spi(); 
        sd_command(SD_COMMAND_INIT, SD_START_ADDRESS, 0xff); 
        received_data = read_from_spi(); 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000){ 
        print_to_lcd("Cmd 1 failed");                   // If received 
data != 0 command fails 
        while(1);  
    } 
    sd_command(SD_COMMAND_SETBLOCKLEN, BLOCKLEN, 0xff); // Set block 
size 
    received_data = read_from_spi(); 
    counter = 0; 
    while ((received_data != 0) && (counter < 1000)) {  // Reads from 
SPI until received data = 0 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000) {  
        print_to_lcd("Cmd 16 failed");                  // If received 
data != 0 command fails 
        while(1);  
    }    
    print_to_lcd("SD Card is A-OK"); 
    __delay_ms(1000); 
    SSPCON = 0b00100001;                                // Set Fosc/16 
for reading process 
} 

 

   σ   ώ    σ    

σ σ  σ  σ ,  ώ    σ   

(received_data)      σ  σ ς ς ς (counter). 

Έ    CS=1     σ    ώ , ς  

   σ  σ   σ ς.  σ    CS=0  

σ   CMD0 (Go Idle State).    ώς σ  

 SPI  σ   σ  ς σ   R1 = 0x01  

   bit σ ς σ  σ   (idle state).    

σ σ   σ     σ   σ   σ ,  

 σ   counter,  σ      ς  ς 

ώ     CMD0   σ   σ   

ς.   σ  σ   σ  σ  idle state    

      ς ς ς.   σ    ς 
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ς ς  σ ς   σ   CMD1 (SD Command Init) 

     σ  σ ς.    , ς  

  CMD0, σ   CMD1 σ  SDC   ς   R1=0 σ  

 σ    σ . σ   R1=0  σ    σ  

σ ς ώ          

.   σ           

 CMD1   σ   σ   ς.   

  σ    σ  ς SD   CMD16 (Set Block 

Length)       ς  .  σ  

σ   σ  block size 512 byte.    σ  σ  

SDC  CMD16,    σ    R1=0 σ  σ   σ  

  σ   σ   σ   ώς   

σ    σ ς   Fosc/16    σ  

SPI   σ  σ ς  .   σ  

   ς   CMD16  σ   σ   

ς.  σ σ  ς ς σ σ ς     

σ  σ , σ        , σ   

      .  

 σ σ  handle_sd_command_response(unsigned char);   

    σ    σ   σ   

σ    SDC.  σ  ς σ σ ς ς  σ   

  σ   ώ  ώ  ώς, ς  σ  

 σ    SDC.  

/** 
 * SD command response handler 
 *  
 * @param {unsigned char}  command    Command Code   
 */ 
void handle_sd_command_response(unsigned char command) { 
     
    unsigned char received_data; 
    switch(command) { 
        case SD_COMMAND_READ_MULTIPLE_BLOCKS:       // For read case 
        case SD_COMMAND_WRITE_MULTIPLE_BLOCKS:      // For write case  
            received_data = read_from_spi();  
            while (received_data != SD_COMMAND_RESPONSE_SUCCESS) { // 
If received data not succesful read again 
                received_data = read_from_spi(); 
            }  
            break; 
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        case SD_COMMAND_STOP_TRANSMISSION:              // For stop 
tran case 
            received_data = read_from_spi();            // Stuff byte 
has to be ignored 
            received_data = read_from_spi();            // Previously 
stuff byte so read again 
            while (received_data != SD_COMMAND_RESPONSE_SUCCESS) { // 
If received data not succesful read again 
                received_data = read_from_spi(); 
            } 
             
            received_data = read_from_spi(); 
            while (received_data != DATA_TOKEN_BUSY) {  // Wait until 
data out bus goes high for end of the process 
                received_data = read_from_spi(); 
            } 
            break; 
    } 
} 

 

 σ σ    .  σ  ς    

ς ς       ς σ ς.    

ώ  ώ         . Έ  

 σ  ς switch case        ς 

 ,   σ   ώ . Ό ς   

 σ  ς ς (Write Multiple Blocks, CMD25)  

ς σ ς (Read Multiple Blocks, CMD18)  ς   ς 

  σ   ς ς  ς     R1).  

 σ         σ   

R1=0x00. σ   σ     σ   ς, σ   

case ς switch  ώ   σ  ς σ σ ς. σ     R1 

    σ ώς σ      

σ  ς ς     σ σ  σ    SDC.  

     σ  σ  SD    ς ς 

σ ς Stop Tran, CMD12).    σ  σ  SDC  

  σ   σ . Ό ς    CMD12 

 ς σ    R1   R1b.  σ       

ς   R1=0x00  σ  σ      σ  

ς σ , ς   MISO   0xff.   

  ώσ ς,     ς  σ  CMD12  

 ώ  byte     ς    
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   stuff byte.      ς 

   σ      σ σ  . ς  

σ    ς   R1  ς σ   case  

  σ    R1=0x00   σ σ   σ .   

σ  ς ς ς  σ    busy flag.    

σ     ς     σ  σ  DO  

ς SD   0xff  σ   ς  busy flag. ς  

σ  ς σ ς ς switch  σ   σ  σ  σ  

σ σ .  

    ς  σ ς σ  SDC    

  ς σ ς    ς  ς σ ς   σ  

      σ    .   24 

 σ .        . 

 ώ  ς     (data token)   

ς byte.     data token  ς ς ς  

σ  σ  .  ώ  σ     CMD18  

  σ ς ς SDC,      σ     

CMD25     σ   SD. Έ     

  σ  ς  CRC ς byte.  ώ    

σ  ς σ         byte, 

ώ   σ   ς ς    byte. 

 

ι ό α 24 – Α ά ση φα ί  αι α ό ιση  α έ  ο έ  
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H σ   Data Response)      

σ  ς      ς 0x05 (0b00000101)   

        .   

σ   ς ς    ς  . 

    σ σ  ς SDC   ώ  ς 

ς   σ ς    ς.  

 25   σ  σ  ς ς σ ς .  

 CMD18     ς   σ  ώ  

    σ  σ .  σ   σ  

 ς ς. ς      σ   DI (Data In) 

 σ   DO (Data Out)   σ  ς ς. 

   ς  σ   DI σ    

CMD12        σ  σ ς . σ   

    σ   σ  .  

 

ι ό α 25 – Α ά ση ο α ής α ά σης α έ  ά ας SD 

 σ  σ  σ   ς ς 25   σ σ  

read_from_sd();      σ  σ ς   

 SD.  

/** 
 * Read from SD 
 */ 
void read_from_sd() { 
    SSPCON =0b00100001;                                         // Set 
Fosc/16 for reading process 
    print_to_lcd("Listening...");                               // LCD 
prints "Listening" 
    unsigned char received_data;                                 
    sd_command(SD_COMMAND_READ_MULTIPLE_BLOCKS, SD_START_ADDRESS, 
0xff); // Send command Command 18 for multiple read 
    handle_sd_command_response(SD_COMMAND_READ_MULTIPLE_BLOCKS);         
// Handling the command response 
         
    while (!RECORD_INTERRUPT) {                                 // 
While button is not pressed enter loop 
        received_data = read_from_spi();                        // 
Read first appeared data from spi 
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        while (received_data != DATA_TOKEN_READ) {              // 
Read continuously data until read data token appears 
            received_data = read_from_spi(); 
        } 
             
        for (unsigned int i = 0; i < BLOCKLEN; i++) {           // For 
every data block 
            received_data = read_from_spi();                    // 
Read the data from sdc 
 
            __delay_us(16.5); 
            CCPR2L = received_data;                             // And 
send them to the PWM for reproduction  
        } 
         
        write_to_spi(SPI_DUMMY_CLOCK);                          // 1st 
CRC byte 
        write_to_spi(SPI_DUMMY_CLOCK);                          // 2nd 
CRC byte 
    } 
     
    sd_command(SD_COMMAND_STOP_TRANSMISSION, 0, 0xff);          // 
Button was pressed so send stop transmission command 
    handle_sd_command_response(SD_COMMAND_STOP_TRANSMISSION);   // 
Handling the command response 
     
    start_recording();                                          // 
Start the recording process 
} 

   σ ς SPI   σ  σ ς,  

ώ  σ         ς ς. 

ώ    σ      .  σ  

σ ς  σ ς   CMD18 σ   SD  ώ ς 

 handle_sd_command_response   σ    SDC. σ  

      σ .   while σ   

         σ  ς. 

Όσ         ώ ς ς while. σ  σ  

while  σ     ς   σ  σ  

  data token read (0b11111110) ς ς CMD18. Έ   

σ    σ o PWM σ    CCPR2L ς 

σ  block   . ς     σ  

 σ     byte  CRC.   σ  σ   

     σ    ς ς.    

  σ  σ  σ  SD  CMD12   σ σ   ς 

σ  ,   ς ς σ ς σ  ς 

handle_sd_command_response    σ σ     

σ  ς.       σ  ς SDC. 
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Ί   ς CMD18        CMD25   

ς σ  σ  DI    ώς    σ   

 σ  DO ,     .    

  σ   DI  σ   ς  ς byte 

ς  σ   σ   DO  σ    

.       σ σ  ς  ς 

ς  σ     ώ   .   

σ  σ ς   σ   STOP TRAN TOKEN    

ώ   SDC      . σ   STOP TRAN 

TOKEN    σ   σ  ς .  

 26   σ  σ σ  ς σ ς ς. 

 

ι ό α 26 - Α ά ση ο α ής αφής α έ  ά ας SD 

  σ σ  write_to_sd );      σ  

SDC ς   σ   26.  

/** 
 * Write to SD 
 */ 
void write_to_sd() { 
     
    SSPCON = 0b00100000;                // Set Fosc/4 for writing 
process 
    print_to_lcd("Recording...");       // LCD prints "Recording"  
    unsigned char received_data;             
    sd_command(SD_COMMAND_WRITE_MULTIPLE_BLOCKS, SD_START_ADDRESS, 
0xff); // Send command Command 25 for multiple write 
    handle_sd_command_response(SD_COMMAND_WRITE_MULTIPLE_BLOCKS);         
// Handling the command response   
    write_to_spi(SPI_DUMMY_CLOCK);                          // Dummy 
clocks before sending data packet 
    write_to_spi(SPI_DUMMY_CLOCK); 
     
    while (!RECORD_INTERRUPT) {                             // While 
button is not pressed enter loop 
        write_to_spi(DATA_TOKEN_WRITE);                     // Send 
the data token for the data packet 
         
        for (unsigned int i = 0; i < BLOCKLEN; i++) {       // For 
every data block 
            unsigned char adc_data = read_from_adc(); 
            write_to_spi(adc_data);                         // write 
the result of the adc to the sdc 
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        } 
         
        write_to_spi(SPI_DUMMY_CLOCK);                      // 1st CRC 
byte 
        write_to_spi(SPI_DUMMY_CLOCK);                      // 2nd CRC 
byte 
        received_data = read_from_spi();                    // Read 
data response after first block sent 
         
        while ((received_data & 0b00011111) != DATA_TOKEN_ACCEPTED ) {    
// Check continuously that data was accepted 
            received_data = read_from_spi(); 
        } 
         
        while (received_data != DATA_TOKEN_BUSY){           // Wait 
until data out bus goes high for end of the process 
            received_data = read_from_spi(); 
        } 
    } 
     
    write_to_spi(SPI_DUMMY_CLOCK);                           
    write_to_spi(SPI_DUMMY_CLOCK);                           
    write_to_spi(DATA_TOKEN_STOP_TRAN);                     // Button 
was pressed so send stop tran token 
    write_to_spi(SPI_DUMMY_CLOCK);                          // Dummy 
byte after stop tran token 
     
    received_data = read_from_spi();                         
    while (received_data != DATA_TOKEN_BUSY){               // Wait 
until data out bus goes high for end of the process 
        received_data = read_from_spi(); 
    } 
} 

 

   ς σ ς SPI   σ  ς 

ς  σ   Fosc/4.        

σ  ς σ σ ς       σ  σ  

  σ  σ    σ    

σ  σ .  σ   σ  ς σ    

    ώ     σ   

. σ    CMD25  σ  ς 

handle_sd_command_response   ς ς σ ς  . 

 σ  σ  2 dummy bytes ς  σ   26  

    . Έ  , ς    σ ,  while 

       .  ώ   σ σ  

σ  σ  σ  ς  σ σ     σ   

 σ   .     σ    data token 

    ς  2 CRC bytes. σ  σ  ώ   
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,  σ  SDC,  data token write (0b11111100).     

    /D    σ   SD 

     CRC bytes.        

          ς.  

 ς  σ      σ   

  . σ     bit ς σ ς σ  

σ  b00101       ς. Έ σ   

        .     

 σ   σ  ς while  σ   dummy bytes. 

Έ      SDC       σ   

stop transfer data token (0b11111101)   dummy clock  . Έ  

  σ  ς σ ς   σ  σ  DO  0xff 

  busy state ς SDC.  σ   ώ   σ   

σ σ      SD. 

3.5 – PWM (Pulse Width Modulation) 

        σ  ς 

ς  σ ς σ   DAC).   σ ς 

ς      σ   PWM  

, σ  σ σ    RC .    σ   

ς ς DAC  ς σ ς ς ς σ ς.    σ  

 σ   PWM      σ  CCPCON2 

. Έ  σ   ς, σ   CCPR2L, 

    PWM σ    σ  .  

          PWM   

σ   ώ        σ . 

  setup_pwm();  o ς   σ   PWM.  

 /** 

 * Sets up the PWM 
 */ 
void setup_pwm() { 
     
    TRISC1  = 0;            // PORTC1 Output  
    T2CKPS1 = 0;            // Prescaler is 1 
    T2CKPS0 = 0;            // Prescaler is 1 
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    PR2     = 0x50;         // Sets the PWM period 
    TMR2ON  = 1;            // Timer 2 is On 
    CCP2CON = 0b00001100;   // Selection of PWM mode 
} 

 

 ώ    PORTC1  ς. σ σ   ς 

ς     PWM  σ .   PWM 

σ  PIC   σ   ς  PWM   σ   

σ  TMR2ON    σ  PR2 . ς  σ  

PR2 ώ  σ σ     PWM   TMR2ON   

 0x00h   σ     PR2.      

σ  prescaler ς  T2CKPS1:0=0.   

CCP2CON=0b00001100  σ   PWM.  

 

3.6 – Η main() αι ό οι ς σ α ήσ ις  

Έ ς ώσ   σ   σ ώ  σ σ   

 ς σ ς ς    ς σ σ ς  ς ς 

.    main();  ς. 

void main(void) { 
    setup();                // Start the setup process 
    while(1) { 
        start_playback();   // Start Playback process 
    } 
} 

 

 main();    ώ ς  σ σ  setup();   

   while   σ σ  start_playback();    

  σ  ς.  

/** 
 * Program Configuration  
 */ 
void setup() { 
     
    setup_lcd();    // Sets up the LCD 
    setup_adc();    // Sets up the ADC 
    setup_spi();    // Sets up the SPI 
    setup_sd();     // Sets up the SD Card 
    setup_pwm();    // Sets up the PWM 
} 
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  setup();   σ     setup 

σ σ    σ   . σ σ  

   σ   ς     

ς  ς  ς  σ .  

/** 
 * Starts Playback  
 */ 
void start_playback() { 
     
    CCP2CON = 0b00001100; // Enable PWM mode 
     
    print_to_lcd("Play Mode"); // LCD prints "Play Mode" 
    __delay_ms(1000); 
    read_from_sd();     
} 

 

  start_playback();    ς ς.  

  PWM σ  ώσ      . Έ  

ώ   σ       ς 

   σ σ  read_from_sd();        

 SDC.    ς    σ σ  ς 

start_recording();.  

/** 
 * Start Recording  
 */ 
void start_recording() { 
    CCP2CON = 0b00000000; // Disable PWM mode 
    
    print_to_lcd("Record Mode"); // LCD prints "Record Mode" 
    __delay_ms(1000); 
    write_to_sd(); 
} 

 

 start_recording();     σ σ      

       σ  σ ς.    

 σ  ώ   ώ    PWM   σ  

     ς. Έ    σ  ς 

write_to_sd();    σ .  
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ώ ώ   σ    σ σ    

  σ  .    ς     

         σ ς σ    

σ  σ   ς    ς .    

      ς  ς . 

  σ        σ  ώ   

   σ  σ        

 ς  σ .  
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Κ φά αιο ο – άσ α α αι 
Μ ο ι ές οο ι ές 

 σ    σ σ ς  σ ς ς σ σ ς   

σ   σ         ώ  

.  σ     ς    

PIC16F877  σ   ς σ ς ς ς 

ώ σ ς σ  ς    ,  σ  ώ  

 . σ ς  σ   ADC  σ  

  bit          DAC 

   σ σ  σ  ς ς σ   PWM   RC 

 ς . Έ   ς ς  ,  

ς ς ς ς σ σ ς,      

 σ      σ    σ  σ σ  

 . σ ς, ς  σ  ώ  ,  σ σ  

 σ  ϊ      ς 

ς ς ς ς    . 

ώ   σ       ς ώσ ς  ώσ  

ς   ς   ς.  

ώς ς  σ  σ ς ς σ σ ς    

  σ       ς σ  σ  

project     σ ς.   ς σ ς  

 σ    σ  σ σ          

 σ   SD  σ  ς σ ς  σ σ ς ς mp3 

    SD    format, σ  ώσ    σ σ  

   σ  σ σ .     σ  σ  

       σ  σ  

 σ  σ ς  σ   ς σ ς, σ ώ ς 

ς σ ς ADC    ς DAC   σ  

ς ς  . Ά ς ς  ,  σ  σ  

,   pause   σσ ς ς   σ . 

ς  σ ς σ  σ     σ    standard 
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SD card,   σ  ς   SD HC (High Capacity)   SD XC 

(Extra Capacity). 

 σ ς ώσ ς      σ    

σ σ     ώ   ς  

σ  ώ  σ σ  .  ς  

σ  ς ς ς ς ς σ σ ς   

ς σ ς ς σ ς  ς    

 σ  σ .   
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Πα ά α Α – Κώ ι ας ς φα ο ής 

/* 
 * File:   main.c 
 * Author: Zafiris 
 * 
 * Created on 29 Απρι ίου 2016, 12:49  
 */ 
 
#pragma config FOSC = HS        // Oscillator Selection bits (HS 
oscillator) 
#pragma config WDTE = OFF       // Watchdog Timer Enable bit (WDT 
disabled) 
#pragma config PWRTE = OFF      // Power-up Timer Enable bit (PWRT 
disabled) 
#pragma config CP = OFF         // FLASH Program Memory Code 
Protection bits (Code protection off) 
#pragma config BOREN = OFF       // Brown-out Reset Enable bit (BOR 
disabled) 
#pragma config LVP = OFF        // Low Voltage In-Circuit Serial 
Programming Enable bit (RB3 is digital I/O, HV on MCLR must be used 
for programming) 
#pragma config CPD = OFF        // Data EE Memory Code Protection 
(Code Protection off) 
#pragma config WRT = OFF        // FLASH Program Memory Write Enable 
(Unprotected program memory may not be written to by EECON control) 
 
 
#include <xc.h> 
 
#define _XTAL_FREQ 20e6 
#define CS RC2 
#define RECORD_INTERRUPT RE0 
#define RS RB2 
#define EN RB1 
#define SPI_DUMMY_CLOCK 0xff 
#define SD_START_ADDRESS 0 
#define SD_COMMAND_READ_MULTIPLE_BLOCKS 18 
#define SD_COMMAND_STOP_TRANSMISSION 12 
#define SD_COMMAND_WRITE_MULTIPLE_BLOCKS 25 
#define SD_COMMAND_RESPONSE_SUCCESS 0x00 
#define SD_COMMAND_GO_IDLE_STATE 0 
#define SD_COMMAND_INIT 1 
#define SD_COMMAND_SETBLOCKLEN 16 
#define BLOCKLEN 512 
#define DATA_TOKEN_READ 0xfe 
#define DATA_TOKEN_BUSY 0xff 
#define DATA_TOKEN_WRITE 0xfc 
#define DATA_TOKEN_STOP_TRAN 0xfd 
#define DATA_TOKEN_ACCEPTED 0x05 
#define LCD_COMMAND_4BITS_2LINES 0x28 
#define LCD_COMMAND_CURSOR_OFF 0x0C 
#define LCD_COMMAND_ENTRY_MODE 0x06 
#define LCD_COMMAND_CLEAR 0x01 
 
void setup_adc(); 
void setup_pwm(); 
void setup_spi(); 
void print_to_lcd(const char*); 
void write_to_spi(unsigned char); 
unsigned char read_from_spi(); 
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void sd_command(unsigned char, unsigned long int, unsigned char); 
void setup_sd(); 
void setup(); 
void handle_sd_command_response(unsigned char); 
void start_playback(); 
void write_to_sd(); 
void start_recording(); 
void read_from_sd(); 
unsigned char read_from_adc(); 
void lcd_command(unsigned char); 
void lcd_data(unsigned char); 
void lcd_strobe(); 
void setup_lcd(); 
 
void main(void) { 
    setup();                // Start the setup process 
    while(1) { 
        start_playback();   // Start Playback process 
    } 
} 
 
/** 
 * Sets up the ADC 
 */ 
void setup_adc() {  
     
    TRISA0 = 1;          // PORTA0 Input 
    ADCON0 = 0b10000001; // Fosc/32 ADC On 
    ADCON1 = 0b10001110; // Port A0 Analog Input Right justified 
} 
 
/** 
 * Sets up the PWM 
 */ 
void setup_pwm() { 
     
    TRISC1  = 0;      // PORTC1 Output  
    T2CKPS1 = 0;      // Prescaler is 1 
    T2CKPS0 = 0;      // Prescaler is 1 
    PR2     = 0x50;   // Sets the PWM period 
    TMR2ON  = 1;      // Timer 2 is On 
    CCP2CON = 0b00001100; // Selection of PWM mode 
} 
 
/** 
 * Sets up the SPI 
 */ 
void setup_spi(){ 
     
    TRISC4 = 1;                     // PORTC4 4bit input 
    CS     = 1;                     // Chip Select is high 
    RC3    = 0;                     // Clock is low 
    RC5    = 0;                     // Data out low 
    TRISC2 = TRISC3 = TRISC5 = 0;   // PORTC 2,3,5 bit output 
    SSPCON = 0b00100010;            // SPI Master Mode Fosc/64, Clock 
Polarity idle state=low level 
    SSPEN  = 1;                     // Configuration of SCK,SDO,SDI, 
!SS as serial port pins  
    SMP    = 1;                     // SSPSTAT 7bit input data sampled 
at end of data output time 
    CKE    = 1;                     // SSPSTAT 6bit transmit from 
transition high -> low 
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    CKP    = 0;                     // Idle state for clock is a low 
level 
     
} 
  
/** 
* Execution of the instructions 
*/  
void lcd_strobe(){  
     
    EN = 1;         // To execute instructions set EN=1... 
    __delay_us(1);  // ... wait for execution... 
    EN = 0;         // ... and set EN=0 
} 
 
/** 
 * Sends the data to the Lcd 
 *  
 * @param {unsigned char} data    The data passed to the lcd 
 */ 
void lcd_data(unsigned char data){ 
     
    RS = 1;              // When RS = 1 sends data  
    __delay_ms(80); 
    PORTD = (data >> 4); // First 4 bits to PORTD 
    lcd_strobe(); 
    PORTD = data;        // Last 4 bits to PORTD  
    lcd_strobe();    
} 
 
/** 
 * Sends the command to the Lcd 
 *  
 * @param {unsigned char} command    The command passed to the lcd 
 */ 
void lcd_command(unsigned char command){ 
     
    RS = 0;                     // When RS = 0 sends command  
    __delay_us(1); 
    PORTD = (command >> 4);     // First 4 bits to PORTD 
    lcd_strobe(); 
    PORTD = command;            // Last 4 bits to PORTD 
    lcd_strobe(); 
} 
 
/** 
 * Sets up the LCD 
 */ 
void setup_lcd(){ 
  
   TRISD=0;     // PORTD as output 
   TRISB2=0;    // PORTB2 pin as output 
   TRISB1=0;    // PORTB1 pin as output 
   PORTD=0;     // PORTD zero value 
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES);   // Command instruction set 
4bits 2 lines mode   
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES);    
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES); 
   __delay_ms(20); 
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   lcd_command(LCD_COMMAND_CURSOR_OFF);     // Command instruction set 
cursor off  
   lcd_command(LCD_COMMAND_CLEAR);          // Command instruction 
clear screen 
   lcd_command(LCD_COMMAND_ENTRY_MODE);     // Command instruction set 
entry mode Display Shift off -> 
}                                           // -> Increment Address 
Counter  
 
/** 
 * Prints a string to the LCD  
 *  
 * @param {const char *} string    String to be printed 
 */ 
void print_to_lcd(const char *string) {      
     
    lcd_command(LCD_COMMAND_CLEAR);  // Clear LCD  
 
    while (*string) {                // Sends the string to the LCD 
character by character 
        lcd_data(*string++);         // It makes the string point to 
the next memory address 
    } 
} 
 
/** 
 * Writes data to SPI bus  
 *  
 * @param {unsigned char} data      Data to write to SPI 
 */ 
void write_to_spi(unsigned char data) {  
     
    SSPBUF = data;   // Send the data to SSPBUF 
    while (BF == 0); // Wait until receive of data is complete 
} 
 
/** 
 * Reads data from SPI bus  
 */ 
unsigned char read_from_spi() {      
    SSPBUF = SPI_DUMMY_CLOCK; // Send dummy data to slave 
    while (BF == 0);          // Wait that data is received 
    return SSPBUF;            // Read the data that slave has sent 
back 
} 
 
/** 
 * Sends a command to the SD Card 
 * @param {unsigned char}       command      Command Code 
 * @param {unsigned long int}   argument     Argument of the Command 
 * @param {unsigned char}       crc          CRC Value  
 */ 
void sd_command(unsigned char command, unsigned long int argument, 
unsigned char crc) { 
     
    write_to_spi(SPI_DUMMY_CLOCK); 
    write_to_spi(0b01000000 | command);             // OR the command 
because Bits 7-8 are always 01 
    write_to_spi((unsigned char) (argument >> 24)); // send the four-
byte argument in byte chunks 
    write_to_spi((unsigned char) (argument >> 16)); 
    write_to_spi((unsigned char) (argument >>  8)); 
    write_to_spi((unsigned char) (argument)); 
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    write_to_spi(crc); 
} 
 
/** 
 * Sets up the SD Card  
 */ 
void setup_sd() { 
     
    unsigned char received_data; 
    unsigned int counter = 0; 
    CS = 1;  
     
    for (unsigned int i = 0; i < 74; i++) {              // Apply 74 
clock pulses to SD Card 
        write_to_spi(SPI_DUMMY_CLOCK); 
    } 
     
    CS = 0; 
    __delay_ms(1); 
    sd_command(SD_COMMAND_GO_IDLE_STATE, SD_START_ADDRESS, 0x95); // 
Software Reset 
    received_data = read_from_spi();  
     
    while ((received_data != 1) && (counter < 1000)) {   // Reads from 
SPI until received data = 1 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000) {                               // If 
received data != 1 command fails 
        print_to_lcd("Cmd 0 failed"); 
        while(1);  
    } 
    sd_command(SD_COMMAND_INIT, SD_START_ADDRESS, 0xff); // 
Initialization process 
    received_data = read_from_spi(); 
     
    counter = 0; 
    while((received_data != 0) && (counter < 1000)) {    // Reads from 
SPI until received data = 0 
        received_data = read_from_spi(); 
        sd_command(SD_COMMAND_INIT, SD_START_ADDRESS, 0xff); 
        received_data = read_from_spi(); 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000){ 
        print_to_lcd("Cmd 1 failed");                   // If received 
data != 0 command fails 
        while(1);  
    } 
    sd_command(SD_COMMAND_SETBLOCKLEN, BLOCKLEN, 0xff); // Set block 
size 
    received_data = read_from_spi(); 
    counter = 0; 
    while ((received_data != 0) && (counter < 1000)) {  // Reads from 
SPI until received data = 0 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000) {  
        print_to_lcd("Cmd 16 failed");                  // If received 
data != 0 command fails 



77 

 

        while(1);  
    }    
    print_to_lcd("SD Card is A-OK"); 
    __delay_ms(1000); 
    SSPCON = 0b00100001;                                // Set Fosc/16 
for reading process 
} 
 
/** 
 * Program Configuration  
 */ 
void setup() { 
     
    setup_lcd();    // Sets up the LCD 
    setup_adc();    // Sets up the ADC 
    setup_spi();    // Sets up the SPI 
    setup_sd();     // Sets up the SD Card 
    setup_pwm();    // Sets up the PWM 
} 
 
/** 
 * SD command response handler 
 *  
 * @param {unsigned char}  command    Command Code   
 */ 
void handle_sd_command_response(unsigned char command) { 
     
    unsigned char received_data; 
    switch(command) { 
        case SD_COMMAND_READ_MULTIPLE_BLOCKS:       // For read case 
        case SD_COMMAND_WRITE_MULTIPLE_BLOCKS:      // For write case  
            received_data = read_from_spi();  
            while (received_data != SD_COMMAND_RESPONSE_SUCCESS) { // 
If received data not succesful read again 
                received_data = read_from_spi(); 
            }  
            break; 
        
        case SD_COMMAND_STOP_TRANSMISSION:              // For stop 
tran case 
            received_data = read_from_spi();            // Stuff byte 
has to be ignored 
            received_data = read_from_spi();            // Previously 
stuff byte so read again 
            while (received_data != SD_COMMAND_RESPONSE_SUCCESS) { // 
If received data not succesful read again 
                received_data = read_from_spi(); 
            } 
             
            received_data = read_from_spi(); 
            while (received_data != DATA_TOKEN_BUSY) {  // Wait until 
data out bus goes high for end of the process 
                received_data = read_from_spi(); 
            } 
            break; 
    } 
} 
 
/** 
 * Starts Playback  
 */ 
void start_playback() { 
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    CCP2CON = 0b00001100; // Enable PWM mode 
     
    print_to_lcd("Play Mode"); // LCD prints "Play Mode" 
    __delay_ms(1000); 
    read_from_sd();     
} 
 
/** 
 * Write to SD 
 */ 
void write_to_sd() { 
     
    SSPCON = 0b00100000;                // Set Fosc/4 for writing 
process 
    print_to_lcd("Recording...");       // LCD prints "Recording"  
    unsigned char received_data;             
    sd_command(SD_COMMAND_WRITE_MULTIPLE_BLOCKS, SD_START_ADDRESS, 
0xff); // Send command Command 25 for multiple write 
    handle_sd_command_response(SD_COMMAND_WRITE_MULTIPLE_BLOCKS);         
// Handling the command response   
    write_to_spi(SPI_DUMMY_CLOCK);                          // Dummy 
clocks before sending data packet 
    write_to_spi(SPI_DUMMY_CLOCK); 
     
    while (!RECORD_INTERRUPT) {                             // While 
button is not pressed enter loop 
        write_to_spi(DATA_TOKEN_WRITE);                     // Send 
the data token for the data packet 
         
        for (unsigned int i = 0; i < BLOCKLEN; i++) {       // For 
every data block 
            unsigned char adc_data = read_from_adc(); 
            write_to_spi(adc_data);                         // write 
the result of the adc to the sdc 
        } 
         
        write_to_spi(SPI_DUMMY_CLOCK);                      // 1st CRC 
byte 
        write_to_spi(SPI_DUMMY_CLOCK);                      // 2nd CRC 
byte 
        received_data = read_from_spi();                    // Read 
data response after first block sent 
         
        while ((received_data & 0b00011111) != DATA_TOKEN_ACCEPTED ) {    
// Check continuously that data was accepted 
            received_data = read_from_spi(); 
        } 
         
        while (received_data != DATA_TOKEN_BUSY){           // Wait 
until data out bus goes high for end of the process 
            received_data = read_from_spi(); 
        } 
    } 
     
    write_to_spi(SPI_DUMMY_CLOCK);                           
    write_to_spi(SPI_DUMMY_CLOCK);                           
    write_to_spi(DATA_TOKEN_STOP_TRAN);                     // Button 
was pressed so send stop tran token 
    write_to_spi(SPI_DUMMY_CLOCK);                          // Dummy 
byte after stop tran token 
     
    received_data = read_from_spi();                         
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    while (received_data != DATA_TOKEN_BUSY){               // Wait 
until data out bus goes high for end of the process 
        received_data = read_from_spi(); 
    } 
} 
 
/** 
 * Reads from ADC  
 */ 
unsigned char read_from_adc() { 
    GO = 1;         // When GO=1 starts A/D conversion   
    while(GO);      // Wait until conversion is complete (bit cleared 
by hardware when conversion complete) 
     
    return ADRESL;  // Return converted data 
} 
 
/** 
 * Start Recording  
 */ 
void start_recording() { 
    CCP2CON = 0b00000000; // Disable PWM mode 
    
    print_to_lcd("Record Mode"); // LCD prints "Record Mode" 
    __delay_ms(1000); 
    write_to_sd(); 
} 
 
/** 
 * Read from SD 
 */ 
void read_from_sd() { 
    SSPCON =0b00100001;                                         // Set 
Fosc/16 for reading process 
    print_to_lcd("Listening...");                               // LCD 
prints "Listening" 
    unsigned char received_data;                                 
    sd_command(SD_COMMAND_READ_MULTIPLE_BLOCKS, SD_START_ADDRESS, 
0xff); // Send command Command 18 for multiple read 
    handle_sd_command_response(SD_COMMAND_READ_MULTIPLE_BLOCKS);         
// Handling the command response 
         
    while (!RECORD_INTERRUPT) {                                 // 
While button is not pressed enter loop 
        received_data = read_from_spi();                        // 
Read first appeared data from spi 
        while (received_data != DATA_TOKEN_READ) {              // 
Read continuously data until read data token appears 
            received_data = read_from_spi(); 
        } 
             
        for (unsigned int i = 0; i < BLOCKLEN; i++) {           // For 
every data block 
            received_data = read_from_spi();                    // 
Read the data from sdc 
 
            __delay_us(16.5); 
            CCPR2L = received_data;                             // And 
send them to the PWM for reproduction  
        } 
         
        write_to_spi(SPI_DUMMY_CLOCK);                          // 1st 
CRC byte 
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        write_to_spi(SPI_DUMMY_CLOCK);                          // 2nd 
CRC byte 
    } 
     
    sd_command(SD_COMMAND_STOP_TRANSMISSION, 0, 0xff);          // 
Button was pressed so send stop transmission command 
    handle_sd_command_response(SD_COMMAND_STOP_TRANSMISSION);   // 
Handling the command response 
     
    start_recording();                                          // 
Start the recording process 
} 
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