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1    
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    ,   

    100–200     

   .    

    ,     
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      ,    

 .       

      . 

  ,    ,  

     «   »  

  ё   .     

        : 

 ё    ё  . 

     100     

    ,  

       

 .  ё  : 

 /     ; 

 /    ; 
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   . 

      

    : 

1)   . 

2)   . 

3)    . 

 ,    ,  

    .      

 100      1 .   

       

 .       

,     10 .     

    . 

      

 DSP ( . Digital Signal Processing) ё ,   

    .   

       

.       .   

     Flash-   CORDIC 

. 

   ( )    Flash-  

    ,      

      ,   

       100  200    

 Flash- .  ,       

      . 

     CORDIC ,   

 ,      
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,      SIN  

COS.  CORDIC    : 

 

 

1

1

1

2 ;

2 ;

tan 2 ,

i i i -i
i

i i i -i
i

i i i -i
i

x x - d y

y y - d x

z z - d







 



 

 (1.1) 

 

 x = cos (z); 

y = sin(z); 

z –  ; 

d ∈ {-1,1}. 

  ё  ,      

  K  (K=1.64676).    , 

     1/K (0.60725).  

 CORDIC       

sin(z)  cos(z)    ,       

100  [19]. 

       CORDIC 

      . 

        

      .   

     ,    

    -  ,     

100      .  

   ,   DSP,  

   10. 
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1.2     

      

 ( )     , 

 ,    .      

 ё    : 

 

=|x y z t Vx Vy Vz| , (1.2) 

 

 x, y, z –   ; 

t –  ; 

Vx, Vy, Vz –    . 

        

.        

,       . 

     

,     – 

. ,       

 f    ,   

       Vp   .  

      : 

 

,
λ,p

c

V f


 

   (1.3) 

 

 с –  ; 

λ –     . 

       

    .  
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  ,      

    ,   

 –    .    

     . 

      

     .    ( -  

  )     

     .     

  ,    

      . 

   , . .    

 ,      

    .  

     

.       

:  ,     ,  

   . . 

      

      , 

- ,       

.    ,  

   ,   

    

1.2.1   

    ,    

  i  i-     . 

      ,  
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  –    i.     

 : 

 

2 2 2( ) ( ) ( ) ,i i i| x x y y z z |         (1.4)  

 

 xi, yi  zi –   i-   ,     

     ;  

x, y, z –  . 

 x, y, z      

  ё  . ,    

     ё    [14]. 

         

 ё    (1.4). -  ,     

 ,     

 ,       

  ,     .   

 (1.4) ,       

     t.       

   .   –    

i      i , 

   .  

   ( ) { ( ), ( ), ( )}i i i ix t x t y t z t   

( ) { ( ), ( ), ( )}x t x t y t z t .  –   i-   

    t,  –       

 . ,      

    .     

 ,      1. 
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 1 –     

 ё    

 

      , 

    .   

      .    

t1     .     

      xi(t1)  x(t1) 

.    ,    t2 

     ё  ,   

     1.      

     xi(t2)  x(t2) .   

ё      t2     t1  

 : 

 

2 2 1( )i t t t   . (1.5) 
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     ,    , 

    xi(t1)   x(t2).     

 ,    ,  : 

 

2 1 2( ) ( ) ( ) ,i it || x t x t || / c     (1.6) 

 

 ||…|| –    (    (1.4)); 

c –  . 

     (1.5)   t2 

 ,      : 

 

( ) ( ( ) ( ))i i it || x t t x t || / c   .     (1.7) 

 

 (1.7)     

i(t) [3]. 

  ,     

  ,    

         

.          

  ( ).    t'   

     ,  

    .  

 t –   , t  –    

, t  –    (  2),    

     ( )  t'.  t 1 – 

          

,     t 1  ; t 1 –  

          

. 
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 2 –     ё   

     

 

    i  = t 2 – t 1,   

: 

 

2 1 2 1( ')i it t t t t t' .         (1.8) 

 

      i ,  

,    i    t',  

   (   ).     

,       ( ) 

      .   

          

 .      

    -   

 . 

1.2.2   

   -     
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'i = ct'   ,     i  

,       

  '.       

      : 

 

2 2 2( ) ( ) ( )i i i i i' ' x x y y z z '         . (1.9) 

 

     'i = ct'i  

       

    :  
 

( ) ( )'i it t  , (1.10) 

 

 ( )t  –   ё         

; 

( )it  –     .  

,  

 

'i = c 'i,  (1.11) 

 

 т′ –      [20][21]. 

-  ,       

,      'i. 

            

 ,     ё   

  '.     ё  

        x, y, z, '. 
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      ё   

    ё :  ё  

  ё  .    ё   

   ,      

       ё  

 . 

    ё   

   ,        

  ё        

  .   

  ,  ,  

        

-        ,     

 ,        

     . 

    ё    

  'i = c 'i      

     .  

        

   ,    

    '. 

1.2.3 -   

        

   ,    .  

  ,      

     .   

   △ ij = 'i - 'j,     

 .    ’  
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     ,  ё  

     .    

   △ ij.    

  △ ij = const     

.        

    . 

1.2.4 -  ( )  

        

    .  

 -   ( )   

         

  .  (1.4)  ,  

 

( )( ) ( )( ) ( )( )i i i i i i= | x x x' x' + y y y' y' + z z z' z' |      ,  (1.12) 

 

{( )( )( )}i i ix' x' y' y' z' z'    –    

; 

{( )( )( )}i i ix x y y z z    –   . 

 (1.12) ,     { x ',  y ',  z '}   

  :   Xi  = {xi, yi, zi}   

Mi = { x'i,  y'i,  z'i}  ,     

{ x ,  y,  z} .     «  -

»  Ni,  -  ,  

          

      [16]. 

       

    .  ,   



 
 

19 
 

    -

       

.    -     

      

  .    

   { x ,  y,  z}    -

       (  ) 

« » . 

 -      

      

,        

    , , 

,      

 . 

1.2.5 -    

-   (  ) 

       -

   , , -    

.     △f= 'i/λ,     

      : 

 

( )( ) ( )( ) ( )( )i i i i i i
i i i i

i

x x x' x' + y y y' y' + z z z' z'
'' = + ' = + '

     
. (1.13) 

 

       'i, 

          

  (1.12).       'i  

 .     , ,  
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  [13]. 

1.2.6 - -   

        △ ij = 'i – 'j     .  

        

 .  ,     

  -   ''i,     

    'i (  ,  

     ).  

   : 

 

( )( ) ( )( ) ( )( )

( )( ) ( )( ) ( )( )

i i i i i i
i

i

j j j j j j

j

x x x' x' + y y y' y' + z z z' z'
' =

x x x' x' + y y y' y' + z z z' z'
.

     
 

     


 (1.14) 

 

       

,       i-  

  [15]. 

   « » ,   -

    - -   

        -

 .  - -   

        

   ,    – -

    . 
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1.2.7   

      

      , 

     , 

  . ,       

         

      .  

         (1.4), 

      : 

 

( )2 2 2 2
3R +H = x + y +z .   (1.15) 

 

      

       

        

 , ,    

-   (1.11).      

  ,   ,  

         

           

.        [3].   
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2     

2.1     

      

,          

  ,      

  .      

      

     .    

  ,      

       : 

 

2 2
p pI' +Q' h , (2.1) 

 

 h – ,       

  [10]. 

    a     

          

qc/n0        

T 1 10a     [8]. 

2.2         

       

     .     

      ( ),   

   .       , 

 (    )  

    [9]. 



 
 

23 
 

        

    1.   3   

        .  

    Ip   Qp ,  

 ,      

      .  

         

   .     

          

  [24]. 

 

 1 –      

  

(  

) 

 

 

  

  

  

-th(Ip)Qp −   

   

   . 

  

  

 А.   

  . 

-sign(Ip)Qp sin δφ      

    

.  

 

  

 А.  

  

. 
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  1 

  

(  

) 

 

 

  

  

  

-IpQp 

 

sin 2δφ       

    

.  

 

   

  A2.  

  . 

-arctg(Qp/Ip) 

 

δφ   . 

    

  

 [12].  

   

  .  

 

     

 А.   

   . 

 

 

 3 –     
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        ё  n-  

  φ ,kx     φ φφ k ,k' C x' , φ 100 0C | ... | .   

       

: 

 

φ φ φ φ
~

,k ,k ,kx' x K u  ,  (2.2) 

 

φ φ φ 1
~
,k ,kx x'  ,      (2.3) 

 

 φ ,kx'   –    ; 

φ
~

,kx   –    ; 

φK   – -   ; 

φ   –         

; 

φ ,ku  –    .  

,  ,    3, : 

 

φ φ 1 φ 1sign,k p,k ,k p,k ,ku (I ( x' ))Q ( x' ).    (2.4) 

 

 (2.2), (2.3),     

,     φ ,ku ,   

    ,    

 φ     φK .   

      

  ( ,    ) 

  ~ω        
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(  3),   « »   , 

  ,     .   

  . 

2.3        

    ,     

  ,    ,    

 .       

       

 IE, QE, IL, QL: 

 

1 1 1 1 1
1

Δ
cosω φ'

2

M

E( L )i ,k k ,l k ,l i( k ),l i k ,l i( k ),l
l

t
I y( t )G ( t ( t' )) ( t )    



    , (2.5) 

 

1 1 1 1 1
1

Δ ω φ'
2

M

E( L )i ,k k ,l k ,l i( k ),l i k ,l i( k ),l
l

t
Q y( t )G ( t ( t' ))sin( t )    



    . (2.6) 

 

      2. 

 

 2 –        

 

  

(  

) 

  

2 2 2 2
E E L LI Q I Q         ё   

    .  

    

 A.     

   0.5t,     

  . 
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  2 

  

(  

) 

  

2 2 2 2

2 2 2 2

E E L L

E E L L

I Q I Q

I Q I Q

  

  
 

    

   А.   

     0.5t,  

    . 
2 2 2 2
E E L L( I Q ) ( I Q )         ё   

    .  

    

  A2.   

     0.5t, 

   . 

E L p E L p( I I )I (Q Q )Q         ё   

    .  

    

  А2 .   

     0.5t, 

   . 

 

  4      

       . 
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 4 –     

 

 ,    4,    

        

     .    

         . 

       

,  (3.1), (3.2): 

 

~
t ,k t ,k t t ,kx' x K u  , (2.7) 

 

1
~
t ,k t t ,kx x'  . (2.8)    

 

        -

        

  ~ω ,      

       .  

2.4         

    ,     
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 ,      

          

         

 .     , 

    .  

       

 Ip, Qp ,      tk   tk-1. 

        

   3. 

 

 3 –        

 

  

(  ) 

  

1 1p p p pI ( k )Q ( k ) I ( k )Q ( k )         

   .  

   

   A2.   

 . 

1 1

sign 1 1
p p p p

p p p p

( I ( k )Q ( k ) I ( k )Q ( k ))*

* ( I ( k )Q ( k ) I ( k )Q ( k ))

  

  
 

     

   .  

   

   A2.    

 

1 1

1 1
p p p p

p p p p

I ( k )Q ( k ) I ( k )Q ( k )

I ( k )Q ( k ) I ( k )Q ( k )

  

  
 

  .   

    

[18].    

   .  

   

    А.    

  . 
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    . ,      

 △f = 1/(2 )       

 △f  = 500       

    = –1 . 

         

    5. 

 

 

 5 –     

 

 ,     , 

 : 

 

ω ω ω ω
~

,k ,k ,kx' x K u  ,  (2.9) 

 

ω ω ω 1=~
,k ,kx x' .  (2.10)    

 

         

  .       
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 50 ,   ,       

      . 
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3    

3.1     

     

       

,  ,      ё  

ё       . 

     -

 .       

 6. 

 

 

 6 –     

 

 

      . 

 ё    ,   ё ,  

     .  -  

 ( )     

ё          

 [4]. 
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,     ,   

        

  . 

       

,      : 

        

 ; 

      ; 

   ; 

    ,     

 ; 

       . 

      

 (  )   . 

       

,        

    ( , 

  ),   , 

        

 [17]. 

     ,   

    .    

       

( ,   )     (Digital 

Signal Processor (DSP)).      

      .   

  ,    ё     

       [11]. 



 
 

34 
 

3.2     

        

   .    

,     ,      

100 .   ,      

       

.          

    VHDL ( . VHSIC (Very high speed 

integrated circuits) Hardware Description Language),    

      [2].  

 VHDL       

   ,     

     ,  

   ,    

  . VHDL ,   , 

  –       

    :   

.   VHDL      

ё    .     

         

.      

Foundation Series 3.1i,     VHDL-

 ,  ,  ё,    

  FPGA.     

      

 VHDL        . 

  VHDL     

,       

.       
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.     ,   

 ,   ,   

     VHDL .    

  ,      

    Internet.    

        

       

 . 

        

 QuestaSim (  7, 8)  Mentor Graphics Corporation, 

        

 ,     ,   . 

 

 

 7 –    QuestaSim 
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 8 –   QuestaSim 

 

      

  MATLAB (  9)   MathWorks. 

 

 

 9 –    Matlab 

 

   ,    

VHDL,      .     

  ,      

   . 
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3.3  

     –   

«  »,       

 .  (HA)     x  y, 

     : 

 

s = x XOR y = x AND (NOT y) OR (NOT x) AND y,  (3.1) 

 

c = x AND y. (3.2) 

 

  10       

.       

 ,      ,  

: x + y = (couts)two,       [6]. 

 

 10 –    ( - AND/XOR 

, -NOR-gate , NAND-gate   

 ) 
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   ё     

 (FA),         

x,y     cin.       ё  

        cout ,   

  : 

 

in in in in ins x y c xyc xyc xyc xyc       , (3.4) 

 

out in inc xy xc yc   . (3.5) 

 

  (FA)       

    ,     11, a. 

     NAND,    

  ,    10, .   

        

AND-OR / NAND-NAND    (3.4)  (3.5) 

(  11, ). 

 

 11 –     ( -   

, -   AND-OR / NAND-NAND) 
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-        

,    FA    

.   12   ,    

    4- -1 (Mux),    

   CMOS. 

 

 12 –      CMOS 

 

       

  . ,   

         [22]. 

3.3.1     

         

.       

        . 

        (  13). 



 
 

40 
 

 

 13 –   

 

       .   

  ,    ё    

  .   ,   ё  

   4  ,   -  

  16.     ё  

    14  15 . 

 

 

 

 14 –   4-     
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 15 –      

  QuestaSim 

3.3.2    ё   

       

 ,       

.     ,      

 .        , 

       

(   ).  ё  

   [3]: 

 

1 0 0 0

2 1 0 1 0 0 1

1 2 1 2 0 1 2 0 0 1 2

1 3 2 3 1 2 3 0 1 2 3 0 0 1 2 3

;

;

;

;

;

,

i i i

i i i

G a * b

P a b

C G P * C

C G G * P C * P * P

C G G * P G * P * P C * P * P * P

C G G * P G * P * P G * P * P * P C * P * P * P * P


  
  
   
    


    

(4.2) 

 

  «*»   ; 
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 «+»   ; 

 «⊕»   . 

    ё    4  

   16.  

 

 

 16 –   4-     

ё   

 

   ,   .  

 17      

 ё  ,    18 –  

   [23]. 

 

 

 17 –     ё  
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 18 –     

 ё    QuestaSim 

 

 ,    15  18  , 

   .   -  ,   

         

ё  .       ё    4-

    2  .      

         

. 

3.3.3     

    ё    

    0  1      ё  

 . 

     ,   

ё    .       

,    ,   
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  ,     

 ё    . 

     8     

    .   ,    

,    ё        

 ,    0  1.     

    19. 

 

 

 19 –      

 ё       QuestaSim 

 

     3  ,   

     ё   

  4 .     

   .   ё  16   

   3  (  20),    

 ё    ё   8 . 
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 20 –      16  

  ё       QuestaSim 

 

       

 .    ,   

      ,     

    . 

3.4  

        

,     .  

         

 « » (  21). 

 

 

 21 –   « » 
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    30-  , 

  ,     

 ё    .    

  ё .      

          

    . 

      511 

 ( ).        8 , 

     8 ,     

 4088  1  −1   12  

.    ,     

   4088   1  ё 4088  −1 (  22). 

 

 22 –    . 

 

      . 

     -

. 
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3.5  -  

-      – 

  ,   

        . -

     .  

     

: 

 

0 4 8

7

 XOR ;

.out

x x x

x x


 

             (4.3) 

 

  ,     

 . 

  -     . 

3.6        
 CORDIC-  

  CORDIC      

        

  .        

      , , 

     . 

       ,    

    . 

        

 ,     

 : 
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4 4

4 4

4 4

Δ 0 Δ ;
Δ 0 Δ ;
Δ 0 Δ 0

S S S control ror X

S S S control ror X

S S S control .

 

 

 

     
      
     

   (4.4) 

 

       CORDIC,  

  ,       

  ё . 

    CORDIC   

    ,     

   ,   . 

       

      

     : 

 

 23 –     CORDIC-  
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  ,      

  0,       

 ё     1  –1,   

.      CORDIC   

    [5, 7]. 

           

      .    

     -  ,  

     ,      . 

      . 

       24,  

      2  

   . 

 

 

 24 –     

 

        

      MATLAB (  25). 
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 25 –     

 

         

    .  ,   ё  

   ,     

.       

  ,  ё   ,   , 

  ё   +2. 
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CORDIC- .        

      

 ,    

VHDL-     ,   

.       

   MATLAB  ModelSim.  

      

    . 

      

          

:      

,        

  . .       

       

,      ,  

    .   

          

    ё      

. 
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 A 

   .  
 
-- Decoder + Adder 4088bit 
library IEEE; 
use IEEE.STD_LOGIC_1164.ALL;  
use ieee.numeric_std.ALL; 
 
library work; 
use work.ALL;  
 
entity correlator_ver2 is  
 port( plus_minus025: in signed (4087 downto 0); 
 main: in signed (4087 downto 0); 
 x_in: in integer; 
 CLK: in std_logic; 
 result : out std_logic_vector (29 downto 0); 
 pl_min025:out signed (4087 downto 0); 
 main_out:out signed (4087 downto 0)); 
end correlator_ver2; 
 
 
architecture behavioral of correlator_ver2 is 
 
component Adder_lookahead_selection_30bit 
port 
(x_in : in std_logic_vector (29 downto 0); 
 y_in : in std_logic_vector (29 downto 0); 
 carry_in : in std_logic; 
 CLK : in std_logic; 
 sum : out std_logic_vector (29 downto 0); 
 carry_out: out std_logic); 
end component; 
 
component Adder_lookahead_selection_14bit  
port(x_in : in std_logic_vector (13 downto 0); 
 y_in : in std_logic_vector (13 downto 0); 
 carry_in : in std_logic; 
 CLK : in std_logic; 
 sum : out std_logic_vector (13 downto 0); 
 carry_out: out std_logic); 
end component; 
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type buff is array (NATURAL range<>) of std_logic_vector (13 downto 0); 
type buffe is array (NATURAL range<>) of std_logic_vector (29 downto 0); 
signal y: buffe (4087 downto 0);--:= (others =>(others => '0')); 
signal res1_buf: std_logic_vector (29 downto 0):= (others =>'0'); 
signal sum_buff: buffe (2043 downto 0):= (others =>(others => '0')); 
signal sum_buff_1: buffe (1021 downto 0):= (others =>(others => '0')); 
signal sum_buff_2: buffe (510 downto 0):= (others =>(others => '0')); 
signal sum_buff_3: buffe (255 downto 0):= (others =>(others => '0')); 
signal sum_buff_4: buffe (127 downto 0):= (others =>(others => '0')); 
signal sum_buff_5: buffe (63 downto 0):= (others =>(others => '0')); 
signal sum_buff_6: buffe (31 downto 0):= (others =>(others => '0')); 
signal sum_buff_7: buffe (15 downto 0):= (others =>(others => '0')); 
signal sum_buff_8: buffe (7 downto 0):= (others =>(others => '0')); 
signal sum_buff_9: buffe (3 downto 0):= (others =>(others => '0')); 
signal sum_buff_10: buffe (1 downto 0):= (others =>(others => '0')); 
signal sum_buff_11: std_logic_vector (29 downto 0) := (others => '0'); 
 
signal buff_sum: buffe (3 downto 0); 
 
signal overflow: std_logic_vector  (1021 downto 0):= (others => '0'); 
signal overflow_0: std_logic_vector  (2043 downto 0):= (others => '0'); 
signal overflow_1: std_logic_vector  (510 downto 0):= (others => '0'); 
signal overflow_2: std_logic_vector  (255 downto 0):= (others => '0'); 
signal overflow_3: std_logic_vector  (127 downto 0):= (others => '0'); 
signal overflow_4: std_logic_vector  (63 downto 0):= (others => '0'); 
signal overflow_5: std_logic_vector  (31 downto 0):= (others => '0'); 
signal overflow_6: std_logic_vector (15 downto 0):= (others => '0'); 
signal overflow_7: std_logic_vector (7 downto 0):= (others => '0'); 
signal overflow_8: std_logic_vector (3 downto 0):= (others => '0'); 
signal overflow_9: std_logic_vector (1 downto 0):= (others => '0'); 
signal overflow_10: std_logic := '0'; 
signal buff_main: signed (4087 downto 0); 
signal buff_plus_minus025: signed (4087 downto 0); 
 
signal lish:std_logic_vector (5 downto 0); 
 
begin 
 
buf_1:process(CLK) 
begin 
if(rising_edge(CLK)) then 
 buff_main <= main ror x_in; 
end if; 
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end process buf_1; 
 
buf_2:process(CLK) 
begin 
if(rising_edge(CLK)) then 
 buff_plus_minus025 <= plus_minus025; 
end if; 
end process buf_2; 
 
b1: for i in 4087 downto 0 generate 
decoder_1:process(CLK) 
begin 
if(rising_edge(CLK)) then 
-- for i in 4087 downto 0 loop 
 if (buff_main(i) = '0') then 
  if (buff_plus_minus025(i) = '0') then 
  y(i) <= "000000000000000000000000000001"; 
  else 
  y(i) <= "111111111111111111111111111111"; 
  end if; 
 else 
  if (buff_plus_minus025(i) = '0') then 
  y(i) <= "111111111111111111111111111111"; 
  else 
  y(i) <= "000000000000000000000000000001"; 
  end if; 
 end if; 
-- end loop; 
end if; 
end process decoder_1; 
end generate b1; 
 
 
pr0:for i in 2043 downto 0 generate  
 add_2:Adder_lookahead_selection_30bit 
 port map (x_in => y(2*i), 
    y_in => y(2*i+1), 
    carry_in => '0', 
     CLK => CLK, 
     sum => sum_buff(i)(29 downto 0), 
      carry_out => overflow_0(i)); 
end generate pr0; 
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pr1:for i in 1021 downto 0 generate  
 add_3:Adder_lookahead_selection_30bit 
 port map (x_in => sum_buff(2*i), 
--    x_in(29 downto 15) => (others => sum_buff(2*i)(14)), 
    y_in => sum_buff(2*i+1), 
--    y_in(29 downto 15) => (others => sum_buff(2*i)(14)), 
    carry_in => '0', 
     CLK => CLK, 
     sum => sum_buff_1(i), 
      carry_out => overflow(i)); 
end generate pr1; 
 
 
 
pr2:for i in 510 downto 0 generate  
 add_4:Adder_lookahead_selection_30bit 
 port map (x_in => sum_buff_1(2*i), 
    y_in => sum_buff_1(2*i+1), 
    carry_in => '0', 
     CLK => CLK, 
     sum => sum_buff_2(i), 
      carry_out => overflow_1(i)); 
end generate pr2; 
 
p:process(CLK) 
begin 
if (rising_edge(CLK)) then 
 buff_sum(0) <= sum_buff_2(510); 
end if; 
end process p; 
 
 
pr:for i in 3 downto 1 generate  
process(CLK) 
begin 
if (rising_edge(CLK)) then 
 buff_sum(i) <= buff_sum(i-1); 
end if; 
end process; 
end generate pr; 
 
 
pr3:for i in 254 downto 0 generate  
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 add_5:Adder_lookahead_selection_30bit 
 port map (x_in => sum_buff_2(2*i), 
    y_in => sum_buff_2(2*i+1), 
    carry_in => '0', 
     CLK => CLK, 
     sum => sum_buff_3(i), 
      carry_out => overflow_2(i)); 
end generate pr3; 
 
pr4:for i in 126 downto 0 generate  
 add_6:Adder_lookahead_selection_30bit 
 port map (x_in => sum_buff_3(2*i), 
    y_in => sum_buff_3(2*i+1), 
    carry_in => '0', 
     CLK => CLK, 
     sum => sum_buff_4(i), 
      carry_out => overflow_3(i)); 
end generate pr4; 
 
add_6_1:Adder_lookahead_selection_30bit 
port map (x_in => buff_sum(3), 
   y_in => sum_buff_3(254), 
   carry_in => '0', 
   CLK => CLK, 
   sum => sum_buff_4(127), 
   carry_out => overflow_3(127)); 
 
 
 
pr5:for i in 63 downto 0 generate  
 add_7:Adder_lookahead_selection_30bit 
 port map (x_in => sum_buff_4(2*i), 
    y_in => sum_buff_4(2*i+1), 
    carry_in => '0', 
     CLK => CLK, 
     sum => sum_buff_5(i), 
      carry_out => overflow_4(i)); 
end generate pr5; 
 
pr6:for i in 31 downto 0 generate  
 add_8:Adder_lookahead_selection_30bit 
 port map (x_in => sum_buff_5(2*i), 
    y_in => sum_buff_5(2*i+1), 
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    carry_in => '0', 
     CLK => CLK, 
     sum => sum_buff_6(i), 
      carry_out => overflow_5(i)); 
end generate pr6; 
 
pr7:for i in 15 downto 0 generate  
 add_9:Adder_lookahead_selection_30bit 
 port map (x_in => sum_buff_6(2*i), 
    y_in => sum_buff_6(2*i+1), 
    carry_in => '0', 
     CLK => CLK, 
     sum => sum_buff_7(i), 
      carry_out => overflow_6(i)); 
end generate pr7; 
 
pr8:for i in 7 downto 0 generate  
 add_10:Adder_lookahead_selection_30bit 
 port map (x_in => sum_buff_7(2*i), 
    y_in => sum_buff_7(2*i+1), 
    carry_in => '0', 
     CLK => CLK, 
     sum => sum_buff_8(i), 
      carry_out => overflow_7(i)); 
end generate pr8; 
 
pr9:for i in 3 downto 0 generate  
 add_11:Adder_lookahead_selection_30bit 
 port map (x_in => sum_buff_8(2*i), 
    y_in => sum_buff_8(2*i+1), 
    carry_in => '0', 
     CLK => CLK, 
     sum => sum_buff_9(i), 
      carry_out => overflow_8(i)); 
end generate pr9; 
 
pr10:for i in 1 downto 0 generate  
 add_12:Adder_lookahead_selection_30bit 
 port map (x_in => sum_buff_9(2*i), 
    y_in => sum_buff_9(2*i+1), 
    carry_in => '0', 
     CLK => CLK, 
     sum => sum_buff_10(i), 
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      carry_out => overflow_9(i)); 
end generate pr10; 
 
add_13:Adder_lookahead_selection_30bit 
port map (x_in => sum_buff_10(0), 
   y_in => sum_buff_10(1), 
   carry_in => '0', 
    CLK => CLK, 
    sum => sum_buff_11, 
     carry_out => overflow_10); 
 
result_1:process(CLK) 
begin 
if (rising_edge(CLK)) then 
result <= sum_buff_11; 
 
 
pl_min025<=buff_plus_minus025; 
main_out<=buff_main; 
-- result(25 downto 0) <= sum_buff_11(25 downto 0); 
-- for i in 29 downto 26 loop 
--  result(i) <= sum_buff_11(25); 
-- end loop; 
end if; 
end process result_1; 
 
end behavioral; 
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  - . 
 
--Generator 
library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
use ieee.numeric_std.ALL; 
 
entity Generator_ver2 is 
Port (CLK : in std_logic; 
x_in: in integer; 
--  out_generator_minus_025: out std_logic_vector (29 downto 0); 
--  out_generator_plus_025: out std_logic_vector (29 downto 0) 
out_gen_minus_025: out signed (4087 downto 0); 
out_gen_plus_025: out signed (4087 downto 0); 
main: out signed (4087 downto 0)); 
end Generator_ver2; 
 
architecture Behavioral of Generator_ver2 is 
 
type buf is array (NATURAL range<>) of std_logic_vector (29 downto 0); 
signal glonas: signed (8 downto 0) := "111111111"; 
signal out_glonas: signed (4087 downto 0);--:=(others => '0'); 
signal buff_glonas: signed (4087 downto 0); 
signal buff_minus_generation: signed (4087 downto 0); 
signal buff_plus_generation: signed (4087 downto 0); 
signal x:std_logic_vector(2 downto 0) := (others => '0'); 
signal out1:std_logic; 
--signal x_in: integer := 0; 
 
signal buf_out_generator_minus_025: buf (4087 downto 0); 
signal buf_out_generator_plus_025: buf (4087 downto 0); 
 
begin 
   
process(CLK) 
begin 
if(falling_edge(CLK)) then 
 if(x="000")then 
  x<= "001"; 
  out1<='0'; 
 elsif (x="001") then 
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  x<="010"; 
  out1<='0'; 
 elsif (x="010") then 
  x<= "011"; 
  out1<='0'; 
 elsif (x="011") then 
  x<= "100"; 
  out1<='0'; 
 elsif (x="100") then 
  x<= "101"; 
  out1<='0'; 
 elsif (x="101") then 
  x<= "110"; 
  out1<='0'; 
 elsif (x="110") then 
  x<= "111"; 
  out1<='0'; 
 else 
  x<="000"; 
  out1<='1'; 
 end if; 
 
end if; 
end process;  
 
 
 
 
--Create code 
glon: process(CLK) 
begin 
if(rising_edge(CLK)) then 
if(out1 = '1') then 
 for k in 8 downto 1 loop 
 glonas(k) <= glonas(k-1); 
 end loop;  
glonas(0) <= glonas(4) XOR glonas(8); 
 
--if(out1 = '1') then 
--glonas(0) <= glonas(4) XOR glonas(8); 
--out_glonas(0)<= glonas(7); 
--else 
--glonas(0) <= glonas(8); 
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end if; 
out_glonas(0)<= glonas(7); 
end if; 
end process glon; 
 
b: for i in 4087 downto 1 generate 
generate_glonas:process(CLK) 
 begin 
if(rising_edge(CLK)) then 
 out_glonas(i) <= out_glonas(i-1); 
end if; 
end process generate_glonas; 
end generate b; 
 
process(CLK) 
begin 
if(rising_edge(CLK)) then 
buff_minus_generation <= out_glonas; 
end if; 
end process; 
 
--Plus and Minus 
buf_0:process(CLK) 
begin 
if(rising_edge(CLK)) then 
-- buff_minus_generation <= out_glonas rol 2; 
 buff_plus_generation <= out_glonas ror 4; 
end if; 
end process buf_0; 
 
buf_1:process(CLK) 
begin 
if(rising_edge(CLK)) then 
-- buff_minus_generation <= out_glonas rol 2; 
 buff_glonas <= out_glonas ror x_in; 
end if; 
end process buf_1; 
 
 
 
 
d:process(CLK) 
begin 
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if(rising_edge(CLK)) then 
out_gen_minus_025<= buff_minus_generation; 
out_gen_plus_025<= buff_plus_generation; 
main<= buff_glonas; 
end if; 
end process d; 
 
 
end Behavioral; 
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--Main 
library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
use ieee.numeric_std.ALL; 
library std;  
use std.textio.all; 
 
entity main_ver2 is 
Port (CLK : in std_logic; 
--x_out: out integer; 
dif:out integer); 
--  out_minus_025: out std_logic_vector (29 downto 0); 
--  out_plus_025: out std_logic_vector (29 downto 0)); 
end main_ver2; 
 
architecture Behavioral of main_ver2 is 
 
component correlator_ver2 is  
port( plus_minus025: in signed (4087 downto 0); 
 main: in signed (4087 downto 0); 
 x_in: in integer; 
 CLK: in std_logic; 
 result : out std_logic_vector (29 downto 0); 
 pl_min025:out signed (4087 downto 0); 
 main_out:out signed (4087 downto 0)); 
end component; 
 
component Generator_ver2 is 
port (CLK : in std_logic; 
x_in: in integer; 
out_gen_minus_025: out signed (4087 downto 0); 
out_gen_plus_025: out signed (4087 downto 0); 
main: out signed (4087 downto 0)); 
end component; 
 
component Adder_lookahead_selection_30bit 
port 
(x_in : in std_logic_vector (29 downto 0); 
 y_in : in std_logic_vector (29 downto 0); 
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 carry_in : in std_logic; 
 CLK : in std_logic; 
 sum : out std_logic_vector (29 downto 0); 
 carry_out: out std_logic); 
end component; 
 
 
type buff is array (NATURAL range<>) of std_logic_vector (29 downto 0); 
type buf is array (NATURAL range<>) of signed (4087 downto 0); 
type bu is array (NATURAL range<>) of integer; 
signal minus_025 :signed (29 downto 0); 
signal plus_025 :signed (29 downto 0); 
 
signal plus_025_buff: buff(5 downto 0); 
signal minus_025_buff: buff(5 downto 0); 
 
signal plus_025_buf :buf (5 downto 0); 
signal minus_025_buf :buf (5 downto 0); 
signal main_buf: buf (5 downto 0); 
 
signal main_buf_minus:buf (5 downto 0); 
signal main_buf_plus:buf (5 downto 0); 
 
signal difference_buff: std_logic_vector (29 downto 0); 
signal difference: std_logic_vector (29 downto 0); 
signal difference_buff2: std_logic_vector (29 downto 0); 
signal difference2: std_logic_vector (29 downto 0); 
signal difference_buff3: std_logic_vector (29 downto 0); 
signal difference3: std_logic_vector (29 downto 0); 
 
signal difference_int: integer; 
signal difference2_int: integer; 
signal difference3_int: integer; 
 
signal x: bu (3 downto 0); 
signal counter: integer := 100; 
signal counter2: integer := 200; 
signal counter3: integer := 300; 
signal overfl: std_logic; 
signal overf2: std_logic; 
signal overf3: std_logic; 
signal start: std_logic := '0'; 
--x(0):=2; 
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begin 
 
process(CLK) 
begin 
if (rising_edge(CLK)) then 
 if (start = '0') then 
 x(0) <= 4; 
 start <= '1'; 
end if; 
end if; 
end process; 
 
 
   
gen:Generator_ver2 
port map (CLK => CLK, 
x_in => x(0), 
out_gen_minus_025 => minus_025_buf(0)(4087 downto 0), 
out_gen_plus_025 => plus_025_buf(0)(4087 downto 0), 
main => main_buf(0)); 
 
minus: correlator_ver2 
port map(plus_minus025 =>minus_025_buf(0), 
 main=> main_buf(0), 
 x_in => 0, 
 CLK => CLK, 
 result => minus_025_buff(0), 
 pl_min025 =>minus_025_buf(1), 
 main_out => main_buf_minus(1)); 
 
plus: correlator_ver2 
port map(plus_minus025 =>plus_025_buf(0), 
 main=> main_buf(0), 
 x_in => 0, 
 CLK => CLK, 
 result => plus_025_buff(0), 
 pl_min025 =>plus_025_buf(1), 
 main_out => main_buf_plus(1)); 
 
 
process(CLK) 
begin 
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if(rising_edge(CLK)) then 
 minus_025_buff(1) <= minus_025_buff(0); 
end if; 
end process; 
 
process(CLK) 
begin 
if (rising_edge(CLK)) then 
 for i in 29 downto 0 loop 
 if (plus_025_buff(0)(i) = '0') then 
 plus_025_buff(1)(i)<='1'; 
 elsif(plus_025_buff(0)(i) = '1') then 
 plus_025_buff(1)(i)<='0'; 
 end if; 
 end loop; 
end if; 
end process; 
 
diff: Adder_lookahead_selection_30bit 
port map(x_in =>plus_025_buff(1), 
 y_in =>minus_025_buff(1), 
 carry_in => '0', 
 CLK =>CLK, 
 sum => difference_buff, 
 carry_out=>overfl); 
 
process(CLK) 
begin 
if(rising_edge(CLK)) then 
 difference <= difference_buff; 
 difference_int <= to_integer(signed(difference_buff)); 
end if; 
end process; 
 
 
process(CLK) 
begin 
if(rising_edge(CLK)) then 
if (difference_int < 128 and difference_int > -128) then 
x(1)<= 0; 
 elsif (difference(29) = '1') then 
  x(1)<=-4; 
 else 
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  x(1)<=+4; 
 end if; 
end if; 
--end if; 
end process; 
 
minus2: correlator_ver2 
port map(plus_minus025 =>minus_025_buf(1), 
 main=> main_buf_minus(1), 
 x_in => x(1), 
 CLK => CLK, 
 result => minus_025_buff(2), 
 pl_min025 =>minus_025_buf(2), 
 main_out => main_buf_minus(2)); 
 
plus2: correlator_ver2 
port map(plus_minus025 =>plus_025_buf(1), 
 main=> main_buf_plus(1), 
 x_in => x(1), 
 CLK => CLK, 
 result => plus_025_buff(2), 
 pl_min025 =>plus_025_buf(2), 
 main_out => main_buf_plus(2)); 
 
 
process(CLK) 
begin 
if(rising_edge(CLK)) then 
 minus_025_buff(3) <= minus_025_buff(2); 
end if; 
end process; 
 
process(CLK) 
begin 
if (rising_edge(CLK)) then 
 for i in 29 downto 0 loop 
 if (plus_025_buff(2)(i) = '0') then 
 plus_025_buff(3)(i)<='1'; 
 elsif(plus_025_buff(2)(i) = '1') then 
 plus_025_buff(3)(i)<='0'; 
 end if; 
 end loop; 
end if; 
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end process; 
 
diff2: Adder_lookahead_selection_30bit 
port map(x_in =>plus_025_buff(3), 
 y_in =>minus_025_buff(3), 
 carry_in => '0', 
 CLK =>CLK, 
 sum => difference_buff2, 
 carry_out=>overf2); 
 
process(CLK) 
begin 
if(rising_edge(CLK)) then 
 difference2 <= difference_buff2; 
 difference2_int <= to_integer(signed(difference_buff2)); 
end if; 
end process; 
 
 
process(CLK) 
begin 
if(rising_edge(CLK)) then 
if (difference2_int < 128 and difference2_int > -128) then 
x(2)<= 0; 
 elsif (difference2(29) = '1') then 
  x(2)<=-2; 
 else 
  x(2)<=+2; 
 end if; 
end if; 
--end if; 
end process; 
 
minus3: correlator_ver2 
port map(plus_minus025 =>minus_025_buf(2), 
 main=> main_buf_minus(2), 
 x_in => x(2), 
 CLK => CLK, 
 result => minus_025_buff(4), 
 pl_min025 =>minus_025_buf(3), 
 main_out => main_buf_minus(3)); 
 
plus3: correlator_ver2 
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port map(plus_minus025 =>plus_025_buf(2), 
 main=> main_buf_plus(2), 
 x_in => x(2), 
 CLK => CLK, 
 result => plus_025_buff(4), 
 pl_min025 =>plus_025_buf(3), 
 main_out => main_buf_plus(3)); 
 
 
process(CLK) 
begin 
if(rising_edge(CLK)) then 
 minus_025_buff(5) <= minus_025_buff(4); 
end if; 
end process; 
 
process(CLK) 
begin 
if (rising_edge(CLK)) then 
 for i in 29 downto 0 loop 
 if (plus_025_buff(4)(i) = '0') then 
 plus_025_buff(5)(i)<='1'; 
 elsif(plus_025_buff(4)(i) = '1') then 
 plus_025_buff(5)(i)<='0'; 
 end if; 
 end loop; 
end if; 
end process; 
 
diff3: Adder_lookahead_selection_30bit 
port map(x_in =>plus_025_buff(5), 
 y_in =>minus_025_buff(5), 
 carry_in => '0', 
 CLK =>CLK, 
 sum => difference_buff3, 
 carry_out=>overf3); 
 
process(CLK) 
begin 
if(rising_edge(CLK)) then 
 difference3 <= difference_buff3; 
 difference3_int <= to_integer(signed(difference_buff3)); 
end if; 
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end process; 
 
 
process(CLK) 
begin 
if(rising_edge(CLK)) then 
if (difference3_int < 128 and difference3_int > -128) then 
x(3)<= 0; 
 elsif (difference3(29) = '1') then 
  x(3)<=-1; 
 else 
  x(3)<=+1; 
 end if; 
end if; 
--end if; 
end process; 
 
process(CLK) 
begin 
if(rising_edge(CLK)) then 
-- x_out <= x; 
 dif<=to_integer(signed(difference3)); 
end if; 
end process; 
 
 
write0_0:process(CLK)  
file out_file : text open WRITE_MODE is "I:\QS\out.txt";  
variable fline : line;  
begin  
if (rising_edge(CLK)) then  
WRITE( fline, x(0));  
WRITE( fline, x(1));  
WRITE( fline, x(2));  
WRITE( fline, x(3));  
writeline(out_file, fline);  
end if;  
end process write0_0; 
 
 
write0:process(CLK)  
file out_file : text open WRITE_MODE is "I:\QS\out0.txt";  
variable fline : line;  
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begin  
if (rising_edge(CLK)) then  
WRITE( fline, x(0));  
writeline(out_file, fline);  
end if;  
end process write0; 
 
 
write1:process(CLK)  
file out_file : text open WRITE_MODE is "I:\QS\out1.txt";  
variable fline : line;  
begin  
if (rising_edge(CLK)) then  
WRITE( fline, x(1));   
writeline(out_file, fline);  
end if;  
end process write1; 
 
 
write2:process(CLK)  
file out_file : text open WRITE_MODE is "I:\QS\out2.txt";  
variable fline : line;  
begin  
if (rising_edge(CLK)) then  
WRITE( fline, x(2));  
writeline(out_file, fline);  
end if;  
end process write2; 
 
 
write3:process(CLK)  
file out_file : text open WRITE_MODE is "I:\QS\out3.txt";  
variable fline : line;  
begin  
if (rising_edge(CLK)) then  
WRITE( fline, x(3));  
writeline(out_file, fline);  
end if;  
end process write3; 
 
 
end Behavioral; 




