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-- Entity:  TFG_IMAGE_SCALING
-- File: TFG_IMAGE_SCALING.vhd
-- Author: Luis Miguel Gonzalez Berrocal

-- Naming Conventions

-- active low signals: " n"

-- clock signals: "clk", "clk_div#", "clk_#x"

-- reset signals: "rst", "rst_n"

-- generics: "C_*"

-- user defined types: " TYPE"

-- state machine next state: "* ns"

-- state machine current state: " cs"

-- combinatorial signals: "* com"

-- pipelined or register delay signals: "*_d#"

-- counter signals: " _cnt*"

-- clock enable signals: " _ce"

-- internal version of output port: .

-- device pins: " pin"

-- ports: "Names begin with Uppercase"

-- processes: "* PROCESS"

-- component instantiations: "<ENTITY_>I_<#|FUNC>"

-- registers: "* REG"

library ieee ;

use ieee . std _logic_1164 . all

library grlib;

use grlib.amba. all ;

use grlib.stdlib. all ;

use grlib.devices. all ;

library gaisler;

use gaisler.misc. all ;

use gaisler.libdcom. all ;

use gaisler.arith. all ;

library techmap;

use techmap.gencomp. all ;

entity TFG_IMAGE_SCALINGis

generic (FABTECH integer = O;

MEMTECH .integer .= DEFMEMTECH,;
PINDEX . integer = 0;
PADDR . integer = 0;
PMASK s integer = 16#fff#;
HINDEX . integer = 0;
AHBACCSZ integer = 32;
BURSTLEN . integer range 2 to 8 := 8§;
AHB_SLV_HINDEX . integer = 0;
AHB_SLV_HADDR ;integer = 0;
AHB_SLV_HMASK rinteger = 16#fff#;
HIRQ integer = 10;
INT_ADDRESS_WIDTH : integer = 11; -- tamafio ram TFG_ROW BUFFER
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SRC_ADDRESS _WIDTH integer := 9; -- tamafio src_ram
DST_ADDRESS_WIDTH :integer := 9; -- tamafio dst_ ram
ADDRESS_HEIGHT sinteger = 11); -- tamafio contador de filas de
imagen destino
port (Rst.n : in std ulogic ;
Clk : in std_ulogic
Apbi : in apb_slv_in_type;
Apbo : out apb_slv_out_type;
Ahbi : in ahb_mst_in_type;
Ahbo : out ahb_mst_out_type);
end TFG_IMAGE_SCALING;
architecture Behavioral of TFG_IMAGE_SCALINGis
-- TFG_APB_SLAVE_1
signal  irg_user, en, we : std_logic ;
signal  di, do : std_logic_vector (31 downto 0);
signal addr : std_logic_vector (7 downto 0);
-- TFG_AHB_MASTER_1
signal transfer_type, size : std_logic_vector (2 downto 0);
signal  start, dwrite, transfer_end, transfer_active, data_vali d : std_logic ;
signal addro, dataw, datar : std_logic_vector (31 downto 0);
signal  beat_counter : std_logic_vector (9 downto 0);
-- TFG_ROW_INTERPOLATION_1
signal  pixel_out, pixel_even, pixel_odd : std_logic_vector (7 downto 0);
signal embedd_xofs : std logic_vector (INT_ADDRESS_WIDTH - 1 downto O0);
signal embedd_yofs : std_logic_vector (ADDRESS_HEIGHT - 1 downto 0);
signal internal_address : std_logic_vector (INT_ADDRESS_WIDTH - 1 downto O0);
signal image_scaling_state : std_logic_vector (3 downto 0);
signal  row_interpolation_state : std_logic_vector (2 downto 0);
-- register bank
signal  status_REG, control_REG, address_src_REG, address_dst_ REG :
std_logic_vector (31 downto 0);
signal  src_width_REG, src_height REG, dst_width_ REG, dst_heig ht REG :
std_logic_vector (31 downto 0);
signal  shifted_scale_alpha_REG, shifted_scale_beta REG : std_logic_vector (31
downto 0);
-- ram
type src_ram_TYPE is array (0 to 2*SRC_ADDRESS_WIDTH - 1) of std logic_vector
31 downto O0);
type dst_ram_TYPE is array (0 to 2**DST_ADDRESS_WIDTH - 1) of std logic_vector
31 downto O0);
signal ram_enable : std _logic ;
-- src ram
signal  src_ram : src_ram_TYPE := ( others => X'"CAFECAFE");
signal  write_enable_src : std_logic ;
signal  data_input_src, data_outputA, data_outputB : std_logic_vector (31 downto
0);
signal  write_addr : std_logic_vector (SRC_ADDRESS_WIDTH - 1downto 0);
signal read_addr_outputA, read_addr_outputB : std_logic_vector (

SRC_ADDRESS WIDTH - I1downto 0);
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-- dst ram

signal dst_ram : dst_ram_TYPE := ( others => X'"CAFECAFE");

signal  write_enable_dst : std_logic ;

signal  data_input_dst, data_output : std_logic_vector (31 downto 0);

signal  read_write_addr : std_logic_vector (DST_ADDRESS_WIDTH - 1downto O0);

-- state machine
type state_ TYPE is (sO, sl, s2, s3, s4, sb, s6, s7, s8, s9, s10, s11, s12, sl13,

sl4, sl15);

signal  current_state : state_ TYPE := sO;

-- delay

signal  beat_counter_d1 : std_logic_vector (9 downto 0);

signal  address_index_d1 : std_logic_vector (1 downto 0);

signal internal_address_d1, internal_address_d2 : std_logic_vector (
INT_ADDRESS_WIDTH - 1 downto 0);

signal internal_address_d3, internal_address_d4 : std_logic_vector (
INT_ADDRESS_WIDTH - 1 downto 0);

signal internal_address_d5 : std_logic_vector (INT_ADDRESS_WIDTH - 1 downto O0);

-- counters and acumulators

signal  inh : std_logic ;

signal  offset_counter : std_logic_vector (1 downto 0);

signal  dst_offset : std_logic_vector (31 downto 0);

signal row_cnt : std_logic_vector (ADDRESS_HEIGHT - 1 downto 0);

-- Mux

signal  index_offset : std_logic_vector (1 downto 0);

signal sel : std_logic ;

-- aux

signal  control_ REG_d1, start_transfer, write_last_word, write _last_word_d1 :
std_logic ;

signal  byteO, bytel, byte2, byte3 : std_logic_vector (7 downto 0);

signal  src_width_adjusted, dst_width_adjusted : std_logic_vector (9 downto 0);

signal row_address_read, row_address_read_even, row_address_ read_odd :
std_logic_vector (31 downto 0);

signal  row_address_write : std_logic_vector (31 downto 0);

signal  address_index : std_logic_vector (INT_ADDRESS_WIDTH - 1 downto O0);

signal  last_word, compound_word, new_word, last_word_d1 : std_logic_vector (31
downto 0);

signal  src_index : integer ;

signal  zeros_internal_address : std_logic_vector (INT_ADDRESS WIDTH - 1 - 2
downto 0) := ( others => '0Y;

signal  zeros_read_addr_outputB : std_logic_vector (SRC_ADDRESS WIDTH - 1 - 1
downto 0) := ( others => '0Y;

signal  zeros_index_offset : std_logic_vector (INT_ADDRESS WIDTH - 1 - 2 downto
) := ( others => '0Y;

signal  zeros_embedd_yofs : std_logic_vector (15 - ADDRESS_HEIGHT downto 0) := (
others => '0");

component TFG_APB_SLAVE
generic (--FABTECH :integer:=0;
--MEMTECH :integer := 0;

NAHBIRQ . integer = 32;
PINDEX . integer = 0;
PADDR . integer = 0;
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0);

PMASK . integer = 16#fff#,;
HIRQ integer = 10);
port (Rst_n . in  std_ulogic ;
Clk : in std_ulogic
Apbi . in  apb_slv_in_type;
Apbo : out apb_slv_out_type;
Irq_user : in std_logic ;
En . out std logic
We . out std logic
Di : out std_logic_vector (31 downto 0);
Do : in std_logic_vector (31 downto 0);
Addr : out std_logic_vector (7 downto 0));

end component ;

component TFG_AHB_MASTER
generic  (HINDEX integer
VENID integer
DEVID integer
VERSION : integer
port (Rst_n : in
Clk ©oin
Ahbi ©oin
Ahbo : out
Transfer_type : in
Size ©oin
Start : in
Addro :in
Dwrite o in
Dataw ©oin
Transfer_end : out
Transfer_active : out
Datar :out
Data_valid : out
Beat_counter : out

= 0;

= 1;

0;

= 0);
std_ulogic
std_ulogic
ahb_mst_in_type;
ahb_mst_out_type;
std_logic_vector
std_logic_vector
std_logic ;
std_logic_vector
std_logic ;
std_logic_vector
std_logic ;
std_logic ;
std_logic_vector
std_logic ;
std_logic_vector

(2 downto 0);
(2 downto 0);

(31 downto 0);

(31 downto 0);

(31 downto 0);

(9 downto 0));

end component ;

component TFG_ROW_INTERPOLATION
generic (ADDRESS_WIDTH cinteger = 11,
ADDRESS_HEIGHT vinteger = 11;
IMSE_EXTRA_PRECISION_BITS : integer := 4;
INTER_RESIZE_COEF_BITS integer = 11;
SHIFT . integer = 22);
port (Clk . in std_logic ;
Rst_n : in std_logic ;
Pixel_even : in std_logic_vector (7 downto 0);
Pixel_odd : in std_logic_vector (7 downto 0);
Dst_width : in std_logic_vector (31 downto 0);
Shifted_scale_alpha : in std_logic_vector (31 downto 0);
Shifted_scale_beta : in std_logic_vector (31 downto 0);
Row_cnt : in std_logic_vector (ADDRESS_HEIGHT - 1 downto O
Image_scaling_state : in std_logic_vector (3 downto 0);
Row_interpolation_state : out std_logic_vector (2 downto 0);

Embedd_xofs

Embedd_yofs

out std_logic_vector

out std_logic_vector

(ADDRESS_WIDTH - 1 downto O

(ADDRESS_HEIGHT - 1 downto
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begin

Internal_address

Pixel_out

out std_logic_vector

out std_logic_vector

(ADDRESS_WIDTH - 1 downto O

(7 downto 0));

end component ;

TFG_APB_SLAVE_1 : TFG_APB_SLAVE
generic map (--FABTECH =>

--MEMTECH =>
NAHBIRQ => NAHBIRQ,
PINDEX => PINDEX,
PADDR => PADDR,
PMASK => PMASK,
HIRQ => HIRQ)
port map (Rst_n => Rst_n,
Clk => CIk,
Apbi => Apbi,
Apbo => Apbo,
Irg_user => irg_user,
En => en,
We => we,
Di => di,
Do => do,
Addr => addr);
TFG_AHB_MASTER_1 : TFG_AHB_MASTER
generic map (HINDEX => HINDEX,
VENID => CONTRIB_COREZ2,
DEVID => CONTRIB_COREZ2,
VERSION => 1)

port map (Rst_n => Rst_n,

Clk => CIk,

Ahbi => Ahbi,

Ahbo => Ahbo,

Transfer_type => transfer_type,

Size => size,

Start => start,

Addro => addro,

Dwrite => dwrite,

Dataw => dataw,

Transfer_end
Transfer_active
Datar
Data_valid
Beat_counter

=> transfer_end,
=> transfer_active,
=> datar,
=> data_valid,

TFG_ROW_INTERPOLATION_1 :
generic map (ADDRESS_WIDTH
ADDRESS_HEIGHT

=> beat_counter);

TFG_ROW_INTERPOLATION

=> INT_ADDRESS_WIDTH,
=> ADDRESS_HEIGHT,

IMSE_EXTRA_PRECISION_BITS => 4,
INTER_RESIZE_COEF_BITS = 11,
SHIFT => 22)
port map (Clk => CIKk,
Rst_n => Rst_n,
Pixel_even => pixel_even,
Pixel_odd => pixel_odd,
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Dst_width => dst_width_REG,

Shifted_scale_alpha
Shifted_scale_beta

=> shifted_scale_alpha REG,
=> shifted_scale_beta_REG,

Row_cnt => row_cnt,
Image_scaling_state => image_scaling_state,
Row_interpolation_state => row_interpolation_state,
Embedd_xofs => embedd_xofs,
Embedd_yofs => embedd_yofs,
Internal_address => internal_address,
Pixel_out => pixel_out);
registers_PROCESS : process (Clk, Rst_n)

begin

if

elsif

end

(Rst_n = '0") then

if

end process

control REG <= ( others => '0Y;
address_src_ REG <= ( others => '0Y;
address_dst REG <= ( others => '0Y;
src_width_ REG <= ( others => '0Y;
src_height REG <= ( others => '0;
dst_width REG <= ( others => '0Y;
dst_height REG <= ( others => '0;
shifted_scale_alpha REG <= ( others => '0");
shifted_scale_beta REG <= ( others => '0");
(Clk = '1' and Clk'event) then
if (en = '1' and we = '1) then
if addr (7 downto 0) = X"01" then
control_ REG <= di (31 downto 0);
end if ;
if addr (7 downto 0) = X"02" then
address_src_REG <= di (31 downto 0);
end if ;
if addr (7 downto 0) = X"03" then
address_dst REG <= di (31 downto 0);
end if ;
if addr (7 downto 0) = X"04" then
src_width_REG <= di (31 downto 0);
end if ;
if addr (7 downto 0) = X"05" then
src_height REG <= di (31 downto 0);
end if ;
if addr (7 downto 0) = X"06" then
dst_width_ REG <= di (31 downto 0);
end if ;
if addr (7 downto 0) = X"07" then
dst_height REG <= di (31 downto 0);

end if ;

if addr (7 downto 0) = X"08" then
shifted_scale_alpha REG <= di (31 downto 0);

end if ;

if addr (7 downto 0) = X"09" then
shifted_scale_beta REG <= di (31 downto 0);

end if ;

end if ;

mux_apb_do_PROCESS: process (addr, status_REG, control_REG, address_src_REG,
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address_dst_REG, src_width_REG,
src_height REG, dst_width_REG, dst_height REG,
shifted_scale_alpha_REG,
shifted_scale_beta_REG)
begin
case addr (7 downto 0) is
when X'00" => do <= status_REG;
when X'01" => do <= control_REG;
when X'02" => do <= address_src_REG;
when X'03" => do <= address_dst REG;
when X'04" => do <= src_width_REG;
when X'05" => do <= src_height REG;
when X'06" => do <= dst_width_REG;
when X'07" => do <= dst_height REG;
when X'08" => do <= shifted_scale_alpha_ REG;
when X'09" => do <= shifted_scale_beta_REG;
when others => do <= X"CAFECAFE";
end case ;
end process ;

ram_enable <= '1';
src_ram_PROCESS : process (CIk)

begin
if (Clk'event and Clk = '1) then
if (ram_enable = '1") then
if (write_enable_src = '1") then
src_ram ( conv_integer (write_addr)) <= data_input_src;
end if ;

data_outputA <= src_ram ( conv_integer  (read_addr_outputA));
data_outputB <= src_ram ( conv_integer  (read_addr_outputB));
end if ;
end if ;
end process ;

dst_ ram_PROCESS : process (CIk)

begin
if (Clk'event and Clk = '1) then
if (ram_enable = '1") then
if (write_enable_dst = '1") then

dst_ram ( conv_integer (read_write_addr)) <=
data_input_dst;

end if ;
data_output <= dst_ram ( conv_integer (read_write_addr));
end if ;
end if ;
end process ;
signals_PROCESS : process (current_state, beat counter, datar, data_valid,

beat counter_d1, data_output,
address_index, row_address_read_even,
row_address_read_odd, row_address_write,
offset_counter, internal_address_d1,
internal_address_d2, internal_address_ds3,
internal_address_d4, internal_address_d5,
zeros_read_addr_outputB, src_index)
begin
case current_state is
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when s0 =>

transferencia
imagen fuente

del maestro

de src_ram

de src_ram

de src_ram

de src_ram
lectura/escritura de dst_ram
de dst_ram

index_offset

en registro last_word
cuenta/acumulacion

en registro last_word_d1

transfer_type <= ( others => '0");
size <= ( others => '0Y;

start <= '0

addro <= ( others => '0";

dwrite <= '0';

dataw <= ( others => '0Y;

data_input_src <= (
write_enable_src <= '0';

others => '0");

write_addr <= ( others => '0";

read_addr_outputA <= ( others => '0");

read_addr_outputB <= ( others => '0");

read_write_addr <= ( others => '0Y;
write_enable_dst <= '0";

sel <= "0}

write_last_word <= '0';

inh <= '1%

write_last_word_d1 <= '0

status REG <= ( others => '0;

funcionamiento de la maquina de estados

image_scaling_state <= "0000" ;

estados de TFG_IMAGE_SCALING
when sl =>

others
=> '0);

transfer_type <= (
size <= ( others
start <= '0

addro <= ( others
dwrite <= '0';
dataw <= ( others
data_input_src <= (
write_enable_src <= '0';

=>'0");

=>'0");

=> '0);
others => '0");

write_addr <= ( others => '0";
read_addr_outputA <= ( others => '0");
read_addr_outputB <= ( others => '0");
read_write_addr <= ( others => '0Y;

write_enable_dst <= '0';

sel <= "0}
write_last_word <= '0"
inh <= '1%

write_last_word_d1 <= '0
status_ REG <= X "00000001" ;
image_scaling_state <= "0001" ;

when s2 =>

transfer_type <= "001" ;

-- tipo de transferencia
-- tamaho de datos
-- inicio de

-- direccion fila

-- lectura/escritura

-- dato a escribir

-- entrada src_ram

-- enable de escritura
-- direccion escritura

-- direccion lectura A

-- direccion lectura B

-- direccion

-- enable de escritura
-- multiplexor para

-- enable de escritura
-- inhibicion de

-- enable de escritura

-- registro de

-- numeracion de los
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413 size <= "010" ;

414 start <= '1%

415 addro <= row_address_read_even (31 downto 2) & "00" ;

416 dwrite <= '0

417 dataw <= ( others => '0Y;

418 data_input_src <= datar;

419 write_enable_src <= data_valid;

420 write_addr <= beat_counter_dl1 (SRC_ADDRESS WIDTH - 1 downto 0);

421 read_addr_outputA <= ( others => '0");

422 read_addr_outputB <= ( others => '0");

423 read_write_addr <= ( others => '0";

424 write_enable_dst <= '0';

425 sel <= "0}

426 write_last_word <= '0"

427 inh <= '1";

428 write_last_word_d1 <= '0

429 status_ REG <= X "00000001" ;

430 image_scaling_state <= "0010" ;

431 when s3 =>

432 transfer_type <= "001" ;

433 size <= "010" ;

434 start <= '1%

435 addro <= row_address_read_even (31 downto 2) & "00" ;

436 dwrite <= '0

437 dataw <= ( others => '0Y;

438 data_input_src <= datar;

439 write_enable_src <= data_valid;

440 write_addr <= beat_counter_dl1 (SRC_ADDRESS WIDTH - 1 downto 0);

441 read_addr_outputA <= ( others => '0");

442 read_addr_outputB <= ( others => '0");

443 read_write_addr <= ( others => '0";

444 write_enable_dst <= '0';

445 sel <= "0}

446 write_last_word <= '0"

447 inh <= '1";

448 write_last_word_d1 <= 'O

449 status_ REG <= X "00000001" ;

450 image_scaling_state <= "0011" ;

451 when s4 =>

452 transfer_type <= ( others => '0");

453 size <= ( others => '0Y;

454 start <= '0%

455 addro <= ( others => '0";

456 dwrite <= "0

457 dataw <= ( others => '0Y;

458 data_input_src <= ( others => '0");

459 write_enable_src <= '0';

460 write_addr <= ( others => '0";

461 read_addr_outputA <= address_index (SRC_ADDRESS_WIDTH - 1+
src_index downto 2);

462 if (address_index (1 downto 0) = "11" ) then

463 read_addr_outputB <= address_index (SRC_ADDRESS_WIDTH -
1 + src_index downto 2) +

464
(zeros_read_addr_outputB & '1);

465 else

466 read_addr_outputB <= address_index (SRC_ADDRESS_WIDTH -
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1 + src_index

downto 2);

end if ;
read_write_addr <= ( others => '0Y;
write_enable_dst <= '0';

sel <= "0}
write_last_word <= '0"
inh <= '1';

write_last_word_d1 <= 'O
status_ REG <= X "00000001" ;
image_scaling_state <= "0100" ;

when s5 =>

transfer_type <= "001" ;

size <= "010" ;

start <= '1%

addro <= row_address_read_odd (31
dwrite <= "0

dataw <= ( others => '0Y;
data_input_src <= datar;
write_enable_src <= data_valid;

downto 2) & "00"

write_addr <= beat_counter_dl1 (SRC_ADDRESS WIDTH - 1
read_addr_outputA <= ( others => '0");
read_addr_outputB <= ( others => '0");

read_write_addr <= ( others => '0Y;
write_enable_dst <= '0';

sel <= "1
write_last_word <= '0"
inh <= "1

write_last_word_d1 <= 'O
status_ REG <= X "00000001" ;
image_scaling_state <= "0101" ;

when s6 =>

transfer_type <= "001" ;

size <= "010" ;

start <= '1%

addro <= row_address_read_odd (31
dwrite <= '0

dataw <= ( others => '0Y;
data_input_src <= datar;
write_enable_src <= data_valid;

downto 2) & "00"

write_addr <= beat_counter_dl1 (SRC_ADDRESS WIDTH - 1
read_addr_outputA <= ( others => '0");
read_addr_outputB <= ( others => '0");

read_write_addr <= ( others => '0";
write_enable_dst <= '0';

sel <= "1
write_last_word <= '0"
inh <= '"1";

write_last_word_d1 <= '1
status_ REG <= X "00000001" ;

when s7 =>

image_scaling_state <= "0110" ;
transfer_type <= ( others => '0");
size <= ( others => '0Y;

start <= '0%

addro <= ( others => '0";
dwrite <= '0
dataw <= ( others => '0Y;

downto

downto

0);

0);
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542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563

564
565
566
567
568
569
570

src_index  downto 2);

1 + src_index  downto

(zeros_read_addr_outputB

1 + src_index  downto

DST_ADDRESS_WIDTH -

DST_ADDRESS_WIDTH -

DST_ADDRESS_WIDTH -

DST_ADDRESS_WIDTH -

data_input_src <= ( others =>

write_enable_src <= '0';
write_addr <= ( others

read_addr_outputA <= address_index (SRC_ADDRESS_WIDTH -

if (address_index (1
2) +

& '1);
else
read_addr_outputB
2);
end if ;
if (offset_counter =

1 + 2downto 2);
elsif (offset_counter =
read_write_addr <=
1 + 2downto 2);
elsif (offset_counter =
read_write_addr <=
1 + 2downto 2);
elsif (offset_counter =
read_write_addr <=
1 + 2downto 2);

else

read_write_addr <=
end if ;
write_enable_dst <= '1';
sel <= "1
write_last_word <= '1"
inh <= '1"

write_last_word_d1 <= '0

=>'0");

'0);

downto 0) = "11" ) then
read_addr_outputB <= address_index (SRC_ADDRESS_WIDTH -

1 +

<= address_index (SRC_ADDRESS_WIDTH -

"00" ) then
read_write_addr <= internal_address_d5 (

"01" ) then
internal_address_d4 (

"10" ) then
internal_address_d3 (

"11" ) then
internal_address_d2 (

( others => '0");

status_REG <= X "00000001" ;

image_scaling_state <=

when s8 =>

0);

transfer_type <= "001"
size <= "010" ;
start <= '1";

"0111"

addro <= row_address_write (31

dwrite <= "1
dataw <= data_output;

data_input_src <= ( others =>

write_enable_src <= '0';
write_addr <= ( others
read_addr_outputA <= (
read_addr_outputB <= (

read_write_addr <= beat_counter (DST_ADDRESS_WIDTH - 1

write_enable_dst <= '0';

sel <= "1
write_last_word <= '0";
inh <= "1

write_last_word_d1 <= '0

=>'0");
others
others

status_REG <= X "00000001" ;

image_scaling_state <=

"1000" ;

downto 2) & "00" ;

'0);

=>'0");
=>'0");

downto
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571
572
573
574
575
576
577
578
579
580
581
582
583

584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599

600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625

0);

downto 0);

when s9 =>

transfer_type <= "001" ;

size <= "010" ;

start <= '1%

addro <= row_address_write (31 downto 2) & "00" ;

dwrite <= "1

dataw <= data_output;

data_input_src <= ( others => '0");

write_enable_src <= '0';

write_addr <= ( others => '0";

read_addr_outputA <= ( others => '0");

read_addr_outputB <= ( others => '0");

read_write_addr <= beat_counter (DST_ADDRESS_WIDTH - 1 downto

write_enable_dst <= '0';

sel <= "1
write_last_word <= '0"
inh <= "1

write_last_word_d1 <= 'O
status_ REG <= X "00000001" ;

when s10 =>

image_scaling_state <= "1001" ;
if (data_valid = '0") then
transfer_type <= "001" ;
size <= "010" ;
start <= '1%
addro <= row_address_write (31 downto 2) & "00" ;

dwrite <= "1
dataw <= data_output;
read_write_addr <= beat_counter (DST_ADDRESS_WIDTH - 1

else
transfer_type <= ( others => '0");
size <= ( others => '0Y;
start <= '0%

addro <= ( others => '0";
dwrite <= '0
dataw <= data_output;
read_write_addr <= ( others => '0";
end if ;
data_input_src <= ( others => '0");
write_enable_src <= '0';
write_addr <= ( others => '0";
read_addr_outputA <= ( others => '0");
read_addr_outputB <= ( others > '0Y);
write_enable_dst <= '0';
sel <= "1
write_last_word <= '0"
inh <= '1"
write_last_word_d1 <= '0
status_REG <= X "00000001" ;
image_scaling_state <= "1010" ;

when sl11 =>

transfer_type <= ( others => '0");
size <= ( others => '0Y;

start <= '0%

addro <= ( others => '0";
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626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682

dwrite <= "0

dataw <= ( others => '0Y;
data_input_src <= ( others => '0");
write_enable_src <= '0';

write_addr <= ( others => '0";
read_addr_outputA <= ( others => '0");
read_addr_outputB <= ( others => '0");
read_write_addr <= ( others => '0";
write_enable_dst <= '0';

sel <= "1
write_last_word <= '0"
inh <= '0%

write_last_word_d1 <= 'O
status_ REG <= X "00000001" ;

when sl12 =>

image_scaling_state <= "1011" ;
transfer_type <= ( others => '0");
size <= ( others => '0Y;

start <= '0%

addro <= ( others => '0";
dwrite <= '0

dataw <= ( others
data_input_src <= (
write_enable_src <=

=>'0");
others => '0");
IOI;

write_addr <= ( others => '0";
read_addr_outputA <= ( others => '0");
read_addr_outputB <= ( others => '0");

read_write_addr <= (

others => '0");

write_enable_dst <= '0';

sel <= "1
write_last_word <= '0"
inh <= "1

write_last_word_d1 <= 'O
status_ REG <= X "00000001" ;

when s13 =>

image_scaling_state <= "1100" ;
transfer_type <= ( others => '0");
size <= ( others => '0Y;

start <= '0%

addro <= ( others => '0";

dwrite <= "0

dataw <= ( others => '0Y;
data_input_src <= ( others => '0");
write_enable_src <= '0';

write_addr <= ( others => '0";
read_addr_outputA <= ( others => '0");
read_addr_outputB <= ( others => '0");
read_write_addr <= ( others => '0Y;
write_enable_dst <= '0';

sel <= "1
write_last_word <= '0"
inh <= '1%

write_last_word_d1 <= '0
status_ REG <= X "00000001" ;
image_scaling_state <= "1101" ;

when sl14 =>

transfer_type <= ( others => '0");
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683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739

size <= ( others => '0Y;
start <= '0%
addro <= ( others => '0;
dwrite <= '0
dataw <= ( others => '0Y;

data_input_src <= ( others => '0");
write_enable_src <= '0';

write_addr <= ( others => '0";
read_addr_outputA <= ( others
read_addr_outputB <= ( others
read_write_addr <= ( others
write_enable_dst <= '0';

sel <= "1

write_last_word <= '0"

inh <= '1"

write_last_word_d1 <= '0
status_ REG <= X "00000001" ;
image_scaling_state <= "1110" ;

=>'0");
=>'0");
=>'0");

when s15 =>

end case ;
end process ;

state_ PROCESS :
begin

process

transfer_type <= ( others
size <= ( others => '0Y;
start <= '0%

addro <= ( others
dwrite <= '0
dataw <= ( others => '0Y;
data_input_src <= ( others => '0");
write_enable_src <= '0';

write_addr <= ( others => '0";
read_addr_outputA <= ( others
read_addr_outputB <= ( others
read_write_addr <= ( others
write_enable_dst <= '0';

sel <= "1}

write_last_word <= '0"

inh <= '1"

write_last_word_d1 <= 'O
status_ REG <= X "00000001" ;
image_scaling_state <= "1111" ;

=>'0");

=>'0");

=>'0");
=>'0");
=>'0");

(Clk, Rst_n)

if (Rst_.n = '0) then
current_state <= s0;

elsif  (Clk = '1'

and Clk'event) then

case current_state IS

when s0 =>
if (start_transfer = '1")
current_state <= sl,
else
current_state <= s0;
end if ;
when sl =>
current_state <= s2;
when s2 =>
if (transfer_active = '1'

-- reset
then

-- inicializacion

-- acceso al AHB bus
and transfer_end = '0') then
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740
741
742
743
744

745
746
747
748
749
750

751
752
753
754
755
756
757
758
759
760
761
762

763
764
765
766
767
768

769
770
771
772
773
774
775
776
777
778
779
780

781
782
783
784
785
786

787
788
789
790

when
fila even

when
pixeles a TFG_ROW_INTERPOLATION

when

when
fila odd

when
pixeles a TFG_ROW_INTERPOLATION

when

when
fila destino

when
transferencia de fila destino

current_state <= s3;

else
current_state <= s2;
end if ;
s3 => -- transferencia de
if (beat_counter = src_width_adjusted) then
current_state <= s4,
else
current_state <= s3;
end if ;
s4 => -- entrega de
if (row_interpolation_state = "011" ) then

current_state <= sb;

else
current_state <= s4;

end if ;

s5 => -- acceso al AHB bus

if (transfer_active = '1' and transfer_end = '0') then
current_state <= s6;

else
current_state <= sb;

end if ;

s6 => -- transferencia de

if (beat_counter = src_width_adjusted) then
current_state <= s7,

else
current_state <= s6;

end if ;

s7 => -- entrega de

if (row_interpolation_state = "110" ) then
current_state <= s8;

else
current_state <= s7,

end if ;

s8 => -- acceso al AHB bus

if (transfer_active = '1' and transfer_end = '0') then
current_state <= s9;

else
current_state <= s8;

end if ;

s9 => -- transferencia de

if (beat_counter = dst_width_adjusted - 1) then
current_state <= s10;

else
current_state <= s9;

end if ;

s10 => -- finalizacion de

if (data_valid = '0")

then

current_state <= s10;

else

current_state <= sl11;
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791
792

793
794

795

796
797
798
799
800

801
802

803
804

805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841

end if ;
when sl11 => -- actualizacion de
filas procesadas
current_state <= s12;
when sl12 => -- comprobacion de
funcionamiento
if (row_cnt >= dst_height REG (ADDRESS_HEIGHT - 1
downto 0)) then
current_state <= sO0;

else
current_state <= s13;
end if ;
when s13 => -- actualizacion de
direcciones
current_state <= sl4;
when sl14 => -- actualizacion de
direcciones
current_state <= sl15;
when sl15 => -- actualizacion de
direcciones
current_state <= s2;
end case ;
end if ;
end process ;
event_detector PROCESS : process (Clk, control_REG, control REG_d1)

begin
if (Clk'event and Clk = '1) then
control REG_d1 <= control_ REG (0);
end if ;
start_transfer <= control_REG (0) and (not control_REG_d1);
end process ;

delay PROCESS : process (Clk, Rst_n)
begin
if (Rst_.n = '0) then
beat counter_dl <= (  others => '0Y;
address_index_d1 <= (  others => '0);

internal_address_d1 <= ( others => '0";
internal_address_d2 <= ( others => '0";
internal_address_d3 <= ( others => '0";
internal_address_d4 <= ( others => '0";
internal_address_d5 <= ( others => '0Y;

elsif (Clk'event and Clk = '1) then
beat counter_dl <= beat_counter;
address_index_dl1 <= address_index (1 downto 0);
internal_address_d1 <= internal_address;
internal_address_d2 <= internal_address_d1;
internal_address_d3 <= internal_address_d2;
internal_address_d4 <= internal_address_d3;
internal_address_d5 <= internal_address_d4;

end if ;

end process ;

read_write_address_PROCESS : process (Clk, Rst_n)
begin
if (Rst_.n = '0 then
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842
843
844
845

846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
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865
866
867
868
869
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871
872
873
874
875
876
877
878
879
880
881
882
883
884
885

886
887

888
889
890
891
892

893
894

row_address_read
row_address_write
(Clk = '1' and
row_address_read
(zeros_embedd_yofs & embedd_yofs);

elsif

<= ( others => '0Y;
<= ( others => '0");
Clk'event) then

<= address_src_REG + src_width_ REG (15

row_address_write <= address_dst REG + dst_offset;
end if ;
end process ;
read_address_ PROCESS : process (Clk, Rst_n)
begin
if (Rst_.n = '0) then
row_address_read_even <= ( others => '0");
row_address_read_odd <= (  others => '0";
elsif (Clk = '1' and Clk'event) then
row_address_read_even <= row_address_read;
row_address_read_odd <= row_address_read + src_width_RE G;
end if ;
end process ;
counter_acumulator_ PROCESS : process (Clk, current_state)
begin
if (current_state = s0) then
dst_offset <= ( others => '0");
row_cnt <= ( others => '0;
offset_counter <= ( others => '0");
elsif (Clk = '1' and Clk'event) then
if (inh = '0") then
dst_offset <= dst_offset + dst_width_REG;
row_cnt <= row_cnt + 1;
offset_counter <= offset_counter + dst_width_ REG (1 downto
end if ;
end if ;
end process ;
ajusted_size PROCESS : process (Clk, Rst_n)
begin
if (Rst_.n = '0) then
src_width_adjusted <= ( others => '0";
dst_width_adjusted <= ( others => '0";
elsif (Clk = '1' and Clk'event) then
if (src_width_REG (1 downto 0) = "00" ) then
src_width_adjusted <= src_width_ REG (11 downto 2);
elsif (src_width_REG (1 downto 0) = "11" ) then
src_width_adjusted <= src_width REG (11 downto 2) +
"0000000010" ;
else
src_width_adjusted <= src_width_ REG (11 downto 2) +
"0000000001" ;
end if ;
if (dst_width_REG (1 downto 0) = "00" ) then
dst_width_adjusted <= dst_width REG (11 downto 2);
elsif (dst_width_REG (1 downto 0) = "11" ) then
dst_width_adjusted <= dst_width REG (11 downto 2) +
"0000000010" ;
else
dst_width_adjusted <= dst_width REG (11 downto 2) +

downto 0) *

0);
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"0000000001" ;

895 end if ;

896 end if ;

897 end process ;

898

899 index_PROCESS : process (CIk, Rst_n)

900 begin

901 if (Rst_.n = '0) then

902 src_index <= 0;

903 elsif (Clk = '1' and Clk'event) then

904 if (INT_ADDRESS_WIDTH - SRC_ADDRESS_WIDTH) = 1)then

905 src_index <= 1,

906 else

907 src_index <= 2;

908 end if ;

909 end if ;

910 end process ;

911

912 index_offset PROCESS : process (Clk, Rst_n)

913 begin

914 if (Rst_.n = '0) then

915 index_offset <= ( others => '0");

916 elsif (Clk = '1' and Clk'event) then

917 if (sel ='0) then

918 index_offset <= row_address_read_even (1 downto 0);

919 elsif (sel = 19 then

920 index_offset <= row_address_read_odd (1 downto 0);

921 else

922 index_offset <= ( others => '0");

923 end if ;

924 end if ;

925 end process ;

926

927 address_index PROCESS : process (Clk, Rst_n)

928 begin

929 if (Rst_.n = '0) then

930 address_index <= (  others => '0Y;

931 elsif (Clk = '1' and Clk'event) then

932 address_index <= embedd_xofs + (zeros_index_offset & inde x_offset);

933 end if ;

934 end process ;

935

936 pixels_ PROCESS : process (Rst_n, CIk)

937 begin

938 if (Rst_.n = '0) then

939 pixel_even <= (  others => '0";

940 pixel_odd <= ( others => '0;

941 elsif (Clk = '1' and Clk'event) then

942 if (address_index_d1 = "00" ) then

943 pixel_even <= data_outputA (31 downto 24);

944 pixel_odd <= data_outputB (23 downto 16);

945 elsif (address_index_d1 = "01" ) then

946 pixel_even <= data_outputA (23 downto 16);

947 pixel_odd <= data_outputB (15 downto 8);

948 elsif (address_index_d1 = "10" ) then

949 pixel_even <= data_outputA (15 downto 8);

950 pixel_odd <= data_outputB (7 downto 0);
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951 elsif (address_index_d1 = "11" ) then

952 pixel_even <= data_outputA (7 downto 0);
953 pixel_odd <= data_outputB (31 downto 24);
954 else

955 pixel_even <= ( others => '0";

956 pixel_odd <= ( others => '0;

957 end if ;

958 end if ;

959 end process ;

960

961 byteO_bytel byte2 PROCESS : process (Clk, Rst_n)

962 begin

963 if (Rst_.n = '0 then

964 byteO <= ( others => '0);

965 bytel <= ( others => '0;

966 byte2 <= ( others => '0;

967 byte3 <= ( others => '0);

968 elsif (Clk = '1' and Clk'event) then

969 if (internal_address_d2 (1 downto 0) = "00" ) then
970 byte0 <= pixel_out;

971 end if ;

972 if (internal_address_d2 (1 downto 0) = "01" ) then
973 bytel <= pixel_out;

974 end if ;

975 if (internal_address_d2 (1 downto 0) = "10" ) then
976 byte2 <= pixel_out;

977 end if ;

978 if (internal_address_d2 (1 downto 0) = "11" ) then
979 byte3 <= pixel_out;

980 end if ;

981 end if ;

982 end process ;

983

984 last word_ PROCESS : process (CIk, Rst_n)

985 begin

986 if (Rst_.n = '0) then

987 last word <= ( others => '0);

988 last word_d1 <= ( others => '0Y;

989 elsif (Clk = '1' and Clk'event) then

990 if (write_last_word = '1") then

991 last_ word <= data_input_dst;

992 end if ;

993 if (write_last_word_d1 = '1") then

994 last_ word_d1l <= last_word;

995 end if ;

996 end if ;

997 end process ;

998

999 words_ PROCESS : process (Rst_n, CIk)

1000 begin

1001 if (Rst_.n = '0) then

1002 compound_word <= ( others => '0;

1003 new_word <= ( others => '0Y;

1004 elsif (Clk = '1' and Clk'event) then

1005 if (offset_counter = "00" ) then

1006 compound_word <= byte0 & bytel & byte2 & byte3;
1007 new_word <= byte0 & bytel & byte2 & byte3;
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1008
1009

1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029

1030

1031
1032

1033

1034
1035

1036

1037
1038

1039

1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055

elsif (offset_counter = "01" ) then
compound_word <= last_word_d1 (31 downto 24) & byte0 & bytel &
byte2;
new_word <= byte3 & byte0 & bytel & byte2;
elsif (offset_counter = "10" ) then
compound_word <= last_word_d1 (31 downto 16) & byte0 & bytel;
new_word <= byte2 & byte3 & byte0 & bytel;
elsif (offset_counter = "11" ) then
compound_word <= last_word_d1 (31 downto 8) & byteO;
new_word <= bytel & byte2 & byte3 & byteO;
else
compound_word <= ( others => '0;
new_word <= ( others => '0";
end if ;
end if ;
end process ;
first. word_PROCESS : process (Rst_n, CIk)
begin
if (Rst_.n = '0) then
data_input_dst <= ( others => '0");
elsif (Clk = '1' and Clk'event) then
if (offset_counter = "00" and internal_address_d4 (INT_ADDRESS WIDTH
-1 downto 2) =

then
data_input_dst
elsif (offset_counter

INT_ADDRESS_WIDTH - 1downto 2) =

zeros_internal_address)

then
data_input_dst
elsif (offset_counter

INT_ADDRESS_WIDTH - 1downto 2) =

zeros_internal_address)

then
data_input_dst
elsif (offset_counter

INT_ADDRESS_WIDTH - 1downto 2) =

zeros_internal_address)

then
data_input_dst

zeros_internal_address)

else
data_input_dst
end if ;
end if ;
end process ;

-- pragma translate_off
bootmsg : report_version
generic map

-- pragma translate_on

end Behavioral;

compound_word;
"01" and internal_address_d3 (

compound_word;
"10" and internal_address_d2 (

compound_word;
"11" and internal_address_d1 (

compound_word;

new_word;

("TFG_IMAGE_SCALING" &
": Trabajo de Fin de Grado : Hardware AMBA bus IP f

or image scaling"
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