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wire [15:0] rgb;

assign TFT_rgb = {rgb[15:11],rgb[15:11],1'00,rgb[15:11]}; //red

/lassign TFT_rgb = {rgb[10:6],rgb[10:5],rgb[10:6]}; /Igreen
/lassign TFT_rgb = {rgb[4:0],rgb[4:0],1'b0,rgb[4:0]}; //blue
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RGB ¥ Ycber Bk

wEAA: Y = 0.183R+0.614G + 0.062B + 16;
CB=-0.101R - 0.338G + 0.439B + 128;

CR = 0.439R-0.399G - 0.040B + 128;
He, BFETHELR S T2RF A
O\ E# H A =/ clock BB
B —RRALITEIA T %,
F ZRKEATE R ik, RIERA G 4T BT Im ik
FZRRALITE LN, F AR O;
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*
RGB % YUV & %
wEAAX: Y = 0.183R +0.614G + 0.062B + 16;
CB =-0.101R - 0.338G + 0.439B + 128;
CR = 0.439R-0.399G - 0.040B + 128;
Ho, HFETHELRE Y T 2K%HAE
M\ B H A = clock #y B IE
F—RmARITTE TR R
FZRURAK LA E TR Ak, 18I Ry A AR 4 IT 2 AT A vk
FZRmAKEITEREW A, B A A O;
7 Pl 1
*/
‘timescale 1ns/1ps

module rgb_to_ycbcr(

input clk,
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input [7 :0] i_r_8b,

input [7:0] i_g_8b,
input [7:0] i_b_8b,
input i_h_sync,
input i_v_sync,
input i_data_en,
output [7:0] o_y_8b,

output [7:0] o_cb_8b,

output [7:0] o_cr_8b,

output o_h_sync,
output o_v_sync,
output o_data_en

parameter para_0183_10b = 10'd47;
parameter para_0614_10b = 10'd157;
parameter para_0062_10b = 10'd16;
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parameter
parameter
parameter
parameter
parameter
parameter

parameter

wire
wire
reg[17: 0]
reg[17: 0]

reg[17: 0]

reg[17: 0]
reg[17: 0]

reg[17: 0]

reg[17: 0]
reg[17: 0]

reg[17: 0]

para_0101_10b = 10'd26;
para_0338_10b = 10'd86;
para_0439_10b = 10'd112;
para_0399_10b = 10'd102;
para_0040_10b = 10'd10;
para_16_18b = 18'd4096;

para_128_18b = 18'd32768;

sign_cb;

sign_cr;
mult_r_for_y_18b;
mult_r_for_cb_18b;

mult_r_for_cr_18b;

mult_g_for_y_18b;
mult_g_for_cb_18b;

mult_g_for_cr_18b;

mult_b_for_y_18b;
mult_b_for_cb_18b;

mult_b_for_cr_18b;
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reg[17: 0] add_y_0_18b;
reg[17: 0] add_cb_0_18b;

reg[17: 0] add_cr_0_18b;

reg[17: 0] add_y_1_18b;
reg[17: 0] add_cb_1_18b;

reg[17: 0] add_cr_1_18b;

reg[17: 0] result_y_18b;
reg[17: 0] result_cb_18b;

reg[17: 0] result_cr_18b;

reg[9:0] y_tmp;
reg[9:0] cb_tmp;

reg[9:0] cr_tmp;

reg i_h_sync_delay_1;
reg i_v_sync_delay_1;
reg i_data_en_delay_1;
reg i_h_sync_delay_2;
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reg i_v_sync_delay_2;
reg i_data_en_delay_2;
reg i_h_sync_delay_3;
reg i_v_sync_delay_3;
reg i_data_en_delay_3;
initial

begin

mult_r_for_y_18b <= 18'd0;
mult_r_for_cb_18b <= 18'd0;

mult_r_for_cr_18b <= 18'd0;

mult_g_for_y_18b <= 18'd0;
mult_g_for_cb_18b <= 18'd0;

mult_g_for_cr_18b <= 18'd0;

mult_b_for_y_18b <= 18'd0;
mult_g_for_cb_18b <= 18'd0;
mult_b_for_cr_18b <= 18'd0;
add_y_0_18b <= 18'd0;
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add_cb_0_18b <= 18'd0;

add_cr_0_18b <= 18'd0;

add_y_1_18b <= 18'd0;
add_cb_1_18b <= 18'd0;

add_cr_1_18b <= 18'd0;

result_y_18b <= 18'd0;
result_cb_18b <= 18'd0;

result_cr_18b <= 18'd0;

i_h_sync_delay_1 <= 1'd0;
i_v_sync_delay_1 <= 1'd0;

i_data_en_delay_1 <= 1'd0;

i_h_sync_delay_2 <= 1'd0;

i_v_sync_delay_2 <= 1'd0;

i_data_en_delay_2 <= 1'd0;

end
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always @ (posedge  clk)

begin
mult_r_for_y_18b <=i_r_8b * para_0183_10b;
mult_r_for_cb_18b <=i_r_8b * para_0101_10b;
mult_r_for_cr_18b <=i_r_8b * para_0439_10b;

end

always @ (posedge  clk)

begin
mult_g_for_y 18b <=i_g_8b * para_0614_10b;
mult_g_for_cb_18b <=i_g_8b * para_0338_10b;
mult_g_for_cr_18b <=i_g_8b * para_0399_10b;

end

always @ (posedge  clk)

begin
mult_b_for_y 18b <=i_b_8b * para_0062_10b;
mult_b_for_cb_18b <=i_b_8b * para_0439_10b;
mult_b_for_cr_18b <=i_b_8b * para_0040_10b;

end
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always @ (posedge  clk)
begin
add_y_0_18b <= mult_r_for_y_18b + mult_g_for_y_18b;

add_y_1_18b <= mult_b_for_y_18b + para_16_18b;

add_cb_0_18b <= mult_b_for_cb_18b + para_128_18b;

add_cb_1_18b <= mult_r_for_cb_18b + mult_g_for_cb_18b;

add_cr_0_18b <= mult_r_for_cr_18b + para_128_18b;
add_cr_1_18b <= mult_g_for_cr_18b + mult_b_for_cr_18b;

end

assign sign_cb = (add_cb_0_18b >=add_cb_1_18b);
assign sign_cr = (add_cr_0_18b >= add_cr_1_18b);
always @ (posedge  clk)
begin
result_y_18b <=add_y_0_18b + add_y_1_18b;
result_cb_18b <= sign_cb ? (add_cb_0_18b - add_cb_1_18b) : 18'd0;
result_cr_18b <= sign_cr ? (add_cr_0_18b - add_cr_1_18b) : 18'd0;
end
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always @ (posedge  clk)

begin
y_tmp <= result_y_18b[17:8] + {9'd0,result_y_18b[7]};
cb_tmp <= result_cb_18b[17:8] + {9'd0,result_cb_18b[7]};
cr_tmp <= result_cr_18b[17:8] + {9'd0,result_cr_18b[7]};

end

assign o_y_8b = (y_tmp[9:8] == 2'b00) ? y_tmp[7 : 0] : 8'hFF;
assign o_cb_8b = (cb_tmp[9:8] == 2'b00) ? cb_tmpl[7 : 0] : 8'hFF;

assign o_cr_ 8b = (cr_tmp[9:8] == 2'b00) ? cr_tmp][7 : 0] : 8'hFF;

always @ (posedge  clk)

begin
i_h_sync_delay_1 <=i_h_sync;
i_v_sync_delay_1 <=i_v_sync;

i_data_en_delay_1 <=i_data_en;

i_h_sync_delay_2 <=i_h_sync_delay_1;
i_v_sync_delay_2 <=i_v_sync_delay_1;
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i_data_en_delay_2 <=i_data_en_delay_1;

i_h_sync_delay_3 <=i_h_sync_delay_2;
i_v_sync_delay_3 <=i_v_sync_delay_2;
i_data_en_delay_3 <=i_data_en_delay_2;

end

assign o_h_sync =i_h_sync_delay_3;
assign o_v_sync =i_v_sync_delay_3;

assign o_data_en =i_data_en_delay_3;

/*‘k‘k‘k'k**k'k*‘k‘k‘k‘k‘k*k**‘k**‘k‘k*k**k*k**‘k****k*k**k‘k**‘k*k**k*k‘k**'k*‘k*k*k‘k*k*'k*‘k*k**k*k***********‘k**‘k****‘k**‘k**/

Endmodule
/*

7 2. Ycber 3 & E K14

P

*/

wire [15:0] rgb;

wire hs;
wire vs;
wire de;
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wire[7 : 0] o_y_8b;
wire[7 : 0] o_cb_8b;

wire[7 : 0] o_cr_8b;

assign TFT_rgb = {o_y_8b[7:3],0_y_8b[7:2],0_y_8b[7:3]}; Y

/lassign TFT_rgb = {o_cb_8b[7:3],0_cb_8b[7:2],0_cb_8b[7:3]}; //cb

/lassign TFT_rgb = {o_cr_8b[7:3],0_cr_8b[7:2],0_cr_8b[7:3]}; //cr
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/*
Module name: median_filtering.v
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Description:

Date: 2017/01/02
Engineer: lipu

e-mail: 137194782@qg.com
*/

“timescale 1ns/1ps

module median_filtering(

input clk,

input rst_n,

input [15:0] data_in,

input data_in_en,
input hs_in,

input Vs _in,
output[15:0] data_out,
output data_out_en,
output hs_out,
output vs_out

);

wire [15:0] line0;
wire [15:0] linel;
wire [15:0] line2;

Jmmmm
/Ipipeline control signal

J
reg hsO;

reg hs1;

reg hs2;

reg vs0;

reg vsl;

reg VS2;

reg de0;

reg del;

reg dez;

Jmmmm

/Ipipeline data
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reg [15:0] line0_dataO;
reg [15:0] line0_datal;
reg [15:0] line0_data2;

reg [15:0] linel_dataO;
reg [15:0] linel_datal,
reg [15:0] linel data2;

reg [15:0] line2_dataoO;
reg [15:0] line2_datal;
reg [15:0] line2_data2;

reg [15:0] line0_max;
reg [15:0] line0_mid;
reg [15:0] line0_min;

reg [15:0] linel _max;
reg [15:0] linel_mid;
reg [15:0] linel_min;

reg [15:0] line2_max;
reg [15:0] line2_mid;
reg [15:0] line2_min;

reg [15:0] max_max;
reg [15:0] max_mid;
reg [15:0] max_min;

reg [15:0] mid_max;
reg [15:0] mid_mid;
reg [15:0] mid_min;

reg [15:0] min_max;
reg [15:0] min_mid;
reg [15:0] min_min;
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reg [15:0] mid;

line3x3 line3x3_inst(
.clken(data_in_en),

.clock(clk),
.shiftin(data_in),
.shiftout(),
.taps0x(line0),
tapsix(linel),
taps2x(line2)

);
J e e e
/ldelay control signal
J e e

always @(posedge clk or negedge rst_n) begin
if(Irst_n) begin
hsO <= 1'b0;
hsl <= 1'b0;
hs2 <= 1'b0;

vs0 <= 1'b0;
vsl <= 1'b0;
vs2 <= 1'b0;

de0 <= 1'b0;
del <= 1'b0;
de2 <= 1'b0;
end
else if(data_in_en) begin
hsO <=hs_in;
hsl <= hs0;
hs2 <= hs1;

vs0 <=vs_in;
vsl <= vs0;
VS2 <=vsl,;

de0 <= data_in_en;
del <= de0;
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de2 <= del;
end
end
Jlmmmmmm e o -

[l-mmmmm e e -
always @(posedge clk or negedge rst_n) begin
if(!rst_n) begin
line0_data0 <= 16'b0;
line0_datal <=16'b0;
line0_data2 <= 16'b0;

linel dataO <= 16'b0;
linel datal <= 16'b0;
linel data2 <= 16'b0;

line2_data0 <= 16'b0;
line2_datal <= 16'b0;
line2_data2 <= 16'b0;

end

else if(data_in_en) begin

line0_data0 <= lineO;

line0_datal <= line0_data0;
line0_data2 <= line0_datal,;

linel data0O <= linel;
linel_datal <= linel_dataO;
linel_data2 <= linel datail;

line2_data0 <= line2;
line2_datal <= line2_data0;
line2_data? <= line2_datal;
end
else;
end

always @(posedge clk or negedge rst_n) begin
if(lrst_n) begin
line0_max <= 16'd0;
line0_mid <= 16'd0;
line0_min <= 16'd0;
end
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else if(data_in_en) begin
if((line0_data0 >=line0_datal) && (line0_data0 >= line0_data?2)) begin
line0_max <= line0_datao0;
if(line0_datal >=line0_data2) begin
line0_mid <= line0_datal,;
line0_min <= line0_data2;
end
else begin
line0_mid <= line0_data2;
line0_min <= line0_datal,
end
end
else if((line0_datal > line0_data0) && (line0_datal >=line0_data?2)) begin
line0_max <= line0_datal;
if(line0_data0 >= line0_data2) begin
line0_mid <= line0_datao0;
line0_min <= line0_dataz;
end
else begin
line0_mid <= line0_dataz;
line0_min <= line0_datao0;
end
end
else if((line0_data2 > line0_data0) && (line0_data2 > line0_datal)) begin
line0_max <= line0_data2;
if(line0_data0 >=line0_datal) begin
line0_mid <= line0_data0;
line0_min <= line0_datal,
end
else begin
line0_mid <= line0_datal,
line0_min <= line0_data0;
end
end
end
end

always @(posedge clk or negedge rst_n) begin
if('rst_n) begin
linel max <= 16'd0;
linel mid <= 16'd0;
linel min <= 16'd0;
end
else if(data_in_en) begin
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if((linel_dataO >=linel_datal) && (linel_dataO >= linel_data2)) begin
linel max <= linel_dataO;
if(linel_datal >=linel_data2) begin
linel_mid <= linel_datal,;
linel_min <= linel_data2;
end
else begin
linel_mid <= linel_data2;
linel_min <= linel_datal;
end
end
else if((linel_datal > linel_data0) && (linel_datal >=linel_data2)) begin
linel max <= linel _datal;
if(linel_data0 >=linel_data2) begin
linel _mid <=linel_dataO;
linel _min <=linel_dataz;
end
else begin
linel mid <=linel_data2;
linel _min <=linel_dataO;
end
end
else if((linel_data? > linel_data0) && (linel_data?2 > linel_datal)) begin
linel_max <= linel_data2;
if(linel_data0 >=linel_datal) begin
linel_mid <= linel_data0;
linel_min <= linel_datal;
end
else begin
linel _mid <=linel datal,
linel _min <=linel_dataO;
end
end
end
end

always @(posedge clk or negedge rst_n) begin
if(!rst_n) begin
line2_max <= 16'd0;
line2_mid <= 16'd0;
line2_min <= 16'd0;
end
else if(data_in_en) begin
if((line2_data0 >=line2_datal) && (line2_data0 >= line2_data2)) begin
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line2_max <= line2_datao0;
if(line2_datal > line2_data?2) begin
line2_mid <= line2_datal,
line2_min <= line2_data2;
end
else begin
line2_mid <= line2_data2;
line2_min <= line2_datail;
end
end
else if((line2_datal > line2_data0) && (line2_datal >=line2_data2)) begin
line2_max <= line2_datal;
if(line2_data0 >=line2_data2) begin
line2_mid <= line2_data0;
line2_min <= line2_data2;
end
else begin
line2_mid <= line2_dataz;
line2_min <= line2_data0;
end
end
else if((line2_data2 > line2_data0) && (line2_data2 > line2_datal)) begin
line2_max <= line2_dataz;
if(line2_data0 >=line2_datal) begin
line2_mid <= line2_data0;
line2_min <= line2_datail;
end
else begin
line2_mid <= line2_datal,
line2_min <= line2_data0;
end
end
end
end
[ mmmm e - - - -
/I (max_max max_mid max_min) of ((line0 linel line2) of max)
mmmm - - - - -
always @(posedge clk or negedge rst_n) begin
if('rst_n) begin
max_max <= 16'd0;
max_mid <= 16'd0;
max_min <= 16'd0;
end
else if(data_in_en) begin
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if((line0_max >= linel_max) && (line0_max >= line2_max)) begin
max_max <= line0_max;
if(linel_max >= line2_max) begin
max_mid <= linel_max;
max_min <= line2_max;
end
else begin
max_mid <= line2_max;
max_min <= linel_max;
end
end
else if((linel_max > line0_max) && (linel_max >= line2_max)) begin
max_max <= linel_max;
if(line0_max >= line2_max) begin
max_mid <= line0_max;
max_min <= line2_max,;
end
else begin
max_mid <= line2_max;
max_min <= line0_max;
end
end
else if((line2_max > line0_max) && (line2_max > linel_max)) begin
max_max <= line2_max;
if(line0_max >= linel_max) begin
max_mid <= line0_max;
max_min <= linel_max;
end
else begin
max_mid <= linel_max;
max_min <= line0_max;
end
end
end
end
Hmmmmm - - -
/I (mid_max mid_mid mid_min) of ((line0 linel line2)of mid)

always @(posedge clk or negedge rst_n) begin
if(lrst_n) begin
mid_max <= 16'd0;
mid_mid <= 16'd0;
mid_min <= 16'd0;
end
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else if(data_in_en) begin
if((line0_mid >= linel_mid) && (line0_mid >=line2_mid)) begin
mid_max <= line0_mid;
if(linel_mid >= line2_mid) begin
mid_mid <= linel_mid;
mid_min <= line2_mid;
end
else begin
mid_mid <= line2_mid;
mid_min <= linel_mid;
end
end
else if((linel_mid > line0_mid) && (linel_mid >= line2_mid)) begin
mid_mid <= linel mid;
if(line0_mid >= line2_mid) begin
mid_mid <= line0_mid;
mid_min <= line2_mid;
end
else begin
mid_mid <= line2_mid;
mid_min <= line0_mid;
end
end
else if((line2_mid > line0_mid) && (line2_mid > linel_mid)) begin
mid_max <= line2_mid;
if(line0_mid >= linel_mid) begin
mid_mid <= line0_mid;
mid_min <= linel_mid;
end
else begin
mid_mid <= linel_mid;
mid_min <= line0_mid;
end
end
end
end
Jf e -
/I (min_max min_mid min_min) of ((line0 linel line2)of min)
Jfmmmm - - -
always @(posedge clk or negedge rst_n) begin
if('rst_n) begin
min_max <= 16'd0;
min_mid <= 16'd0;
min_min <= 16'd0;
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end
else if(data_in_en) begin
if((line0_min >= linel_min) && (line0_min >= line2_min)) begin
min_max <= line0_min;
if(linel_min >= line2_min) begin
min_mid <= linel_min;
min_min <= line2_min;
end
else begin
min_mid <= line2_min;
min_min <= linel_min;
end
end
else if((linel_min > line0_min) && (linel_min >= line2_min)) begin
min_max <= linel_min;
if(line0_min >= line2_min) begin
min_mid <= line0_min;
min_min <= line2_min;
end
else begin
min_mid <= line2_min;
min_min <= line0_min;
end
end
else if((line2_min > line0_min) && (line2_min > linel_min)) begin
min_max <= line2_min;
if(line0_min >= linel_min) begin
min_mid <= line0_min;
min_min <= linel_min;
end
else begin
min_mid <= linel_min;
min_min <= line0_min;
end
end
end
end

always @(posedge clk or negedge rst_n) begin
if('rst_n)

mid <= 16'd0;
else if(data_in_en) begin
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if(((max_mid >= mid_mid) && (max_mid < min_mid)) || ((max_mid >= min_mid) &&
(max_mid < mid_mid)))
mid <= max_mid;
else if(((mid_mid > max_mid) && (mid_mid < min_mid)) || ((min_mid >= min_mid) &&
(mid_mid < max_mid)))
mid <= mid_mid;
else if(((min_mid > max_mid) && (min_mid < mid_mid)) || ((min_mid > mid_mid) &&
(mid_min < max_mid)))
mid <= min_mid;

assign data_out = mid;
assign data_out_en = de2;
assign hs_out = hs2;
assign vs_out = vs2;
endmodule

TRARHS:

/*
Module name: median_filter_3x3_tb.v
Description:
Date: 2017/01/02
Engineer: lipu
e-mail: 137194782@qqg.com
*/

“timescale 1ns/1ps
“define CLK_PERIOD 20
module median_filter_3x3_th();

reg clk;

reg rst_n;

reg [15:0] data _in;

wire data_in_en;

wire [15:0] data_out;
wire data_out_en;
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median_filtering median_filtering_inst(
.clk(clk),
.rst_n(rst_n),

.data_in(data_in),
.data_in_en(data_in_en),

.data_out(data_out),
.data_out_en(data_out_en)

);

initial begin
clk=0;
rst n=0;
#(CLK_PERIOD*10);
rst n=1,
#(CLK_PERIOD*10000);
$stop;

end

always #("CLK_PERIOD/2) clk = ~clk;
assign data_in_en =rst_n;
always @(posedge clk or negedge rst_n) begin

if('rst_n)

data_in <= 16'd0;
else if(data_in_en)
if(data_in == 16'd479)
data_in <= 16'dO;

else
data_in <=data_in + 16'd1;
else
end
endmodule
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% MegaWizard Plug-In Manager [page 1 of 3]

-a Shift Register (RAM-based)

Parameter

Settings

/| Create a dock enable port
Create an asynchronous dear port
What should the RAM block type be?

Currently selected device family: one IV E
line3x3
altshift_taps V| Match project/default
k— shiftin[15..0]  shiftout15..0]+—>
f—| clock 1aps2x[15..0] > How wide should the “shiftin” input and the “shiftout” output buses be? 15 ~ bits
¥— clken taps1x[15..01—~
aps0x(15..0] 4 How many taps would you like? 3 -
V| Create groups for each tap output
Heow wide should the distance between taps be? 430 -

Auto MLAB

[ pommmron

[ |
9 lut + 3 MIK + 9 reg

‘ Cancel || < Back H Mext = || FEinish ‘

K 4 1ine3x3 IP
4 4 7, shift register(RAM-based)ip FE 5 7 W ik = 4T14 & & 7.

4.3 <t TFT B8R REATEF A/ N 480, 5~ TFT B BT ER AN

800,

T ESRDHT

+ g /median_filter_3x3_th /median_filtering_inst/ine0_data0

16'd339

+ g /median_filter_3x3_th /median_filtering_inst/ine0_datal

16'd338

i+« /median_filter_3x3_th/median_filtering_inst/line0_data2 16'd397
+ g /median_filter_3x3_th /median_filtering_inst/line 1_data0 16'd399
+) w4 /median_filter_3x3_th /median_filtering_inst/fline 1_datal 16'd398
+} wp /median_filter_3x3_th /median_filtering_inst/line 1_data2 16'd397
+) g /median_filter _3x3_th /median_filtering_inst/line2_datad 16'd399
+) w4 /median_filter _3x3_th /median_filtering_inst/line2_datal 16'd398
+} % /median_filter_3x3_th /median_filtering_inst/fline2_data2 16'd397

B5 Hmk3x3 g EEME
MESHa, BT (xy) KHH QB33 GEEE.

;; « [median_filter_3x3_th/median_filtering_inst/lined_manx

16'd398
+) g /median_filter_3x3_tb/median_filtering_inst/line0_mid 16'd397
i+« /median_filter_3x3_tb/median_filtering_instline0_min 16'd396
+) g Jmedian_filter_3x3_th/median_filtering_inst/ine1_max 16'd398
+ 4 /median_filter_3x3_tb/median_filtering_inst/line 1_mid 16'd397
+ w4 /median_filter_3x3_tb/median_filtering_inst/ine1_min 16'd396
+) g /median_filter_3x3_tb/median_filtering_inst/line2_max 16'd398
i+« /median_filter_3x3_tb/median_filtering_inst/ine2_mid 16'd397
+} g Jmedian_filter_3x3_tb/median_filtering_inst/ine2_min 16'd396

K6 A [F B[] B HE 7 45 R
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mE 6 a, EATRERAHATHFREZA, FEARANE

» /median_filter_3x3_tb/median_filtering_inst/line0_max 16'd398
» [median_filter_3x3_tb/median_filtering_instlined_mid 16'd397
¥ [median_filter_3x3_tb/median_filtering_instlined_min 16'd3596
% /median_filter_3x3_tb/median_filtering_inst/line1_max 16'd388
» /median_filter_3x3_tb/median_filtering_inst/line1_mid 16'd387
» /median_filter_3x3_tb/median_filtering_inst/fline1_min 16'd396
» [median_filter_3x3_tb/median_fitering_inst/line2_max 16'd398
» /median_filter_3x3_tb/median_filtering_inst/line2_mid 16'd397
¥ [median_filter_3x3_tb/median_filtering_instline2_min 16'd396
¥ [median_filter_3x3_tb/median_filtering_inst/max_max 16'd397
» /median_filter_3x3_tb/median_filtering_inst/max_mid 16'd387
» /median_filter_3x3_tb/median_filtering_inst/max_min 16'd387
» /median_filter_3x3_tb/median_filtering_inst/mid_max 16'd396
» /median_filter_3x3_tb/median_filtering_inst mid_mid 16'd396
P /median_filter_3x3_tb/median_filtering_inst/mid_min 16'd396
» /median_filter_3x3_tb/median_filtering_inst/min_max 16'd395
¥ [median_filter_3x3_tb/median_filtering_inst/min_mid 16'd385
¥ [median_filter_3x3_tb/median_filtering_inst/min_min 16'd385
» [median_filter_3x3_tb/median_filtering_inst/mid 16'd385

H7 ZREENITEER
mE 7, BAERT RAFHRD, FEEFE, RIHARA. KEF
X =B EME E R FEHER (F Lmax_min, Lmid_mid, Lmin_max 4% 2|
midian) .

) [ o [ e o e [ e [ e e e [ e
&léleleleleldeleleleleelelddlelde

KU 4R
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JEHH: https://xiaomeige.taobao.com BT M ¥ www.corecourse.cn
FARIE % http://www.cnblogs.com/xiaomeige/ HiR#E4H: 615381411



https://xiaomeige.taobao.com/
http://www.corecourse.cn/
http://www.cnblogs.com/xiaomeige/

INEEF FPCA BIBA, FZ2TF253RE8Y FPCA MALFFHKEED  FFRIR 5 TTEHFEL =1L —

BT O Ao Ak o 7 B A T B

e T =

SR

HE9fE 10 thik, B 10 £k T AHaMEE, FRA T2 =R, XE
B A L E e WA R o BAT AR K PR, B =R
BRI, EHERBEERFNBR2ELT.

Moot IR BT LA E RGB BB BAR, KETERTE, HILRHE
An g Hr R st A REALE RGB BB, AKX LUZEE,

AREATLLZIA 5x5 FERKER, EERREZE 2 EHF.
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BT FPGA BIZKE B R IVEIEE FIA K LI

1E#: lee 1

HRAR

HEWEE AR AW IREEE, CRIBERAGE LY ERGRES — MER, ZER CF
THEABEMEAGE (LEFRRATONERE 8 Mk, Ak — AN REER, BN EHE T
GBEAXE), BRABERFHLREZNTHERREERGFE.

HE B M KR, ERFANEE TR ANBR T & KR ERFEEE A
HEREREGRFHENGEME, FNFAERN LY GEELE (X, Y, BHFE—ER, ZE
W HABNETHREAR, KERFIAGENHE, FEAHERT LHEER (X,
y), EAXABEEGEZE LWREg (X, y), Blg (x, y) =1/m £f (x, y) m }iZ#
W EE SRR R ENNEE N

HEWEBA G FAEE ARG, BNE AR EF AGaT, £EG 2N
WA T BB S, NTEEGEEEN, TRRIFHMERER 2.

FPGA [ SME I8 P HIE KPR

H13x3GFELIFLE
wE LR, FOR (X y) AHEREEEAENMLE,
fxy) &~ (xy) A& EE,
gxy)FR (xy) REHHEAEEHE,

BN RETWT:
g(x,y)=1/8*(f(x-1,y-1)+f(x,y-1)+f(x+1,y-1)

+H(x-1y)+(x+1,y)+

f(x-1,y+1)+f(x,y+1)+f(x+1,y+1)) 1)

B (1D RRANTEHXY)EH XSG EANHESETHABSEBN \NEWGREZ
PR L 8,

FPGA 3 35 %%

1> ik 3x3 M4 &

2> B E AR\ R R R A A
BREREB =M (WL THRIUL FELER,
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FPGA 23

FPGA F & # &

77 L
w2 frox, it RIG/B A R % 8 df \ K HIE W B LK E RGNS E
RN RRAE

LCD
display

K2 # 3 RIGB #i## I &E E &
77 2:
w0 3 BiR, & 4% % RGB E &4t/ Yeber Bk, Y 33 3 )\ E IR B R E
Vi By 340 1V O

LCD
display
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BB 0T

A3 @it Y @E LI KEER

mean_filter 3x3:mean_filter 3x3 _inst

data_in[15..0

data_in_en

rst n

data_out[15..0

Bl 4 3 EIR B AR
Wl 4 fror, FEIRES G Dk | ARR:
&1 HERBE S TR

ESIEA S 110 3 144

clk [ ck 1 FuT 4 (4.3 < led % 9Mhz,5 <+ 4 33MHZ)
rst_n [ rstn Y 2GR EES

data_in | [15:0] data_in 4 16 & & & & #r N\ i &

data_in_en [ data_in_en % lcd F B 7= H % X B M# 85 5
data_out 0 data_out % 16 fr & & & i i i@ &

P IR

/*

Module name:

Description:

Date:
Engineer:
*/

mean_filter 3x3.v

3x3 matrix operator mean filter

2017/12/22
lipu

“timescale 1ns/1ps

module mean_filter 3x3(

input
input

JE4#: https://xiaomeige.taobao.com

IMcd 4= 4 B 4

EﬁMﬁﬁ www.corecourse.cn
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input [15:0] data_in, //16bit rgh % # i A
input data_in_en,// T ox X3 # gF

output reg [15:0]data_out,/16bit rgb % % %

output data_out_en
)i

Jf=mmmm -

N=4T% %

[fmmmmmmm e

wire [15:0] line0;
wire [15:0] linel;
wire [15:0] line2;

reg [15:0] line0_dataoO;
reg [15:0] line0_datal;
reg [15:0] line0_data2;

reg [15:0] linel_dataO;
reg [15:0] linel_datal,
reg [15:0] linel_data2;

reg [15:0] line2_dataO0;

reg [15:0] line2_datal;
reg [15:0] line2_data2;

wire[18:0] result_data;/8 /> & {4 % fu

line3x3 line3x3_inst(
.clken(data_in_en),

.clock(clk),
.shiftin(data_in),
.shiftout(),
.taps0x(line0),
tapsix(linel),
taps2x(line2)

);
[-==mmmmm e
/l Form an image matrix of three multiplied by three
[[-==mmmmmm e
JE4#: https://xiaomeige.taobao.com ‘B 7M. www.corecourse.cn
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always @(posedge clk or negedge rst_n) begin
if('rst_n) begin
line0_data0 <= 16'b0;
line0_datal <=16'b0;
line0_data2 <= 16'b0;

linel_dataO <= 16'b0;
linel datal <=16'b0;
linel_data2 <=16'b0;

line2_data0 <= 16'b0;
line2_datal <= 16'b0;
line2_data2 <= 16'b0;

data_out_en0 <= 1'b0;
data_out_enl <= 1'b0;
data_out_en2 <= 1'b0;

end

else if(data_in_en) begin

line0_data0 <= lineO;

line0_datal <= line0_data0;
line0_data2 <= line0_datal,;

linel data0O <= linel;
linel_datal <= linel_dataO;
linel_data2 <= linel_datal;

line2_data0 <= line2;
line2_datal <= line2_data0;
line2_data? <= line2_datal;
end
end

pa_8 pa_8_inst(
.clken(data_in_en),
.clock(clk),
.data0Ox(line0),
.datalx(line0_data0),
.data2x(line0_datal),
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.data3x(linel),
.datadx(linel_datal),
.datab5x(line2),
.data6x(line2_data0),
.data7x(line2_datal),
.result(result_data)

)i
S — .
Il R4, 8 mzMmRLL8, RKEFHE
S — .
always @(posedge clk or negedge rst_n) begin
if('rst_n)

data_out <= 16'b0;
else if(data_in_en)
data_out <= result_data[18:3];
/ldata_out <= line2_datal;
else ;
end

endmodule

ARG

/*

Module name: mean_filter_3x3_tbh.v
Description:

Date: 2017/12/22

Engineer: lipu

e-mail: 137194782@qg.com
*/

“timescale 1ns/1ps
“define CLK_PERIOD 20
module mean_filter_3x3_tb();

reg clk;

reg rst_n;

reg [15:0] data_in;
reg data_in_en;

wire [15:0] data_out;
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wire data_out_en;

mean_filter 3x3 mean_filter_3x3_inst(
.clk(clk),
.rst_n(rst_n),

.data_in(data_in),
.data_in_en(data_in_en),

.data_out(data_out),
.data_out_en(data_out_en)

);

initial begin
clk =0;
rst n=0;
data_in_en =0;
#(CLK_PERIOD*10);
rst n=1,
#(CLK_PERIOD*10);
data_in_en =1;
#(CLK_PERIOD*10000);
$stop;

end

always #('CLK_PERIOD/2) clk = ~clk;

S —
I R —A4T 480 Mk 35 & &
A —
always @(posedge clk or negedge rst_n) begin

if(Irst_n)
data_in <= 16'd0;
else if(data_in_en)
if(data_in == 16'd479)
data_in <= 16'd0;
else
data_in <= data_in + 16'd1;

else
end
endmodule
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P % E

- N
% MegaWizard Plug-In Manager [page 1 of 3] M

:a shift Register (RAM-based)

Currently selected device family: | cycone v E

line3x3
slt=hift_taps Match project/default
k— shiftin[15..0]  shiftout15..0]+—>
f—| clock 1aps2x[15..0] > How wide should the “shiftin” input and the “shiftout” output buses be? 15 ~ bits
¥— clken taps1x[15..01—~
taps0x[15..0]+= How many taps would you like? 3 -
Create groups for each tap output
Heow wide should the distance between taps be? 430 -

Create a dock enable port
[T] Create an asynchronous dear port
What should the RAM block type be?

@) Auto MLAB @ MaK
[Resoue iage_|
‘ Cancel || < Back H MNext > || Finish ‘

K 5 1ine3x3 IP
w5 Fr~, shift register (RAM-based)ip T E X TR - THEEF.
4.3 < TFT B BEAT & A/N A 480, 5 ~F TFT &R RHATE AN K 800,

”
% MegaWizard Plug-In Manager [page 1 of 4] m

'ZJ PARALLEL_ADD

Currently selected device family: | cydone v e

Match project/default

How wide is the 'data’ input? 16 - bits
How many numbers will be you adding? 8 -
How wide is the 'result’ output? 19 ~ bits

clken Input UNSIGNED i
LATENCY=1 Is the input signed or unsigned? UNSIGNED

Do you want to pipeline the function?

© No

@ Yes, I want output latency of 1 dock cydes
Create a 'dken’ dock enable port
[ Create an 'adr' asynchronous dear port

_ | Cancel H < Back || Next > || Einish |

K 6 pa 8 IP
W 6 frox, pa 8 H/\MEE &L EFATHEMIP,
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PiRERE

4. [mean_filter_3x3_tb/mean_filter_3x3_inst/data_out_en Thz

+| w4 /mean_filter_3x3_th/mean_filter_3x3_inst/line0 16'd400

+| w4 /mean_filter_3x3_th/mean_filter_3x3_inst/line1 16'd400

+| w4 /mean_filter_3x3_th/mean_filter_3x3_inst/fline2 16'd400

+| w4 /mean_filter_3x3_th/mean_filter_3x3_inst/line0_datad 16'd399

i+« /mean_filter_3x3_th/mean_filter_3x3_inst/line0_datal 16'd398

i+« /mean_filter_3x3_tb/mean_filter_3x3_inst/line0_data2 16'd397

+| w4 /mean_filter_3x3_th/mean_filter_3x3_inst/fline1_datad 16'd399

i+« /mean_filter_3x3_th/mean_filter_3x3_inst/fline1_datal 16'd398

i+« /mean_filter_3x3_tb/mean_filter_3x3_inst/fline1_data2 16'd397

+| w4 /mean_filter_3x3_th/mean_filter_3x3_inst/fline2_datad 16'd399

+| w4 /mean_filter_3x3_th/mean_filter_3x3_inst/fline2_datal 16'd398

+| w4 /mean_filter_3x3_tb/mean_filter_3x3_inst/line2_data2 16'd397

i+« /mean_filter_3x3_th/mean_filter_3x3_inst/result_data 19'd3184 88
=) 4% fmean_filter_3x3_th/mean_filter_3x3_inst/data_out 16'd397 ::::E:::

I
B 7 7k 3x3 EF R F 1 A s
wH 7, B MNIERARTHK 3 TREEF, & A RLEWDNEERTH K

(Xy) ABN N \NEE A, DEERT (Xy) SR FRME,
ean_filter_3x3_tb/mean_filter_3x3_inst/data_out_en

~ /mean_filter_3x3_th/mean_filter_3x3_inst/ine0 16'd400 I ST S I -2 I ¥ I S I 1
|« jmean_filter _3x3_th/mean_filter _3x3_inst/line1 16'd400 :)::)::):ﬁ::)::) 5
4 /mean_filter_3x3_th/mean_filter_3x3_instine2 16'd400

|« Jmean_filter_3x3_tb/mean_filter_3x3_inst/ine0_data0 18'd399

4 /mean_filter_3x3_th/mean_filter_3x3_instline0_datal 16'd398

|« Jmean_filter_3x3_tb/mean_filter_3x3_instline0_data2 18'd397

& /mean_filter_3x3_th/mean_filter_3x3_instfine1_datal 16'd399

| 4 /mean_filter_3x3_th/mean_filter_3x3_instfinel_datal 18'd398

& /mean_filter_3x3_th/mean_filter_3x3_inst/line1_data2 16'd337

| 4 /mean_filter_3x3_th/mean_filter_3x3_inst/line2_datal 16'd399

4 jmean_filter_3x3_thjmean_filter_3x3_inst/ine2_datal 16'd398

| 4 /mean_filter_3x3_th/mean_filter_3x3_inst/line2_data2 16'd397

| wgr fmean_filter_3x3_th/mean_filter_3x3_instjresult_data 19'd3184

% /mean_filter_3x3_th/mean_filter_3x3_inst/data_out 16'd397

K8 £3 (xy) HGiEwyE
W& 8 Frox, modelsim 7 EZIL T8 £ 3x3 EMEM M H, ML (xy) HH, FIHARK
(1) 10+ 9+ 8+10+8+10+9+8 = 80 w4 KF (xy) =@y E K 10, 5E 8 &R MM,

S 45 R

K9 lenaZH
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Bl 11 233 EIRE B H & E B &

R HT

A 9,10,11 ERLERAE, B xEEGNEL BTHEM L, LT KEEGNS
B K .
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#T FPGA 7K & R rIE v VA I SE BT
1E#: lee ##

WA B

B AT R — M AP R IR, R TR ESTRE, M T EGAE
W RR IR . BB, SATRE R R E R AT TR RE, F-4
BRERWE, MHERFPTBANEMREEL T IRTHERE BHIRK
HEREEZ: A— MR (ISR, B8 SHEGRTHE MR, FA#
AR R B AR SN B R B AR 3 R BB R AR AR IR R R R R

— L& Hr o A

Y -4 _4 X

BRI EE G TR ERATIEE, R R IEEG F W mCE
¥, FREFORANGERESS. B, A4 THEERKE (meanfiter) ©
MTREBRREFZF, MHAZRGHOELT,

B BT R RIS K SN ARFREZRE N €& —MRBEIRE &, MH
KB HE T B AT 7R IE B 840 2 KB IR % #

GAUSS VR B &7 Mk T A 7205, ik Jo W B R 34T

JE4#: https://xiaomeige.taobao.com B J7Muk: www.corecourse.cn
FARIE % http://www.cnblogs.com/xiaomeige/ HiR#E4H: 615381411



https://xiaomeige.taobao.com/
http://www.corecourse.cn/
http://www.cnblogs.com/xiaomeige/
https://baike.baidu.com/item/%E5%8A%A0%E6%9D%83%E5%B9%B3%E5%9D%87

I FPCA BIBA, FsEFZ5E09 FPCA BALITFRAED  FFELIR 5 T EHFLX=1L—TA

RIS FIR LI P B

1 4 7 4 1
4 16 26 16 4
(1/273) * |7 |26 |41 |26 |7
4 16 26 16 4
1 4 7 4 1
B HT B UK 5x5 & T
1 2 1
ey |2 |4 |2
1 2 1
TR 3X3 £ T

1> 8B AT F T & 3x3 FE[F

fy) &R~ (xy) Bk &8,
gx.y) &R (Xy) BEWEETEE A E FHE;
2> Fl AR # R AR B A 1] R B A R E R B RER T KRR R E
g(x,y)= (1/16) * (f(x-1,y-1)+2f(x,y-1)+f(x+1,y-1)
+2f(x-1,y)+4f(x,y) + 2f(x+1,y)+
f(x-1,y+1)+2f(X,y+1)+f(X+1,y+1))--------m--mmmmmmmmmm e Q)
3> A AHEGTFHE -G R
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W 3 B, £ F] RGB B 4k #: ik Ycber B9 B89 Y B 7 ok & & B R\

B AT AR

PR OBt

gaussian_filter_3x3:gaussian_filter_3x3_in

clk
data_in[15..0

data_in_en

data_out[15..0]_

rst_ n

Bl 4 & H7 R A R
W 4 BN, BATIR RO R o B ek 1A
&1 BATIRBOR 7R

RS S 110 sk R

clk | clk % F B4 (4.3 +F led % 9Mhz,5 < %% 33MHZ)
rst_n [ rstn H AR EAfES

data_in | [15:0] data_in % 16 {4 B & & fr \ 18
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data_in_en [ data_in_en % lcd *F & o7 X 8 fE 5 5
data_out O[15:0] data_out % 16 L& & % i Hi#E &

VTR

/*

Module name: gaussian_filter_3x3.v

Description: Using the 3x3 Gauss filter operator to complete t
he Gauss filtering of gray image

Date: 2017/12/22

Engineer: lipu

e-mail: 137194782@qg.com

*/

“timescale 1ns/1ps

module gaussian_filter 3x3(

input clk, /lpixel clk

input rst_n,

input [15:0] data_in, /16 bit RGB565 pixel
input data_in_en,

output reg [15:0] data_out,

output data_out_en
)i

[l mmm e e

Il W =T R = &F

[ mmm e

wire [15:0] line0;
wire [15:0] linel;
wire [15:0] line2;

reg [15:0] line0_dataoO;
reg [15:0] line0_datal;
reg [15:0] lineQ_data2;

reg [15:0] linel dataoO;
reg [15:0] linel_datal;
reg [15:0] linel_data2;
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reg [15:0] line2_dataO0;
reg [15:0] line2_datal,;
reg [15:0] line2_data2;

R
I shift_ram IP k=T X & F
N

line3x3 line3x3_inst(
.clken(data_in_en),

.clock(clk),
.shiftin(data_in),
.shiftout(),
.taps0x(line0),
tapsix(linel),
taps2x(line2)

)i
J e e e
/l Form an image matrix of three multiplied by three
Jfmmmm --

always @(posedge clk or negedge rst_n) begin
if('rst_n) begin
line0_data0 <= 16'b0;
line0_datal <=16'bO;
line0_data2 <= 16'b0;

linel_dataO <=16'bO;
linel_datal <=16'b0;
linel data2 <= 16'b0;

line2_data0 <= 16'b0;
line2_datal <=16'b0;
line2_data2 <=16'b0;
end
else if(data_in_en) begin //#% % A 21z 5
line0_data0 <= lineO;
line0_datal <= line0_data0;
line0_data2 <= line0_datal;

linel dataO <= linel;
linel datal <= linel data0;
linel data2 <=linel datal;

line2_data0 <= line2;
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line2_datal <= line2_data0;
line2_data2 <= line2_datal,;
end
end

always @(posedge clk or negedge rst_n) begin
if(frst_n)
data_out <= 16'b0;
else if(data_in_en)

data out <= (line0_data0 + line0_datal*2 + line0_data2 + linel_data0*2
linel_datal*4 + linel_data2*2 + line2_data0 + line2_datal*2 + line2_data2)>>4,

/l[data_out <= line2_datal;
else ;
end

endmodule

i BANE:

/*
Module name: gaussian_filter_3x3_tb.v

Description: Generate 0-479 incrementing data to simulate 480 pixels per line.

Date: 2018/1/23

Engineer: lipu

e-mail: 137194782@qg.com
*/

“timescale 1ns/1ps
“define CLK_PERIOD 20
module gaussian_filter_3x3_tb();

reg clk;

reg rst_n;

reg [15:0] data_in;
reg data_in_en;

wire [15:0] data_out;
wire data_out_en;
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gaussian_filter 3x3 gaussian_filter 3x3_inst(
.clk(clk),
.rst_n(rst_n),

.data_in(data_in),
.data_in_en(data_in_en),

.data_out(data_out),
.data_out_en(data_out_en)

);

initial begin
clk =0;
rst n=0;
data_in_en =0;
#('CLK_PERIOD*10);
rst n=1,
#(CLK_PERIOD*10);
data_in_en =1;
#(CLK_PERIOD*10000);
$stop;

end

always #('CLK_PERIOD/2) clk = ~clk;

always @(posedge clk or negedge rst_n) begin
if(frst_n)
data_in <= 16'd0;
else if(data_in_en)
if(data_in == 16'd479)
data_in <= 16'd0;
else
data_in <= data_in + 16'd1;

else
end
endmodule
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PiRER:

_filter_3x3_tb/gaussian_filter_3x3_inst/data_out_en

1+ 4 fgaussian_filter_3x3_th/gaussian_filter_3x3_ins{fline0

R 2 ,’gaussian_ﬁlberjx3_ﬁ:,’gaussian_ﬁ|her_3x3_ins1,-1ine1 16'd400

+ fgaussian_ﬁlterjx3_ﬁ:fgaussian_ﬁlter_3x3_inst-1inez | 16'd400

1+ ¢ fgaussian_filter _3x3_th/gaussian_filter_3x3_inst/ine0_data0 I'16'd399

=) w4 fgaussian_filter _3x3_tb/gaussian_filter_3x3_instfine0_datal 16'd398

+ w [gaussian_filter_3x3_th/gaussian_filter_3x3_instfline0_data2 16'd397

= 4 jgaussian_fiter_3x3_th/gaussian_filter_3x3_instfine 1_datal 16'd399 0 11 [ | ]EDED i5
+) w [gaussian_filter_3x3_tb/gaussian_filter_3x3_instfine1_datal 16'd393 M0 [ 31 [ 12 | i3 [ j14 | {35
+ < fgaussian_filter_3x3_th/gaussian_filter_3x3_instfine1_data2 16'd397 ST I S5 I 5V I S T
=) 4 /gaussian_fiter_3x3_th/gaussian_filter_3x3_instfline2_datal 16'd399 0 M2 M3 na {5 | e
+) g [gaussian_filter_3x3_tb/gaussian_filter_3x3_inst/ine2_datal 16'd393 M0 [ 31 [ 12 | i3 [ j14 | {35
+ < fgaussian_filter_3x3_tb/gaussian_filter_3x3_inst/ine2_data2 16'd397 B [ 10 [ 11 [ J12 | y1a [ 14

I
&l 5 7% Ak 3x3 iy E & A 1%

5 EEESE T, P AET 24 —H—REHIE, HART 275
HEE
BT R, —MRATART (xy) # 08 3x3 B E L.

fgaussian_filter_3x3_tb/gaussian_filter_3x3_instfine2 :;:):):):):)p
(+! w fgaussian_filter_3x3_th/gaussian_filtter_3x3_inst/line0_datad 16'd399 o 7 6
+! w fgaussian_filter_3x3_th/gaussian_filter_3x3_inst/line0_datal 16'd398
+! w fgaussian_filter_3x3_th/gaussian_filter_3x3_inst/line0_data2 16'd397
+! w fgaussian_filter_3x3_th/gaussian_filter_3x3_inst/line1_datad 16'd399
1+ < [gaussian_fitter_3x3_th/gaussian_filter_3x3_instfine1_datal 16'd398
+ w4 [gaussian_filter_3x3_th/gaussian_filter_3x3_instfline1_data2 16'd397
+ w4 [gaussian_filtter_3x3_th/gaussian_filter_3x3_inst/line2_datal 16'd399
+ w4 [gaussian_filtter_3x3_th/gaussian_filter_3x3_instfline2_datal 16'd398 5
+} w4 /gaussian_filter _3x3_tb/gaussian_filter_3x3_instfline2_data2 18'd397 3 @ | 90 [ 31 [ {32 [ f13 [ 14
[+ %% fgaussian_filter_3x3_th/gaussian_filter_3x3_inst/data_out 18'd397 E 0 [ i1 12 [ {13 [ j14

K6 SEgEmitEER
HE 6 WEEERAN T U A EFF & 4[11,10,9;11,10,9;11,10,9]1F &
X (D 1HHETH10, SLEEEANER .
IR,
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T FPGA BB AL 2 sobel BT 4k I &Yk 2
TSR

T Gt | P G AL 3R An i AL o B9 AR T B, 2 St el B B9 R AR IR AR
FEHRYREEAMNARH . ARBEETHWEZ R BRI T BUNEEF M
A, WEEHE (D) FKE L@ AES, (D xEArmEAEs. i) 4757 E K%
e (iv) FERALTA. BERIEEGAEN TN+, £ HEZHFE
T B — AN T U

WERNET

—¥: Roberts Cross % ¥, Prewitt 5 ¥, Sobel #-F, Kirsch &F, Z#
CE N

—H: Marr-Hildreth, ZE#E a8 #H T E 5, Canny & T,
Laplacian & F. 4 K &1 E 89 £ £ T Sobel & F i1 41l #y FPGA & =

Sobel B 7523

Sobel H#ERZGFEGAGRN T REENETZ—, ANBEFIT. KT
B, TEAM RS EEMETEREERRENER. ARAL, €215
RO—MELHET, ARTHAEGRERRN M EZANE. EEHEGENT
—REARET, BeFm e AN HEREIELERE
Sobel # Ao I 5 ik B, SEFRR A AR L canny &R MK E R,
B2 # % 140 Canny R Ul By #, (E21R % IR A 837 &, sobel #4H 25
£, BEEMNREERRS, WA HESED AR QR

Sobel i Ao U & & A 77 |, WU B B i R R E B S A e

N

s N '1 O +1
Sobel & F x 77
-2 0 +2
-1 0 +1
+1 +2 +1
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y 77 4]

(-1, j- (i,j-1) | (i+1,-1)
s E & f 1)

(i-1.,)) (i) | (+1))

(-1,j+1) (i,j+1) (i+1,j+1)

ES LY

1. Gx=P % Sobelx - JF# &% 5 Sobel & F X 77 4 % H;
2. Gy=PxSobely -- RiE#% L5 Sobel £ T Y 7 &M

3. G=\G+G::

4. FELRYRLEGZEXEHN _EER.

FPGA 2P

Rd fifo

- e tito

PC

threshold et
SDRAM control e =
LCD
t display

SDRAM

K 1 FPGA # T & 1 £ | 5231 Sobel 5 7 # £ 46 | 244
HE L4, AR TS O FEEER ERA1E v sobel £ 3k LUK M 34 3%
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2 Rl
3 FPGA FF £ # /N 3T AL 4 AC620
4 4.3/5 ~F TFT LR B
5 Quartus 11 13.0
6 BOFETAE
7 Picture2Hex
Sobel # 3 1

sobel:sobel inst

Kl 2 sobel # 3 # 0 F
% 2 sobel &4 O

75 B0 LK oA

1 iclk TR 15 | By 4
2 idata iR G
3 idval HIEH K
4 Irst_n RBEMN
5 ithreshold B &
6 odata tEXl

/*

Filename : Sobel.v

Compiler : Quartus 11 13.0
Description : implement Sobel Edge Detector
*/

module sobel (
input iCLK,
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input IRST N,
input [7:0] ITHRESHOLD,
input iDVAL,

input [9:0] IDATA,

output reg oDVAL,

output reg [9:0] oDATA

parameter X1 = 8'hff, X2 = 8'h00, X3 = 8'h01;
parameter X4 = 8'hfe, X5 = 8'h00, X6 = 8'h02;
parameter X7 = 8'hff, X8 = 8'h00, X9 = 8'h01;

I mask 'y

parameter Y1 = 8'h01, Y2 = 8h02, Y3 = 8h01;
parameter Y4 = 8'h00, Y5 = 8'h00, Y6 = 8'h00;
parameter Y7 = 8'hff, Y8 = 8'hfe, Y9 = 8'hff;

wire [7:0] Line0;
wire [7:0] Linel,;
wire [7:0] Line2;

wire [17:0] Mac_xO0;
wire [17:0] Mac_x1;
wire [17:0] Mac_x2;
wire [17:0] Mac_y0;
wire [17:0] Mac_yl1;
wire [17:0] Mac_y2;

wire [19:0] Pa_x;
wire [19:0] Pa_y;

wire [15:0] Abs_mag;

LineBuffer LineBuffer_inst (

.clken(iDVAL),
.clock(iCLK),
shiftin(iDATA[9:2]),
.taps0x(Line0),
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tapslx(Linel),
taps2x(Line2)
);

MAC_3 x0 (
.aclr3("iRST_N),
.clockO(iCLK),
.dataa_0(Line0),
.datab_0(X9),
.datab_1(X8),
.datab_2(X7),
result(Mac_x0)

);

MAC_3 x1 (
.aclr3(liRST_N),
.clockO(iCLK),
.dataa_0O(Linel),
.datab_0(X®6),
.datab_1(X5),
.datab_2(X4),
result(Mac_x1)

);

MAC_3 x2 (
.aclr3("iRST_N),
.clockO(iCLK),
.dataa_0(Line2),
.datab_0(X3),
.datab_1(X2),
.datab_2(X1),
result(Mac_x2)

);

PA 3 pa0 (
.clock(iCLK),
.dataOx(Mac_x0),
.datalx(Mac_x1),
.data2x(Mac_x2),
result(Pa_x)
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MAC_3y0 (
.aclr3(RST_N),
.clockO(iCLK),
.dataa_0(Line0),
.datab_0(Y9),
.datab_1(Y8),
.datab_2(Y7),
result(Mac_yO0)

);

MAC_3 vyl (
.aclr3('liRST_N),
.clockO(iCLK),
.dataa_0O(Linel),
.datab_0(Y6),
.datab_1(Y5),
.datab_2(Y4),
result(Mac_y1)

);

MAC_3vy2 (
.aclr3("RST_N),
.clockO(iCLK),
.dataa_0(Line2),
.datab_0(Y3),
.datab_1(Y2),
.datab_2(Y1),
result(Mac_y2)

);

PA_3 pal (
.clock(iCLK),
.dataOx(Mac_y0),
.datalx(Mac_y1),
.data2x(Mac_y?2),
result(Pa_y)
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SQRT sqrt0 (
.Clk(iCLK),
radical(Pa x * Pa_ x + Pa_y *Pa_ y),
.q(Abs_mag)

);

always@ (posedge iCLK, negedge iRST_N) begin
if (lIRST_N)
oDVAL <= 0;
else begin
oDVAL <= iDVAL;

if iDVAL)
OoDATA <= (Abs_mag > iITHRESHOLD) ? 0 : 1023;
else
OoDATA<=0;
end
end
endmodule
IP % HE:
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“ MegaWizard Plug-In Manager [page 1 of 3]
Zp Shift Register (RAM-based)

Parameter

Settings

Currently selected device family:  cyclone v E

LineBuffer
altshift_taps v .
Match default
k! shiftin[7..0] shiftout[7..0] atch project/defau
k— clock taps2x[7..0]
L clken taps1x[7..0] How wide should the "shiftin" input and the "shiftout” output buses be? bits
taps0x[7..0
psO(7..0] How many taps would you like?
Mumber of taps 3
Tap distance 430 Create groups for each tap output
How wide should the distance between taps be? 480 e
Create a clock enable port
[] create an asynchronous clear port
What should the RAM block type be?
() Auto MLAB MOK
Resource Usage
9 lut + 2 MIK + 9 reg | Cancel | | < Back | | Next > | | Finish |

& 3 LineBuffer IP #y% &
H A &AER 2 3*3 5 3*3 AR AT, (480%272) 1T % 480 />, W
B ZATHRA, TR E WA 3,
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% MegaWizard Plug-In Manager [page 1 of 5] ? >

'Zp ALTMULT_ADD

[1]Para

Multipliers

Currently selected device family: Cyclone v E

MAC_3
« Match project/default
dataa 0[7..0 MULTO] [~ General
datab 0[7..0 What is the number of multipliers? 3 ¥ | multipliers

All multipliers have similar configurations

result[17..0 Howr wide should the A input buses be? 8 - | bits
CU:£
a3 How wide should the B input buses be? 8 ~ | bits

How wide should the 'result’ output bus be? 18 + | bhits

datab 1[7..0

Create a 4th asynchronous clear input option

This forces all registers to have an associated asynchronous dlear input

datab 2[7..0

[] create an associated clock enable for each clock

datab: Signed Input R tati
glock[l %l dataa: Unsigned puUt Representation
= What is the representation format for A inputs? Unsigned -
More Options...
What is the representation format for B inputs? Signed -

More Options...

| Cancel || < Back | ‘ Next = ‘ ‘ Einish |

K4 FmIPZE

X MegaWizard Plug-In Manager [page 3 of 5] ? X

-”a ALTMULT_ADD
Parameter
Setting

General xtra Modes

MAC_3 ALL MULTIPLIERS
¢ Input Configuration
MULTO
dataa 0[7_0 - ™ Register input A of the multiplier More Options...
cl
atab 0[7..0 i I: Cnagj Register input B of the multiplier Mare Options...

What is the input A of the multiplier connected to? Shiftin input -

auE

G_E
|

Q MULT1 What is the input B of the multiplier connected to? Multiplier input  +
cl

as

aE

Q result[17..0]
0
- a7 Output Configuration

Register output of the multiplier More Options...

datab 1[7_0

1+
+

datab 2[7 0

datab: Signad

lock0 o dataa: Unsigned
clock ;l g

Resource Usage

3 dsp_9bit + 35 lut + 34 reg | Cancel | ‘ < Back | | Hext = 1 | Finish |

K5 FemmIPitE
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‘ * MegaWizard Plug-In Manager [page 1 of 4]

'Z) PARALLEL_ADD

Parameter

Settings

Currently selected device family:  cyclone v E

Match project/default

‘f_p result[19. 0]
AL

How wide is the 'data’ input? 18 | bits

How many numbers will be you adding?

w
<

Input SIGMED
LATEMCY=1

How wide is the 'result' output? 20 ~ | bits

Is the input signed or unsigned? SIGNED -

Do you want to pipeline the function?
O No
(@) Yes, Twant output latency of clock cycles

[] Create a 'clken’ clock enable part

[] create an 'aclr’ asynchronous clear part

Resource Usage

| Cancel | | < Back || Mext = | | Einish |

K 6PA_3IPHIXRE
“ MegaWizard Plug-In Manager [page 1 of 3]

"2 ALTSQRT

Parameter

Settings

Currently selected device family:  Cyclone 1V E

SQRT

Match project/default

Ik q[15..0],

radical[31..0°

] How wide should the 'radical' input buses be? bits
remainder[16..0]

Do you want to pipeline the function?

OND

(@ Yes, Iwant an output latency of |1 clock cycles

[ ] create an asynchronous Clear input

[] create a Clock Enable input

Resource Usage

| Cancel | | < Back | | Mext = | | Einish |

& 7 SOQRTIP Wik &
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A 10 F{E 5

K11 F1ME 7

m 9,10, 11 7] %0 il & 9 B N3 A 3 S By 28 R AR TR D, RRFTLLE
CRERE#HTERS .
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T FPGA [¥] 5 ~F LCD SR H B s
fE#: lee R4
B 15 b T B Rl AR

HTEGAERERERETHERARKT BT IHA AT AN LHATAE
M., BRAERZHAT 20 #4 50 FR, YHHETFITENCE X EE
—ZAFE, AMITFEA AT HEA KRR EENEREL . AFERALEEH—IT
FRANAW KT 20 #4L 60 FRWH. FHYEGLENE IR E B G
g, EUAANE, UKEANARKZR N EHN. ARAEF, BAWENE
REER, AHWERERE G E G, ¥ ANEGAE T Eq HGHEE. AR,
W, EHEF.

BT7EGAEE R T %

1) HGEZ#H: aTEHGEEIRA, EREZARFHTAE, PRTHE
RA. Bk, BERXRALMEGE BT E, wELTESR, ARAEHR. B
KRR BFAEALEZAR, BT EABHAE LR AR ERNLE, TRABRDITE
B, METREEARHAE (W0 R v M+ HATHRFIREAED,
B BT S BT  B N E AR B AT A R AT R A, R E R4
i R R DA PN

2 VE B GR A E 4 BB A R G BOR T R e A T R e HE B (BT H AR 50,
DB g B G Ew. REMEAMRD AN ERERE. E4TUETKREWN
R THRE, WA UEAFHREF M THT REEEHFEA T REZWN T %,
CHEEGRBEEA TR RRT B AR A,

3) ABpHEEMAR: AREEMERNENEN T REEGNRE, wx
fReeRE, REEGHRENES. BRERISSREGRERWER, X4 E&®
RABWH 2. wBRUEGEMAL, €, TERGTHEREFN, BTHI; @
BUEA L BT R EGR T RE DR BRERE R ERE R EER— 28
TR, —BUEAMARER R ERT “RRER”, BXAXMIREAE, KEHK
ERERNER.

4 ) Bad: BRI ZHTEEGABETHARHAZ —. BRI EH
Bl 8 RS o R B R, A REXWREREGFHLLE, KiRE,
Rt — S HATEGRA AT AR ER . B A B EAE T DI ERE,
DX o | 09 77 ok, BB — AT T &M EREA 807 k. B, ER

DENAREELHENZ Y, EEHWNEAGBAEFHRNREZ —,
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5) Bt BREr ZEGRAMBERNLERNR. FAREZH
BIGRT KA B LT R s R R ey e i, — B GRyR 7 X — R 7,
TR I e KA i R T ik T T AR ARV SR B R T R A Z RS AR
R, MEEAGRERRHRNLE, CETHHAATZEEELRAR, BRET
R, REHR. S XEERERF T %,

6 ) B4k GRAD: B&Ra%x GRAD BETHEXAANEE, LXEN
BFREGEEXLEHAE R, ER. E4%) B, #TEHGS FIFLRI,
MTTHAT AR 25 B RKERXRRAEBNEXRA 7%, ARITEX L K g
& (M) B K, TR RERKEMES R A THEF LR S
R EGRRA] ok 2 B E AL

MEIT AN ANER, HEAEERCERANARNEET YO T A EE,
Heb, ERAREA LA BEEANARN, BRAEEAERRATHEAZER
e BPRREE, BRETHER, KBEN, IAEK. HFENFE.

A EE: B 20 HE2 60 FRUK, MERE T ZRMZH T IHEMN
A, —MeFoe PR RALANTN, TR -—RKEFHNES, BARLS
Wit BN EGRZRE T B EaEEr. AR RRN B A AR DL
AABET RERFNAL, w4, RNDERELNE—HLR T A EMH
TENHATE.

R R T U K LA T R Y B, R TR R Tl RO R R B 2
—o M 1996 FEIE, HFREWHHSHETUAR VERRDE, HEER
REBAWERE, MEELFRNLEBRZNBEEAESRCERN T FFEEHR
[P

BAEAN: FTIERKAEAN, £ MGt TmE, FETAHLELHEE
HY A A R A B T X i B R AR AL, 5 S EAEALTF, KA AR AL
E R R T, TR R B R SR R B R i SRR T SR B R
BN U EHE I HEA, BANRETEOAN L, E—R&HT, KEH
MATTUEEEIB AKX BENRE F&F PC ALL. B TEEBZAHLEN, A
DL R & 7T UL S b & B2 04, 1 B ] DASL 24T Bt ok 52 3T e 5 o £
T,

WAER G S F e KEZIRTH VCD , DVD HHEffiyally, A
ST TG AL B GACE BOR, TSR A & B R LA R
Wz T AR KGR T RAZ S FR, &ERLE.

LCD B/ Hy 4 R B
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Hor Active Start Hor Blank Start Hor Sync Start
H Back Porch 1 :
Hor Sync Time ‘\ _ . H Frant Porch
S~ H Left Border H Right Border =, ¥ 4
_:I\ [ | / Har “Active” Video »a——»
Hsy nc | | }1—*— Hor "Addressable’ Video —*—.l |
| Ver Sync Time
Blanking
W Back Porch
— - - e 4—— \er Active Start
7 5 Border 7 7 i ,
/ ........ 5 I V Top Bomer
Addressable
Video -
¥
_ B
a9
: g &
7 £ =
e
e
/'/ — ¥ ‘: ' Bottom Boader
7 s / 7
------- N 4—— \/er Blank Start
' Front Porch
|:I 44— Ver Sync Start
VSync

Vertical Retrace Interval

VSync _ | # |

Hsyne [ [, 1 1L L L[]

Note:
All syncs shown as active high. For active low invert the waveform as shown below

J1L__ = U

Active High Arctve Low

K 1VGA B &AL %
w1 o, LCDME R VCA T Rt FEAR—3, MENFENL LA

Fik (NxZEEHR, M EET) 43T Hor sync time A2 H back porch B8], EE
Jr4 ®oR, 2| H front porch Bf B 4R — TR, AFEET—ATAM, &
TR RENRE—THH ER A H L, %3T ver sync time 7 v _back porch
A e R H A mREFETE R, 8 ver front porch RBE A M B REHRK, — TR
7T Ko

Y REBEWRFAEHRT ARAATRANAERINEFT T FEHAERL
Ko

FPGA 2P

A SLE H
ATEHWEULEAR T LCD R E R EE, LUK A EHRATH FPGA B %k
FEGAET T A,
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X 7

TFT &R 5F

@ 51—

FPGA

B 2 TFT5 ~F o~ 5 T 7~ FPGA #8345 4

key_ont~[3..0]

K 3 44 /5 FPGA My MR DL R
MNE 2 FoE 3 T4, LCD BT =~ H A Key filter. rgb gen LK

TFT_CTRL_800_480_16bit = A 54 ik, Key filter 7T RIZ4 M EH, rgb_gen
%R E R RS, TFT CTRL 800 480 16bit #& 3k % fk TFT5 ~F REH I,
A SR i T AR OR A R E e AL
RGB565 ] LL 52 /% 65536 F# 2 €5 8 i
BHTE:
TFT5 ~F % /8 VGA T~ B
FPGA FF & 1R

FPGA VB

1) TFT_5 #RRA:
/*
Module name:  tft 5.v
Description: TFT5 screen display control.
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‘timescale 1ns/1ps
module TFT_5(

input clk_50m,
input rst_n,
input key_in,
output [15:0] lcd_rgb,
output lcd_hs,
output lcd_vs,
output lcd_pwm,
output lcd_clk,
output lcd_de

wire clk_33m;

wire key_flag;

wire key_state;

wire [15:0] rgb;
wire [11:0] hcount;
wire [11:0] vcount;

reg [3:0] key_cnt;

always @(posedge clk_50m or negedge rst_n) begin
if(!rst_n)
key_cnt <=4'd0;
else if(key_flag && (!key_state))
key_cnt <= key_cnt + 4'd1;
else
key_cnt <= key_cnt;
end

pll pll_inst(
.areset(!rst_n),
.inclkO(clk_50m),
.cO(clk_33m)

);

rgb_gen rgb_gen_inst(
.clk(clk_33m),//33mhz
.rst_n(rst_n),
.key_cnt(key_cnt),
.rgb_data(rgb),
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.hcount(hcount),
.vecount(vcount)

);

key_filter key_filter_inst(
Clk(clk_50m),
Rst_n(rst_n),  //%
key_in(key_in), //%
key flag(key_flag), //1%"

//50M H

AR P

.key_state(key state) //17 08 155

TFT_CTRL_800_480_16bit TFT_CTRL_800
.Ck33M(clk_33m), //+*¢
.Rst_n(rst_n), //Z 11
.data_in(rgb), //7F T i

t

1

.hcount(hcount),
vcount(vcount), //TFT 374
.TFT_RGB(lcd_rgb),
TFT_HS(lcd_hs),
TFT_VS(lcd_vs),
TFT_BLANK(lcd_pwm),
TFT_VCLK(lcd_clk),

.TFT_DE(lcd_de)

J/TFT 4T |

endmodule

2) Rgh_gen &3k JFAD:
/*

Module name:  rgb_gen.v

Description: rgb i€ F= 4
*/
“timescale 1ns/1ps
module rgb_gen(
input clk,
input rst_n,
input [3:0] key_cnt,

output reg [15:0] rgb_data,
[11:0] hcount,
[11:0] vcount

input
input

JE4#: https://xiaomeige.taobao.com
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);
parameter TFT_HS end=10'd1,
hdat_begin=10'd46,
hdat_end=10'd846,
hpixel_end=12'd1056,
TFT_VS_end=10'd1,
vdat_begin=10'd24,
vdat_end=10'd504,
vline_end=10'd524;
parameter h_8 = 10'd100;
parameter v_8 = 10'd60;
always @(posedge clk or negedge rst_n) begin
if(Irst_n)
rgb_data <= 16'h0000;
else
case(key_cnt)
4'd0:rgb_data <= 16'hf800;
4'd1:rgb_data <= 16'h07e0;
4'd2:rgb_data <= 16'h001f;
4'd3:rgb_data <= 16'hf81f;
4'd4:rgb_data <= 16'hffe0;
4'd5:rgb_data <= 16'h07ff;
4'd6:rgb_data <= 16'hfc00;
4'd7:rgb_data <= 16'hffff;
4'd8:rgb_data <= 16'h0000;
4'd9:begin
if((hcount[3] == 1'b1) » (vcount[3] == 1'b1))
rgb_data <= 16'hffff;
else
rgb_data <= 16'h0000;
end
4'd10:begin
if((hcount[6] == 1'b1) » (vcount[6] == 1'b1))
rgb_data <= 16'hffff;
else
rgb_data <= 16'h0000;
end
4'd11:begin
if(hcount == hdat_begin)
rgb_data <= 16'hf800;
else if(hcount == hdat_begin + h_8)
rgb_data <= 16'h07e0;
else if(hcount == hdat_begin + h_8%*2)
rgb_data <= 16'h001f;
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else if(hcount == hdat_begin + h_8*3)
rgb_data <= 16'hf81f;
else if(hcount == hdat_begin + h_8%*4)
rgb_data <= 16'hffe0;
else if(hcount == hdat_begin + h_8%*5)
rgb_data <= 16'h07ff;
else if(hcount == hdat_begin + h_8*6)
rgb_data <= 16'hfc00;
else if(hcount == hdat_begin + h_8%*7)
rgb_data <= 16'hffff;
else
rgb_data <=rgb_data;
end
4'd12:begin
if(vcount == vdat_begin)
rgb_data <= 16'hf800;
else if(vcount == vdat_begin +v_8)
rgb_data <= 16'h07e0;
else if(vcount == vdat_begin +v_8*2)
rgb_data <= 16'h001f;
else if(vcount == vdat_begin +v_8*3)
rgb_data <= 16'hf81f;
else if(vcount == vdat_begin +v_8%*4)
rgb_data <= 16'hffe0;
else if(vcount == vdat_begin +v_8%*5)
rgb_data <= 16'h07ff;
else if(vcount == vdat_begin +v_8%*6)
rgb_data <= 16'hfc00;
else if(vcount == vdat_begin +v_8%*7)
rgb_data <= 16'hffff;
else
rgb_data <=rgb_data;
end
4'd13:begin
rgb_data <= {5'b0,vcount[8:3],5'b0};
end
4'd14:begin
rgb_data <= {vcount[8:4],vcount[8:3],vcount[8:4]};
end
4'd15:begin
rgb_data <= {hcount[8:4],11'b0};
end
endcase
end
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endmodule

3) (/NEEFJEFAL) TFT_CTRL_800_480_16bit A2tk JE L.

module TFT_CTRL_800_480_16bit(
Clk33M, // 7 4k
Rst_n, //Ef#AN, K&EFEM
data_in, //i+ T oA

hcount, JITFT AT # I #&
veount, JITFT 3743 1t 2 %
TFT_RGB, //TFT 2742 4
TFT_HS, [ITFTATE 5 5
TFT_VS, JITFT 1 [E 15 5
TFT_BLANK,
TFT_VCLK,
TFT_DE

);
. i

input Clk33M;
input Rst_n;

input [15:0]data_in; VK-t &
[ [ R R

output [11:0]hcount;
output [11:0]vcount;
output [15:0]TFT_RGB; //TFT Z74% 4 1

output TFT_HS; //TFT AT #1125
output TFT_VS; JITFT 57 Bl 15 2
output TFT_BLANK;
output TFT_DE;
output TFT_VCLK;

S
reg [11:0] hcount_r; JITFT ATHE T4 &
reg [11:0] vcount_r; JJTFT 73 4t 25 &
e SR B S

wire hcount_ov;

wire vcount_ov;
wire TFT_DE;// & 2 0o i =

JITFT AT . #5530k
parameter TFT_HS _end=10'd1,
hdat_begin=10'd46,
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hdat_end=10'd846,
hpixel_end=12'd1056,
TFT_VS_end=10'd1,
vdat_begin=10'd24,
vdat_end=10'd504,
vline_end=10'd524;

assign hcount=hcount_r;

assign vcount=vcount_r;

assign TFT_BLANK = Rst_n;
assign TFT_VCLK = Clk33M;

always@ (posedge Clk33M or negedge Rst_n)
if(IRst_n)
hcount_r<=12'd0;
else if(hcount_ov)
hcount_r<=12'd0;
else
hcount_r<=hcount_r+12'd1;

assign hcount_ov=(hcount_r==hpixel_end);

always@ (posedge Clk33M or negedge Rst_n)
if(!Rst_n)
vcount_r<=12'd0;
else if(hcount_ov) begin
if(vcount_ov)
vcount_r<=12'd0;
else
vcount_r<=vcount_r+12'd1;
end
else
vcount_r<=vcount_r;

assign  vcount_ov=(vcount_r==vline_end);

assign TFT_DE=((hcount_r>=hdat_begin)&&(hcount_r<hdat_end))

&&((vcount_r>=vdat_begin)&&(vcount_r<vdat_end));

assign TFT_HS=(hcount_r>TFT_HS_end);
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assign TFT_VS=(vcount_r>TFT_VS_end);
assign TFT_RGB=(TFT_DE)?data_in:16'h000000;

endmodule

KL R

| 3 Red

K| 4 Green
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-

K| 5 Blue

6 Color_bar_h
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;
¥
¢
;
|
%‘
|

K 6 Lattices image 1
B IF AT AR R R,

AFEELEARTRTIFT B R RN ETREURERRE, Aoy BGAET T RE
A
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