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1. BRFEFEEE
1.1.  ZEREAD
S =k
BE— oI IRREIEEGEENFETE,
SLWHIR:
Window11
PDS2022.5P6.4
Modelsim10.6¢
MatlabR2023b( BT LA B B B AR A)
BHIRE:
MES2L676-100HP
1.2, ERFE
BARETHR VESAURNF, 7HRAMNRERNFR2EER, A58 HEEBIIRR. &/57E Matlab
EEX Modelsim A E H3RH txt X4, 4§ txt 3X4&K png B, BT MREFEEHNEGEEE. ZF Matlab
BE, EREHE AREIITLUET Al REM — M ARLE txt XK, ARBHNEERTEXEI T,

1.2.1. VESA HENE

x'axd

BRENERERE, ARTUUBEETHR T, XBEEMAMIRE, AINBEHENERRE, B, B1E
AHNRENSBEREARLE 1080P@60HZ, thE 75HZ, 120HZ, 170HZ &, RIEFTREE, EkhERESVRIH

BEZR BEEERERY, LEHRIMERSREHE, MESENEDNMEEER, —BFH, HNNERE

=

MNRBENELEG R NEBT, NERR, —7T—THER EFERZ 0L WE 1.2-1 Fi7R, 2152 1080P

BA—THEE 1920 MEER, S5 1080 17, B 1920*1080,
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1.2-1

ATENREAR RPERRE, ENMEREZEOBE—EMENTFED, AIEERZNFIRE, 718

EHRIGETEBREENER. M—RE1IELL VESA VGA IR ER FE RS E, L VESA MENFEIRIAR

I R EBRER,

ETRENEENSE VESA 1080P N E RN F B ENFERTHEAEXZEMRNIXEGR. BIFFEEL HDMI

ERtENE, RBERTHEMNNERNF, MolREERE MEMNNALR LA - RARESH, S1€

ZE FmI A TMDS ESHH, EHNAFTEET# TMDS &3, L8 HIEHIEFRNT,

1.2.2. BREE

ENRBEADSPERNETREFH, RNELETHE TR, SR ERKE, EXHERIEG. B7E6ME

SESHM.

BANARSES, RERMNSIERMESUTRSESNBRLSES, TRASES —RARETR—TH

FRRER, MRS ESHRET—MPIFRIER. IR NMESHEIZERMN, RAE TEHKE:
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Definition of Terms

| "Active" Video >l Blanking——»]

Wik [ T ] [
Back ' Top / Left "Addressable" Video Bottom / Right Front Back
Sync H_Pnrch Border (Addr Time) Border chrch_'i Sync I"_F"r;n:h

Hsync _ [ | [ 1
vsyne _ [ | [

|¢—————————Blank Stat—————————»|¢———Blank Time ———»]
I

[ Sync Start »| -lsf\lfnq; je—
1.2-2
Definition of Terms
I« "Active" Video—— pl¢——Blanking——»]

Video _ | |
Back Top/ Left "Addressable" Video Bottom / Right Front Back
Sync H_Porch ’ Border (Addr Time) i< Border Porc:h_)| Syne I"_Pnrch
HSync I I I
VSync | I I

|€¢————Blank Start »le Blank Time ——»|
S
< Sync Start »| Ti!:,nn: |e—
1.2-3
Definition of Terms
j« "Active" Video >l Blanking ——»

Video ] _ | |
Back ) Top / Left ¢ "Addressable" Video >l Bottom / Right ) Front Back ¢
Sync |<kF'c:rc:h Border (Addr Time) Border Porch*l Sync |¢F'orch
HSync | |
VSync | |

HiBIank Stat——————p{¢————Blank Time ———»|

- Sync Start » .?mn; |e—
1.2-4
Definition of Terms
j« "Active" Video i Blanking——»|

Video | _ | |
> Back »le Top / Left e "Addressable” Video e Bottom / Right »le Front Back »le
Syne H-Porch Border (Addr Time) Border Pz::rch_*I Sync |"—Pc;n:h
HSync | | |
VSync | I I

k—Blank Start—————————ple——Blank Time ———»]

., Sync
| Sync Start ™ fime

1.2-5
BMNE LEENE, B O08E TR, HSync(fTREFES )M VSync(BRSES ) 2B N ARNAESH
R, FUAREHREFYEGEIEEY, Lit 2 Active Video B, {189 HSync 1 VSync £3I 2 ERE2RE

B GIE 1.2-2, RN GTLABRE SYNC(EZ)MERE, HSync 1 VSync R S 8B F, RHIELY, &FE



WIE RS /NRES FPGA Www.meyesemi.com

SR, RMNIRULEE HSync A VSync SSBEAY, T8 XESEFEFRARBHEEY, 2RERSHY,
IR ZEEHEN, FIRXAFXISBIEER. ME 1.2-4 ¥ HHNHESEBFEHR. B 1.2-3 M2 HSync &
BIEE. VSync REBFEHK,

ETREANXZE—T Video 55, UM B RMNNERERLEE, LIE 1.2-2 A%F, HAFZEA SYNC(EH).
Back Porch(E/~/5i8). Top/Left Border(_/Z R ~i11E). ADDRes sable Video(BX E/RKXI8]).
Botton/Right Border(~ /A E/RB4E). Front Porch(E/RE1R)H AL, 2B HA1E R Blanking, BIiER X8, o]
AEEIH Front Porch, SYNC, Back Porch #p%, B &L E ol R 8K, AR RNEHME, ATARSE, B2
ERERE.

Definition of Terms

[« "Active" Video < Btanking B
Vido i |
Back Top / Left "Addressable” Video Bottom / Right | Front Back |
Sync H_Porch Border (Addr Time) Ecurder2 "1"‘_Porch_"I Syne I‘_Porch
HSync | | 1 i 1
VSync | | | |
| Blank Start >l Blank Time >
| Sync Start » ??imn: |e—
1.2-6

HMNEE 1.2-6 NE 2 &, SJAEREI—HZ, EXLELR—MNERE, 4T —1 VSYNC 2XEH, H
IR T IR, MAEX SYNC A, RUERENE, BFERE, RRNNEREE, FIABIE 2 4,
RZRIFIBRRAY, SYNC MR Bl A RA M — MR B F R, FIARMIER T —MBANEMAE SYNC 281, &3
SYNC /5, fi89—miFtia, FTARHARX N ERER REMEHMERFERT,

REETENE, £XFz2d, #1180 Boder, RE E Top X2 Left ;X2 Bottom &2 Right, —f&ER T,
7 0, FibA, KEFPDER TR ABEE Boder 89,

FRIAARROTAEE), BN BRXIFELH I $iE Addressable Video Bi—EB X8, HREELMEIE,
Fr A AR S 808 B AR N T B A B35 E H. LA 1080P J6IF, S MNTHMA A 2200, 5133 E 1

A 1125, BERHERER 1920, BHHSER 1080, XEN B =ENERNSEENMZ Addressable Video
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B—RXE, NSEIMBELSHHEE TN ESFRNEEMRSTEEER G R#HEH,

Hor Active Start

H Back Porch
Hor Sync Time —\_\
" e Ll
lng >

/— H Left Border

Hor Blank Start

H Right Border ——,
Hor "Active” Video o

r Hor Sync Start

-
4

HSync | |

Vertical Retrace Interval

1.2-7

"1
ﬂ—*i/ Hor"Addressable” Video 4*—'\ | |
i Blanking

AL A 1 ' r
a7 Border / i

7 7 s } [y
Addressable . /
G, v <
7 Video / g
4 / /’ -3
7 7 g
7 7 //_;'/- =
7 7 s
7 e
% 7

L
7 A -
A /'

A // 7 ,/ s, Ay 7’/.', ; L
G /,’ 7 0 / 0

<
w

-
=
(]

/— H Front Porch
|

DADIA LAY, JAA

“Wer Sync Time

W Back Porch
«— Ver Active Start

W Top Border

¥ Bottorn Border

4—— \er Blank Start

% Front Porch

«4— Ver Sync Start

HMNBEA 1.2-7, BRRZEFE—TEROEF, o LARRE L, iZ HSync # VSync AT HEEEX,

JUBRBE=NER, BLAHMESHAENK/N, ELESHME Border, — &N 0, RENREEHIMERK

MNNERXE, ELRZ P, — MBI FFiR, VSync 255, 2 /g HSync Bii &, R R— 1T, BRIg N8 VSync

75 8E, BBELZE 5 P HSyne, L2 5 17/5, VSync A SHE, & HSync # VSync #8311 /5, T E X

I Back Porch(Z R R /E10)EHMNNAMEIETE K.

ER, BN Border A 0, FRUAVESURABIREXMES, &AE Blanking 85, i2H &85, cIUEER

HEXEMANNESE

HSync==0 && VSync==0 S EI i —MEF X,

Front Porch.SYNC, Back Porch ¥ 8. A /5 8189 Addressable Video XN 2 H

G, IMEBRINNREERNF, KRELFZPEBCERERNFHIEMZEEEE Front Porch,

SYNC. Back Porch 1B ER=

E/GE, MoMECEREREF T, JUEX —MTEME T ESEMHaME
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2, IRB ERB B RN FEIE, 55253 SYNC, BZi1d Back Porch, AEMEEMXE, AEHEZE Front
Porch, RAEBEHET SYNC, REB/IRRITTERN NN BREF, BATUERLNKAHHE, BN, T
EHFERENNHNGRNY, ITFERBEZEE TOMERSHRNOERIE ZET R, BRIENBiZ0EMN
it &,

1.2.3. REFYPMERF

—RKIE, IR1E vesa B FARAE, IXE) BRI BRI ER M T: (L 1080P K1)
2200 1125 60 = 148500000HZ = 148.5MHZ

HIp2THHEBAR HEAMB I MZ, FrLARE 120HZ, ABFHE 297MHZ BBY&h,

1.3. ‘EOMNE

video_data_gen.v #&1R, FSREM L MR E R

w0 1/0 iz iR
TOTAL_WIDTH / 12 BRE
IMG_WIDTH / 12 EBRENEE
H_SYNC / 12 TR%
H_BP / 12 7/EE
H_FP / 12 TETE
TOTAL_HEIGHT / 12 EeE
IMG_HEIGHT / 12 EBRENEE
V_SYNC / 12 mEL
V_BP / 12 b5 =hits
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V_FP / 12 WEnE

video_clk input 1 e

rst_n input 1 RREN

video_vs output 1 BiES, BBEFER
video_de output 1 EGRHBEERES
video_data output 24 BBREUE

EE U B EBISTR O AR AN, ARERIBXN N HRNE FE SN TR RS T,
BHIAZ 1280*720@60HZ BYS4, MR BAMZEEURTF video_clk B X/, TTRMRBGR RN HITEAN
RitE,

1.4 I#iREA

1.4.1. BERITEH

FENEE Matlab 18 #] verilog 58, MBI ERNIHEHE, FH7E Modelsim FEPRFL txt X4,

HH Matlab EEE## R png B F E7R.
1.4.1.1. Matlab i3} 88

HAVTTLUED Matlab B IEXMNBIE F K txt XA LUE Modelsim #17I2ER, B4#£A9, Modelsim X txt B9
IR PELEER txt, Lol LUBIE Matlab BRERENERRAREER, MENERFELER. 4R, LiIE
7 Modelsim F{RFH BMP B A, ERE#%HR BMP &N A S AN A BET . LT LAA Python &2, B4R
®E, HXA GPTEAI IR, AREBALKK, BHRE, RXNBLL Matlab A6F,

BETLUEE KA PR 1280*720 NE R, BENEEGEHAX TN HRAHF.
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AT & Matlab £

img2txt.m

%% YGE FiE A txt LA modelsim j2EX

clc;

clear all;

%% IEZENBR 3 4 #p B C B R B4R bmp/png/jpg 38T

image_rgb = imread('testst.png');

%% BREEG

imshow(image_rgb);

%% RBMEKHRTER
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[image_height, image_width, num_channels] = size(image_rgb);

%% FTHXHUE AN

file_id = fopen('img.txt', 'w+");

%% EBHE—MEEHBENEI X4
for row_index = 1:image_height
for col_index = 1:image_width

for channel_index = 1:num_channels

% BEMEES A, U+ REHRARR

fprintf(file_id, '%02x', image_rgb(row_index, col_index, channel_index));

end
% BITBRERERFLRIT
fprintf(file_id, "\n');

end

end

%% % 7 X4

fclose(file_id);

E{RTTLAZ RGBB88 A HERERR, ABNE 6 TREMER, ARERNACEHRFNEE, BN

Bl R EGR N DR ARIBEL, K156 18-27 THRERBERNE— MR HEEM 16 #

£1274
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#, REBA—ITXHE, §EX—THREMNE txt 2847, ERIBKBRBATR, XHXH. % 1517, S22

B— txt X,

ETRER xt ERENE R

fpga_hex2img.m

%% 212 RGB =@
clear all;

clc;

close;

%% EX BB HP=R
image_width =1280;

image_height = 720;

%% I AEHE 16 #E =&EE

[hex1, hex2, hex3] = textread('img_process.txt', '%s %s %s');

%% 16 #1310 #H

image_data_dec = hex2dec([hex1, hex2, hex3]); % 16 % 10 il

%% RIFD PR EZEBRIER

image_matrix = reshape(image_data_dec, image_width, image_height, 3);

%% ¥ ALFFS 8bit

-10 -
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image_uint8 = uint8(image_matrix);

%% Hieds EEKRIER SR

rotated_image = imrotate(image_uint8, -90);

%% BB R ETKERE

flipped_image = flip(rotated_image, 2);

%% TRERS

subplot(121)

%% 1EEN R AL 1R B[R B 45

img = imread("night1.omp");

imshow(img);

title('RE/E")

subplot(122);

%% RIFZE A

imwrite(flipped_image, 'modelsim_process.bmp');

%% T~ Modelsim & BEHE A

imshow('modelsim_process.bomp');

title('modelsim A EE4')

RIS 6-7 17, MIEX WA PE—EENRBEEE XN —H. ¥ 10 T2 LM txt EEBEUE, &R

RGB888 FIE X XL E, AAERMNNMERBELERRE RGB888 X RFH, HTHINNEKRLHFSH 8 1L

-11 -
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B, TUAERBHNE 19 THFERFIRA uint8 B, XNBEEIoJUUKEHER T, BRUIIKE H K E

modelsim{/ 1[4 2

BETBAR—#, BEEH M, NITEMAR:

1.4-2

EETOERK.

23N, FEOAKE 00 EBH#TKERE. AuIiREMIE

1.4-3

RBIEY 27-38 TRAMBEKRNER, LUERNERRER, A LETRNE Modelsim ZLEBFHEL.

1.4.1.2. Modelsim {¢#3 i 88
XtF Modelsim BIFE, # T KM S EELE Matlab &£ EY txt SR 4 B EREUE.

-12 -
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%
KW T (EAB systerm verilog, IBE#HR—HFH, ARPELKRGE):

img_data_read.sv

[HMEEER, ARIZERE R

/EBRFBEKR

//ZRIN 1280*720 @60hz

module video_data_gen

#(

/I BE+EE+E+ENE = 2

parameter TOTAL_WIDTH = 12'd1650 , //S%E
parameter IMG_WIDTH = 12'd1280 , //BWHEE
parameter H_SYNC = 12'd40 , //EH
parameter H_BP = 12'd220 , //fEiR
parameter H_FP = 12'd110 , //®0E

parameter TOTAL_HEIGHT = 12'd750 , //B8E

parameter IMG_HEIGHT = 12'd720 , //B¥EE
parameter V_SYNC = 12'd5 , //E#H
parameter V_BP = 12'd20 , ///EiA
parameter V_FP = 12'd5 L pi)

-13 -
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input wire video_clk , //50MHZ 100MHZ
input wire rst_ n ,
/1%

output wire video vs , //BHEHES REFEN

output wire video_de ,

output wire [23:0] video_data

)

/1 EREGREIEEIEAE BN 1280%720 B R AEIT K E L o] KU

reg [23:0] img_data_reg [IMG_WIDTH*IMG_HEIGHT];

integer i;

/1B BEABNIRLA 0

initial

begin

for (i=0; i<IMG_WIDTH*IMG_HEIGHT; i=i+1)

img_data_reqg[i] =0;

end

/ EBRE G E R

-14 -
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initial
begin

$readmemh("D:/pango_isp/img_test_pg/img_test pg/01_led_test/sim/img.txt",img_data_re
9);

end

/g —mE R SFETHRESESXE RE ABILSNTHMT

reg [11:0] x_cnt;

reg [11:0] y_cnt;

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
begin
x_cnt <= 12'do;
y cnt <= 12'd0;
end
else if(x_cnt==TOTAL_WIDTH-1 &&y_cnt == TOTAL_HEIGHT-1) //—1i
begin

x_cnt <= 12'do;
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y cnt <= 12'd0;

end
else if(x_cnt==TOTAL _WIDTH-1)
begin
x_cnt <= 12'do;
y cnt <= y cnt+ 1'b1;
end
else
x_cnt <= x_cnt+1'b1;
end

reg video_vs_d;

reg video_hs_d;

TRAME IS

//video_vs_d 89 L AR R — MBI FFia

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

video_vs_d <= 1'd0;
if(y_cnt> (V_SYNC- 1) &&y_cnt <= (V_SYNC+V_BP+IMG_HEIGHT+V_FP- 1))

else
video_vs_d <= 1'd1;
else
1'do;

video_vs_d <=
end
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always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

video_hs_d <= 1'd0;
if(x_cnt> (H_SYNC - 1) && x_cnt <= (H_SYNC+H_BP+IMG_WIDTH+H_FP - 1))

else
video_hs_d <= 1'd1;
else

video_hs_d <= 1'd0;

end

wire video_de d;//B¥MES
assign video_de_d =(x_cnt>(H_SYNC+H_BP - 1) && x_cnt <= (H_SYNC+H_BP+IMG_WIDTH - 1) &&

y_cnt> (V_SYNC+V_BP-1) &y _cnt <= (V_SYNC+V_BP+IMG_HEIGHT-1))?1'b1:1'b0;

/ 14548 B2 AR 1T

reg [31:0] img_index; ///#4A89ZE5|

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

img_index <= 32'd0;
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else if(img_index == IMG_WIDTH*IMG_HEIGHT - 1) //i£5—i

img_index <= 32'd0;

else if(video_de_d)
img_index <= img_index+ 1'b1;
else
img_index <= img_index;
end
ST 6 d

reg [23:0] video_data_reg;

always@(posedge video_clk or negedge rst_n) begin
if(video_de_d) //HEHIEEN

video_data_reg <= img_data_reg[img_index];

else

video_data_reg <= 24'd0;

end

/1EUEFEIR video_de_d —/ clk

reg video_de_delay;

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
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video_de_delay <= 1'd0;

else

video_de_delay <= video_de_d;

end
assign video_vs =video_vs_d ;

assign video_de =video_de_delay ;

assign video_data=video_data_reqg ;

endmodule
RENERTAHTNEA, BB UERE TR,

ZEERBINEE MR ER, XEXF
ERBH 7-17 TEX T RN F24, BIAR 1280*720@60HZ K241, ZENHE, AR oJLAXE VESA

-19 -



HIEARS /NIRES FPGA Www.meyesemi.com

Timing Name = 1280 x 720 (@ 60Hz;
Hor Pixels = 1280; // Pixels
Ver Pixels = T720; // Lines
Hor Frequency = 45.000; /I KHz = 22usec / line
Ver Frequency = 60.000; // Hz = 167 msec / frame
Pixel Clock = 74.250; /MHz = 13.5 nsec +0.5%
Character Width =1; // Pixels = 13.5 nsec
Scan Type = NONINTERLACED; //HPhase = 33%
Hor Sync Polarity = POSITIVE; //HBlank = 224% ofHTotal
Ver Sync Polarity = POSITIVE; //VBlank = 4.0% of VTotal
Hor Total Time = 22222 //(usec) = 1650 chars = 1650 Pixels
Hor Addr Time = 17239, //(usec) = 1280 chars = 1280 Pixels
Hor Blank Start = 17239, /f(usec) = 1280 chars = 1280 Pixels
Hor Blank Time = 4983; /f(usec) = 370 chars = 370 Pixels
Hor Sync Start = 18.721; /f(usec) = 1390 chars = 1390 Pixels
// HRight Border = 0.000; /f(usec) = 0 chars = 0 Pixels
/1 H Front Porch = 1481, //(usec) = 110 chars = 110 Pixels
Hor Sync Time = (0.539; [/ (usec) = 40 chars = 40 Pixels
// H Back Porch = 2963; /f(usec) = 220 chars = 220 Pixels
/I H Left Border = (.000; /f(usec) = 0 chars = 0 Pixels
Ver Total Time = 16.667, /[ (msec) = 750 lines HT —(1.06xHA)
Ver Addr Time = 16.000; // (msec) = 720 lines =395
Ver Blank Start = 16.000; /[ (msec) = 720 lines
Ver Blank Time = 0667, // (msec) = 30 lines
Ver Sync Start = 16.111; //(msec) = 725 lines
//'V Bottom Border = 0.000; //(msec) = 0 lines
//'V Front Porch =0111; //(msec) = 5 lines
Ver Sync Time =0.111; /[ (msec) = 5 lines
/' V Back Porch = (0444, // (msec) = 20 lines

FH8, W 1.4-4 pr7=1//'V Top Border = (.000; /[ (msec) = 0 lines

1.4-4

ZETHRWNSPHE, Lkl 1024*768@60HZ &, L o] LANEE K E,

RBIEIEE 30 TEX T —DEA, K/ 24bit, RERBGNAWRX/N, EHEPITLUXAXEE, Eir L
MZEARENXES, SEHEKAE LUT &R, X2 DRM BREE M LERIF.

REBHE 34-38 TREN for BHREFCPHHAY AL N 0,888 42-45 ITRE L $readmemh REEIE
B txt XHHEIRE, ZEOSE img.txt ERNEIERE img_data_reqg BH, EEFANFTEETEXMHERZ,

KBH 54-72 TREATIHAMB R, x_cnt T AL, y_cnt 2HEA BT,

BEENAEE 60 THHIMREM, Z x_cnt M y_cnt K31 BETHABBHN&RAE, ARER 1280%720
S, ZTRE 1, SEARAENM 0 FIaTHE, FRLARE 0-1649 1 0-749, Frbd, M2t #XETHPA#MEASREX
BB, BT x_cnt M y_cnt B2, % 65 THRGMES TR —IRTR#BHME x_cnt B 0, FiLy _cnt il 1,
HARBRTHIL x_cnt RETRM, y_cnt REFARENT], XA P IR TR LRE R,

KBH 77-84 TREFAES NER, IRB\EANN VESA BFiRE, BAEALS RS NE, MABPRE
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BEAY, BHHE VS ESEFRET, AFEME VS s, 53 —MER, RBIIXHNERFFIUES,
VSHSRERL ZEEE V_FP EREAHIE, FrLASKMHEA(y_cnt>(V_SYNC-1)&&
y_cnt<=(V_SYNC+V_BP+IMG_HEIGHT+V_FP-1)), tNE& 1.4-5 F/R, A Border 198 0, i1 R AREAR KB R

BiE, HINEEE 1.4-5 N F. & VS ESEMITKEBAS.

Definition of Terms

| "Active" Video Pl Blanking »|

Video | _ | |
Back ) Top / Left ¢ "Addressable" Video [BollomJ‘Righl Front Back
Sync |¢F‘orch Border (Addr Time) Border Porch»l Syne I¢Pﬁn:h
HSync | |
VSync | |
|€¢———————Blank Start—————————p|¢———Blank Time ———|
| Sync
|[4—————————Sync Start ¥ Time €
1.4-5

REBY 87-94 TRMITESHNER, BENNFNRE 1.4-5 iR, —H2BEBFER, A HS ERSH
BRIEEF, AFERFH S, HE H_FP £K/5 HS (557 H1E. AR (x_cnt>(H_SYNC-1)&&
x_cnt<=(H_SYNC+H_BP+IMG_WIDTH+H_FP-1)),

RBY 98 TRERBRUESHEMEN video_de HERKRMHELHME R RS BE RN B/RANEZHIXER
Xig, MRARTIET, TTLAEE 224 hiaHIRIEE H1E, TTLABBHE B HE RN, Bl REHBTE T

HLEEREENEREZENMEEGERERKE,
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Hor Active Start 1 Hor Blank Start r Hor Sync Start
H Back Porch
Hor Sync Time —\_\ H Left Border H Right Border /— H Front Porch
— ™ »la—rt Hor “Active” Video Sl
I / \ 1
HSYI'IC I | le—ple——— Hor"addressable” Video ——————pla—n]

“Wer Sync Time

Blanking
W Back Porch

4—— Ver Active Start

e e T A T o A G
e /
[ // Border 7 /// i
s e o
i o AARIIAI < Z ’ ' Top Border
,//. . w7
7 7
/ Addressable ; /
7 Video 7%
/,/ 7 <
7 / 2
v o 3
7 7 g
. L 3

N

¥ Bottorn Border

s

\
\\Q\
R AR

e
o =<+“"‘“°°°“ "
' e - «—— Ver Blank Start
% Front Porch

«4— Ver Sync Start

| I f—ple— o020in,BlESSaI0PY. 5N —ble— I

<
w

-
=
(]

Vertical Retrace Interval

1.4-6

RBIEY 103-112 TR MEA RSB THEY, BEREIRR119FE img_data_reqg XMHARHE, BT E—
MR TIARANMI, RAEREANSTEGEIELE, & video_de_d BRETRREIERN, L
img_index+1 BN ], i+#(Z—miB) IMG_WIDTH*IMG_HEIGHT-1 f98HE, FE=,

FRELFEH M, HRBERLE img_index REFAE, FAAREEREZT, EA video_de_d HAR—EBX
89, 2 7 ER K8, video_de_d SR, FILAERER TABELL img_index & 0, NS SBUHAEE.

RBBEY 117-122 17, % img_data_reg #AENEIE L L EME video_data_reqg FFRE M,

KHBH 126-131 ITEER K video_de_d ZEIR— BT B HA, EAFAIH video_data_reg 27
video_de_d B3, B FIBEM L. FTLSH/E video_de_d — NI EAM, H3IT—IRILHIEERESM
HiERY,

RBIHY 133-135 17, BT HE B BIEHET RS SMUMIAESMEGEER H.,

1.4.2. HFEUR

E TR E Testbench RUNATHER, EAERBUN TEAR:
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/1 BRLB R EER
‘timescale 1ns/1ns

module img_process_tb();

IBREERE

[ MBEZERNISR AN BR AKX BIA 1280%720

IINFESEZEER HEPAFTETIRIZR vesa N EIRE
parameter IMG_WIDTH = 16'd1280;//E % X 13,
parameter H_FP =16'd110; //&0i&

parameter H_SYNC =16'd40; //BE%

parameter H_ BP =16'd220; ///Fi&

parameter TOTAL_WIDTH = IMG_WIDTH + H_FP +H_SYNC + H_BP;

parameter IMG_HEIGHT = 16'd720; / /B X1
parameter V_FP =16'd5; //Hii&
parameter V_SYNC =16'd5; //[E#
parameter V_BP =16'd20; ///Fi&

parameter TOTAL_HEIGHT = IMG_HEIGHT + V_FP + + V_SYNC + V_BP;

reg video_clk ;
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regrst_n ;

wire video_vs;

wire video_de;

wire [23:0] video_data;

wire y_Vs;

wire y_hs;

wire y_de;

wire [7:0] y_data;

/178 X 5 8930
integer output _file;
initial
begin

video_clk = 1'd0;

rst_ n = 1'd0;
#20
rst_ n = 1'd1;

output_file = $fopen("D:/pango_isp/img_test_pg/img_test pg/01_led_test/sim/img_process.
txt"'IIW")I.

end
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/15, 100MHZ

always#5 video_clk = ~video_clk;

/ EERE F #E

video_data_gen#(
.TOTAL_WIDTH (12'd1650),
.IMG_WIDTH (12'd1280),
H_SYNC  (12'd40),
.H_BP (12'd220),
H_FP (12'd110),
.TOTAL_HEIGHT ( 12'd750 ),
IMG_HEIGHT (12'd720),
.V_SYNC (12'd5),
.V_BP (12'd20),
V_FP (12'd5)

Ju_video_data_gen(
.video_clk (video_clk ),
.rst_n (rst_n )
.video_vs (video vs ),

.video_de (video_de ),
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/1

.video_data (video_data )

REK

RGB2YCbCr u_RGB2YCbCr(

.clk (video_clk),

astn (rstn ),

.vsync_in (video_vs ),

.hsync_in (video_de ),

.de_in (video_de ),

.red (video_data[23:19] ),

.green (video_data[15:10] ),

.blue (video_data[7:3] ),

.vsync_out (y_vs),

.hsync_out (y_hs),

.de_out (y_de),

y (y_data),

o ()

.cr ( )
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GTP_GRS GRS_INST(
.GRS_N(1'b1)

),

/1 B4R
reg video vs d ; //$TH5%F
reg img_done ;

wire frame_flag ;

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
video_vs_d <= 1'd0;
else
video_vs_d <= y vs;

end

assign frame_flag =~y _vs &video_vs_d; // &

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
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img_done <= 1'b0;
else if(frame_flag) //FE&G #Ilr—muss

img_done <=1'bT;
else

img_done <=img_done;

end

always@(posedge video_clk or negedge rst_n) begin

if(img_done)

begin
$stop; //{FLEFE

end

else if(y_de) //BA#IE

begin
$fdisplay(output_file,"%h\t%h\t%h",y_data,y data,y_data); //16#HE SN

end

end

endmodule
REBBH 9-19 ITEX T MM B RIBXSEL, BIAR 1280%720, o] LUE T B BUOX ER 9 Z< 8 BUAR L 4 B B9 40
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MRBAHR, EETENRERANER, R Matlab EHNER A HRNSHENBREF 3,

RBY 35-43 TEBRAHAESHMBUUREIE— txt 34, TTLUEY integer FPH—NEE
output_file, £/ $fopen BT LAFIE) txt 34, MRREX MY txt X4, SEFHBIE— txt X, REH
BHEL" W RIRE A rst_n —F R4 0, FEBY 20ns B HN S, RREMNER,

KRB 45 TER TR RN, B 5ns Bk —%, BLE 100MHZ B985, B E A7 £ MR R
L2 100MHZ/1650/750=80.8HZ, fN R4 Y 74.25MHZ B9BY#p, AR 2 60HZ,

RFBY 50-67 1THI4L T video_data_gen 11, FISRiZ M EIREUIE,

KRB 72-87 1THM T REAIIRR, TRNERNIKELLE, XEENAHEEGAS, HRBHE
EE+—ESRE, XEARTFAME.

HKBH 89-91 7ER T GTP_GRS HIJRIE, Al FIFO IP §1 RAM/ROM IP B}, ZERIMZIED.

KRBH 99-104 ITXILBFHIHIES VS HT—HF7F, ARRRTER.

RIBHY 106 471831 video_vs_d&~y_vs RIREVFAES TG, BARNNKABER vs S8 FIEGE
BEEXN, FrA—MIMER2TE vs RIRNEHE, a2 THIE, FrUX B TRIERT—MiRM. B frame_flag
TR—MTMR, ZESHFE— N NHEH,

1389 108-115 47 img_done FEFE—M=HKES, & frame_flag i5, M img_done FimHERIFAR
T, BREETH T —MEKILE,

KB 118-125 474 img_done {im, FR—MEL T, WIH{ELAE, BZIHFELRI TR T — M
L1, MRXEVFELE, AFRZXRRIXEN$stop BIT, 2R img_done KI5, MFRR—WHIERLER, It
BiRiE y_de(REAXENEGERES), MEHIEBWMEL $fdisplay REGEREIE y_data SAE txt
MHFEE, EANEINA 16 #HIHE T, RGB88S 18T, B 24bit, B FREHIER A 8bit, FRLAEHI 3 AN, /t
FRON I, BIFE txt o, FNEHE 2 18] (8 B8 A =48 .

2, BRNPEFEEEMILER, ETRELGNHERR.
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1.4.2.1. (FEHER
$TFF PDS T72, H4TEESIHE, run100ms, ¥{FE LR, £ H A TIER.

VolM o> FUR LUUMS

4 ** Note: $stop D:/pango_isp/img test pg/img test pg/01_led test/sim/img process th.sv(4&8)

# Time: 12375075 p Iteration: 1 Ipstapce: /img proce k')

# |Break in Module img process tb at D:/pango_isp/img test pg/img test pg/0l_led test/sim/img process_tb.sv line 4&8
VSIM 7=

1.4-7

1.4-8

MES KK, EATULEMNHMHRE, XEXES img_done 55, TJLLFE, 3

R REMEZ]
frame_flag Aig Y, IEF 2 v _vs ES NS EAIEHE, BIZRENY T8, TN /EH, img_done fig, —Mi

Sk, IhE%
gimgjmcess.tﬂ
1.4-9

ZEITAXMHETIUERE img_process.txt XL, EEBEFTE — T XHNERER,
ZIEFITH Matlab I3, IZ/7HIA. 8§ txt =2, B ABRFER, 517 fpga_hex2img.m 344,
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1.4-10

EBREBRE, A5 Modelsim (FEABEH HNE A,

2. RE®

2. 1. LI E N

S =k
ST ER RGB B YUV BY3%H%, A R E ER.
LGRS

Window11

PDS2022.5P6.4

Modelsim10.6¢

MatlabR2023b

EILFISCR

MES2L676-100HP

2.2. SRR

2.2.1. BHEEANE
1.RGB ¥ :RGB BE MR EIRNINEFEZRE, RXE Red (L&), G KX Green(&E), B {3 Blue (14
SMNma, ActhiRAMERS, H11EBW

Wl 3 A
*ien

e) BRAPARFAEESINEUERHIURX=FE
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RGB #8z\f5 RGB565, RGB888, H 1 RGB565: B MEEH 16bit KERR, 5 2 MFH, E—FHHNAM 5URER,
ZA+EFPH=AE G, £EFH/E 5 12 B, RGB88S: B MEEM 24bit ®ER, &1 3 MFY, R.G. B,
£ 1§ 8bit, AE—Fh 2 RGB32 &=, £ RGB888 HYE Tt F1%/N TEBE Alpha, B A £,

2. YUV(YCBCRIET: EATFHRTGNEMEMER, Lo IEHEKRER. ZRTRER. BFAHEN
#,RGB 5 YUV NERIIr LR EX =BG, B RGB N=ZREEETHERN YUV AIRTHNRE
5EENER=EEE. Y RRAEE.UMVERREE. M YChCr 2@ YUV ESHARRMRN, —&KiR.
XRMESEAEARDNGES, EENE—RBERT, MERSFNN. Y EREXTRRE. (b X EENE. (rk
TABDE, —RE YUVA:4:4YUVA:2:2, BRI XHZE N EXRERNAE, bl YUV4:2:2, Y B
HEZUMVNHERS EEERY HEMTSIRER.

BERGB EETARNERHNRN, YUV NEETARN T RENSREE ANKEEGREST

it

EEREK/NE0-255 28, FRELEBERT, oL HERENEIES, 25 HERR, RILZINEFRESH)
R, LR E RAW B ERIE K.
2.2.2. HELAANE

F AN RGB ¥ YUV B9A I TFr7R:

Y = 0.299R + 0.587G + 0.114B
Cb=—0.172R —0.339G + 0.511B + 128
Cr=0511R—0.428G — 0.083B + 128

REHRMNABEERYHE, MUFERER, EREMNITULR, ZANERIXRENNLEE. &

Al

Verilog o, B2 ATREEEENX —MERN 0.299 NEEMN, AL EHNFTERG/ N AKELY, TTLUET R
AXEBARY K 256 15, B0 0.299*256=77,, XIFHU MK A EE, ERSHEEFT LAY KERNEL, &
K, BERMAER, BTl 0.299R B A 77R, R BIEITEER>>8 URN T, HH FIRIA 256, HATEIBAL
BT UARKREZERE.

BARANWTAR:

Y = (77R + 150G + 29B) >> 8
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Cb = (— 43R — 85G + 128B + 32768) >> 8
Cr = (128R — 107G — 21B + 32768) >> 8

ABR T /NIHBR T IRE, AKBRRTEENEE,

|
ot
It

S5 Matlab TR EBGREIKEL, fi@id Matlab BH R BN REK R EGKEN, BRI
AERAXTREGEREN, ASEEE Moldelsim AEFEIREMF txt #iE, Matlab BREEIKENER
B, BENIEREMNERRTER,

2.3.  #EOME

IRMEER, FENIRHERXMERATNER, HEHNET ABSH,

PAT 5 RGB2YCbCr.v #5151 3%,

w0 1/0 & iR

clk input 1 EE g

rst_n input 1 RRSN

vsync_in input 1 RHEFTNMRIFES
hsync_in input 1 RHEFTNRRITES
de_in input 1 HIEARES

red input 5 qens

greed input 6 ZEBNE

blue input 5 BenE

vsync_out output 1 LR FENRMIGES
hsync_out output 1 REFEHNRMIFES
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de_out output 1 REFENHBEERES
y output 8 SEHIE(RELIRE)
cb output 8 HEEEHIEME)
cr output 8 JTEEEHIEME)
2. 4. TR
FPGA
E R ot T e L oomme U o i
= ncEE

EinAr i/ e Bk

B 2.4-1
ZEAARRTIZHESE, &id HDMI I\, 232 MS7000 &5 f#48 H RGB (18, R B KEMERE L Y
PE, AEBEY DDR3 £7%7, REZHIERE LER, 2ROSHEA 1080P@60HZ,
2.4.1. RBEREEH
FENBRENER, RENTHR:
/1FER 3 clk

module RGB2YCbCr

//module clock

input clk ,
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input rst_ n ,
input vsync_in, //vsync{z5
input hsync_in, // hsync {55
input de_in , //

input  [4:0] red ,

input  [5:0] green ,

input  [4:0] blue ,

output vsync_out, //vsync{z=
output hsync_out, // hsync {55
output de_out , //dataenable 55

output [7:0] vy ,

output [7:0] cb )

output [7:0] cr

)

//reg define

reg [15:0] rgb_r_mO, rgb_r_m1, rgb_r_mz2;

reg [15:0] rgb_g_mO0, rgbh_g_m1, rgb_g_mz2;

reg [15:0] rgb_b_mO0, rgb_b_m1, rgb_b_mz2;
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reg [15:0] yO;

reg [15:0] chbO;

reg [15:0] croO;

reg [7:0] y1;

reg [7:0] cb1;

reg [7:0] cr1;

reg [2:0] vsync_in_d;

reg [2:0] hsync_in_d;

reg [2:0] de_in_d ;

//wire define

wire[7:0] rgbh888_r;

wire [ 7:0] rgh888_g;

wire[7:0] rgh888_b;

//RGB565 to RGB 888

assign rgb8ss_r ={red ,red[4:2] }; //3'd0 red[4:2] ESBENEE
assign rgh888_g = {green, green[5:4]};
assign rgh888_b = {blue, blue[4:2] };
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/1%
assign vsync_out =vsync_in_d[2] ;
assign hsync_out = hsync_in_d[2] ;

assign de_out =de_in_d[2] ;

assigny =hsync_out ?y1 : 8'd0;
assign cb =hsync_out? cb1: 8'd0;
assign cr =hsync_out ? cr1: 8'd0;
e e

//RGB 888 to YCbCr

/********************************************************

RGB888 to YCbCr

Y =0.299R +0.587G + 0.114B

Cb =0.568(B-Y) + 128 =-0.172R-0.339G + 0.511B + 128

CR=0.713(R-Y) + 128 =0.511R-0.428G -0.083B + 128

+

Y =(77*R + 150*G 29 *B)>>8
Cb=(-43*R - 85*G + 128*B)>>8+ 128

Cr=(128*R - 107*G - 21*B)>>8+ 128

Y =(77*R + 150*G

+

29 *B )>>8

Cb=(-43*R - 85*G + 128*B+32768)>>8

-37 -



WIE RS /NRES FPGA Www.meyesemi.com

Cr=(128"R - 107*G - 21*B+32768)>>8

*********************************************************/

//step1 pipeline mult

//delay :1 clk

always @(posedge clk or negedge rst_n) begin

if(Irst_n) begin

rgb_r_ m0<=16'd0;

rgb_r m1<=16'd0;

rgb_r m2<=16'd0;

rgb_g_mo0 <= 16'd0;

rgb_g_m1 <=16'd0;

rgb_g_m2 <=16'd0;

rgb_b_mo0 <=16'd0;

rgb_b_m1 <=16'd0;

rgb_b_m2 <=16'd0;

end

else begin

rgb_r_ m0<=rgbh888_r*8'd77;

rgb_r m1<=rgbh888_r*8'd43;

rgb_r_ m2 <=rgb888_r<<3'd7 ;

rgb_g_m0 <=rgh888_g * 8'd150;
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rgb_g _m1<=rgh888_g *8'd85;

rgb_g_m2 <=rgh888_g * 8'd107;

rgb_b_m0 <=rgh888_b * 8'd29 ;

rgb_b_m1 <=rgh888_b << 3'd7;

rgb_b_m2 <=rgh888_b * 8'd21 ;
end

end

//step2 pipeline add
//delay 1 clk
always @(posedge clk or negedge rst_n) begin
if(Irst_n) begin
y0 <=16'd0;
cb0<=16'd0;
crO<=16'd0;
end
else begin
y0 <=rgb_r m0+rgb_g mO0+rgb_b_moO;
cb0O<=rgb_b_m1-rgb_r_ m1-rgb_g_m1+16'd32768;
crO<=rgb_r m2-rgb_g m2-rgb_b_m2+16'd32768;

end
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end

//step3 pipeline div
//delay 1 clk
always @(posedge clk or negedge rst_n) begin
if(Irst_n) begin
y1 <=8'd0;
cb1 <=8'd0;
cr1 <=8'd0;
end
else begin
y1 <=y0[15:8];//y0>>8
cb1 <= cb0[15:8];
crl <=cr0[15:8];
end

end

/12 FEEEIR 3 BT EP E HA

//n AN E HB

// reg [n-1:0] data_sasadasda;

// reg data_sasadasda <= {data_sasadasda[n-2:0], dsadada};

// assign sa = data_sasadasda[n-1]; data_sasadasda[1] data_sasadasda[2]
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always@(posedge clk or negedge rst_n) begin

if(Irst_n) begin
vsync_in_d <= 3'd0;
hsync_in_d <= 3'd0;
de_in_d <=3'do;

end

else begin
vsync_in_d <= {vsync_in_d[1:0], vsync_in};
hsync_in_d <= {hsync_in_d[1:0], hsync_in};
de_in_d <={de_in_d[1:0] ,de_in };

end

end

endmodule

ARNELZIFEFRLN, BHATEESEE assign y = (77*R+150*G+29*B)>>8 KL, XM A F—F
BRI, LR ERERIEERNER, BAXNMEESBERTEHE=NREARERMBEA, MREEEX
0, EESBERNFES, SBTENTSMERRE. FARMNBTRKENLES R RLEZERNERN, £
hEFHE T ZRRKE, PRE clk RUHEBEREAER, ol LAGRBR RN FES, ETRFBA LD,
EERNORMAE, FENEEIHE RN AKEBEERTM.

B 45-47 T8 HNH RGB565 458 RGB888 1& =, F A, A2 E T RGB8SS i,

KREBH 77-100 TRF—FRKE, TJLLEERZ always RINFERN R R =R T ENIHE, IEAXENFRE

FEA—THPEABRTERSE, ARESREERNE TN AYE, SAFIFENER. MREF 128,
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oJLAA<<7 kAE, EREZNARIN, LI DAREFKII, FEETBNR, BABEKEY KT 256
& UTREBRINERSY K 256 &, BHE<<8,URAY K 8 73, FLAE X &7 S K MR M iZ E X H[15:0],
SR H

RKBIEY 104-116 FTRE ZRMKL, Z always REZRTEHMMAENAS, BN RENERSEAEM,
RN, AT ERGY, SFERNMEDENA 16bit BIT, LR LA TEEHEBSEI RS, cbo f cr0 MitHE
RIiZ ) W7 REZ BB K/NEEITIRE, BRBEABIERNERALR, ZEFTETRPREEEN, FEHE R
#, BEARMNNTEEEHREFSH, HAAHESHERRE,

AKBE 120-131 TREB=ZRNKE BHERE—RRKE, THERLL 256 BYERE, BT >>8 KA E,[15:8]
>>8 2FM Y,

2.1.3.2 fBHHE
2.4.1.1. Matlab {FE N B

clear all; clc;
% SEERE A

image = imread('testst.png');

%% EGRBANIRIN=18IE ¥ double ¥ XfuZ
R =double(image(:,:,1));

G =double(image(:,:,2));

B = double(image(:,:,3));

%% G E R R KEERR

graylmage = rgb2gray(image);

%% RIFANERKE >>8 FH /256
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%Y =(77*R + 150*G + 29*B )>>8
%Cb=(-43*R - 85*G + 128*B+32768)>>8
%Cr=(128*R - 107*G - 21*B+32768)>>8
Y = (77 *R+150*G+29 *B)/256.0;

Cb = (-43*R-85 *G+128*B+32768)/256.0;
Cr=(128*R-107*G-21 *B+32768)/256.0;

%% BRERST

% BRRIBE R

subplot(1, 3, 1);

imshow(image);

title('/RIsE R');

% BRKEBKR

subplot(1, 3, 2);
imshow(graylmage);
titte('matlab B REKEBRF');
imwrite(graylmage,'gray.png');
% BRREBRRKR

subplot(1, 3, 3);
imshow(uint8(Y));
title(' A X REXEFR");

imwrite(uint8(Y),'ngray.png');
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WHERES

diff = uint8(Y) - uint8(graylmage);

RIBHE 3 TR imread ) REGEI T —KEA.

REBBH 6-8 THEIRIZEN T ZE F#I R, G, B =i&i#, 344 double %8, ¥ K%,

RBIEIEE 10 17 2EM Matlab BHBIRE rgb2gray()TREERNKREWL, SEEFNER LN ERE K
T3S,

RBEH 15-17 TEI A NR TR E GBI KEK,

K1Y 20-35 TRAEKRNER, A subplot()FZAM&EO, subplot(1,3,1)&R"—1T=%, REEESE
—ANEQ, imshow() 2 8RB A . REEEEN matlab B#HNRKERURFABAARHESHNKER—EE

K, TEXSLL.

matiab 7 47 & KL )

w

AR

2.4-2
R/EH diff ZWKE AR, SRBYNNSMERME, AREREZEINER.
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| diff x|
HH 720x1280 vinta

r
w
S
n
B
~
@
©
B
=
o
=

o oo oo

@~ W e W -

| e e e s e
S e ® e 0 sn 0D 5 e
oco_oco_cooc_o_coococo_ocou

164
oo o oo oo oo o000 o000 oo oo

o oo oo oo olooloo oo oo o oo oo
o oo ococoo oo ooo oo oo oo oo oo
oo o oo oo ooolooooo oo o oo oo
oo o oo oloolocloe oloo oo o oo oo
DcDDchochcocgcoocD-ﬂ
oo oo o olooleclole oo olooloo oe
oc-t—--‘cooclaolzl

ccoococoo oo ooo oo oo oo oo oo
oo oocooooooooooo oo o oo oo

DODDO—‘OODiOODODODDODG

oo oo oo 0o oo o0 00000000 o0

o
o

2.4-3

BEZTE, IBIEARR O, B/RESE 1 HI, tJLLUARKEIR
2.4.1.2. Modelsim {FE N8

Moldeism B EMEZLHE 10 THEE—E—#, AXERBMNE, KELBERBE 2.3.3.1 DER,
RTHEBEE+H .
24.2. TEMK

EHEIF T E R, BiE. HDMI_IN 0. HDMD_OUT O, A THEF. I TFAx:
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2.4-4

2.4-5

EFEANERERER,
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FEAREXEHNER,
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2.1. 3X3 E{RIEMER

2.2. LI E N

LEEN:

SEHR 3X3 ERAEFEXT AL 9 MR R R BRI R 89IEE

SRR

window11

PDS2022.5P6.4

Modelsim10.6c

MatlabR2023b

BHIRE:

MES2L676-100HP

2.3. SRR

EHFEGLED, BSnEEFREENMMEARRERAE —ECEANGR/EFEHTITE, BGERD

EREXEE, ARTIEGLELRFERRA 3X3 BREMSIN N EGLEEE.

Blan—iaTE# 5X5 BEGUWTEAR, 8T ARER—TMRER, TRANEFERINNEZRIEEL

?EO

10 1id} 12 13

15 16 17 18

20 21 22 23

B 2.3-1

3X3 EBREMENTNNER—Th = MELNKRER, 3X3 BARIEMFNGINNEE—FIh = MELNKRE
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=, BERNTTEY NEGNEGREE. £ 5X5 NEG D, ZEGNAFMAANER G, A EETHIRERS M 3X3

E R 36 BE A L3R
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
5 6 i 8 9 5 6 T 8 9 5 6 7 8 9 5 6 7 8 9
10 11 12 13 14 10 11 12 13 14 10 11 12 13 I | e 10 11 12 13 14 Ay
15 16 17 18 19 15 16 17 18 19 15 16 17 18 19 15 16 17 18 19
20 21 22 23 24 20 21 22 23 24 20 21 22 23 24 20 21 22 23 24
@ ® ® @
0 1 2 ¥ 2 3 3 45 5 6 7
A=|5 6 7 A=|6 7 8 A=|7 8 9 A=[10 11 12
10 11 12 11 12 13 12 13 14 15 16 17

EEGLEFEED, SEEE 3X3 BREMITEROMEERNGRLE, AMRIEGABRRAE, £

BEMAESIF LA RITHMEXNGERLEL "0 #1F, I TEMR:

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 1 2 3 4 0 0 1 2 3 4
5 6 T 8 9 5 6 7 8 9
10 11 12 13 14 10 11 12 13 14
15 16 17 18 19 15 16 17 18 19
20 21 22 23 24 20 21 22 23 24

2.3-3

ETFUULESH, EEREEZTRANBRT, BRI 3X3 BAERE RN HE =TEGDHEEE, Bt
FKF FPGA RNEFHIR (fifo/ram ) BIZWNE—THEHTES, FEERL 3X3 BGERLENE LS
B n TN NAENEIE. B n-1 T NAVENEIREURSE n-2 TNV ENEE, B BEEFSE n-1 TEK
HIENE n-2 TEGEE, FRA 24 fifo BFERR, AAXASRBREEFIE n-1 TEEBEIEER fifo,

NEZE n-1 TEGIIBER fifo THEBERFIE n-2 TEGEUEEF fifo, M4k 3X3 MK H FEEME A fifo
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oJE KRGS n-1 f7A% n-2 1TH94UE. FPGA X 3X3 BREMFEA S REENT:

Video_data —

i BORRE FTIRMIAL3X3

2.3-4
AT AR B8R EUE video_data EHIEE R EEEZ fifol, @Y fifol EH—1TEIRHA fifo2 £7F,

B fifo2 REHEH—1TEUE, & fifol 3 fifo2 AZNE W 0, M H I RN TEFR:

video data$ijA|linel|line2|line3|line4|------ line(n)

fifol i 0 |linel|line2|line3|------ line (n-1)

fifo2#i 0 0 |linel|line2|------ line (n-2)
2.3-5

5h, EHEH HEL=TEGEES, BETMALN=THENNE—THRIUERF—,

2.4. #&ONR

PAT A matrix_3x3.v EREIEOHIE,

w0 1/0 fi iR
-
video_clk input 1 EERiE
rst_n input 1 RREN
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video_vs input 1 MFFERFES

video_de input 1 MITERES
video_data input 8 PR E g IR E #iE
matrix_de output 1 EEREBERES
matrix11 output 8 3X3 BRIERE a11 oREIRE
matrix12 output 8 3X3 BE&EME a12 TEREIRE
matrix13 output 8 3X3 BE&EM% a13 TEREIRE
matrix21 output 8 3X3 BE&EME a21 TEREIRE
matrix22 output 8 3X3 BE&EME a22 TEREIRE
matrix23 output 8 3X3 BE&EM% a23 TEREIRE
matrix31 output 8 3X3 BREM a31 TEEIE
matrix32 output 8 3X3 BRIEME a32 TREIRE
matrix33 output 8 3X3 BRIERE a33 wREIE

2.5. TI#RiHHA

2.5.1. RBRRIEEA

3X3 BB R R R BB T AAR:

/13x3 FEPEERK

module matrix_3x3
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B

parameter IMG_WIDTH =

parameter IMG_HEIGHT = 11'd1080

input wire video_clk ,

input wire rst_ n ,

/1

input wire video_vs ,

input wire video_de ,

input wire [7:0] video_data

/13x3 B H

output wire matrix_de

output reg [7:0] matrix11

output reg [7:0] matrix12

output reg [7:0] matrix13

output reg [7:0] matrix21

output reg [7:0] matrix22

output reg [7:0] matrix23

= 11'd1920 ,

7
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output reg [7:0] matrix31 ,
output reg [7:0] matrix32 ,

output reg [7:0] matrix33

//wire define
wire [7:0] line3_data; //&E=17%#11F
wire [7:0] line2_data; //%E Z17#iE

wire [7:0] linel_data; //E—17#iE

wire wr_fifo_en; //5 FIFO {##E
wire rd_fifo_en; //iE FIFO {E#E
//reg define

reg [10:0] x_cnt;

reg [10:0] y_cnt;

/150148
always@(posedge video_clk or negedge rst_n) begin
if(!rst_n)
x_cnt <= 11'do;

else if(x_cnt==IMG_WIDTH - 1)//it+#—%7
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x_cnt <= 11'do;

else if(video de) //#IEEN

x_cnt <= x_cnt+1'b1;

else

Xx_cnt <= x_cnt;

end

/AT

always@(posedge video_clk or negedge rst_n) begin

if(!rst_n)
y cnt <= 11'dO;
else if(y_cnt==IMG_HEIGHT - 1 && x_cnt == IMG_WIDTH - 1)//it+#1—1i
y cnt <= 11'dO;
else if(x_cnt==IMG_WIDTH - 1) //¥UEHEX
y cnt <= y cnt+1'b1;
else
y cnt <= y_cnt;
end

U ERBIREEREOIER, BRI O R X WMASIRETIT/5 13

//3x3 FEFE AT MR 5 — AT oA R
assign wr_fifo_en = video_de && (y_cnt < IMG_HEIGHT-1);
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assign rd_fifo_en = video_de && (y_cnt > 9);

reg wr_fifo_en_1d;
reg [7:0]video_data_1d;

always@(posedge video_clk or negedge rst_n) begin

if(lrst_n)
begin
wr_fifo_en_1d <= 1'de;
video_data_1d <= 8'do;
end
else
begin

wr_fifo_en_1d <= wr_fifo_en;
video_data_1d <= video_data;

end

end

//EEPIAS FIFO 5 4TI —EE M Bl 3x3 HHE R
assign line3_data = video_data_1d;

//fifol
fifo_line_buffer ul_fifo_line_buffer

)

.wr_clk(video_clk),
.wr_rst(~rst_n), //
.wr_en(wr_fifo_en),
.wr_data(video_data),

wr_full(), // output
.almost_full(), // output

.rd_clk(video_clk),
.rd_rst(~rst_n), //
.rd_en(rd_fifo_en),
.rd_data(line2_data),
.rd_empty(ul_empty), //
.almost_empty() // output

//fifo2
fifo_line_buffer u2_fifo_line_buffer

.wr_clk(video_clk),
.wr_rst(~rst_n), //
.wr_en(wr_fifo_en_1d),
.wr_data(line2_data),

wr_full(), // output

(
// input
input
// input
// input [7:0]

// input
input
// input
// output [7:0]
output

(
// input
input
// input
// input [7:0]
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.almost_full(), // output

.rd_clk(video_clk), // input
.rd_rst(~rst_n), // input
.rd_en(rd_fifo_en), // input
.rd_data(linel_data), // output [7:0]
.rd_empty(), // output

.almost_empty() // output

)s
PAERBESLI AL fifo NEEEIBERITER. MHER=ZFTHEHLHAEFRL, A fifo EHEERRT

fifo EfFEREESIER 1 DI EEE, B line3_data #IEF B I RTMALIREIR 1 NTHEH, 5 fifo BHAY
line2_data #1 line1_data R#5RF, F A fifol WEEHIWE A fifo2 BB FER fifol AIREREESEN 11
BEP A BB R fifo2 IS EREES.
/ 1#HRFEIR de FER
reg video_de_d0;
reg video_de_d1;
always@(posedge video_clk or negedge rst_n) begin
if(!rst_n)
begin
video_de_dO<= 1'dO;
video_de_d1<= 1'd0;
end
else
begin
video_de_d0 <= video_de;
video_de_d1 <= video_de_do0;

end
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end
/1 FEREEAR AR
always@(posedge video_clk or negedge rst_n) begin
if(!rst_n)

begin

{matrix11, matrix12, matrix13} <= 24'd0;
{matrix21, matrix22, matrix23} <= 24'd0;

{matrix31, matrix32, matrix33} <= 24'd0;

end
else if(video_de_d0)

begin
{matrix11, matrix12, matrix13} <= {matrix12, matrix13, line1_data};

{matrix21, matrix22, matrix23} <= {matrix22, matrix23, line2_data};

{matrix31, matrix32, matrix33} <= {matrix32, matrix33, line3_data};

end
else

begin

{matrix11, matrix12, matrix13} <= 24'd0;
{matrix21, matrix22, matrix23} <= 24'd0;

{matrix31, matrix32, matrix33} <= 24'd0;

end

end
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/ 1 FE R A R
assign matrix_de = video_de_di;
assign matrix_vs = video_vs;

endmodule

PAEACAS S 3X3 EMREMENEN. =T HER N L, 8—T08ER “1TR" ARSI
BN®BY, BERHHEIBEREEKEMRN~E 1 N EARNER, BtRLEIENEFEERES matrix_de
R 1 MR A,

2.5.2. RKBHE

£ modelsim &, matrix_3x3 R A EBIER matrix_tb.v &5 5x5 B BEEIRR, (AE DT 4E

T

Imatr_tofu 3fvideo_dk
fmatix_thju_mairi 3 srstn
[matrx_tbju_maix_3 3fvideo_de
Jmatro_tbfu_mat

Jmatrix_
mat
Imatrix_

3o,
x_thiu_matrix_3x3/rd_fifo_en

<
75
3
0t
%
o/
4
<

R . v
G G (0 N T

5x5 HEGHERFEUTEGREE:

20 21 22 23 24

B4 et b mat 1 data
B4 fmatrix_thjus_matrix_3x3/ideo_data_id
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3X3 BB MR E MRS T,

3. REp-(Ek/2R_EK

3. 1. LI E N

S =k
IHEGNEBE ZECLENEEH _ELLE
LIS RS

Window11

PDS2022.5P6.4
Modelsim10.6¢
MatlabR2023b

B RE:
MES2L676-100HP

3.2. LR RE
Bg Bk, BRSNS NMEESNKEE (8bit)i&E N 05 255, FEKENHBENREEZMNAHNMN

R, B ZEXEEIEEL, FSMREETEE ZERR N F—KEK, IRAXTEEUREZREH

TAR, MEXEEHLER. 1%, RERHIE—FHE, LLE—FES/NKN—BA&/NKIRA L &/NK, FT1L

EEALEHRTRS, ALRPEE _ECXRBARTLE 2B 2EANBB_EL.
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=

3.2-1

ER_EXURA—TEERE ENNERF/NKEE (8bit) KFLEENIREN 255, H/NFLLEEN
REANO, BRREBEN—IDIERKAZE EIURRERE,

B —ELBETEM 3X3 BBIER, X84 3x3 B0 ENRKEESIERIE, BIEFENEE, & 3X3
BEEPOMERNREEXTZREVWERKEBIRERN 255 BNWIREN 0, BB _EXEEFHNRIIAKE
B

2.1.2&0O%%

UTALBZEKLE binarization.v R AEO S E:

w0 1/0 fii s ik

clk input 1 EE g

rst_n input 1 RRSN

vsync_in input 1 WMABRLSES
hsync_in input 1 BMATRZES
de_in input 1 BATERES

y_in input 8 B E & IR E R
vsync_out output 8 BEBRLSES
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hsync_out output 8 BRETRLES
de_out output 8 BETERES
pix output 8 — BB

UTALBE ZEKLIE area_bin.v EREEOGIX:

w0 I/0 s i1}
video_clk input 1 e
rst_n input 1 RRSN
matrix_de input 8 EEBMABYES
matrix_vs input 1 EEmABRLSES
matrix11 input 8 3X3 BREME a11 TEREUE
matrix12 input 8 3X3 BREME a12 TEREUE
matrix13 input 8 3X3 BREE a13 TEREURE
matrix21 input 8 3X3 BREE a21 TEREUE
matrix22 input 8 3X3 B&IEME a22 oREUE
matrix23 input 8 3X3 B&IEME a23 oREUE
matrix31 input 8 3X3 BE&IEME a31 oREURE
matrix32 input 8 3X3 BE&IEME a32 oREUE
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ISR RS /INRES FPGA
matrix33 input 8 3X3 BE&%EME a33 oREURE
area_bin_vs output 1 BE_EiBmLHRLES
area_bin_de output 1 BE_EtBETERES
area_bin_data | output 1 BE_EtREER

2.1.3 T2

FPGA

DDR3:
i DDR3MWIE
"
| .
HDMIE7Reg

Y _data - o e
» —{Ek HOMITER " (#%$1920*1080@60HZ)

HDMISEIA
E — Ty MST20085E | REEJ mE
IR E

Lo/ A B

3.2-2
fEFET 100K-676 FFAREME G _ERLIETT RIEE N T AR, FPGA $ZIZ HDMI EOMHURES,
RBEGKERGER (BGRKEXLEESE(F+—F KEAX)RR), XABEHENBGHRHTERE _ENK

LEBEAEM 3X3 BGER (BGERERESEZ(F+T 5 3G BRERER) NS ) NEGHTHIZ

B, LIBEHNKEERSZ DDR3 £FHH HDMI EOHE 2R,

3.2.1. HKB&EREH

UT 22/ T EATCERRAHE:

module binarization(
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input clk ,

input rst_n )

input vsync_in , //vsin
input hsync_in , //hsin
input de_in , //dei

input [7:0] y_in ,

output vsync_out , //vso
output hsync_ out , //hso
output de_out , //deo

output reg pix

)

//reg define

reg vsync_in_d;

reg hsync_in_d;

reg de_in_d ;

parameter Binar_THRESHOLD = 128;

assign vsync_out =vsync_in_d ;

assign hsync_out =hsync_in_d ;

assign de_out =de_in.d ;
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/11—

always @(posedge clk or negedge rst_n) begin

if(Irst_n)

pix <= 1'b0;

else if(y_in >= Binar_THRESHOLD) //[F{&

pix <= 1'b1;
else
pix <= 1'b0;
end

/13E8Y 1 HUR S HEES
always@(posedge clk or negedge rst_n) begin
if(Irst_n) begin
vsync_in_d <= 1'd0;
hsync_in_d <= 1'd0;
de_in_d <=1'do;
end

else begin

vsync_in_d <= vsync_in;
hsync_in_d <= hsync_in;

de_in_d <=de_in ;
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end

end

endmodule

KB SH Binar_THRESHOLD IREFEN 128, ERRAREEXRTZEHVN _EMBEERN 1, K
ZH O EREBNHED, NFERESFE 1D ckZN, A ARSRAEBIEST/HRASSESHNXE, B
% vsync_in, hsync_in, de_in t? “sT—#" TR 1 M ck B, FEEFTE_BEUBEERN 1 RRKEEIR
BA8DNN_1111, “EABEBEERN 1 ZRRKREEIREN 8'b0000_0000,

T 2 BE ZEN A IERRAAD:

/1 BEB_{EH

module area_bin

input wire video_clk ,
input wire rst_ n ,
/1 FEREEIR BN

input wire matrix_de ,
input wire matrix_vs ,

input wire [7:0] matrix11 ,

input wire [7:0] matrix12 ,

input wire [7:0] matrix13 ,

input wire [7:0] matrix21 ,
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input wire [7:0] matrix22 ,

input wire [7:0] matrix23 ,

input wire [7:0] matrix31 ,

input wire [7:0] matrix32 ,

input wire [7:0] matrix33 ,

output wire area_bin_vs

output wire area_bin_de ,

output wire area_bin_data
)i

/************************************************************

step1 17480 delay:1clk
ey
reg [9:0] linel_sum;
reg [9:0] line2_sum;
reg [9:0] line3_sum;
always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

begin

linel_sum <= 10'dO;

line2_sum <= 10'dO;
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line3_sum <= 10'dO;

end

else if(matrix_de)

begin

linel_sum <= matrix11 + matrix12 + matrix13 ;
line2_sum <= matrix21 + matrix22 + matrix23 ;
line3_sum <= matrix31 + matrix32 + matrix33 ;
end
else
begin

linel_sum <= 10'dO;

line2_sum <= 10'dO;

line3_sum <= 10'dO;

end
end

/************************************************************

step2 %5 [ S delay:1clk

************************************************************/

reg [11:0] data_sum;

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

data_sum <= 12'd0;
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else
data_sum <= linel_sum + line2_sum + line3_sum;
end

/************************************************************

step3 X118 /9 delay:1clk
************************************************************/
/IBREERSRE *113 B>>10

reg [17:0] thre_data ; //¥{EXEFIE

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
thre_data <= 18'd0;
else
thre_data <= data_sum*113; //[F4E>>10
end
B BERESIREREMERBREEEN ZEAHBNEE, BRI 9 B3k 113 B4 10bit LI,
/1MEE SR EE delay:3clk, 5 thre_data R X FR
reg [7:0]matrix22_0d;
reg [7:0]lmatrix22_1d;
reg [7:0]lmatrix22_2d;
always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
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begin
matrix22_0d <= 8'd0;
matrix22_1d <= 8'd0;
matrix22_2d <= 8'd0;
end
else
begin
matrix22_0d <= matrix22;
matrix22_1d <= matrix22_0d;
matrix22_1d;

matrix22_2d <=
end

end
MEFEBAZITE X R IELE REIR 3 clk, BRFBISEEARES P OMMEESREBEEX L, RIE

hMERRREBERIER 31 clk, REFWEN N X RS AER matrix22, WIERRT 3 MEREIVIIELE A S0

EREPMR R R B HIBTE I E.

/************************************************************

stepd FIMERRSHEFTHHE delay:1clk

************************************************************/

reg bin_data;

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

bin_data <= 1'd0;
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else if(matrix22_2d >=thre_data[17:10])
bin_data <= 1'd1;

else
bin_data <= 1'd0;

end

/************************************************************

B SR ZEIR —3EZEIR 4clk
************************************************************/
reg [3:0] video_de_reg;

reg [3:0] video_vs_reg;

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
begin
video_de_reg <= 4'd0;
video_vs reg <= 4'd0;
end
else
begin
video_de_reg <= {video_de_reg[2:0],matrix_de};
video_vs reg <= {video_vs_reg[2:0],matrix_vs};

end
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end
assign area_bin_de = video_de_reg|3];
assign area_bin_vs = video_vs_reg[3];

assign area_bin_data = bin_data ;

endmodule
BB XKEEHITESH _EXLEEEHEILEN 4 D ck, AMRF_EBHVERSERHRSESRITERES
BT X ER, T matrix_de {55 F] matrix_vs 5 FER 4 1 clk,

2.1.3.2 fBHHE
3.2.1.1. Matlab {F E N8

%% SEERE 5

originallmage = imread('tttt.jpeqg');
figure;

%% ERIRE

subplot(2, 3, 1);
imshow(originallmage);

title('REK");

%% RE

graylmage = rgb2gray(originallmage);
%% EBRR T

[img_height, img_width] = size(graylmage);
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binarylmage = zeros(img_height, img_width);

%% EXSH

windowsSize = 27; % @O X/, F#

%% BHKER TEEOSE

halfwindowsSize = floor(windowsSize / 2);

fori=1:img_height

for j=1:img_width

% BOBR
r1 = max(i - halfwindowsSize, 1); %&O LB R
r2 = min(i + halfwindowsSize, img_height); %& O T8 %
c1 =max(j - halfwindowsSize, 1); % & AL R

c2 = min(j + halfwindowsSize, img_width); %&O&#R

% IRENE O

window = graylmage(r1:r2, c1:c2);

% HEBORNSE

localMean = mean(window(:));

% i+ EHE

threshold = localMean*0.9;
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% BEB B IE
if graylmage(i, j) < threshold
binarylmage(i, j) = 0;

else

binarylmage(i, j) = 255;
end
end

end

FEERBEH 9-41 17, size() RO IFKBEGIR , @iZ zero()REBIZE — M IREE —H K/ E
BIEME,19-23 (TRMTEBENON ETHR, KIKBIEME, B X/NH windowSize KR E, mean() K HEEO

BE, RRBRERBIELSER 0.9 K55, ZEUIESMEAR/SHELR, WRE/NDWAEE, LLEEANAA

LS .

2. MRUNT:
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3.2.1.2. Modelsim (A E N3

7£ modelsim £&E A img_process_tb (FEBRER, EMITRLZ R EAXLIBFES£BE ZELLEE
B, S KEALIBENEIEEED matrix_3x3 BRER 3X3 BBREMRLEH _EAERLE, U TALE
—EEMBEH _EMHEERS:

R _EALEHESR:

2~ fimg_process_thfu_binarization;dk

4  fimg_process_thfu_binarization/rst_n

4  fimg_process_thfu_binarization fvsync_in
4 fimg_process_thju_binarization/hsync_in
£

fimg_process_thjfu_binarization/de_in
B{  fimg_process_thfu_binarization/y_in
4, fimg_process_th/u_binarizationfvsync_out

4., fimg_process_thfu_binarizationpix
“. fimg_process_thju_binarization/hsync_out
;_thfu_binarization/de_out
_th/fu_binarizationfveync_in_d
sg_th/fu_binarization/hsync_in_d
4. fimg_process_th/u_binarization/de_in_d

3.2-4

EXNNREERTET 128 8, ZELKER pix 5SS IEHFE, Z 1clk,

[fimg_process_th/u_binarization/dk
Ju_binarizationfret_n
Ju_binarization fvsync_in
Ju_binarizationfhsync_in

Ju_binarizationfvsync_in_d
Ju_binarization/hsync_in_d
4. fimg_process_th/u_binarization/de_in_d

fimg_process_thfu_binarization;/dk
fimg_process_thfu_binarizationfrst_n
fimag_process_th/u_binarizationfvsync_in
Jfimg_process_thfu_binarization/hsync_in
" fimg_process_thfu_binarization/de_in
- fimg_process_thfu_binarization/y_in
4, fima_process_tbfu_binarizationfvsync_out
4, fimg_process_thju_binarization pix
fimg_process_thfu_binarization/hsync_out
4., [mg_process_tbjfu_binarization/de_out
< fimg_pr thfu_binarizationfvsync_in_d
“. fimg_process_tb/u_binarization/hsync_in_d
#  fimg_process_tb/u_binarization/de_in_d

& 3.2-6
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BB, vsync_in, hsync_in, de_in BEER 1clk B, RIFS pix RN X R,

BE_{EXLEBES

£ fimg_process_tbju_area_binjvideo_ck
4 [ma_process_thju_area_binjrst n
& /mg_process_thju_area_bin/matrix_de
£ fmg_process_thju_area_binjmatrix_vs
jimg_process_thju_srea_binfmatrix11
Jima_process_tb/u_area_bin/matrix12
Jimg_process_tbju_area_bin/matrix13
/ima_process_thju_area_binjmatrix21
Jma_process_thju_area_bin/matrix22
/img_process_thju_area_binjmatrix23
Jma_process_tbju_area_bin/matrix31
/mg_process_thju_area_binjmatrix32
Jimg_process_thju_ares_binfmatrix33
/img_process_thju_area_bin/data_sum
Jimg_process_thju_area_bin/thre_data
Jfimg_process_tbju_area_bin/average
/img_process_thju_area_bin/matrix22_2d
4. fima_process_thju_area_binfsrea_bin_vs
4. jma_process_thju_area_binfarea_bin_de
4., fimg_process_thju_area_binfarea_bin_data
-4 jmg_process_th/u_area_bin/matrix22_0d
B4 /mg_process_th/u_area_bin/matrix22_1d
4. fmg_process_thju_area_bin/bin_data
. fmg_process_thju_area_binjvideo_de_req
', jma_process_thju_area_binjvideo_vs_reg

nd
L2
[ ES
23
[+ 53
L2
nt
[ E8
e
o
[+ 28
[+ B8

3.2-7
AR "1 e E AR R SRE I ETEMENR 2" &N EHE
— NI EFHE “3” i E H thre_data 7 2486 (B 2486 LA 2710 BELEE

Jimg_process_thju_area_binjvideo_ck
Jimg_process_thfu_area_binfrst_n
Jimg_process_thju_area_bin/matrix_de
Jimg_process_thjuy_area_binjmatrix_vs
Jima_process_th/u_area_bin/matrix11
Jima_process_thju_area_bin/matrix12
¢ fimg_process_tbju_area_binjmatrix13
fimg_process_thju_area_binjmatrix21
Jimg_process_thfu_area_bin/matrix22
Jfimg_process_thju_area_binjmatrix23
Jimg_process_thfu_area_binfmatrix31
Jfimg_process_thju_area_bin/matrix32
fimg_process_tbju_area_binjmatrix33
fimg_process_th/u_area_bin/data_sum
‘. fmg_process_th/u_area_binjthre_data
jimg_process_thu_area_binjaverage
- img_process_tbju_area_bin/matrx22_2d
4., Jimg_process_thju_area_binfarea_bin_vs
<& fimg_process_tbju_area_bin/area_bin_de
4 fimg_process_thju_area_bin/area_bin_data
. Jmg_process_thju_area_binjmatrix22_0d
. fimg_process_th/u_area_bin/matrix22_1d
' fimg_process_thiu_area bin/bin_data
jimg_process_thfu_area_binhideo_de reg
. fmg_process_thju_area_binjvideo_vs_reg
Jimg_process_thfu_area_binfine1_sum
- fimg_process_thju_area_bin/line2_sum
- fimg_process_thj_area_binfine3_sum

RARRRRRRRE R e

3.2-8

BIHEEY, fEAR “4" LB EFHE TR BVE SRS ST BMNAER 5" L E G

28, T — I EFHA “6” itEH thre_data 73 3164 (B 3164 IRIL 2710 BERE
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B EFHE “7" matrix22_2d A 2 /NFEHE 3 BSHBEE _ERER R O,

UTR2ESZEAFEFN txt XM4E matlab K8 HEEK:

__ modelsim{jj EL I 8

3.2-9

LB B BRI/ NEERLERE.

3.2.2. ITEMKR
EEFTEEE, iR, HDMI_IN [3&E# PC. HDMD_OUT OE#EE RS, AR THER.,

HDMIEIA

HDOMIEH

12V(1A~2A)EN

3.2-10
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3.2-11

FENEERK.

3.2-12

BN _ELEHNER.
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4. BHEK

4.1. LI E N

S =k
TN B ERHEITERAEAK,
SCIGIREE

Window11

PDS2022.5P6.4
Modelsim10.6¢
MatlabR2023b

B RS
MES2L676-100HP

4,2, LRRE
FEIRE R RE N —EUBGRLEN . EHMNERRULUER — LB R R, ER— LAWK, itBBRER

LD ROTUFER, WRNERARERRELESRE, SRESSBIMN KX EZRDREER,

B .

B 4.2-1

H 3 EHEORE—TEREN 0 BFIAAZFERNEL A 0. AEHMEZBLET o MEIERS.
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BEE B §

4.2-2
3B HEORE—MEEN 1 BFIAAIHMGENBLEAN 1. ARHMEREST o MEIEHEE,

THRERER, TUAFRRESRE. RBHTHSHERRET,
RENETENRRRZE8 3x3 LM AR 8bit, AT Z{EAEIERE 1bit, KB EL 3x3 EHFEK

X 1bit 89.
NEZPIHO,URTEXA 1bit,FIFO IP BEERM F B8 1bit BN T FR:

module matrix_3x3_1bit

#(

parameter IMG_WIDTH = 11'd1920 |,

parameter IMG_HEIGHT = 11'd1080

input wire video_clk ,
input wire rst_ n ,
!/
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input wire video_vs ,
input wire video_de ,
input wire video_data ,

/13x3 5B M

output wire matrix_de ,
output reg matrix11 ,
output reg matrix12 ,
output reg matrix13 ,
output reg matrix21 ,
output reg matrix22 ,
output reg matrix23 ,
output reg matrix31 ,
output reg matrix32 ,
output reg matrix33
e
/1 FEPEEIHE K

always@(posedge video_clk or negedge rst_n) begin

-80 -



Www.meyesemi.com

WMIER RS /NIREE FPGA

if(Irst_n)

begin

{matrix11, matrix12, matrix13} <= 3'd0;
{matrix21, matrix22, matrix23} <= 3'd0;

{matrix31, matrix32, matrix33} <= 3'd0;

end

else if(video_de)

begin
{matrix11, matrix12, matrix13} <= {matrix12, matrix13, line1_data};

{matrix21, matrix22, matrix23} <= {matrix22, matrix23, line2_data_do0};

{matrix31, matrix32, matrix33} <= {matrix32, matrix33, line3_data_d1};

end
else

begin

{matrix11, matrix12, matrix13} <= 3'd0;
{matrix21, matrix22, matrix23} <= 3'd0;

{matrix31, matrix32, matrix33} <= 3'd0;

end

end

-81 -



IS AR S /NIRES FPGA

Www.meyesemi.com

@ Customize IP - Pango DRM Based FIFO (1.8), Instance fifo_matrix_buf_1kit

Dl cenerate = o2 |5

Output

Syzpol

wr_clk—
wr rst—
wr_en—H
wr data—
wr full +—

almost full ¢—

& x

DRM Based FIFO 1.2 Logos-pelsoa-racisi——z
DRM Resource Usage
DRM Resource Type AUTC
Actual DRM Resourse Type DRMIK
Tne total used DRMSK 15 1
The cotal DRMSK is 268
Write/Read Port Use Same Data Width

FIFO Type ASYN FIFO

Enable Byte Write Eyce Size Byte Nubers 1 [1:120]
Write Port
—rd clk
== Address Width 12 [5:20] | Data Width L [1:1152]
—rd rst
Read Porc
f—rd en

Address Width 12 [5:20] Data in Byte 1 [1:128] | Data Width 1

—*rd data

[1:1152]

— rd empty

Enable Almost Full Water Level

—*almost empty

Almost Full Numbers 1020 [L:4082]
Enable Almost Expty Water Level
Almost Empry Numbers 4 [4:4095]

Enable rd oce Signal
Enable Qutput Register
Enable Clock Polarity Invert for Output Register
Enablz Low Bower Mode

Reset Type RSTNC

4.2-3

FIFO IP BYiX E& N k.

2.1.2 &OFE

erosion.v &R ED,ZEIR 2clk.

w0

1/0 = faid

video_clk

input 1 EEA g

rst_n

input 1 RABrE

bin_vs

input 1 RIEHRIRIAES

bin_de

input 1 HIEARES

bin_datall

input 1 3X3 EMEE 1 N _EEE

bin_datal12

input 1 3X3EMEFE 2N _EEE
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bin_data13 input 1 3X3 ML 3N _EEX
bin_data21 input 1 3X3 EMEE 4N _EEX
bin_data22 input 1 3X3 SEMEE 5N _EEX
bin_data23 input 1 3X3 5EMEE 6 N_EEX
bin_data31 input 1 3X3 EMEE 7N _EEX
bin_data32 input 1 3X3 5EMEE 8 N _EERE
bin_data33 input 1 3X35EMEE ON_EERE
erosion_vs output 1 HEBERLEENBES
erosion_de output 1 BEBERLEENHEERES
erosion_data output 1 A1 T B

dilatw.v k&R O, ZER 2clk.

w0 1/0 = 3%
video_clk input 1 EERE
rst_n input 1 RRSN
bin_vs input 1 RHEFTNMRIFES
bin_de input 1 HIEERES
bin_data11 input 1 3X3 EMEE 1N _EEX
bin_data12 input 1 3X3 EEMEE 2N _EEX
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bin_data13 input 1 3X3 ML 3N _EEX
bin_data21 input 1 3X3 EMEE 4N _EEX
bin_data22 input 1 3X3 SEMEE 5N _EEX
bin_data23 input 1 3X3 5EMEE 6 N_EEX
bin_data31 input 1 3X3 EMEE 7N _EEX
bin_data32 input 1 3X3 5EMEE 8 N _EERE
bin_data33 input 1 3X35EMEE ON_EERE
dilate_vs output 1 BYKRGCEENGES
dilate_de output 1 BEFRLEENHEERES
dilate_data output 1 R RR A3 5 B9 2R
2.1.3 T2
DDR3ETF = h
=

EiLAk/BRBNEF

ICEE

“
Y_data » @k

4.2-4
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FEARRIRHTEESR, £ ZEANEM ERMBMREKEBEEFE DDR ¢, BRHIEZHE HOMI
ErReE LEHITER.

4.2.1. REBERIREA

//erosion fE1Hk

module erosion

input wire video clk , //f&EEp

input wire rst_ n ,

/AN B EURE

input wire bin_vs ,

input wire bin_de ,

input wire bin_data_11,
input wire bin_data_12,
input wire bin_data_13,
input wire bin_data_21,
input wire bin_data_22,
input wire bin_data_23,
input wire bin_data_31,
input wire bin_data_32,
input wire bin_data_33,
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output wire erosion_vs ,
output wire erosion_de ,
output wire erosion_data

/**********************************************************

wire define

**********************************************************/

/**********************************************************

reg define

**********************************************************/

reg erosion_vs_d ;

reg erosion_vs_d1 ;

reg erosion_de_d ;

reg erosion_de_d1 ;

reg erosion_data_d ;

reg erosion_line0 ;

reg erosion_linel ;

reg erosion_line2 ;
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//clk 1731R 485

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

begin

erosion_line0 <=
erosion_linel <=
erosion_line2 <=

end

else if(bin_de)

begin
erosion_line0 <=
erosion_linel <=
erosion_line2 <=
end

end

/1 1clk BIRHES

1'd0;
1'd0;

1'd0;

bin_data_11 && bin_data_12 && bin_data_13;
bin_data_21 && bin_data_22 && bin_data_23;

bin_data_31 && bin_data_32 && bin_data_33;

always@(posedge video_clk or negedge rst_n) begin
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if(Irst_n)

erosion_data_d <= 1'd0;

else

erosion_data_d <=

end

/1 iR 2clk

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

begin

erosion_vs d <= 1'd0;

erosion_vs_d1 <= 1'd0;
erosion_de_d <= 1'dO;
<= 1'd0;

erosion_de_d1

end
else

begin
erosion_vs_d <= bhin_vs;

erosion_vs_d1 <= erosion_vs_d;

- 88 -
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erosion_de_d <= bin_de;
erosion_de_d1 <= erosion_de_d;
end
end

assign erosion_data =erosion_data_d;

assign erosion_vs  =erosion_vs_d1;
assign erosion_de =erosion_de_d1;
endmodule

FHN,E£ERFEIHGBEL I MHIEEEAS MEEE ZRR/KLRTHBRIZE.

KBIEY 43-56 T MBTHIEES, S bin_de BRERB=THIELFIHES.

RBIH 63-68 TRETHENERBRES ElM T 9 MUEES.

EARRRRKE, FTLAZERT 214 clk. EREH 73-89 TN BERESMIHESHTH A, LR K08 &
HALBIRERERS.

REBIHASEERSENERESURAESHE.

dilate RIRN45.

//dilate f#RK

module dilate

input wire video clk , //f&EEp

input wire rst_ n ,

-89 -



HIEARS /NIRES FPGA Www.meyesemi.com

/AN B EURE

input wire bin_vs ,

input wire bin_de ,

input wire bin_data_11,
input wire bin_data_12,
input wire bin_data_13,
input wire bin_data_21,
input wire bin_data_22,
input wire bin_data_23,
input wire bin_data_31,
input wire bin_data_32,
input wire bin_data_33,
output wire dilate_vs
output wire dilate_de ,
output wire dilate_data

/**********************************************************

wire define
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KRR AR R KRR R R R AR AR R R KRR AR KRR KRR R R IR R TR TRAN |
R AR KRR KRR KRR R KRR R AR AR R AR RRRR
reg define
KRR R AR R R AR AR TR R R AR KRR AR R R RN |
reg dilate_vs_d;
reg dilate_vs_d1 ;
reg dilate_de _d;
reg dilate_de_d1 ;
reg dilate_data_d ;
reg dilate_line0 ;
reg dilate_linel ;
reg dilate_line2 ;
/1 1clk 1TRZRK HE3k
always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
begin
dilate_line0 <= 1'd0;
dilate_line1 <= 1'd0;
dilate_line2 <= 1'd0;
end
else if(bin_de)

begin
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bin_data_11| bin_data_12 | bin_data_13;

dilate_line0 <
bin_data_21 | bin_data_22 || bin_data_23;

dilate_linel <
bin_data_31| bin_data_32 | bin_data_33;

dilate_line2 <
end

end

/1 1clk FZBK HHEK

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

dilate_data_d <= 1'd0;

else
dilate_data_d <= dilate_line0 | dilate_line1 | dilate_line2;

end

/1 iR 2clk

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

begin

dilate_vs_d <= 1'd0;

dilate_vs_d1 <= 1'd0;
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dilate_de_d <= 1'd0;

dilate_de_d1 <= 1'd0;

end

else

begin
dilate_vs_ d <= bin_vs;
dilate_vs_d1 <= dilate_vs_d;
dilate_de_d <= bin_de;
dilate_de _d1 <= dilate_de_d;

end

end

assign dilate_data =dilate_data_d;

assign dilate_vs  =dilate_vs_d1 ;

assign dilate_de  =dilate_de_d1 ;

endmodule

MIOEEEHSLTT AL erosion #ERA dilate RRORBEARZ —EH, AR EHE SRFERMAETRE.

BETMHBRAZEARRZN R ERA ZRRKE.

ABIEY 41-62 17,1E erosion BIHSERIFEM T HIRIE, WD clk FE2 9 MHUEHESNER.

EARRERKE, FTLAERT 24 clk. EREE 67-83 T BRES B ESITHAE EER N E
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B ERERERS.
KRBT ESZEBHIENERESURGESE L.
4.2.2. KBHE

4.2.2.1. Matlab {E /4B

EARNAERME UREZRERENXURNESY, B, 538 REEXRIEEAEFANE INEBXRE
BESD AN BE PR IR KERS.
fori=1:img_height
forj=1:img_width

% BOAR
r1 = max(i - halfwindowsSize, 1); %&O LR
r2 = min(i + halfwindowsSize, img_height); %& O T8 R
c1 =max(j - halfwindowsSize, 1); %&EOZLALR

c2 = min(j + halfwindowSize, img_width); %&BOGABR

% IeBE O

window = binarylmage(r1:r2, c1:c2);

% HEEONN&R/IME

localMin = min(window(:));

% HITIBIRERAE

erodedimage(i, j) = localMin;
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end
end
BIREXHME 33 BORBE—ITRE 0BERMNA 0,M_EXNHNEAHNE 0 EAME 1,MUEIL OHE
BORNR/IME, FFLMAEBEE 13 T8 min()R BEKXEZENEN&/MENR I MHEEET—1R0,
16 THEREEME OMNRE 9 NMUESL A 1 MNE BR/IMEMZ 1,58 16 THERME 1.

BHES, R E2HKZRENIE, BIE min(window(:))®A max(window(:))BIT],

BRI Matlab (FEEHE.
4.2.2.2. Modelsim {5 E 748

BARTEEMEZMZE— EXEN, ZBEHEHNEM ERMT B RER.
/BB FEER
‘timescale Tns/1ns

module img_process_tb();
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IBREERE

I HMEERBESUNMIBA/N BR AKX

I INFESEZERER HEPARTETIRIZR vesa W EIRE
parameter IMG_WIDTH = 16'd1280;//E % X 13
parameter H_FP =16'd110; //&0i&

parameter H_SYNC =16'd40; //BE%

parameter H_ BP =16'd220; ///Fi&

parameter TOTAL_WIDTH = IMG_WIDTH + H_FP +H_SYNC + H_BP;

parameter IMG_HEIGHT = 16'd720; / /B X1
parameter V_FP =16'd5; //Hii&
parameter V_SYNC =16'd5; //E#
parameter V_BP =16'd20; ///Fi&

parameter TOTAL_HEIGHT = IMG_HEIGHT + V_FP + + V_SYNC + V_BP;

localparam HREF_DELAY = 5;

localparam VSYNC_DELAY = 5;

reg video_clk ;

regrst_n ;
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wire video_vs;
wire video_de;
wire [23:0] video_data;
wire y_VS;
wire y_hs;
wire y_de;

wire [7:0] y_data;

/1B ZEAEE
wire bin_vs ;

wire bin_hs ;
wire bin_de ;

wire bin_data;

wire

wire [7:0]

matrix_de;

matrix11 ;
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wire [7:0] matrix12;

wire [7:0] matrix13;

wire [7:0] matrix21;

wire [7:0] matrix22 ;

wire [7:0] matrix23;

wire [7:0] matrix31;

wire [7:0] matrix32;

wire [7:0] matrix33;

/B8R (B &R

wire area_bin_vs ;

wire area_bin_hs ;

wire area_bin_de ;

wire area_bin_data;

/1 TETREHRE

wire erosion_vs;

wire erosion_de;

wire erosion_data;

/ 1 R RR &3

wire dilate_vs;

-08 -



WIE RS /NRES FPGA Www.meyesemi.com

wire dilate_de;

wire dilate_data;

/1 X 5 8930
integer output _file;
initial
begin

video_clk = 1'dO;

rst_ n = 1'd0;
#20
rst_ n = 1'd1;

output_file = $fopen("D:/pango_isp/img_test_pg/img_test pg/01_led_test/sim/img_process.
txt","w");
end
/ /¥R T00MHZ

always#5 video_clk = ~video_clk;

/ EERE F #E

video_data_gen#(

.TOTAL_WIDTH (12'd1650 ),
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IMG_WIDTH (12'd1280),
H_SYNC  (12'd40),
HBP  (12'd220),
HFP  (12'd110),

.TOTAL_HEIGHT ( 12'd750),

IMG_HEIGHT (12'd720),
V_SYNC  (12'd5),
V. BP  (12'd20),

NFP  (12'd5)

Ju_video_data_gen(

/1

.video_clk (video_clk ),
.rst_n (rst_n )
.video_vs (video vs ),

.video_de (video_de ),

.video_data (video_data )

REK

RGB2YCbCr u_RGB2YCbCr(

.clk (video_clk),
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astn (rstn ),

.vsync_in (video_vs ),

.hsync_in (video_de ),

.de_in (video_de ),

.red (video_data[23:19] ),

.green (video_data[15:10] ),

.blue (video_data[7:3] ),

.vsync_out (y_vs),

.hsync_out (y_hs),

.de_out (y_de),

.y (y_data),
co ()
.cr ( )

i

/2B _EHk

binarization u_binarization(

.clk (video_clk ),

astn (rst.n ),

vsync_in (y_vs ),
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.hsync_in (y_hs ),

.de_in (y_de ),

y_in (y_data ),

.vsync_out ( bin_vs ),

.hsync_out ( bin_hs ),

.de_out (bin_de ),

.pix (bin_data )

/1 — (B ERE

matrix_3x3_Thit#(

.IMG_WIDTH (IMG_WIDTH ),

AMG_HEIGHT ( IMG_HEIGHT )

Ju_matrix_3x3_1bit(

.video_clk (video_clk ),

st n (rst_.n ),

.video_vs (bin_vs ),

.video_de ( bin_de ),

.video_data (bin_data ),

.matrix_de ( matrix_de_1bit ),

.matrix11 ( matrix11_1bit ),

.matrix12 ( matrix12_1bit ),
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.matrix13 ( matrix13_1bit ),

.matrix21 ( matrix21_1bit ),

.matrix22 ( matrix22_1bit ),

.matrix23 ( matrix23_1bit ),

.matrix31 ( matrix31_1bit ),

.matrix32 ( matrix32_1bit ),

.matrix33 ( matrix33_1bit )

)

/1 TETRAE R

erosion u_erosion(

.video_clk (video_clk ),

st n (rst_n ),

.bin_vs (area_bin_vs ),

.bin_de (matrix_de_1bit ),

.bin_data_11 ( matrix11_1bit ),

.bin_data_12 ( matrix12_1bit ),

.bin_data_13 ( matrix13_1bit ),

.bin_data_21 ( matrix21_1bit ),

.bin_data_22 ( matrix22_1bit ),

.bin_data_23 ( matrix23_1bit ),

.bin_data_31 ( matrix31_1bit ),

.bin_data_32 ( matrix32_1bit ),
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.bin_data_33 ( matrix33_1bit ),

.erosion_vs ( erosion_vs ),

.erosion_de ( erosion_de ),

.erosion_data ( erosion_data )

)

/ /TSRS 89 3x3 XE M

matrix_3x3_Thit#(

IMG_WIDTH (IMG_WIDTH),

AMG_HEIGHT ( IMG_HEIGHT )

Ju_matrix_3x3_erosion(

.video_clk (video _clk ),

st n (rst.n ),

.video_vs (erosion_vs ),

.video_de (erosion_de ),

.video_data ( erosion_data ),

.matrix_de ( matrix_de_erosion ),

.matrix11 ( matrix11_erosion ),

.matrix12 ( matrix12_erosion ),

.matrix13 ( matrix13_erosion ),

.matrix21 ( matrix21_erosion ),

.matrix22 ( matrix22_erosion ),

.matrix23 ( matrix23_erosion ),
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.matrix31 ( matrix31_erosion ),

.matrix32 ( matrix32_erosion ),

.matrix33 ( matrix33_erosion )

)

/ I FERRAE IR

dilate u_dilate(

.video_clk (video_clk ),

.rst_n (rst_n )

.bin_vs (erosion_vs ),

.bin_de  ( matrix_de_erosion ),

.bin_data_11 ( matrix11_erosion ),

.bin_data_12 ( matrix12_erosion ),

.bin_data_13 ( matrix13_erosion ),

.bin_data_21 ( matrix21_erosion ),

.bin_data_22 ( matrix22_erosion ),

.bin_data_23 ( matrix23_erosion ),

.bin_data_31 ( matrix31_erosion ),

.bin_data_32 ( matrix32_erosion ),

.bin_data_33 ( matrix33_erosion ),

.dilate_vs (dilate_vs ),

.dilate_de (dilate_de ),

.dilate_data ( dilate_data )
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GTP_GRS GRS_INST(
.GRS_N(1'b1)

),

/1 S¥3E
regvideo vs d ; //4TH#E57%E
reg img_done ;

wire frame_flag;

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
video_vs_d <= 1'd0;
else
video_vs_d <= dilate_vs ;

end

assign frame_flag = ~dilate_vs&video_vs_d; // KA
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always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
img_done <= 1'b0;
else if(frame_flag) //TFEEE HIBr—muss
img_done <=1'bT;
else

img_done <=img_done;

end

always@(posedge video_clk or negedge rst_n) begin

if(img_done)
begin
$stop; //{FLEFE
end

else if(dilate_de) //BNEUE

begin
//16

$fdisplay(output_file,"%h\t%h\t%h",8{dilate_data }8{dilate_data },8{dilate_data });
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endmodule
RENEAMERZAYNE, EZRBH 145-223 7] AEEIE _EHHEM LR B PAK 3x3_1bit

B P4 R BOAR IR,
ERIE 236-264 TR B ENMEAERESNRESHERNEKLEENEEERNESNEES,

REMRHBE 262 TH T2 8bit, 16 HEIB AR txt, 1 —EAEIERE 1bit, It 8{dilate_data}§H

1bit £ 8 ¥ 7 1 8bit, AFBE AE txt,

4.2-6

4.2.3. M
EEF TR, iR, HDMI_IN 0E#ZE B K, HDMD_OUT OiEZEERes, AR THRER.

- 108 -



BIEARE /NIREE FPGA WwWw.meyesemi.com

4.2-7

4.2-8

FENEREERR,
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Ty

FEN _EXRREKRENER.
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5. h{EIER

5. 1. LI E N

S =k
E A% 3x3 XBRE, F T PEIRK.
ML TEIN N
Window11
PDS2022.5P6.4
Modelsim10.6¢
MatlabR2023b

BT

MES2L676-100HP

5.2. LRRE
EEGLGENANEEZD, PEREELE—MEHENREFBEE, S UENENITIEE F _ L6k

=r>-<

B75, FEESIMIULNERES RLE,
MBERIERE rgb888 BKRERRBHRKY, BERNEERL, SH RGB ZREREE 24 N4 MHRK

ERFENERN, IR—KEAPE—RNERTAENEXRS, NEMNAEENES, TERHNBEBEM
FHTGZE, —BHBERERKEN FPGA HIFEE, — A MRKEEENER,

ORI, B 3x3 NEGEEERFNT:
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2 4 80

3 5 4

6 3 2
5.2-1

ML 3x3 MEIREMED, AL, BHIE 0 MIFANAEHENPBEERMEEZR. RIRFIBKDP,

NiZ2— T HEABEESNRS IR,
MRXAPERREE, XA LRBEIRERHITLIE:
2R 3 A, PN ZBEIERTHR.

R

F—F: BEE 9 TNEKEERT

(1)% L11, L12, L13 MiTHEFBE:

L1max (BN 80), L1mid (BN 4), L1min (B} 2);

(2)%F L21, L22, L23 #1THEEABT

L2max (Bl 5), L2mid (BP 4), L2min (B 3);

(3)% L31, L32, L33 #{THEFBE:

L3max (BN 6), L3mid (Bl 3), L3min (B} 2),

QB SF, BE—NIREITENER, REA:
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80 4 2
2 * 3
6 3 2
5.2-2

F_L DAMZAGREEPN 3 MR, 3 NPEM 3 MRS HIEITHER,

(1) L1max, L2max, L3max {THEFREE

Lmaxmax (BJ 80), Lmaxmid (Bl 6), Lmaxmin (B} 5);

(2)%¢ L1mid, L2mid, L3mid #{THEFEEBE:

Lmidmax (Bf 4), Lmidmid (Bl 4), Lmidmin (B} 3);

(3)%F L1min, L2min, L3min #{THEFEEE:
Lminmin (B0 2);

Lminmax (Bl 3), Lminmid (B} 2),

RESF, BEIXFE NN EITEERE, AEA:

80 6 3
4 4 3
3 2 2
5.2-3

£=F: W RAKR/NLmaxmin), P E# P iE(Lmidmid) AR R/NK R A (Lminmax)#{THERF, RS2
B oh B4R A R LR PE,
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5(H—K, BANSN) | AP, hENDE)| 3 (ESHE, BANEKX)

RE, REZEGERPER 4.

XANE, REEARNEE I SRNE ZTEINE.

BT FPGA HEGRETRMERANEENMEL/NTHARBL SR, Alt, SA#HIESES < (NESD

i 80) 5, AP EEER/BNLE, ZREASNERFALY, XM TERESES KK,

BET, PEEBKTER, NRHELENYAERER, BE—PMRIR, ZERAEDENE T MEEAN, W&

REGRA/NKHTHR, BRERNPEREARERNENTT X,

HIAMER 3x3 BHRERMBHPH 9 MEE, MBEXN I MEREHTH R, NTRSHFEE, #F

BERBBUNTERT:

MI1 | MI2 | MI3 |} Maxl | Medl | Minl

M21 | M22 M23 ') Max2 | Med2 | Min2

M3l M32 M33 7‘) Max3 | Med3 | Min3

Uod

Med_of_Nine /1

Min_of_Max
Med_of Med
Max_of Min

5.2-4

(1) YEANSTERRERIF, SE&XE. PEEMR/IME;

(2) B=TH®/IMEELER, REPHREKIE;

(3) B=THHEANEELER, REPHRIME;

(4) B=THPEMEAEILER, BER—RDEIE;

(5) EMEFIN=MEBM— KR, RENDENZEONDE,
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XFUEIF AL 3*3 IR RER, BEEFE T _ENANE, AETERPRPERENE AL,
5. 3. ‘EOMNE

PAT A median_filter_3x3.v R EEOHIE

w0 1/0 & iR
clk input 1 EE g
rst_n input 1 s=EVAES
vsync_in input 1 REFTNMRIFES
hsync_in input 1 REFTNMRITES
de_in input 1 HIRERES
datall input 8 £ 1178 1 JINBRREIE,
data12 input 8 £ 1178 2 TINBRREIE,
datal3 input 8 F 11758 3 0HNBREEIE.
data21 input 8 F 2175 1 WHNBREE.
data22 input 8 B 2178 2 WHNBREEIE.
data23 input 8 %F 21758 3 WHNBREEIE.
data31 input 8 F317E 1 WHNBREEIE.
data32 input 8 F 317E 2 WHNBREEIE.
data33 input 8 % 317E 3 TIMNBRREIE,
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target_data output 8 IEREFONTDEE (PE)
vsync_out output 1 REFENRRIFES
hsync_out output 1 RHEFENRRITES
de_out output 1 RHEFENHBEERES

5.4 IRk

FPGA

DDR3%%
—ﬁﬁ DDR3&1E
i

¥

HDMISETA . vodin IR
E 75> MS720075 15 igie A bYada ) REEE [V —— HOMIE g

(30#%$1920*1080@60HZ)

(lle-7-

Lo i/ & R

B 5.4-1
LFEARRIELEN, HDMI BAEEE MS7200 B R #5H RGB iR, ARSI REXEHITHEIREK,
A6 #IEF2 DDR3 Z o, #A/5B M DDR3 it E| HDMI £ &R,
5.4.1. KBERHEEA

AETEEXNPERERRHAITIE, LIT2PERE verilog £18:

/1 {ERE  delay 3clk

module median_filter_3x3(

input wire clk ,
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input wire rst_ n ,
input wire vsync_in ,
input wire hsync_in ,
input wire de_in ,
input wire  [7:0] datall
input wire  [7:0] data12
inputwire [7:0] datal3
input wire  [7:0] data21
input wire  [7:0] data22
inputwire [7:0] data23
input wire  [7:0] data31
input wire  [7:0] data32
[7:0] data33 ,

input wire
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[7:0] target_data,

output wire
output wire vsync_out ,
output wire hsync_out ,
output wire de_out
);
] e S e e e e e D D e e D5

//FPGA Median Filter Sort order

// Pixel -- Sort1 -- Sort2 -- Sort3

//[P1 P2 P3] [ Max1 Midl Minl]

Min2 ] [Max_min, Mid_mid, Min_max] mid_valid

//[P4 P5 P6] [ Max2 Mid2

//[P7 P8 P9] [ Max3 Mid3 Min3]

//reg define

reg [2:0] vsync_in_r;
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reg [2:0] hsync_in_r;
reg [2:0] de_in_r;
//wire define
wire [7:0] max_data1l;
wire [7:0] mid_data1l;
wire [7:0] min_data1l;
wire [7:0] max_dataz2;
wire [7:0] mid_data2;
wire [7:0] min_dataz2;
wire [7:0] max_data3;
wire [7:0] mid_data3;
wire [7:0] min_data3;
wire [7:0] max_min_data;
wire [7:0] mid_mid_data;

wire [7:0] min_max_data;
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//*****************************************************

//** main code

//*****************************************************

assign vsync_out = vsync_in_r[2];
assign hsync_out =hsync_in_r[2];
assign de_out =de_in_r[2];

//Step1 XF stor3 #H1T=RGILIRIE

sort3 u_sort3_1( /1 E—1TEIRHER

ck  (clk),

ast.n (rst_n),

.datal (datall),
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.data2 (datal2),

.data3 (datal3),

.max_data (max_data1l),
.mid_data (mid_datat),

.min_data (min_data1l)

118 TR

sort3 u_sort3_2(
.clk (clk),

aqst.n (rst_n),

.datal (data21),
.data2 (data22),

.data3 (data23),
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.max_data (max_data2),
.mid_data (mid_data2),

.min_data (min_data2)

/BT

sort3 u_sort3_3(
.clk (clk),

ast.n (rst_n),

.datal (data31),
.data2 (data32),

.data3  (data33),

.max_data (max_data3s),
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.mid_data (mid_data3),

.min_data (min_data3)

//Step2 ¥ ={TERERIBIGHHEFHITLIE

sort3 u_sort3_4( [B=TRXEN&/IME

ck  (clk),

aqst.n (rst_n),

(max_datal),

.data1
.data2 (max_data2),
.data3 (max_data3),

.max_data (),

.mid_data (),
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.min_data (max_min_data)

sort3 u_sort3_5( B =17 ENR/ME

.clk (clk),

ast.n (rst_n),

.datal (mid_datal),

.data2 (mid_data2),

.data3 (mid_data3),

.max_data (),

.mid_data (mid_mid_data),

.min_data ()
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sort3 u_sort3_6( /B =fT&R/MEN R KE

.clk (clk),

ast.n (rst_n),

.datal (min_datal),
.data2 (min_data2),
.data3 (min_data3),

.max_data (min_max_data),

.mid_data (),

.min_data ()

//step3 ¥ step2 PBEN=ME, BXEPE
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sort3 u_sort3_7(
.clk (clk),

ast.n (rst_n),

(max_min_data),

.data1
.data2 (mid_mid_data),
.data3 (min_max_data),
.max_data (),

.mid_data (target_data),

.min_data ()

/1FER=" A HETRIE

always@(posedge clk or negedge rst_n)begin
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if(!rst_n)begin
vsync_in_r <=0;

hsync_in_r <=0;

de_in_r<=0;
end
else begin

vsync_in_r <= {vsync_in_r[1:0],vsync_in};
hsync_in_r <={hsync_in_r[1:0], hsync_in};

de_in_r<={de_in_r[1:0],de_in};

end

end

endmodule

RER XTI 3x3 BRIEMEFHITRIELT

RexE

EMRRLH T — 3x3 W EIEK=S, ATERLE, HXED
B ABELERNTOMMRE PEREE—MNEANZERR ECELEFEHXEANREERFBESL,

B BHRE B AR IIAZET,
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hERES[ZOETHR 33 BIHHERE, HERHEPWPEEEI B L., PERETLEEERR

HIER, ABERFLSHNERTEBERK.

=
=5=1

KWBEIE 54-56 17, TR T HIAE L1 e A, EEXEESSHEBNIRKER target_data ¥

o RN ERBE B FF2R(vsync_in_r, hsync_in_r, de_in_r)sLI;,
KBHEE 58-96 17, BT = sort3 R, XY 3x3 EEMNE—THTHEF. S sort3 EHRBW=MRE

8 mHENN&RXE. PEENK/IME, ETUS R EESTHNRA, REM&/IMVE (max_datal,

mid_datal, min_datal &).
LEBHYEE 98-136 17, EABIMHI = sort3 EHRLEE—INRAE. PEMRIME,

E— sort3 &R (u_sort3_4) W=1TWHE KA (max_datal, max_data2, max_data3)#1THF, 12

BHX=THRAXEFHZR/IME (max_min_data),
EZA sort3 &R (u_sort3_5) X =1THIHE (mid_datal, mid_data2, mid_data3)#{THEE, IZEUE

=AM {EDPHEH/IME (mid_mid_data) .
FE=/ sort3 & (u_sort3_6) =178 &/ME (min_datal, min_data2, min_data3)#THF, 128

HX =N &/IMEFHZRAE (min_max_data),
A HEE 138-150 17, BHITHRLNPERE, ERIH L B, 113289 max_min_data, mid_mid_data

1 min_max_data 731 2 3x3 P RAX. /NP EENESTHNE. RE—FBER— sort3 &

(u_sort3_7) R}X=/MEHTHF, FIREXPE{E (mid_data) {ERIRIK/EH% E target_data,

REBHIE 152-164 17, BT — always #,vsync_in.hsync_in 1 de_in {SS4FERT = DETshEHE,

XERRFRXLEESSLIBENEIE target_data AFHW, B2 T HIEXNFIEA,
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54.2. KBHE
5.4.2.1. Matlab {F E /N3

%% EEER
originallmage = imread('noise.png');
figure;
%% ERIRE
subplot(1, 3, 1);
imshow(originallmage);
title('RE1R');
%% REWK
graylmage = rgb2gray(originallmage);
%% EB/RRYT
[img_height, img_width] = size(graylmage);
medianimage = zeros(img_height, img_width);
%% TEXSH
windowSize =3; % BHO X/, FH
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%% BHEE HEEOHE
halfwWindowsSize = floor(windowsSize / 2);
fori=1:img_height
for j=1:img_width

% BOBR

r1 = max(i - halfwindowsSize, 1); &0 LB R

r2 = min(i + halfwindowsSize, img_height); %& 0 AR

c1 = max(j - halfwindowsSize, 1); % & O LB R

c2 = min(j + halfwindowsSize, img_width); % &OHiA R
% {REREO
window = graylmage(r1:r2, c1:c2);

% HEBORNPE

localmedian = median(window(:));
medianimage(i,j) = localmedian;

end
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end

%% FFFS 8bit

medianimage = uint8(medianimage);

%% KREGERN _EER

binarizedimage = imbinarize(graylmage);

% ERREMLGERNER

subplot(1, 3, 2);
imshow(graylmage);

title('KELKER');

subplot(1, 3, 3);
imshow(medianimage);

imwrite(medianimage,'matlab_median.png')

title('PEREER');
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REEEEZRELENEGHEEERNRERR,

REMIRE— DB filtered_img REMIEKENE K. REEBEERNRY, BT REBANLR.

RBIEY 15-30 ITERZOERSY, EARERFEH S MEEFHFNADERK,

WEEHF (fori=2:rows-1, for j=2:cols-1): /BFM 2 Z rows-1, M 2 & cols-1, AFHIRFEIRE 3x3
VEMHASBHEGAR, FAXTMAXEREENE—TMERE,

42EX 3x3 4B (window = gray_img(i-1:i+1, j-1:j+1)): window TEFHFEAMBMEERDOE 3x3
Bl MATLAB thaYiEREI A (gray_img(i-1:i+1, j-1:j+1)) B FRENEGRER P 69 75 R,

& PE (filtered_img(i, j) = median(window(:))): ¥ window #¥#A—1FI@E (window(:)), fE
F median RHHETIEENPE, GPERLS filtered_img BIBRAE, LI T X EERN D EIRE,

®EERREENEEG, HFEERREFRED,
5.4.2.2. Modelsim {5 E 48

Th MHHLEMMEREAR -, AFTEENPENFANRRNKEENERESMIHES AREIERT, X
BHERENES, BRRF I UENMEEIRE BITHE, RREREN matlab ERER,
/ 1EERE R ¥ 4E
video_data_gen#(
.TOTAL_WIDTH (12'd1650 ),
AMG_WIDTH (12'd1280),
JH_SYNC  (12'd40),
.H_BP (12'd220),
H_FP (12'd110),
.TOTAL_HEIGHT ( 12'd750 ),

IMG_HEIGHT (12'd720),
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V_SYNC  (12'd5),

V. BP  (12'd20),

NVFP  (12'd5)

Ju_video_data_gen(

.video_clk (video_clk ),

st n (rst_n ),

.video_vs (video vs ),

.video_de (video_de ),

.video_data (video_data )

1 IIREA

RGB2YCbCr u_RGB2YCbCr(

.clk (video_clk),

astn (rstn ),

.vsync_in (video_vs ),

.hsync_in (video_de ),

.de_in (video_de ),

.red (video_data[23:19] ),

.green (video_data[15:10] ),

.blue (video_data[7:3] ),

.vsync_out (y_vs),
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.hsync_out (y_hs),

.de_out (y_de),

.y (y_data),
co ()
.cr ( )

);

/1 3E B4 RK,

matrix_3x3#(

IMG_WIDTH (IMG_WIDTH ),

IMG_HEIGHT ( IMG_HEIGHT )

Ju_matrix_3x3(

.video_clk (video _clk ),

st n (rst_n ),

.video_vs (y_vs ),

.video_de (y_de ),

.video_data (y_data ),

.matrix_de ( matrix_de ),

.matrix11 ( matrix11 ),

.matrix12 ( matrix12 ),

.matrix13 ( matrix13 ),

.matrix21 ( matrix21 ),
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.matrix22

.matrix23

.matrix31

.matrix32

.matrix33

/1B

median_filter_3x3 u_median_filter_3x3

( matrix22

( matrix23

( matrix31

( matrix32

( matrix33

.clk (video_clk

rst.n

.vsync_in

.hsync_in

.de_in

.datall

.datal2

.datal3

.data21

.data22

.data23

.data31

(rst_n ),

(y_vs ),

( matrix_de

( matrix_de

( matrix11

( matrix12

( matrix13

( matrix21

( matrix22

( matrix23

( matrix31

),

),

),

),
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.data32 (matrix32 ),
.data33 (matrix33 ),
.target_data ( median_data ),
.vsync_out (median_vs ),
.hsync_out (median_hs ),
.de_out (median_de )

)

ERERHREEEIRENRR, AEET 3x3 BiEBEE PERKER,

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
video_vs_d <= 1'd0;
else
video_vs_d <= median_vs;

end

assign frame_flag = ~median_vs & video_vs_d; // &G

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
img_done <= 1'b0;
else if(frame_flag) // TG HIr—mLEE

img_done <=1'bT;
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else

img_done <= img_done;

end

always@(posedge video_clk or negedge rst_n) begin

if(img_done)
begin
$stop; //{FLEFE
end

/1B N8R

else if(median_de)
/116 il

begin
$fdisplay(output_file,"%h\t%h\t%h",median_data,median_data,median_data);
=P\

end
RENGESHHPEREENESET, AEHBHKEHE.

5.4-2
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5.4.3. ZEIAR

BN T HEES, IR, HDMI_IN & BN, HDMD_OUT MEEE R, RAETHER.

HDMIEIA

A aw
N ZAB A

///7'

HDMIEHE

5.4-4

-138 -



WIE RS /NRES FPGA Www.meyesemi.com

EFEANKRER, TABERMT RSMARS,

5.4-5

EFENPERENLCESNS, MHREK, B RBERRR.
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6. MEIER
6.1.  EIEEN
S =k
SR ERAEIRK
SCIGIREE
Window11
PDS2022.5P6.4
Modelsim10.6¢
MatlabR2023b
B RS
MES2L676-100HP
6.2. E/FE

6.2.1. BEEEMISNE
{EIER (Mean Filtering) 2— P RIZNEKLERA, BT EFRRAGNLERS, HEARNRERAERE

REBENDEHERNFIERCEZGRNE EREZEA—TEEX/NIEND (%0 3x3 5 5x5) BEBR
BEREDE, HEZXERAEEEENSE, AARXMIEBRAEOPMRENE, BREOBD AR

BIMERRUEEEZERME.
WERKEREZIH, tEE/), gBERFBEANE RS, RN SHEGRATHIAZER, o

RSMARLEE AN FRERELZATHNA, BESERESRNIBIKTE,

6.2.2. BEREEFENE
FATA 3x3 KN AR F, ERLREXTEEAL 9 MEFTRMEFE, X MHERCEX

MREE PIOE,
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HAVE S TEHITER:

HE

—

6.2-1
oAEE 3x3 RighohERRER 40 &8N 107, HitE3REN:
(197+25+106+107+40+107+163+149+71 )/9 =107
BEBD 3x3 BOXME R #TRTERIHTIHEESE, Aol E R NS ERKRE
BRRESRNT:
BIRE—K 8 UKEE (HBRRERXETE 0~255) HITE—IRIZE/EE 145 BN 127

181 148 101 47 233

197 | eIy 145 171 130 119
71 44 33 138 95
202 128 157 41 12 6
137 68 70 144 18 27

295 200 65 116 62 31

6.2-2

B RITEE 242 RN 123;

181 47 233
g, | otan e 130 119
s 138 95

202 128 157 47 12 6
137 68 70 144 18 27
200 200 65 116 62 5

6.2-3
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DAL S HERAT R ITIIEIZEE (ELHREA — 33 SRR BKE R #TERBERRI 9, AR

BERBEAE 1), KREL

6. 3. ‘EOMNE

IMEETKE F BRI E

PAT A aver filter.v #5905 %

im0 1/0 = iR
video_clk input 1 EERE
rst_n input 1 SMNES
matrix_de input 1 EEHIERAITES
matrix_vs input 1 EEHIERARES
matrix11 input 8 F—ITEYNEEEE
matrix12 input 8 F—I1TE ZHEERIR
matrix13 input 8 FE—ITEZINEREHIRE
matrix21 input 8 FITEHIEEHE
matrix22 input 8 F T ZIERHE
matrix23 input 8 F_ITEZHERHE
matrix31 input 8 F=TEHIEEHE
matrix32 input 8 FZTETIEEHE
matrix33 input 8 FZITEZIEEHIE
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aver_filter_vs output 1 B EREEHERES
aver _filter_de output 1 B EREEHETES
aver _filter_data output 8 HEREEEHIE
6.4 LA
FPGA
DDR3%&1F W‘
E MOV oo % gme L0 ames HDMIL%SR ST e
o7
ZIE AR/ AR A
6.4-1

FEAR R TIZEEH, HDMI A543 MS7200 T F ##15 H RGB #1F, AR L3 KEWX B HTIERK,

MG EIEEZR DDR3 Z b, A/Z B M DDR3 HiE ! E| HDMI EE7R,

6.4.1. KBERIRA

AETEENHERERRHAITIRE, LUT2ERK verilog £15:

/ 13{ETRR

module aver_filter

input wire video_clk

input wire rst_ n

/*synthesis PAP_MARK_DEBUG="1"*/,
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/1 7B PR N
input wire matrix_de /*synthesis PAP_MARK_DEBUG="1"*/,
input wire matrix_vs /*synthesis PAP_MARK_DEBUG="1"*/,
input wire [7:0] matrix11 ,

input wire [7:0] matrix12 ,

input wire [7:0] matrix13 ,

input wire [7:0] matrix21 ,

input wire [7:0] matrix22 ,

input wire [7:0] matrix23 ,

input wire [7:0] matrix31 ,

[7:0] matrix32 ,

input wire
input wire [7:0] matrix33 ,
output wire aver_filter_vs ,
output wire aver_filter_de ,
output wire [7:0] aver filter_data
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/************************************************************

step1 1740 delay:1clk
************************************************************/
reg [9:0] linel_sum;

reg [9:0] line2_sum;

reg [9:0] line3_sum;

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
begin
linel_sum <= 10'dO;
line2_sum <= 10'dO;
line3_sum <= 10'dO;
end
else if(matrix_de)
begin
linel_sum <= matrix11 + matrix12 + matrix13 ;
line2_sum <= matrix21 + matrix22 + matrix23 ;
line3_sum <= matrix31 + matrix32 + matrix33 ;
end
else
begin

linel_sum <= 10'dO;

- 145 -



WIE RS /NRES FPGA Www.meyesemi.com

line2_sum <= 10'dO;
line3_sum <= 10'dO;
end

end

/************************************************************

step2 3PS delay:1clk
ey
reg [11:0] data_sum;
always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
data_sum <= 12'd0;
else
data_sum <= linel_sum + line2_sum + line3_sum;

end

/************************************************************

step3 X191E /9 delay:1clk

************************************************************/

[IBREETRE *228>>11

reg [18:0] aver_filter_mux; //i#9&

- 146 -



IS AR S /NIRES FPGA

Www.meyesemi.com

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
aver_filter_mux <= 19'd0;
else
aver_filter_mux <= data_sum * 228; //[FEE>>11

end

/************************************************************

stepd PIMVMERRSEEHITHER delay:1clk
ey
reg [7:0] aver_filter_reg;
always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
aver_filter_reg<= 1'd0;
else
aver_filter_reg <= aver_filter_mux[18:11];

end
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/************************************************************

B SR ZEIR —3EZEIR 4clk
************************************************************/
reg [3:0] video_de_reg;

reg [3:0] video_vs_reg;

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

begin

video_de_reg <= 4'd0;
video_vs reg <= 4'd0;
end
else

begin
video_de_reg <= {video_de_reg[2:0],matrix_de};

video_vs reg <= {video_vs_reg[2:0],matrix_vs};

end

end

= video_vs_reg[3];

assign aver _filter_vs

= video_de_req[3];

assign aver _filter_de
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= aver _filter_reg;

assign aver_filter_data

endmodule
BEEXNEAR 3x3 BRIEFEH

RMMERLI T —PME R RIEIRK S, B TAEEGEESRE AEENER

THERE, #RELEBEND MREE.
RIS 34 - 53 17, &£ matrix_de AT (MAEMMBEERN) XNETH 3 MREEHRTEM, 235

FM&3 “inel_sum, ‘ine2_sum #] line3_sum o,
REB7E%E 58 - 64 17, %8 3 fTHIRIMEMN, B2 3x3 HEMEAE, HEMHE data_sum &, 3FE data_sum

REZFBME, HIMMRE 9 MRENEZRZ 255, P4 data_sum EHEI R PR AEN 2295, Bt i

A 12465, ATHLEHEREE data_sum U BRFPEFTEKRTF 12 i,
ATREEHBERONE, BERREREAREERE, ANREEEA4PINEANERBSARERS.

AT EUEE EERBRERUATRENBUNRANABES 70 - 0017 M AFRELERENTN(*228>>11)
RitEE, BRMEL 228, REEF 11 1L (BIREL 9), BRINE REFME aver_filter_mux o,

REFATIRERFRENEDE, RABRRNT:

BMNMEABRFEEEG LRRESHRN, MEIREH 1 EITREERI 2, 5% n B TREE

BRUA 27N, BSLI data_sum /9, aJLAKREI—NEE C, f£158 data_sum*C>>n, #FEF data_sum /9,

XEEE C=228,n=11, XEAHA 228/2"11=0.1113
m "1/9 = 0.1111°, XNEH 228 ELUXEIT "1/9° IR, T’ 228 fF, 6% 11 L (>>11)
EEERXIIWIZIET BRI 9 HNBE,

KEIMPRIEFRR BAREBES TR 211}, REZEHFE
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BEFE 228 AEAEH 11 4 (REBPUERNASAIN, XRHLAHL2UTH), RIMEERE %
BIRREL 9 BAFREAN—DREBNIEMBAIRME XM EZERGRUPEEER, JUBERADIEEILER
MEHRIRNER,

®EHRH 98-116 174 matrix_de 1 matrix_vs ESERE T — 1N, FES5H BEIEXTTT,
video_de_reg #1 video_vs_reg AFHFMXLEREHNES SBEREFNESHEUERELE aver_filter_vs,
aver_filter_de #1 aver filter_data,

BEXESE, BEMERIM T XHWMAN 3x3 BREMFHTIHERKRNINEE,

6.4.2. HKBIHE

6.4.2.1. Matlab {5 E /48

%% SZERE 5

originallmage = imread('noise.png');
figure;

%% ERIRE

subplot(1, 4, 1);

imshow(originallmage);

title('REK");

%% REA

graylmage = rgb2gray(originallmage);

%% EBRR T

[img_height, img_width] = size(graylmage);
medianimage = zeros(img_height, img_width);

%% EXSE
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windowsSize = 3; % &0 X/, FH
%% BHER ITEEONE
halfwWindowsSize = floor(windowSize / 2);
fori=1:img_height
for j=1:img_width
% BOBR
r1 = max(i - halfwindowsSize, 1); %&O LB R
r2 = min(i + halfwindowsSize, img_height); %& O T8 R
c1 =max(j - halfwindowsSize, 1); % & AL R

c2 = min(j + halfwindowsSize, img_width); %&O&#R

% IRENE O

window = graylmage(r1:r2, c1:c2);

% HEEHEORNISE /9 = (*228)>> 11

localmedian = sum(window(:))*228.0;

medianimage(i,j) = localmedian/2048.0;
end
end

%% FRF= 8bit

-157 -



M5

2RSS NRES FPGA Www.meyesemi.com

medianimage = uint8(medianimage);
%% KREGER N _EER

binarizedlmage = imbinarize(graylmage);

% ERRERMLEFNEK
subplot(1, 4, 2);
imshow(graylmage);
imwrite(graylmage,'gray.png')

title('KELKER');

subplot(1, 4, 3);
imshow(medianimage);

imwrite(medianimage,'matlab_aver.png')

title("VEIRKEER');

subplot(1, 4, 4);

medianimage = imread('matlab_median.png');
imshow(medianimage);

title('"PEREER');

X835 1 17 imread('noise.png'); EEEREZ A noise.png WIEEX 4, HEEEMEEZE originallmage

L83 5 8 17 graylmage = rgb2gray(originalimage); ¥RIGEGRIEARKEB R, HFHEE
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rESEERLAEEELIE,

graylmage $, REXNENZRIHAEER, RRES
KB 9 17 [img_height, img_width] = size(grayimage); SKEREBRGNSEMEE.

1L E 10 47 medianimage = zeros(img_height, img_width); #¥#a&—"N5RE BGABER K/INE4E R

medianimage, B FE#IIEREENER,
RKRIE 12 17 windowSize = 3; EXEOX/NA 3x3, XE#HTHERENNEOD,
LB E 14-23 17 halfwindowsSize = floor(windowSize / 2);itEHEON—¥ /N, BFHEETEHRE

EARERKFEHFMEE HESMEENYERRKIE.T A 2 23HEEO0N AR TBR.O M 2

FABERONALBRMGIER, window = graylmage(r1:r2, c1:c2); 2 BNH AR A AR E O X1,

K1 E 26 17 localmedian = sum(window(:))*228.0; H+EBHONGEENSMHTRIU 228, XERT

I verilog IR EIEN TG A,
L E 27 17 medianimage(i,j) = localmedian/2048.0; $it& 4 RREL 2048 (A7 11 41), 53

KPERERNEEE, HF#E medianimage $.medianimage = uint8(medianimage); &K E
FEGERFRZRN 8 NERFSEHKENL, ATRKRER.

R, LM T WEGHTRKEL. HERKLE, FRRRER. KEBRK. HEREEGURD

1=

EIRRER.

6.4.2.2. Modelsim {FE 48
T XHELEBEMIEREA—, AFEERTPENFHERNRENERESHHES AREIRENT, 1X

[UBRUENERD, BRI T EMMARNE REBTHE, AMEREN matlab EIRER,
/1 EERE A #E

video_data_gen#(

TOTAL_WIDTH (12'd1650),

IMG_WIDTH (12'd1280),
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H_SYNC  (12'd40),
.H_BP (12'd220),
H_FP (12'd110),
.TOTAL_HEIGHT ( 12'd750),
IMG_HEIGHT (12'd720),
.V_SYNC (12'd5),
.V_BP (12'd20),
V_FP (12'd5)
Ju_video_data_gen(
.video_clk (video_clk ),
.rst_n (rst_n ),
.video_vs (video vs ),
.video_de (video_de ),

.video_data (video_data )

1 1REAk

RGB2YCbCr u_RGB2YCbCr(
.clk (video_clk),
astn (rstn ),
.vsync_in (video_vs ),

.hsync_in (video_de ),
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.de_in (video_de ),

.red (video_data[23:19] ),
.green (video_data[15:10] ),
.blue (video_data[7:3] ),

.vsync_out (y_vs),

.hsync_out (y_hs),

.de_out (y_de),

.y (y_data),
co ()
.cr ( )

);

/1 3E R4 RK,

matrix_3x3#(

IMG_WIDTH (IMG_WIDTH ),

MG_HEIGHT (IMG_HEIGHT )

Ju_matrix_3x3(

.video_clk (video _clk ),
ast.n (rstn )
.video_vs (y_vs ),
.video_de (y_de ),

.video_data (y_data ),
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.matrix_de ( matrix_de ),

.matrix11

.matrix12

.matrix13

.matrix21

.matrix22

.matrix23

.matrix31

.matrix32

.matrix33

)

/ 13{ETRR

aver_filter u_aver _filter(

.video_clk

rst.n

.matrix_de

.matrix_vs

.matrix11

.matrix12

.matrix13

.matrix21

.matrix22

(matrix11 ),
( matrix12 ),
( matrix13 ),
( matrix21 ),
( matrix22 ),
( matrix23 ),
( matrix31 ),
( matrix32 ),
( matrix33 )

(video_clk
(rst_n ),

( matrix_de

(y_vs )

( matrix11

( matrix12

( matrix13

( matrix21

( matrix22
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.matrix23 ( matrix23 ),
.matrix31 ( matrix31 ),
.matrix32 ( matrix32 ),
.matrix33 ( matrix33 ),
.aver_filter_vs ( aver_filter_vs ),
.aver_filter_de ( aver_filter_de ),
.aver_filter_data ( aver_filter_data )
);
EETUED tb B — M PERK I, LIE R R, REKL, EREFR—HN, AT PEIRK
PRI T IERKEER, HEEENESEMAIERRENESENT, I THAR:
always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
video_vs_d <= 1'd0;
else
video_vs_d <= aver filter_vs;

end

assign frame_flag = ~aver_filter_vs & video_vs_d; // TG

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)

img_done <= 1'b0;
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else if(frame_flag) //FE&G #Ilr—muss

img_done <=1'bT;

else

img_done <= img_done;

end

always@(posedge video_clk or negedge rst_n) begin

if(img_done)
begin
$stop; //EILLFE
end

else if(aver_filter_de) //BA#IRE

begin

16 HHISA
end

end

AR matlab 1 EJR, T FR:

- 158 -

$fdisplay(output_file,"%h\t%h\t%h",aver_filter_data,aver_filter_data,aver_filter_data);

/1



Www.meyesemi.com

MIEARE /NREE FPGA

modelsim{f; F1 14§

6.4-2

6.4.3. M
EEF TR, iR, HDMI_IN 0E#ZE B K, HDMD_OUT OiEZEERes, AR THRER.

HDMIEIA

12V(1A~2AMEIN HDM gt

6.4-3
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6.4-4

EFENFMT MRS HNER,

6.4-5

JUERREEFSZNFER, LWREGEMNE, EXRLPEBKE, HEREEEILEGEE, TEL

IR AR RS
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7. SENEE

7.1, EREN

SHd SR

M 3x3 B, ST S HTIRRK.

SHIEY ST

window11

PDS2022.5P6.4

Modelsim10.6c

MatlabR2023b

R

MES2L676-100HP

7.2. TR

7.2.1. EHIBEMSNE

SHEEENEMRXZERYERMNS I A (ESHM)N—RKES IR—1ES, ENBEES MR

BHSM, MENNREEEXEHNIANHN, WREANBHHRS, EBKLEBIED, ATHERE, AR

HBEEFEFREESEN cmos REZNESIABHIES,

ERAEERER, GEARNT SRS KK EE


https://baike.baidu.com/item/%E6%A6%82%E7%8E%87%E5%AF%86%E5%BA%A6%E5%87%BD%E6%95%B0/0?fromModule=lemma_inlink
https://baike.baidu.com/item/%E9%AB%98%E6%96%AF%E5%88%86%E5%B8%83/0?fromModule=lemma_inlink
https://baike.baidu.com/item/%E6%AD%A3%E6%80%81%E5%88%86%E5%B8%83/0?fromModule=lemma_inlink
https://baike.baidu.com/item/%E5%8A%9F%E7%8E%87%E8%B0%B1%E5%AF%86%E5%BA%A6/0?fromModule=lemma_inlink
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BHRRE—TEANLHTRIEEK ERATHRSHERE, BANH SIREMEERTRITERE,

BEEREENBEESGHTINESNERE, 8—TMRERNE H#HRERSNVERPEMEREZIM
RELBRFE,

X FIERE A EIRIRR R, i TEEY S HNEMENINERBSHN. MESITIRKP, SR PO
RIREEMK, ST B O REREER/N, FIEH T ESHEAS MRRERBRENM,

7.2.2. BERBEER&KRT

HENBZHSHRE:

(x—u) (y—uy)2
exp(— +
2710 p(( 26° 2Gi

x>y X

G(x,y)=

)

XEHEEEEEEAG Y, EE RN SR A TERNS %, O ) ke - T E HaR
IR RS, x ER T ATE R x W5E, By ER-ATEPy#EE, Y, Y ARIR x A,
y FaENEEnssEe, O, O A5k x 51, y HEREI SRS E.

BRESRZPLORLIRA (0,0), BBAEEDE/\ D RELIRINT:

(-1,1) (0, 1) (1,1)

(-1,0) (0, 0) (1,0)

(-1,-1)  (0,-1) (1,-1)

EEFEN R EMFHE u =0, 7% 6=0.8 BLITHEA LS HTHXRZEDHRLE:

0.05212607 0.11385381 0.05212607

0.11385381 0.24867959 0.11385381

0.05212607 0.11385381 0.05212607

DJUME L P OERBE R KA, BMEREEGNEZR/N, ZBTIRYERTA— (GRZNAENE

ERFTEERDEROEER, HFESAR 1, MRIESREFESEGNZNE FEN, BRERITFRERK
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BEN=E, FzR=HERE):

0.05711825 0.12475774 0.05711825

0.12475774 0.27249597 0.12475774

0.05711825 0.12475774 0.05711825

B/a BT 7 FPGA xi/NSHEERAE R, XREBERZY K 16 BEULMEIEL, FPGA 5RTMEE

KRS/ 16 5, DUARIETZREUEENE N, EUEHNERZA:

7.2.3. SHRiEE FPGA £

SHEREERRZERT ARN 3x3 SRR E R RTRIHITERBIEBRI 16, HINEST

ERIER, RIRANTEERZ— 33 NEERKE, FARMNITNEREETSINERITER, DEOERE

#7 92:

Bt EEREAN:

(C197+106+163+71) + (25+107+107+149) *2+40*4y_92
16~

REEARANT AN EIKE R #TETRSARIE, BIoI5T X B R BEHTRRIRE
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7.3. ‘EOMNE

PATR A gauss_filter.v EREEO X,

w0 1/0 s iR
video_clk input 1 e
rst_n input 1 SMNES
matrix_de input 1 EEHIERAITES
matrix_vs input 1 EEHIERARES
matrix11 input 8 F—ITEYNEEE
matrix12 input 8 F—TEZHEEHIE
matrix13 input 8 F—ITEZIEEHIE
matrix21 input 8 FITEHIEREHE
matrix22 input 8 F B HEREE
matrix23 input 8 F_ITEZHERHE
matrix31 input 8 F=TEHIEREHE
matrix32 input 8 B=ITE ZHEERIR
matrix33 input 8 =ITE=HERLKE
gauss_filter_vs output 1 SHNREEHRERES
gauss_filter_de output 1 SHNREEHRETES
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gauss_filter_data output 8 SRR EHIE
7.4, IR
FPGA
phiiae —m‘
IcEE
BB/ AR R
7.4-1

7.4.1. KBERREA

AIREMEETIEMENRR, E—XIZERTERE, FARBESEMERED

/I SRR

module gauss_filter

(
input wire video_clk
input wire rst_n ,
/1 7B FEEAR N
input wire matrix_de
input wire matrix_vs ,

input wire [7:0] matrix11

input wire [7:0] matrix12

7

7
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input

input

input

input

input

input

input

output wire

output wire

output wire

)

/*

= Hr

[1271]

|24 2]

[1271]

*/

wire

wire

wire

wire

wire

wire

wire

[7:0]

[7:0]

[7:0]

[7:0]

[7:0]

[7:0]

[7:0]

[7:0] gauss_filter_data

matrix13

matrix21

matrix22

matrix23

matrix31

matrix32

matrix33

gauss_filter_vs,

gauss_filter_de,

sum S =16 -> sum/16=sum>>4
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/************************************************************

step1 1740 delay:1clk
************************************************************/
reg [9:0] linel_sum;

reg [9:0] line2_sum;

reg [9:0] line3_sum;

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
begin
linel_sum <= 10'dO;
line2_sum <= 10'dO;
line3_sum <= 10'dO;
end
else if(matrix_de)
begin
line1l_sum <= matrix11 + matrix12<<1 + matrix13 ;
line2_sum <= matrix21<<1 + matrix22<<2 + matrix23<<1 ;
line3_sum <= matrix31 + matrix32<<1 + matrix33 ;
end
else
begin

linel_sum <= 10'dO;
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line2_sum <= 10'dO;
line3_sum <= 10'dO;
end

end

/************************************************************

step2 3PS delay:1clk
ey
reg [11:0] data_sum;
always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
data_sum <= 12'd0;
else
data_sum <= linel_sum + line2_sum + line3_sum;

end

/************************************************************

step3 A% 4 1 delay:1clk

************************************************************/

/1AL /16

reg [7:0] gauss_filter_reg ; //13{&
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always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

gauss_filter_reg <= 8'd0;

else

gauss_filter_reg <= data_sum[11:4]; //

end

/************************************************************

BfEpFEIR —FHFER 3clk

************************************************************/

reg [2:0] video_de_regq;

reg [2:0] video_vs_reg;

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)

begin
video_de_reg <= 3'dO;
video_vs reg <= 3'dO;
end

else

begin
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video_de_reg <= {video_de_reg[1:0],matrix_de};

video_vs_reg <= {video_vs_reg[1:0],matrix_vs};

end

end

assign gauss_filter vs = video_vs_reg[2];

assign gauss_filter_de

video_de_reqg[2] ;

assign gauss_filter_data = gauss_filter_reg

7

endmodule

ZARRIEZ T 3x3 ERIEFEEEHE A = Rk & B EELIRHT 7 SRBREXENRKEREE
BFRER, ReEmE,

B2 37 1TEIE 60 TH#1T 7 E—RMKLERIE, HFET — DB, B8 line1_sum, line2_sum,
line3_sum 7 matrix_de {55 B EFLHIEZRTESRRMBAEEBEMXENREERABUNGR
I, B F RSB REFE, LENFRR EHT/NRTRERFREN, FRBUNAARERNTTE.
£85 61 178 70 TIH1T T E ZRIMKERIEHE— DI EHA% line1_sum, line2_sum, line3_sum &

ERMEREELS data_sum,

K13 78 178 83 [THT T BRI KLRERME, BE— TN EHK data_sum BENSMUNLE R

data_sum (&%, gauss_filter_reqg,

REFPT PEFFEREABMHRNA AN EELENTHRSHITEIRRE, —HTERT 3 DB,
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=

5 H H NS INRKEES ERENTH RS ESHELTE,

7.4.2. KBHE
7.4.2.1. Matlab {FE N4

clc;clear all;
%% FEEREHKR
originallmage = imread('noise.png');
figure;
%% EX S
gaussianKernel=1[1,2,1; 2,4, 2; 1,2, 1];%%X 16
%% BRIRE
subplot(1, 3, 1);
imshow(originallmage);
title('/RER');
%% REA

graylmage = rgb2gray(originallmage);

%% BEMER~F
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[img_height, img_width] = size(graylmage);
medianimage = zeros(img_height, img_width);

%% EXSH

windowsSize = 4; % &0 X/ SEFRA/N

%% BHEER TEEOE
halfwindowsSize = floor(windowsSize / 2);
fori=1:img_height
forj=1:img_width

% BHIAR

r1 = max(i - halfwindowsSize, 1); %&OLBR

r2 = min(i + halfwindowsSize, img_height); %& O T8 R

c1 =max(j - halfwindowsSize, 1); % & AL R

c2 = min(j + halfwindowsSize, img_width); %&O&#R

% IRENE O
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window = double(graylmage(r1:r2, c1:c2));

% HEBORKNER

sum_gauss = window(1,1)*gaussianKernel(1,1)+window(1,2)*gaussianKernel(1,2)+window(

1,3)*gaussianKernel(1,3)+...

window(2,1)*gaussianKernel(2,1)+window(2,2)*gaussianKernel(2,2)+window(2,3)*g

aussianKernel(2,3)+...

window(3,1)*gaussianKernel(3,1)+window(3,2)*gaussianKernel(3,2)+window(3,3)*g

aussianKernel(3,3);
medianimage(i,j) = sum_gauss/16;
end

end

%% FRFS 8bit

medianimage = uint8(medianimage);

%% KREGELRN _EERK

binarizedlmage = imbinarize(graylmage);
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% BRREMLIEEHE G

subplot(1, 3, 2);
imshow(graylmage);

imwrite(graylmage,'gray.png')

title('RELER');

subplot(1, 3, 3);
imshow(medianimage);

imwrite(medianimage,'matlab_gauss.png')

title('S H KR B1R");

R 3 1TEA imread()EREULZER T —KE A HEF rgb2gray()BERHEBR ARKERR,

RBE 6 TEXT— 3x3 WSz, BT ERBE.
KB 20 17EMA for BRBARKERGHNES MR, BE—MEXFNED, ZEBORNGERNASH

RORITIBUCRA, BEIRRENEEE,
IR NG EEFMEE medianimage RS, FEIHEERRIL 16 (AASEHZNFAA 16)KIF—1ak

B &E ZLERENEGELRN 8 UEFSEHXE, A5RENRKERGN _ELENER—RBER.

-174 -



WIE RS /NRES FPGA Www.meyesemi.com

BEDREEE ZNEG. KEAX. EXEREO. HESER, A—LLE BREEEER BRERURK

FLHEEHNBRR,
7.4.2.2. Modelsim {FE N3

Th MHHLBEMEREAR -, AFTEENPENFANRRNKEENERESMIHES AREIERT, X
BHERENES, BRRF I UENMEEIRE BITHE, RREREN matlab ERER,
/ 1EERE R ¥ 4E
video_data_gen#(
.TOTAL_WIDTH (12'd1650 ),
AMG_WIDTH (12'd1280),
H_SYNC  (12'd40),
.H_BP (12'd220),
H_FP (12'd110),
.TOTAL_HEIGHT ( 12'd750 ),
AMG_HEIGHT (12'd720),
V_SYNC  (12'd5),
.V_BP (12'd20),
V_FP (12'd5)
Ju_video_data_gen(
.video _clk (video clk ),
.rst.n (rst_n ),
.video vs (video vs ),

.video_de (video de ),
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/1

.video_data (video_data )

REK

RGB2YCbCr u_RGB2YCbCr(

.clk (video_clk),

astn (rstn ),

.vsync_in (video_vs ),

.hsync_in (video_de ),

.de_in (video_de ),

.red (video_data[23:19] ),

.green (video_data[15:10] ),

.blue (video_data[7:3] ),

.vsync_out (y_vs),

.hsync_out (y_hs),

.de_out (y_de),

y (y_data),
co ()
.cr ( )

);

/1 3E 4K,
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matrix_3x3#(

AMG_WIDTH (IMG_WIDTH ),

IMG_HEIGHT ( IMG_HEIGHT )

Ju_matrix_3x3(

)

.video_clk (video _clk ),

st n (rst_n ),

.video_vs (y_vs ),

.video_de (y_de ),

.video_data (y_data ),

.matrix_de ( matrix_de ),

.matrix11 ( matrix11 ),

.matrix12 ( matrix12 ),

.matrix13 ( matrix13 ),

.matrix21 ( matrix21 ),

.matrix22 ( matrix22 ),

.matrix23 ( matrix23 ),

.matrix31 (matrix31 ),

.matrix32 (matrix32 ),

.matrix33 ( matrix33 )

/I S8R R

gauss_filter u_gauss_filter(
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)

Tb BYZEAKIB A Z BIARIF — 2, XS N AR AR LR #2 pY = HT SR BN ]

.video_clk (video_clk ),

st n (rst_n ),

.matrix_de ( matrix_de ),

.matrix_vs (y_vs ),

.matrix11 ( matrix11 ),
.matrix12 ( matrix12 ),
.matrix13 ( matrix13 ),
.matrix21 ( matrix21 ),
.matrix22 ( matrix22 ),
.matrix23 ( matrix23 ),
.matrix31 ( matrix31 ),
.matrix32 ( matrix32 ),
.matrix33 ( matrix33 ),

.gauss_filter_vs ( gauss_filter_vs ),
.gauss_filter_de ( gauss_filter_de ),

.gauss_filter_data ( gauss_filter_data )

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
video_vs_d <= 1'd0;

else

-178 -



MIEARS /NIRES FPGA

Www.meyesemi.com

video_vs_d <= gauss_filter_vs;
end

assign frame_flag = ~gauss_filter_vs & video_vs_d; // TG

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
img_done <= 1'b0;
else if(frame_flag) // TG HIBr—mLEE
img_done <=1'bT;
else

img_done <=img_done;

end

always@(posedge video_clk or negedge rst_n) begin

if(img_done)
begin
$stop; //{FLEFE
end

else if(gauss_filter_de) //BANEE

begin
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$fdisplay(output_file,"%h\t%h\t%h",gauss_filter_data,gauss_filter_data,gauss_filter_data);

/116 HHEIBEN
end

end

SR fEHY txt SVEFE matlab hE R, M TFEAR:

=
X
modelsim{j £ 51§

R

7.4-2

7.4.3. TEMS
EZEFTEEE, 2R, HDMI_IN O&EZ BN, HDMD_OUT OEZERSSE, AR T

HDMIEA

HDM &gt
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7.4-3

7.4-4

EFERFMT HEBRSHNER,

7.4-5

JUBISHRELILEGRER. RE TERELEEN . BHLEROMLE., Hth 2 —MRERK,

o LARE SHIERS.

-181 -



IS AR S /NIRES FPGA

Www.meyesemi.com

8. g

8.1. LI E N

LEEN:

EEGREANEM ETMET sobel EF 8RR/,

SIS

window11

PDS2022.5P6.4

Modelsim10.6c

MatlabR2023b

BHIRE:

MES2L676-100HP

8. 2. SRR

sobel EFBIZNANMAEFZ—, UM EEAGLE PHBEEN, it EEGHNRKEME AR L,

ER— T BHEN—MELEF, AXTERGRERGN—MEEZEOE. EEGNET—RERLET,

RErEZa NN ERERRHEXERENMEETEGRNSARIMAEKEL RS EET RN F

73 Emin s,

KEZBNBEEEFRIHEQINA:

@

x

Il

I
N e
oo

EHESBONBEEFRHEQIXRN:

[N RS
o

|_
Gy::—

+1]
+2|
+1]

+1]
+2|
+1]

REBEKENEANEFNEESDNEFELSANBHRSNUFIER. MTAR:
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6= |62 +G2

7T HHRMETE fpga WER LR E S TIH, AR SHIE—MREEA cordic IP E5ERY sqrt #24F, BEAHK

B RBREXM IP 2, ARFEFE— sart IEREZRNBZARNRR—T REAFN(ERERE,

ol AMBUE L&) BT AR A A T A
G = |Gx + Gy|

AR KR EFERENER, SARGNIZREDJES LR X, o LUE T BT BERR4, BRTENRRE
&, B EEFA cordic kK=, BEFREN sart LB RT .
REHESINER G 5HELK, KFHREWNRILE, oJLVEEEREZR 0 HE 255, BURTEIEA

IBEMMAARE, M 8bit KEHIENEF, 255 IEAE, 0 ME2RE,

8.3. &OMZX
sobel.v &R #EOFIE
w0 1/0 kA 3%
SOBEL_THRESHOLD / 8 sobel &
video_clk input 1 e
rst_n input 1 RREN
matrix_de input 1 EEHEERES
matrix_vs input 1 A IES
matrix11 input 8 3X3 5EMEE 11 8bit KEKER
matrix12 input 8 3X3 5EMEE 2 1/ 8bit KEHKRER
matrix13 input 8 3X3 FEPESE 3 /) 8bit KEKRR
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matrix21 input 8 3X3 5EMEE 4 ) 8bit KEKRER
matrix22 input 8 3X3 5EPEE 5 8bit KEHKRER
matrix23 input 8 3X3 5EMEZE 6 ) 8bit KEKRER
matrix31 input 8 3X3 5EMEZE 7 1 8bit KEKER
matrix32 input 8 3X3 5EPEZE 8 1 8bit KEHKRER
matrix33 input 8 3X3 FEPESE 9 ) 8bit KEKRR
sobel_vs output 1 Hi sobel e BEHIHES
sobel_de output 1 B sobel A BEHHIEERES
sobel_data output 8 HH sobel & fEHIEHRE

8.4, IR

FPGA

DDR34EHF
DORIM IR
A
‘ \

HDMIFfIA oy RGB Y_data ’ HOMIE 3%
E —_——— MST2005F ——> KB ———  sobeli®illl HDMITE R > (%441920*1080@50H2)

ICEE

oA i/ G R

& 8.4-1

ZIREMEZANIREARA -, ARERENRE, BT sobel LERR, AFBRHIEEFE DDR3

z2, SR HEIREIE M DDR3 thiEH = HDMI BRa8 L ER.
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8.4.1. KIBERIRA

FENE sobel EFER, MM T AR
module sobel

#(
parameter SOBEL_THRESHOLD = 64

video_clk ,

input  wire
input wire rst_ n ,
/1 XEREER N
input wire matrix_de ,
input wire matrix_vs ,
input  wire [7:0] matrix11 ,
input  wire [7:0] matrix12 ,
input  wire [7:0] matrix13 ,
input  wire [7:0] matrix21 ,
input  wire [7:0] matrix22 ,
input  wire [7:0] matrix23 ,
input  wire [7:0] matrix31 ,
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input  wire [7:0] matrix32 ,

input  wire [7:0] matrix33 ,

//sobel #iR%E H

output  wire sobel_vs ,

output  wire sobel_de ,

output wire [7:0] sobel_data

/****************************************************************

% -1 041 % +1 2 +1

%gx=-2 0+2 %gy=0 00

% -1 0+1 % -1 -2 -1

****************************************************************/

/****************************************************************

wire define

****************************************************************/

/****************************************************************

reg define

****************************************************************/

reg [9:0] gx_temp]l;

reg[9:0] gx_temp2;

reg [9:0] gy_templ;
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reg [9:0] gy_tempz2;

/****************************************************************

step1 i+tEER

****************************************************************/

/17KFEF5E

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
begin
gx_temp1l <= 9'd0;
gx_temp2 <= 9'd0;
end

else if(matrix_de)

begin
gx_templ <= matrix13 + 2*matrix23 + matrix33;
gx_temp2 <= matrix11 + 2*matrix21 + matrix31;
end
else
begin
gx_temp1l <= 9'd0;
gx_temp2 <= 9'do;
end
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end

E=3=Vs]L

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
begin
gy_templ <= 9'd0;
gy_temp2 <= 9'd0;
end

else if(matrix_de)

begin
gy_templ <= matrix31 + 2*matrix32 + matrix33;
gy_temp2 <= matrix11 + 2*matrix12 + matrix13;
end
else
begin
gy_templ <= 9'd0;
gy_temp2 <= 9'd0;
end
end

/****************************************************************
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step2 KEFRFN

****************************************************************/

reg [9:0] gx_data;

reg [9:0] gy_data;

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
gx_data <= 10'd0;

if(gx_temp1 >= gx_temp2)

else
gx_data <= gx_temp1 - gx_temp?2;
else
gx_data <= gx_temp2 - gx_temp1;
end

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
gy_data <= 10'd0;

if(gy_temp1 >=gy_temp?2)

else
gy_data <= gy_temp1 - gy_temp2;
else
gy_data <= gy_temp2 - gy_tempT;

end
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/****************************************************************

step3 #XH{ER M

****************************************************************/

reg [11:0] sobel_data_reg;

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
sobel data_reg <= 12'd0;
else
sobel _data_reg <= gx_data + gy_data;

end

/************************************************************

B EpEIR —FHFER 3clk

************************************************************/

reg [2:0] video_de_reg;

reg [2:0] video_vs_reg;

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)

begin
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video_de_reg <= 3'dO;

video_vs reg <= 3'dO;

end
else

begin

video_de_reg <= {video_de_reg[1:0],matrix_de};

video_vs reg <= {video_vs_reg[1:0],matrix_vs};

end
end
assign sobel_vs = video_vs_reg|[2] ;
assign sobel_de = video_de_reg[2] ;
assign sobel_data = (sobel data_reg>SOBEL_THRESHOLD)?8'd0:8'd255 ;
endmodule

BN, KIBRER=ZRRKERTHUAREE,

FE—RIMKE, ABIHY 50-66 17 69-85 TIRRERMNE X, KX 9 MNUIES X MBI R LU,

5B R KE ALBIRY 93-100 1740 102-109 1T ENER#TEMM, LR FEES—TR,ERE
AR, @R AKAN BN, —ERINAXSSEHRAAY MEXNHEEHFSH SSHEREIARAIR
Z FAZATSE LR A/ B S ML A S, H B XL E N E B th 5Tl 7 BB XHE RVRE,

BRI A 116-121 7 KELFDNEFNEES QNS FHEMN, LWETAYS TEXERMT,

NE_REEM T ETELE,
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AREENHEBAZERAEFE 31 clk, WERBH 129-140 THHEERESNHESIT 341,
FER 3 4 clk, IEESHIEREFRS . XETHBEIBASFER[ETITH,
2.1.3.2 KBHHE
2.1.3.2.1Matlab i ENB
fori=1:img_height
for j=1:img_width
% BOBR
r1 = max(i - halfwindowsSize, 1); %&O LB R
r2 = min(i + halfwindowsSize, img_height); %& O T8 %
c1 =max(j - halfwindowsSize, 1);%& O ALi8 R

c2 = min(j + halfwindowsSize, img_width); %&O&# R

% IRENE O

window = double(graylmage(r1:r2, c1:c2));

% HEEDO GX GY

GX =window(1,3)+2*window(2,3)+window(3,3)-window(1,1)-2*window(2,1)-window(3,1);
GY =window(1,1)+2*window(1,2)+window(1,3)-window(3,1)-2*window(3,2)-window(3,3);
%ITHE G

G=sqrt(GX"2+GY~2);

%G=abs(GX)+abs(GY);

if G > thre %LLREX WAIBE
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sobellmage(i,j) = 0;
else
sobellmage(i,j) = 255;
end
end
end
Matlab £REMNGEXEABHIFANE, T2FNBH 13-14 17, 118 GX F GY, TTAB R 2 ER
SREEEN, XS MEHE T L3 NREAFEM, REE 16-17 17, RERM THIITE, 16 THRESR
NitE, FHEMAREFRS, 17 TTHMBRAIE verilog PIHENGE . RESHEKR, LHEX, A
nig, MAEE,
2.1.3.2.2Modelsim i E /43
KIBREEN th X4, RERMT sobel RLIBIELR, 41T Fr7R:
1 1REAL
RGB2YCbCr u_RGB2YCbCr(
.clk (video_clk),
astn (rstn ),
.vsync_in (video_vs ),
.hsync_in (video_de ),
.de_in (video_de ),
.red (video_data[23:19] ),
.green (video_data[15:10] ),

.blue (video_data[7:3] ),
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.vsync_out (y_vs),

.hsync_out (y_hs),

.de_out

(y_de),

.y (y_data),

.cb (

.cr (

/1 B R

matrix_3x3#(

IMG_WIDTH (IMG_WIDTH ),

MG_HEIGHT (IMG_HEIGHT )

),

Ju_matrix_3x3(

.video_clk (video_clk

st n (rst_n ),

.video_vs

.video_de

(y_vs

(y_de

.video_data (y_data

.matrix_de ( matrix_de ),

.matrix11

.matrix12

.matrix13

( matrix11

( matrix12

( matrix13

),

),

),

),

),
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.matrix21 ( matrix21 ),

.matrix22 ( matrix22 ),

.matrix23 ( matrix23 ),

.matrix31 (matrix31 ),

.matrix32 (matrix32 ),

.matrix33 ( matrix33 )

//sobel EF

sobel#(

.SOBEL_THRESHOLD ( 55)

Ju_sobel(

.video_clk (video_clk ),

astn (rst.n ),

.matrix_de ( matrix_de ),

.matrix_vs (y_vs ),

.matrix11 ( matrix11 ),

.matrix12 ( matrix12 ),

.matrix13 ( matrix13 ),

.matrix21 ( matrix21 ),

.matrix22 ( matrix22 ),

.matrix23 ( matrix23 ),
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.matrix31 ( matrix31 ),

.matrix32 ( matrix32 ),

.matrix33 ( matrix33 ),

.sobel_vs (sobel vs ),

.sobel_de (sobel _de ),

.sobel_data (sobel data )

)

ZEBR R HI T IREMAEIR, 3x3 FEFEEMAEIR, sobel LLIBHEIR,

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
video_vs_d <= 1'd0;
else
video_vs_d <= sobel vs;

end

assign frame_flag = ~sobel_vs & video_vs_d; // TG

always@(posedge video_clk or negedge rst_n) begin
if(Irst_n)
img_done <= 1'b0;
else if(frame_flag) // TG HIr—mLEE

img_done <=1'bT;
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else

img_done <=img_done;

end

always@(posedge video_clk or negedge rst_n) begin

if(img_done)
begin
$stop; //{FLEFE
end
else if(sobel_de) //BNEE
begin
ALF:: I I=PN

$fdisplay(output_file,"%h\t%h\t%h",sobel_data,sobel_data,sobel_data);
end
end

BXI M BYER AL sobel L BENIAESNEERERE ST, BTIRETHKRENER, FHEMHES

RERBHERN txt XARKIRLE matlab ERRREK.
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R modelsim{/j LI (R

8.4-2
8.4.2. IEMK

B T HES, IR, HDMI_IN & BN, HDMD_OUT MEEE R, RAETHER.

HDMIEA

8.4-3
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8.4-5

EEX sobel EFHBHRNMR, LB TUBAHRERIERR,
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9. gamma Tk

9.1.  SERfENT

SWE:
TRRXNEGRNRERT,

SRR
Window11
PDS2022.5P6.4
Modelsim10.6¢
MatlabR2023b

BEHIRIR:
MES2L676-100HP

9.2. ZRFRE

Gamma RIEREFARNZERMIFLMNEYE, ABRNSENSRERE=ENIEMMHED, HHM2

R, SESNSERREN, ARNSENZENEAEE,

0=C*ly
EFCIIVERERE, CHREARILERRERS, @RIEN1, viagammald, Dal3—wAdE, SEEH [0~1] , 0F
iE.

EYHIBREAN T E:

y=x"n

10

0.8 4

0.6

04

0.2 1

0.0 T T T
0.0 0.2 0.4 0.6 08 10

X
NEEILEH:
(1) Sy e, SHER-RRERRIRIXE, RN SEEREREmIRED, SEHEAIERES, SaREn.
(2) HyAF1R, SHFERPRERRRIIKE, R SEEREREIRARES, SEGIRERERS, SaEs.,

B 9.2-1
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RN NN WK

X KT 1 5, BEZE,

X /NF 18, B&RT=E,

XEF 10, B&BARZE,

BN, RMNSLA—NEE, ZANFRIIEHMRE, B verilog RLMPEER

_ 255
~ 255

EEBRARH, HMNTUBRIMAERE, RRNEERENGER 8bit, ALLE 0-255, HA T IR EH RN

TERTRAREE, x 2R E, REARKFATEENSEH, Vin NENBER 0-255, RiR, x & 2.2, HATTLUE

1T Matlab A for fE¥RIEH 0-255, AEHHE Y x=2.2 B8 {&, 0-255 hE M NH L EES ), 2HitE

3k, M EKZE, 7 verilog F, RN LUER case IBARZTHARE R, AKBRTZENERE, B

LM O LAE R LR Matlab AEERSY,

9.3. ‘EOMNE

gamma_lookuip.v & #R#ENQ

w0 1/0 fi %= faik
video_data input 8 W IBETHBREREURE
gamma_data output 8 gamma T EE

AW TEHER, MUEROFEE R, NERNGREENRLERREE.
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9.4. T#EiREA

FPGA

DDR3¥E =
- 5 s edian_Hatal HDMIER8%
X cammadmz  prpa HOMISsR el
RS IE i " (3$51920*1080@60HZ)

HDMISIA
—————————  MST20005H
ICE g

Eik B/ E B

9.4-1

-

AR ITREUUERM AR KA RGB88S HEHIT gamma HIERERE, HELHITRKENKE, BHT

gamma FHIEA T LAY F RGB BIEE, FE 4o R.G.B =NEE, S NBEN A 8bit, AEHK =" gamma

FRIEARERENT],

9.4.1. KBERIRA
FENE gamma_lookuptable &k,

//gamma_table 1/2.2

module gamma_lookuptable

input [7:0] video_data,

output reg[7:0] gamma_data

always@(*)
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begin
case(video_data)
8'd0 : gamma_data = 8'd0;

8'd1 : gamma_data = 8'd21;

8'd2 : gamma_data = 8'd28;

8'd3 : gamma_data = 8'd34;

8'd4 : gamma_data = 8'd39;
8'd5 : gamma_data = 8'd43;

8'd6 : gamma_data = 8'd46;

8'd7 : gamma_data = 8'd50;

8'd8 : gamma_data = 8'd53;

8'd9 : gamma_data = 8'd56;

8'd10 : gamma_data = 8'd59;

8'd11 : gamma_data = 8'd61;

8'd12 : gamma_data = 8'd64;

8'd13 : gamma_data = 8'd66;

8'd14 : gamma_data = 8'd68;

8'd15 : gamma_data = 8'd70;

8'd16 : gamma_data = 8'd72;

8'd17 : gamma_data = 8'd74;

8'd18 : gamma_data = 8'd76;

8'd19 : gamma_data = 8'd78;
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8'd20 : gamma_data = 8'd80;

8'd21 : gamma_data = 8'd82;

8'd22 : gamma_data = 8'd84;

8'd23 : gamma_data = 8'd85;

8'd24 : gamma_data = 8'd87;

8'd25 : gamma_data = 8'd89;

8'd26 : gamma_data = 8'd90;

8'd27 : gamma_data = 8'd92;

8'd28 : gamma_data = 8'd93;

8'd29 : gamma_data = 8'd95;

8'd30 : gamma_data = 8'd96;

8'd31 : gamma_data = 8'd98;

8'd32 : gamma_data = 8'd99;

8'd33 : gamma_data = 8'd101;

8'd34 : gamma_data =8'd102;

8'd35 : gamma_data = 8'd103;

8'd36 : gamma_data = 8'd105;

8'd37 : gamma_data = 8'd106;

8'd38 : gamma_data = 8'd107;

8'd39 : gamma_data = 8'd109;

8'd40 : gamma_data = 8'd110;

8'd41 : gamma_data =8'd111;
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8'd42 : gamma_data =8'd112;

8'd43 : gamma_data = 8'd114;

8'd44 : gamma_data = 8'd115;

8'd45 : gamma_data = 8'd116;

8'd46 : gamma_data =8'd117;

8'd47 : gamma_data = 8'd118;

8'd48 : gamma_data =8'd119;

8'd49 : gamma_data = 8'd120;

8'd50 : gamma_data = 8'd122;

8'd51 : gamma_data = 8'd123;

8'd52 : gamma_data = 8'd124;

8'd53 : gamma_data = 8'd125;

8'd54 : gamma_data = 8'd126;

8'd55 : gamma_data = 8'd127;

8'd56 : gamma_data = 8'd128;

8'd57 : gamma_data = 8'd129;

8'd58 : gamma_data = 8'd130;

8'd59 : gamma_data = 8'd131;

8'd60 : gamma_data = 8'd132;

8'd61 : gamma_data = 8'd133;

8'd62 : gamma_data = 8'd134;

8'd63 : gamma_data = 8'd135;
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8'd64 : gamma_data = 8'd136;

gamma_data =8'd137;

8'd65 :
8'd66 : gamma_data = 8'd138;
8'd67 : gamma_data = 8'd139;
8'd68 : gamma_data = 8'd140;
8'd69 : gamma_data = 8'd141;
8'd70 : gamma_data = 8'd142;
8'd71 : gamma_data = 8'd143;
8'd72 : gamma_data = 8'd144;
8'd73 : gamma_data = 8'd144;
8'd74 : gamma_data = 8'd145;
8'd75 : gamma_data = 8'd146;
8'd76 : gamma_data = 8'd147;
8'd77 : gamma_data = 8'd148;
8'd78 : gamma_data = 8'd149;
8'd79 : gamma_data = 8'd150;
8'd80 : gamma_data = 8'd151;
8'd81 : gamma_data = 8'd151;
8'd82 : gamma_data = 8'd152;
8'd83 : gamma_data = 8'd153;
8'd84 : gamma_data = 8'd154;
8'd85 : gamma_data = 8'd155;
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8'd86 : gamma_data = 8'd156;

8'd87 : gamma_data = 8'd156;

8'd88 : gamma_data = 8'd157;

8'd89 : gamma_data = 8'd158;

8'd90 : gamma_data = 8'd159;

8'd91 : gamma_data = 8'd160;

8'd92 : gamma_data = 8'd160;

8'd93 : gamma_data = 8'd161;

8'd94 : gamma_data = 8'd162;

8'd95 : gamma_data = 8'd163;

8'd96 : gamma_data = 8'd164;

8'd97 : gamma_data = 8'd164;

8'd98 : gamma_data = 8'd165;

8'd99 : gamma_data = 8'd166;

8'd100 : gamma_data =8'd167;

8'd101 : gamma_data =8'd167;

8'd102 : gamma_data =8'd168;

8'd103 : gamma_data =8'd169;

8'd104 : gamma_data =8'd170;

8'd105 : gamma_data =8'd170;

8'd106 : gamma_data =8'd171;

8'd107 : gamma_data =8'd172;
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8'd108 : gamma_data =8'd173;

8'd109 : gamma_data =8'd173;

8'd110 : gamma_data =8'd174;

8'd111 : gamma_data =8'd175;

8'd112 : gamma_data =8'd175;

8'd113 : gamma_data =8'd176;

8'd114 : gamma_data =8'd177;

8'd115 : gamma_data =8'd178;

8'd116 : gamma_data =8'd178;

8'd117 : gamma_data =8'd179;

8'd118 : gamma_data =8'd180;

8'd119 : gamma_data =8'd180;

8'd120 : gamma_data =8'd181;

8'd121 : gamma_data =8'd182;

8'd122 : gamma_data =8'd182;

8'd123 : gamma_data =8'd183;

8'd124 : gamma_data =8'd184;

8'd125 : gamma_data =8'd184;

8'd126 : gamma_data = 8'd185;

8'd127 : gamma_data = 8'd186;

8'd128 : gamma_data =8'd186;

8'd129 : gamma_data =8'd187;
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8'd130 : gamma_data =8'd188;

8'd131 : gamma_data =8'd188;

8'd132 : gamma_data =8'd189;

8'd133 : gamma_data =8'd190;

8'd134 : gamma_data =8'd190;

8'd135 : gamma_data =8'd191;

8'd136 : gamma_data =8'd192;

8'd137 : gamma_data =8'd192;

8'd138 : gamma_data =8'd193;

8'd139 : gamma_data =8'd194;

8'd140 : gamma_data =8'd194;

8'd141 : gamma_data = 8'd195;

8'd142 : gamma_data =8'd195;

8'd143 : gamma_data =8'd196;

8'd144 : gamma_data =8'd197;

8'd145 : gamma_data =8'd197;

8'd146 : gamma_data =8'd198;

8'd147 : gamma_data =8'd199;

8'd148 : gamma_data =8'd199;

8'd149 : gamma_data = 8'd200;

8'd150 : gamma_data = 8'd200;

8'd151 : gamma_data = 8'd201;
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8'd152 : gamma_data = 8'd202;

8'd153 : gamma_data = 8'd202;

8'd154 : gamma_data = 8'd203;

8'd155 : gamma_data = 8'd203;

8'd156 : gamma_data = 8'd204;

8'd157 : gamma_data = 8'd205;

8'd158 : gamma_data = 8'd205;

8'd159 : gamma_data = 8'd206;

8'd160 : gamma_data = 8'd206;

8'd161 : gamma_data = 8'd207;

8'd162 : gamma_data = 8'd207;

8'd163 : gamma_data = 8'd208;

8'd164 : gamma_data = 8'd209;

8'd165 : gamma_data = 8'd209;

8'd166 : gamma_data =8'd210;

8'd167 : gamma_data =8'd210;

8'd168 : gamma_data =8'd211;

8'd169 : gamma_data =8'd212;

8'd170 : gamma_data =8'd212;

8'd171 : gamma_data =8'd213;

8'd172 : gamma_data =8'd213;

8'd173 : gamma_data =8'd214;
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8'd174 : gamma_data =8'd214;

8'd175 : gamma_data = 8'd215;

8'd176 : gamma_data = 8'd215;

8'd177 : gamma_data = 8'd216;

8'd178 : gamma_data =8'd217;

8'd179 : gamma_data =8'd217;

8'd180 : gamma_data =8'd218;

8'd181 : gamma_data =8'd218;

8'd182 : gamma_data =8'd219;

8'd183 : gamma_data =8'd219;

8'd184 : gamma_data = 8'd220;

8'd185 : gamma_data = 8'd220;

8'd186 : gamma_data =8'd221;

8'd187 : gamma_data = 8'd221;

8'd188 : gamma_data = 8'd222;

8'd189 : gamma_data = 8'd223;

8'd190 : gamma_data = 8'd223;

8'd191 : gamma_data = 8'd224;

8'd192 : gamma_data = 8'd224;

8'd193 : gamma_data = 8'd225;

8'd194 : gamma_data = 8'd225;

8'd195 : gamma_data = 8'd226;
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8'd196 : gamma_data = 8'd226;

8'd197 : gamma_data = 8'd227;

8'd198 : gamma_data = 8'd227;

8'd199 : gamma_data = 8'd228;

8'd200 : gamma_data = 8'd228;

8'd201 : gamma_data = 8'd229;

8'd202 : gamma_data = 8'd229;

8'd203 : gamma_data = 8'd230;

8'd204 : gamma_data = 8'd230;

8'd205 : gamma_data =8'd231;

8'd206 : gamma_data =8'd231;

8'd207 : gamma_data = 8'd232;

8'd208 : gamma_data =8'd232;

8'd209 : gamma_data = 8'd233;

8'd210 : gamma_data = 8'd233;

8'd211 : gamma_data = 8'd234;

8'd212 : gamma_data = 8'd234;

8'd213 : gamma_data = 8'd235;

8'd214 : gamma_data = 8'd235;

8'd215 : gamma_data = 8'd236;

8'd216 : gamma_data = 8'd236;

8'd217 : gamma_data = 8'd237;
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8'd218 : gamma_data = 8'd237;

8'd219 : gamma_data = 8'd238;

8'd220 : gamma_data = 8'd238;

8'd221 : gamma_data = 8'd239;

8'd222 : gamma_data = 8'd239;

8'd223 : gamma_data = 8'd240;

8'd224 : gamma_data = 8'd240;

8'd225 : gamma_data = 8'd241;

8'd226 : gamma_data =8'd241;

8'd227 : gamma_data = 8'd242;

8'd228 : gamma_data =8'd242;

8'd229 : gamma_data =8'd243;

8'd230 : gamma_data =8'd243;

8'd231 : gamma_data = 8'd244;

8'd232 : gamma_data = 8'd244;

8'd233 : gamma_data = 8'd245;

8'd234 : gamma_data = 8'd245;

8'd235 : gamma_data = 8'd246;

8'd236 : gamma_data = 8'd246;

8'd237 : gamma_data = 8'd247;

8'd238 : gamma_data =8'd247;

8'd239 : gamma_data = 8'd248;
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8'd240 : gamma_data = 8'd248;

8'd241 : gamma_data = 8'd249;

8'd242 : gamma_data = 8'd249;

8'd243 : gamma_data = 8'd249;

8'd244 : gamma_data = 8'd250;

8'd245 : gamma_data = 8'd250;

8'd246 : gamma_data = 8'd251;

8'd247 : gamma_data = 8'd251;

8'd248 : gamma_data = 8'd252;

8'd249 : gamma_data = 8'd252;

8'd250 : gamma_data = 8'd253;

8'd251 : gamma_data = 8'd253;

8'd252 : gamma_data = 8'd254;
8'd253 : gamma_data = 8'd254;
8'd254 : gamma_data = 8'd255;

8'd255 : gamma_data = 8'd255;

endcase

end

endmodule

ZACHBESLYE matlab MARBMEM . CBBEFREARE, BEERRNTEREBAOGREEIEN N

gamma &EBEHE, AEREENT., FEFRNE always@()ZRHNZEEEE, FFUHARER—irH
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B8, MABENHIEFRESITH,

9.4.2. HKEBIHE
9.4.2.1. Matlab {FE /N4

%% EE
clc;clear all;
%% BN E R
originallmage = imread('night1.bmp');
%% iZEX RGB =& &
R = originallmage(:,:,1);
G = originallmage(:,:,2);
B = originallmage(:,:,3);
%% i&E gamma {&
gamma_value =1/2.2;
figure;
%% ERIRE
subplot(1, 2, 1);
imshow(originallmage);
title('REI&');

%% BER~

[img_height, img_width,channel] = size(originallmage);

medianimage = zeros(img_height, img_width);
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gamma_r = zeros(img_height,img_width);
gamma_g = zeros(img_height,img_width);

gamma_b = zeros(img_height,img_width);

fori=1:img_height

forj=1:img_width

gamma_r(i,j) = (255/255.A(gamma_value))*double(R(i,j)).*(gamma_value);

end

end

fori=1:img_height

forj=1:img_width

gamma_g(i,j) = (255/255./(gamma_value))*double(G(i,j)).*(gamma_value);

end

end

fori=1:img_height

forj=1:img_width

gamma_b(i,j) = (255/255.~/(gamma_value))*double(B(i,j)).*(gamma_value);

end
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end

gamma_img = cat(3,uint8(gamma_r),uint8(gamma_g),uint8(gamma_b));

subplot(1, 2, 2);

imshow(gamma_img);

imwrite(gamma_img,'D:\pango_isp\img_test_pg\img_test_pg\01_led_test\sim\matlab_gamma.png')

titte('gamma FEFHEZEIEZ);

BENREBAENE, INBXREID.

AR 6-8 17, AEEHEI RGB =&, (,:, ) ERRHIEHE,

KB 20-22 7 EX gamma BAFH=MEE R 4R, 1LE X/NIHIIEE BKRE K /N—H.

K15 24-43 7B for A BIX RGB ZBEEHNE MEREHRIT gamma T, REARHITIHE.

R WBHI 45 179 gamma BREHERBHER vint8 X, REF A cat RE, B @EEHHM—T=
HERIER.

/5181 imshow(gamma_img)¥ gamma THEHNERE/REEK, imwrite FSREE R FEI A,

BITERWTAR:
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9.4-2

9.4.2.2. Matlab &£ &R &

%% BT

clear all; close all; clc;

gamma_value=1/2.2;%

%% ¥TFF X4

% Open file to write gamma lookup table

fpga_gamma = fopen('gamma_table.v', 'w');
fprintf(fpga_gamma, '//gamma_table\n');
fprintf(fpga_gamma, 'module gamma_lookuptable\n');
fprintf(fpga_gamma, '(\n');

fprintf(fpga_gamma, ' input\t\t[7:0]\tvideo_data,\n');
fprintf(fpga_gamma, ' output\treg\t[7:0]\tgamma_data\n');
fprintf(fpga_gamma, ');\n\n');

fprintf(fpga_gamma, 'always@(*)\n');
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fprintf(fpga_gamma, 'begin\n');

fprintf(fpga_gamma, "\tcase(video_data)\n');

% Initialize gamma array

gamma_array = zeros(1, 256);

fori=1:256
gamma_array(1, i) = (255/255.*gamma_value) * (i-1).*"gamma_value;
gamma_array(1, i) = uint8(gamma_array(1, i));
fprintf(fpga_gamma, "\t8"d%d : gamma_data = 8"d%d; \n',i-1,gamma_array(1, i));

end

fprintf(fpga_gamma, "\tendcase\n');

fprintf(fpga_gamma, 'end\n');

fprintf(fpga_gamma, "\nendmodule\n');

fclose(fpga_gamma);

SLIXFRHEARMNTLUER Al TRERRELER, BREFLKE, GIAER GPT.XXL—FF, # o] LURE

E R,

forintf) RS HEITHNXAREBENLEE, \n' R #1T, FRLURBRRAND verilog BIEER—F—S R
R’E AT,

RWBE 6-15 TMREX TRRNERER LMK OFE,

REIHY 18-23 17,181 for BEFRE/A 0-255 £ 256 NMEK, LB NMERET gamma BUEHEREANE

XAz ZREEHBEN, \URRZOME.
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BEEFXREE A endcase. end PAK endmodule B1 T,

THEREY Matlab HIAERNERKE.

//gamma_table

module gamma_lookuptable

input

[7:0] video_data,

output reg[7:0] gamma_data

always@(*)

begin

case(video_data)

8'd0 :

8'd1

8'd2 :

8'd3

8'd4 :

8'd5 :

8'd6

8'd7 :

8'd8 :

8'd9

gamma_data = 8'd0;

: gamma_data = 8'd21;

gamma_data = 8'd28;

: gamma_data = 8'd34;

gamma_data =8'd39;

gamma_data = 8'd43;

: gamma_data = 8'd46;

gamma_data = 8'd50;

gamma_data =8'd53;

: gamma_data = 8'd56;
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8'd10 : gamma_data = 8'd59;
8'd11 : gamma_data = 8'd61;
8'd12 : gamma_data = 8'd64;
8'd13 : gamma_data = 8'd66;
8'd14 : gamma_data = 8'd68;
8'd15 : gamma_data = 8'd70;
8'd16 : gamma_data = 8'd72;
8'd17 : gamma_data = 8'd74;
8'd18 : gamma_data = 8'd76;

8'd19 : gamma_data = 8'd78;

8'd255:gamma_data=8'd255
endcase
end

endmodule

9.4.2.3. Modelsim {F E N3

HEN TB AFEFML =" gamma 1R, & RGB HH=&iE, B8 MEEER 8bit. EAI T FR:

gamma_lookuptable u_gamma_lookuptable_r(
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.video_data ( video_data[23:16] ),

.gamma_data (gamma_data_r )

gamma_lookuptable u_gamma_lookuptable_g(

.video_data ( video_data[15:8] ),

.gamma_data (gamma_data_g )

gamma_lookuptable u_gamma_lookuptable_b(

.video_data ( video_data[7:0] ),

.gamma_data (gamma_data_b )

);
¥ RGB888 A R4 E| gamma ERHITLIEEDT],

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
video_vs_d <= 1'd0;
else
video_vs;

video_vs_d <=
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end

assign frame_flag = ~video_vs & video vs_d; // &G

always@(posedge video_clk or negedge rst_n) begin

if(Irst_n)
img_done <= 1'b0;
else if(frame_flag) //TFEE HIBr—iuss
img_done <=1'bT;
else

img_done <= img_done;

end

always@(posedge video_clk or negedge rst_n) begin

if(img_done)
begin
$stop; //{FLEFE
end

else if(video_de) //B AR

begin
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$fdisplay(output_file,"%h\t%h\t%h",gamma_data_r,gamma_data_g,gamma_data_b);

6 HHI BN
end
end

RENERES. HESHEER LRRBENT. R EETEREME, BEMD txt £ matlab PikE

NERER.

9.4-3

9.4.3. KM%
EEF TR, 27, HDMI_IN 0E#ZE B K, HDMD_OUT OiEZEERes, AR THRER.
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HDMIEA

S
A

HDM I

9.4-5

FEANHRERER,
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9.4-6

FEHIZE gamma FEEHNEE, BN ERE, 213 gamma S 1IEENEGAT BMER, L& o UES

12X gamma REXREB KRR R,
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10. FHEM
10.1.  SEIEfEN
SWE:
TRABRA TR FRFEMER
SCIGIREE
Window11
PDS2022.5P6.4
Modelsim10.6¢
MatlabR2023b
PCtoLCD2002
IR
MES2L676-100HP
10.2. SERFIE
BNFRNERTLA PColL(D RUERRERFEAGETERR L 7 (B8FEXZE. ZBHFSF)N
AEBRREFHNANRET ZHERXEREGERANYE, MFFNEL (ZER . BEF)IVWRETERE
RHNEEE, B, EERFHZA, RNFELEEBEEFFORNN #X, ARRNZFHORME, XM IR EA)
MZA "REFE" , SER "BUE"  BM1—KEA 0 A 1 NASKERFHNREHY: REFESMRE
RAE— (1 bit) MiERER, EPATRIEFFNEERBAHF 1 X275, EtNEER/EATRAHZF 0
KEFRM FPGA B, HIMNAZR T E RN LR, RARHWMFREAZN 1, ENENKZRE, LNERZHE,
ABEMNTLBZRLREE, KEMRTUERE—TEEHNFF,
ENFRERENUUREZFRATEA n NFR, RERENK bmp B A, AREERER TRIRF

B, HLHMBBITIESIEREE I BEF, SR—TFHXRER.
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10.2.1. FEIRE

8P PCrolCD20025 220 -(FHES)
XHE REE RO ERg wEH
‘sm//g%x j *9) !iﬁ.{dfuﬁ {%Eisﬁ%tl T

i e TR “’_j -I—:Ii = 'Fjilsd
 — [j_y_ﬁyjl’%ttiﬁm &l syl sdzd wi

10.2-1

FRNFESIIERE 32, ARBALKBEE. EARREERZSZH, IBATRE, REALAXE, B

B PCtoLCD200255 250 - (R HAET)
R E\EE) BH(C EmO)

FEN) 7
£17(0) -
EERETSIES) 2
[ ==xm.. |
BH(Q) I
10.2-2

ZEERBRN—NER, REFEZ bmp BRENT, AERTER, MRAERER, MTHAR:

R PCtoLCD200252E0 - (EED)
HEFR fREE #7100 Em0) EEiH)

ﬂ f_/ EE E W) REREGE 2

S |£ | tt 1 i{'
J%ﬁ _J *- 132 _j = 132 _J s B
10.2-3

REREXMG->1TH, EEN A REN BMP B A,
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B PCiolCD2002=te-ERED)
P #EE #H0 Emo) #

=) R
7(0) ol
FEEEEIES) ==y
EFA..
EHQ)
10.2-4
I REMTAR:

#P PCrol CD200255 245 - (EER)

ZHE REE ER0 ERNQ =EHH 1H¥3F§ME Iriaﬁzﬁﬁj(n-

ﬂ,fgﬁgx {!’9) i 1,111 “ ];jabzlli—a;'l—jgﬂl

ﬁﬁﬁ;% B 28 X 32

Bt e izl A

10.2-5

ZlERE L ED, TR

R PCtolCD20025=2E 1 - (ERET)
TP BSEE EBRC| BEED)

D& BEREGE R
W_Jgﬂyx ”9)_# Htt LE IS AT

Bk B 28 X 32 _
ESE = e =8 LT = s]slu] Al
10.2-6
BRIgE I T AR
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FERT X
| REE S s

. a] { fEER T .
LCHR | i e j[—p = é_%g
~EEA < 1| RIS

Capit | (WU e [ eRe [ L gﬁﬁé 5

& ET o R i3 Eﬂ —

Bt || O +;&ﬁq§ﬁ FIEANE: [ ';\3310000000

C TR, | S | EmR

srer [ W e

SEEfle - || | o sipEEss | #eREm: [

#2116 - .';&ﬁﬁﬁﬁﬁ. | Arans:

seenl B | TEE
|| e [

el g%ﬂ = I

EMEET UMERE

10.2-7

RERETENFR, ERUETHSERN NN PR, BREEH LK,

D' zizsan dsmochar test. EMET, 0%

10.2-8
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128'h000000000 :K"'"D:\ziguan_demo\cha:_test.BMP",'J""K
10.2-9
EFEBIFRM 128'h, TEXTRPER,

10.3. EOMNE

char_proc.v #07%1%
im0 1/0 kA iR

pix_clk input 1 BREH
rst_n input 1 RREN
i_de input 1 HIRBERES
x_act input 12 ER E/RAIE AR
y_act input 12 (SEETA N LR 7
o_de output 1 EMFFENERES
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o_rgb output 1 EMFF b I7&

10.4. IiEikEE

FPGA

HDMIFIA RGB e SR
E ——» MIST200RE » DDR3ERF 55 g = e
(3251920° )

ICEE

EIRAR I/ A KA

10.4-1
Z TR HDMI #FDIRINEURE, /5155 ZE DDR3 MTEF, l/5, Z% M DDR3 FHZEUX LI, H
EXEHFELEMDENZRES (INZE . FSF). cRFHENLER, XEHFERETETRS, REXL
NERFS LRTESFZHEMEENAHRE.

10.4.1. RBERIREA

module char_proc(

input pix_clk, //{&Z=8 8
input rst_n,
input i_de,

input[11:0] x_act, //##

input[11:0] vy act, //4\
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output reg o_de |,

output reg o_rgb

localparam CHAR_X_START = 12'd1500; / /2 §4 6944 44 4%
localparam CHAR_Y_START = 12'd750;//i2 A B9\ 44 4
localparam CHAR_WIDTH = 12'd128;//Z & 5 E

localparam CHAR_HEIGHT =12'd32;//Z/H 5 E

/1 F4&

wire [127:0] char_1 = 128'h00000000000000000000000000000000 ;

wire [127:0] char_2 = 128'h00000000000000000000000000000000 ;

wire [127:0] char_3 = 128'h00002000000100000000000000400000 ;

wire [127:0] char_4 = 128'h003038000001C0000800001000700018 ;

wire [127:0] char_5 =128'h002030600001800007FFFFF800E00018 ;

wire [127:0] char_6 = 128'h042030F0020180000400003000D80018 ;

wire [127:0] char_7 = 128'h062331800181818004000030018E0018 ;

wire [127:0] char_8 = 128'h063FB60000C183800400003001830018 ;

wire [127:0] char_9 = 128'h06203800006183000400063001018418 ;

wire [127:0] char_10=128'n062030080071860004FFFF300301C618

wire [127:0] char_11=128'n06203008003186000400003002008418 ;
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wire [127:0] char_12=128'h0621B018003184000400003004000418 ;

wire [127:0] char_13=128'h063E381C00018810040000300C020418 ;

wire [127:0] char_14=128'h1FC31FF800019030040008300FFF0418 ;

wire [127:0] char_15=128'h1C0600003FFFFFF8041FFE3016060418 ;

wire [127:0] char_16=128'h101808000018300004100C3026060418 ;

wire [127:0] char_17=128'h00201E000018300004100C3046060418 ;

wire [127:0] char_18=128'h00CFF0000018300004100C3006060418 ;

wire [127:0] char_19=128'h00FO0C0000018300004100C3006060418 ;

wire [127:0] char_20=128'h00030C000018300004100C3006060418 ;

wire [127:0] char_21=128'h000C07000010300004100C3006060418 ;

wire [127:0] char_22=128'n007003C000303000041FFC30063C0418 ;

wire [127:0] char_23=128'h03FFFCC00030300804100C3006180418 ;

wire [127:0] char_24=128'h03E180C00020300804100C3006004018 ;

wire [127:0] char_25=128'n00218040006030080400003006004018 ;

wire [127:0] char_26=128'h00718C00004030080400003006004018 ;

wire [127:0] char_27=128'h00F1838000C030080400003006004018 ;

wire [127:0] char_28=128'h018181E00100300C040000300200C018 ;

wire [127:0] char_29=128'h061F80E006003FFCO040003F003FFE3F8 ;

wire [127:0] char_30=128'nh1803806018001FF80CO000EO03FFCOFO ;

wire [127:0] char_31=128'h20030020600000000C00004000000020 ;

wire [127:0] char_32=128'h00000000000000000000000000000000 ;
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reg [11:0] x_cnt;

reg char_de;

always@(posedge pix_clk or negedge rst_n)begin

if(!rst_n) begin

X_cnt <= 12'd0;

char_de <=1'b0;

end

else begin

X_cnt <= x_act-CHAR_X_START,;

char_de <= (x_act >= CHAR_X_START) && (x_act < CHAR_X_START+CHAR_WIDTH)&&(y_act >= CHA

R_Y_START) && (y_act < CHAR_Y_START+CHAR_HEIGHT);

end

end

always@(posedge pix_clk)

begin

if(char_de) begin

case(y_act-CHAR_Y_START)

15'd0 : begin if(char_1[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0 ;end

15'd1 : begin if(char_2[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0 ;end

15'd2 : begin if(char_3[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0 ;end

15'd3 : begin if(char_4[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0 ;end
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15'd4 : begin if(char_5[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0 ;end

15'd5 : begin if(char_6[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0 ;end

15'd6 : begin if(char_7[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0 ;end

15'd7 : begin if(char_8[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0 ;end

15'd8 : begin if(char_9[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0 ;end

15'd9 : begin if(char_10[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0 ;end

15'd10: begin if(char_11[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd11: begin if(char_12[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd12: begin if(char_13[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd13: begin if(char_14[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd14: begin if(char_15[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd15: begin if(char_16[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd16: begin if(char_17[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd17: begin if(char_18[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd18: begin if(char_19[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd19: begin if(char_20[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd20: begin if(char_21[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd21: begin if(char_22[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd22: begin if(char_23[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd23: begin if(char_24[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd24: begin if(char_25[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd25: begin if(char_26[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end
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15'd26: begin if(char_27[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd27: begin if(char_28[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd28: begin if(char_29[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd29: begin if(char_30[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd30: begin if(char_31[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

15'd31: begin if(char_32[CHAR_WIDTH-1-x_cnt]) o_rgb<=1'b1; else o_rgh<=0; end

default: o_rgb<=0;

endcase

end

else

0_rgb<=0;

end

reg o_de_d;

always@(posedge pix_clk or negedge rst_n) begin

if(!rst_n)

begin

o_de_d <= 1'd0;

o de <= 1'd0;

end

else
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begin
o _de d <= i_de;
o de <= o_de_d;
end

end
endmodule

KWBE 15-16 TEX T FRERNERMVE.

KRB 17-18 TEXT FHHNEE CHAR_WIDTH, ZRFHIEE CHAR_HEIGHT, HFEEMFRFR/NIE,
BRTERXRNSHI, BEREN REXNMEHRITIRE,

K888 21-52 TR 2B S BUEREE RN FE, 128*32 BIA/N, KRBROANFERF" KXEQ" , E—
PERNEER 32, 4 THE 4°32=128, GEHA 32.

B EY 56-65 17, x_cnt RARNHELARN ERNA RS EERFHNREIRLIZZ BHKFEESE., char_de
EARERFHERKE 128*32 (K, JHANENLIRKI Z R RNFHXER, char_de fiF.,

HBEY 67-109 72 char_de BREY, HB Al N LIR5E B B RN F RV LARE

EHER, AAFHRNSER 32, TARE 32 HER, BT case BOHM, AREERN—1R, HER
B4 2 char_O[CHAR_WIDTH-1-x_cnt], TTAE R, HRRFHE, M char_0 NS MERL—N—TEH
¥, EARMNNFR" ZXREE" E— 1M FHNFEIEESMN, LIS 32bit 2HFR" K", REHER" X",
PALESEHE, B/ BYE 32bit 7" 61" TR IEHERL " EXREE" , RiZFEH S, 25 S FHIBTEIX N
bit 31, BHMBKREZR R FH, LR o_rgb B 1, HEREM, HRBRE 0.

RWBEI 112-116 17, BEEBRESHTRBEL, 5 o_rgb RIFFL,

parameter color_d =24'h9B30FF;//9B30FF (&

wire [7:0] rgb_data_r;
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wire [7:0] rgb_data_g;

wire [7:0] rgb_data_b;

assign rgb_data_r =o_rgb?color_d[23:16]:{o_rgb565[15:11],3'd0} ;
assign rgb_data_g=o0_rgb?color_d[15:8]:{o_rgb565[10:5],2'd0} ;

assign rgb_data_b =o0_rgb?color_d[7:0]:{o_rgb565[4:0],3'd0} ;

always @(posedge pix_clk)begin

Vs_out <= vs_reg

hs out <= hs_reg ;

de_out <= o _de

r_out <= rgb_data_r ;

g_out <= rgh_data_g ;

N
1

b_out rgb_data_ b ;

end

REHHEGNEHR, REEESASZEHR o_rgb FEZE N 1809, INRZE 1 HE/E coloer_d, AN
BMHEE, R o_rgb A 0 VA BREKRER, BNo]ZHEM,

10.4.2. LMK

EEF TR, 27, HDMI_IN 0E#ZE B K. HDMD_OUT OiEEERes, AR THRER.
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10.4-2

10.4-3

EFEANENRE .
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10.4-4

JUER, BRATHERE" ZXEE" OPFF.
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