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JIOJIATOK A

A.1 Peami3ariis anroputmiB 00poOKu

A.1.2 ®aiin comp node.sv

“timescale 1ns / 1ps

module comp node # (

) (

parameter low enabled = 1,
parameter high enabled = 1

input [7:0] data a,
input [7:0] data b,

output reg [7:0] data hi,
output reg [7:0] data lo

reg sel0;

always @(*) begin
if (data a < data b)
sel0 = 1'b0;
else
sel0 = 1'bl;
end

always @(*) begin
case (sel0)
1'b0
begin
if (low_enabled)
data lo = data_ a;
if (high enabled)
data hi = data b;
end
1'bl
begin
if (low _enabled)
data lo = data b;
if (high enabled)
data hi = data_ a;
end
default
begin



data lo = 7'b0;
data hi = 7'b0;
end
endcase
end

endmodule

A.1.2 ®aiin pixel net.sv

“timescale 1lns / 1ps

module pixel net (
input [7:0] c3h,

input [7:0] c3m,
input [7:0] c¢31,
input [7:0] c2h,
input [7:0] c2m,
input [7:0] c21,
input [7:0] clh,
input [7:0] clm,
input [7:0] cl1,

output [7:0] median

wire [7:0] comp node u0 lo;
wire [7:0] comp node ul hi;
wire [7:0] comp node ul lo;
wire [7:0] comp node uZ hi;
wire [7:0] comp node u3 lo;
wire [7:0] comp node u4 hi;
wire [7:0] comp node u5 hi;
wire [7:0] comp node u6 lo;
wire [7:0] comp node u7 hi;
wire [7:0] comp node u’7 lo;
wire [7:0] comp node u8 hi;

comp node # (
.low _enabled(1),
.high enabled(0)
) comp node ul (
.data_a(c3h),
.data b (c2h),
.data hi(), // unconnected
.data_ lo(comp node u0 1lo)

) ;

comp node # (
.low enabled (1),
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.high enabled(1)

) comp node ul (
.data a(c3m),
.data b (c2m),
.data hi(comp node ul hi),
.data lo(comp node ul 1lo)

) ;

comp node # (
.low_enabled(0),
.high enabled(1)
) comp node u2 (
.data_a(c2l),
.data b(cll),
.data hi(comp node uZ hi),
.data_lo() // unconnected

) ;

comp node # (
.low enabled (1),
.high enabled(0)

) comp node u3 (
.data a(comp node uO lo),
.data b (clh),
.data hi(), // unconnected
.data lo(comp node u3 1lo)

) ;

comp node # (
.low enabled(0),
.high enabled(1)

) comp node u4 (
.data a(comp node ul lo),
.data b (clm),
.data hi(comp node u4 hi),
.data lo() // unconnected

) ;

comp node # (
.low_enabled(0),
.high enabled(1)

) comp node ud (
.data_a(c31),
.data b (comp node u2 hi),
.data hi(comp node u5 hi),
.data_lo() // unconnected

) ;

comp node # (
.low enabled (1),
.high enabled(0)
) comp_node ub6 (



.data_a(comp node ul hi),
.data b (comp node u4 hi),
.data hi(), // unconnected
.data lo(comp node u6 1lo)

) ;

comp _node # (
.low enabled (1),
.high enabled(1)

) comp node u7 (
.data a(comp node u3 1lo),
.data b (comp node u6 lo),
.data_hi (comp node u7 hi),
.data lo(comp node u’/ 1lo)

) ;

comp node # (

.low _enabled(0),
.high enabled(1)

) comp node u8 (
.data_a(comp node u’/ 1lo),
.data b (comp node u5 hi),
.data hi(comp node u8 hi),
.data_lo() // unconnected

) ;

comp node # (

.low _enabled(1),
.high enabled(0)

) comp node u9 (
.data_a(comp node u7 hi),
.data b (comp node u8 hi),
.data hi(), // unconnected
.data_lo(median)

) ;

endmodule

A.1.3 ®aitn median_ wrap.sv

“timescale 1lns / 1ps

module median unit (

input clk i,
input rst i,
input en 1,
input [31:0]data 100,
input [31:0]data 101,
input [31:0]data 102,
input [31:0]data 110,
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input
input
input
input
input
outpu

wire
wire
wire

reg |

[31
[31
[31:
[31
[31
[31

t

O0lJdata il1,
Oldata 112,
Oldata 120,
:0]data_ 121,
Oldata 122,
:0]data o

[7:0]median red;
[7:0]median green;
[7:0]median blue;

31:0]data _o_r;
assign data o = data o r;

always @ (posedge clk i or posedge rst i) begin

i

f (rst 1)

median blue,

end
else if

8'd0};
end

(en 1)

end

begin
data o r <= 32'd0;

begin
data o r

pixel net pixel net u0 (

.c3h(data 100[31:24]),
.c3m(data 101[31:24]),
.c31l(data 102[31:24]),
.c2h(data 110[31:24]),
.c2m(data_111[31:24]),
.c2l(data 112[31:24]),
.clh(data i120[31:24]),
.clm(data 1i21[31:24]),
.cll(data 122[31:24]),

.median (median red)

) ;

pixel net pixel net ul (

.c3h(data i00([23:

.c3m(data 101
.c31l(data 102
.c2h(data 110

.c2l(data 112
.clh(data 120
.clm(data 121

.cll(data 122[23:
.median (median gree

) ;

( [23
( [23
( [23
.cZ2m(data 111[23:
( [23
( [23
( [23

pixel net pixel net u2 (

<=

{median red,

median green,
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.c3h
.c3m
.c31
.c2h
.c2m
.c21

data 100
data 101
data 102
data 110
data i1l
data 112
.clh(data 120[15:
.clm(data 121[15:
.cll(data 122[15:
.median (median blu

15:
15:
15:
15:
15:
15:

~ ~ ~ ~

~

~

L B e T e B e B e B e B M |

~

O 0O 0O 0O 0O 0O O 0
D — e e e e

~

—_— — — — — — — — ~— ~—
~

) ;

endmodule

A.1.4 ®aiin grayscale.sv

“timescale 1lns / 1ps

module grayscale unit (

input clk i,
input rst i,
input en 1,

input [31:0]data i,
output [31:0]data o

wire [7:0]red t;
wire [7:0]green t;
wire [7:0]blue t;

reg [31:0]data o r;
reg [7:0]avg r;

assign red t = data 1[31:24];
assign green t = data i[23:16];
assign blue t = data 1[15:8];

always @ (posedge clk i1 or posedge rst i) begin
if (rst i) begin
data o r <= 32'd0;
end
else 1f (en 1) begin
avg r <= (red t + green t + blue t) / 'd3;
data o r <= {avg r, avg r, avg r, 8'd0};
end
end
assign data o = data o r;

endmodule
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A.1.5 ®aiin gray2bin.sv

“timescale 1ns / 1lps

module grayzbin unit (

input clk i,
input rst i,
input en i,

input [31:0]data 1,
output [31:0]data o

localparam [7:0] Threshold High = 8'dl60;
localparam [7:0] Threshold Low = 8'd60;

wire [7:0] gray input;
assign gray input = data 1[31:24];

reg [31:0]data o r;

always @ (posedge clk i or posedge rst i) begin
if (rst 1) begin
data o r <= 32'd0;
end
else if (en_1i) begin
if (gray input > Threshold Low
&& gray input < Threshold High)
data o r <= {8'd255, 8'd255, 8'd255, 8'd0};
else
data o r <= {8'd0, 8'd0, 8'd0, 8'd0};
end
end

assign data o = data o r;

endmodule

A.2 Kox poGoTH 3 TpaHCMITEPOM

A.2.1 ®aitn hdmi_data.sv

‘timescale 1ns / lps

module hdmi data (
i clk,
1 rst n,
data in,
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addr 1,

data out

) ;
input wire i clk;
input wire 1 rst n;
input wire [31:0] data_in;
input wire [18:0] addr i;
output wire [15:0] data out;

reg [15:0] data out r;

always@ (posedge i clk or negedge i rst n)begin

1f(i rst n==1"'b0)
data out r <= 16'd0;

else
data out r <= ((data in[31:24] & 'b11111000)
| ((data in[23:16] & 'b11111100)
| (data in[15:8] >> 3);
end
assign data out = data out r;
endmodule

A.2.2 ®aitn hdmi_control.sv

“timescale 1lns / 1ps

module hdmi control (
i clk,
i rst n,
VDEN,
HSYNC,
VSYNC,
addr out

input i clk;

input i rst n;

output VDEN;

output HSYNC;

output VSYNC;

output [18:0] addr out;

parameter H SyncPulse=44;
parameter H BackPorch=148;
parameter H ActivePix=1920;
parameter H FrontPorch=88;

<< 8)
<< 3)
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parameter
parameter
parameter
=H SyncPulse+H

parameter
parameter
parameter
parameter
parameter
parameter
parameter
=V_SyncPulse+V

reg [11:0
reg [11:0
reg hsync
reg vsync

Hde start=H SyncPulse+H BackPorch;

Hde end=H SyncPulse+H BackPorch+H ActivePix;
LinePeriod

_BackPorch+H ActivePix+H FrontPorch;

V_SyncPulse=5;

V_BackPorch=36;

V_ ActivePix=1080;

V_FrontPorch=4;

Vde start=V_SyncPulse+V BackPorch;

Vde end=V_SyncPulse+V BackPorch+V ActivePix;
FramePeriod

_BackPorch+V_ ActivePix+V_ FrontPorch;

]x _cnt;

ly_cnt;

.
14

reg hsync r;
reg vsync rj;

wire [11:
wire [11:
wire [18:

reg VDEN

0] x pos r;
0] y pos «r;
0] addr data;

r;

reg HSYNC r;
reg VSYNC r;
reg [11:0] addr_ out r;

always(@ (posedge 1 clk or negedge 1 rst n)begin

1f (i _rst n==1'Db0)

x cnt <= 12'd0;

else 1f(x cnt==(LinePeriod-1'bl))
x _cnt <= 12'd0;
else
x cnt <= x cnt + 11'dl;
end
always@ (posedge 1 clk or negedge 1 rst n)begin
1f (i _rst n==1'Db0)
hsync <= 1'bl;
else 1f(x cnt<(H SyncPulse-1'bl))
hsync <= 1'b0;
else
hsync <= 1'bl;
end
always@ (posedge 1 clk or negedge 1 rst n)begin
1f (i _rst n==1'Db0)
hsync r <=1'b0;
else 1f(x cnt>=(Hde start-1'bl) &&x cnt<(Hde end-1'bl))

hsync r <=1'b1;
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else
hsync r <=1'b0;
end

always@ (posedge 1 clk or negedge 1 rst n)begin
1f (i _rst n==1'b0)
y _cnt <= 12'd0;

else 1if(y cnt==(FramePeriod-1'bl))
y cnt <= 12'd0;
else if (x _cnt==(LinePeriod-1'bl))

y cnt <= y cnt + 1'bl;
end

always@ (posedge 1 clk or negedge 1 rst n)begin

1f (i _rst n==1'b0)
vsync <= 1'bl;

else 1f(y cnt<(V_SyncPulse-1'bl))
vsync <= 1'b0;

else
vsync <= 1'bl;

end

always@ (posedge 1 clk or negedge 1 rst n)begin

1f (i _rst n==1'b0)
vsync_r <= 1'b0;

else 1f(y cnt>=(Vde start-1'bl) &&y cnt<(Vde end-1'bl))
vsync r <= 1'bl;

else
vsync r <= 1'b0;

end

assign x pos r = (hsync r&&vsync r)?

(x_cnt-H SyncPulse-H BackPorch+12'dl) :12'd0;
assign y pos r = (hsync ré&&vsync r)?

(y _cnt-V_SyncPulse-V BackPorch+12'dl) :12'd0;

assign addr data = X pos r+y pos r*H ActivePix;

always@ (posedge 1 clk or negedge 1 rst n)begin

if (i _rst n == 1'b0) begin

VDEN r <= 1'b0;

HSYNC r <= 1'b0;

VSYNC r <= 1'b0;

addr out r <= 1'bO0O;

end

else begin

VDEN r <= {hsync r && vsync r};
HSYNC r <= hsync;

VSYNC r <= vsync;

addr out r <= addr data;
end
end
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assign HSYNC = hsync;
assign VSYNC = vsync;
assign VDEN = {hsync ré&&vsync r};

assign addr out addr out r;

endmodule

A.3 IIporpamuuii kog po6otu ¢ Block RAM

#include "opencv2/opencv.hpp"
#include "opencv2/highgui/highgui.hpp"

#include <iostream>
#include <stdexcept>
#include <cstdint>
#include <cstring>
#include <string>
#include <memory>

#include <fcntl.h>
#include <unistd.h>
#include <sys/mman.h>

using namespace cCvy

namespace {
constexpr const char* device name = "/dev/mem";
constexpr std::size t bram size = 0x4EC000;
constexpr u int64 t bram base = 0x40000000;

void HelpStringOutput () {
std::cerr << "Usage: " << argv[0] << " <video file>" <<
std::endl;
}

void TerminateWithError (const std::string& error str) {
std::cerr << error str.c str() << std::endl;
std::exit (EXIT FAILURE); // Stop whole program running

int main(int argc, char* argv[]) {
if (argc !'= 2) {
HelpStringOutput () ;
TerminateWithError ("Wrong arguments provided");
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// Open input video with OpenCV
std::unique ptr<cv::VideoCapture> srcCapture (new
cv::VideoCapture) ;
srcCapture->open (argv[l]) ;
if (!srcCapture || !srcCapture->isOpened()) {
TerminateWithError ("Couldn't open the vide file");

}

// Open the emory device in synchronous mode
int fd = open(device name, O RDWR | O SYNC);
if (fd == -1) {

TerminateWithError ("Internal error occured");

}

u int8 t* bram8 ptr = static cast<u int8 t*>(mmap (nullptr,
bram size, // BRAM buffer size
PROT READ | PROT WRITE, // access flags
MAP SHARED, // shared for other processes
fd, bram base // descriptor and base
address

));

while (true) {
Mat inputImg;
if (!srcCapture->read(inputlmg)) {
// Assume the file ended and restart playback
srcCapture->set (cv::CAP_PROP_POS FRAMES, 0);
srcCapture->read (inputImg) ;

}

auto img ptr = inputImg.ptr();
auto img size = inputlmg.channels() * inputImg.rows *
inputImg.cols;
memcpy (bram8 ptr, img ptr, img size);
waitKey (30) ;
}

return 0;
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Abstract

According to the growing complexity of tasks, which embedded systems should
solve, there arises a need to use Real-Time Operation Systems (RTOS). However,
RTOS usage and implementation require a set of restrictions for a system, especially
on the memory usage and time delays occurrence. The available implementations
of coroutines neither cross-platform solutions nor accessible without a third-party
library. The article proposes a model of cross- platform coroutine usage from C 20 for
embedded systems programming and lightweight cooperative multitasking
implementation. The proposed model contains the improved minimal scheduler
without priorities mechanism and tasks descriptors. The model of coroutines usage
for resource-constrained systems is developed. The task inside the model is presented as
a coroutine, which can communicate with available coroutines, call them, or be
suspended. Also, the minimal primitives of coroutines usage for cooperative
multitasking, architecture decisions, and non-blocking data transmission were
implemented. For the experimental research, the following list of program
components was implemented in the proposed model: cooperative coroutines
scheduler, tasks for data transmission, and awaitable type prototypes. The testing
and analysis were completed on the chosen microcontroller (MCU). The perspective of
coroutines usage on resource-constrained systems was shown in the research based
on obtained results of FLASH and RAM consumption.

Keywords Coroutines - Embedded systems - Memory consumption reducing
Embedded interfaces - Cooperative multitasking



72

B. Balaji
g Saravana Balaji saravanabalaji.b@gmail.com

Department of Computer Engineering, Lebanese French University, Erbil, Iraq
Department of Software and Informatics, Salahaddin University, Erbil, Iraq

Department of Automation and Computer Engineering Design, Kharkiv National University of Radio Electronics, Kharkiv Oblast,
Ukraine

Department of Information Technology, Lebanese French University, Erbil, Iraq

Published online: 25 November 2021


mailto:nabalaji.b@gmail.com
mailto:saravanabalaji.b@gmail.com

73

Adaptation of FPGA Architecture for Accelerated Image Preprocessing

Olesia Barkovska ![0000-0001-7496-4353] /1y 09 Filippenko 2[0000-0002-3584-2107],
Ivan Semenenko 3[0000-0002-6498-2440], Valentyn Korniienko?*0000-0001-7070-5127]
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Abstract

The work is devoted to the topical problem at the intersection of the
communications theory, digital electronics and numerical analysis, namely the
study of image processing methods implementation time on different
architectures of computational devices, which provide for software and
hardware acceleration. The result of this work is the development of a resilient
SoC Zynq7000-based computing system with programmable logic and the
possibility to load images to FPGA RAM using the resources of ARM core for
further processing and output via HDMI video interface, which enables to
change PL configuration at any time during the processing process. The
efficiency of the FPGA approach was compared with a parallel image
processing methods implementation with OpenMP and CUDA. The analysis of
algorithm speed testing findings based on various outputs proved the advantage
(of over 60 times) of hardware acceleration of image processing to software
analogues. The obtained results may be used in the development of embedded
SoC-based solutions, which require acceleration of big data processing.

Keywords: Speedup - FPGA - Performance - Acceleration - Parallel System -
Image Processing
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XapKiBCbKMI HaLiOHaNbHUI YHIBEPCUTET PALiOENEKTPOHIKM
Kadenpa aBTOMaTU3aLiT NPOEKTYBaHHA 06UYNCAOBANbHOT TEXHIKK

KeanigikauiiHa poboTa Ha Temy:

Metogu 06po6Kku 306pakeHb y
BOygoBaHMX cucremax

BukoHas: KepiBHUK:
cT. rp. CKCm-20-1 aou. Kad. AMOT
CemeHeHKo IBaH dininnexHko l.B.

leoprinoBuy
Xapkis 2021

META POBOTHU

e 03HaAMOM/IEHHA i3 0COBNNBOCTAMMU CTPYKTYPMU
BOYAOBAHUX CUCTEM

e OMIAg, iCHYHUMX MeToAiB LndpoBoi 06p0OKM

e po3pobKka mogeni Ha ocHoBi ARM

e pO3pobKa moaeni3 BukopuctaHHAm FPGA

e [MOPIBHANILHWI aHaNi3 WBWUAKOAji aNropuUTMiB

CemeHeHKo I.I., cm. 2p. CKCm-20-1, kacp. Al1IOT, XHYPE 202 |
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AKTYA/IbHICTb MPOBJNEMUA

e 3pOCTaHHA 06’eMy JaHwX, WO noTpebye 06pobKu (inte|> FPGA

e CTPiMKMIA PO3BUTOK NMOMNYAAPHOCTIi BOYAOBAaHMX CUCTEM
e aKTYa/IbHICTb TEXHONOTI M 0B6POBKM 306parkeHb v
e BMKOPMUCTAHHA B CKNAAHUX KOMM IOTEPHMUX CUCTEMAX iA XI LI NX

e noTpeba B WwBMAKiCHIM 06pobui (real-time) 5
fAtl | | E H%AB

CemeHeHKo I.I., cm. 2p. CKCm-20-1, kagp. AlIOT, XHYPE 2021

NMPOTPAMHO-ANAPATHA NJIAT®POPMA
Z-turn Board Ha 6asi Xilinx Zynq7020

I. ARM Cortex A9 (PS)
* yactoTa poboTtun 866 MrL
 Ir6 DDR SDRAM

2. Xilinx Kintex-7 (PL)
« 53200 LUTs
* 106400flip-flops
¢ 140x36Kb RAM
e 220 DSP 6nokis

CemeHeHKo I.I., cm. 2p. CKCm-20-1, kacp. AlIOT, XHYPE, 2021
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BMKOPUCTAHHA OPENCV

OpenCV— Gibnioteka dyHKLi Ta
anropyTMiB KOMM'OTEPHOro 30pY 06POBKK
300paXKeHb i YNCEeNbHNX anropuT™MiB
3aranbHOro NpU3HaYeHHs1 BiAKPUTUM KOLOM

* MicrosoftWindows

* Windows RT
e Linux

e Mac OS X

* jOS.

CemeHeHKo I.I., cm. 2p. CKCm-20-1, kagp. AlIOT, XHYPE 2021

PEANIBAUIA MEAIAHHOTIO ®I/1IbTPY

0 |36 69 87 18961101/123|157(255
101169 0

56 |255| 87

123| 96 (157 ]/

int ImgProc::MedianDenoise (const cv::Mat& src, cv::Mat& dst) {
return CpuTimer::MeasureTime ([&src, &dst] () {
@3 simelisunEilue (shee, sk, 3)gh) 7

CemeHeHKo I.I., cm. ep. CKCm-20-1, kagp. ANIOT, XHYPE, 202 |
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BIATIHKKA CIPOIO TA BIHAPU3ALIA

int ImgProc::Grayscale (const cv::Maté& src, cv::Mat& dst) {
return CpuTimer::MeasureTime ([&src, &dst] () {
SeieveColonl s Mlc s eiNC e = COLCENEGE LGREY S,
}) i

int ImgProc::Binarization (const cv::Mat& src, cv::Mat& dst) ({
return CpuTimer::MeasureTime ([&src, &dst] () {
e isdshrcsholdi(s re i s A SO DS SR visis THRESHEE TNZR )
}) i

CemeHeHKo I.I., cm. 2p. CKCm-20-1, kagp. AlIOT, XHYPE 2021

3rOPTKOBA HEMPOHHA MEPEXA

void maxpool (const cv::Mat& src, cv::Maté& dst) {

int newHeight = (src. size () .height - 2) / 2 + 1;
int newWidth = (src. size () .width - 2) / 2 + 1;
cv::Mat downscaled = cv::Mat:: zeros( newHeight,

newWidth , cv::CV_32FC);

for (int i = 0; i < newHeight ; i+=2) ({
for (int j = 0; j < newWidth ; j += 2) {
double f vall = std:: max (src[i][j], src[i][j + 1]);

double f val 2 = std::max (src[i + 1][j], src[i + 1][j +
downscaled [i/2 ][ /2] std:: max (f vall, f val2);

downscaled.copyTo (dst) ;

CemeHeHKo I.I., cm. ep. CKCm-20-1, kagp. ANIOT, XHYPE, 202 |
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PEANIBALIA MEAIAHHOIO ®U1bTPY

ooma_vods_s5
cata Hi
dsta_ol70] Mg
~ LL“‘L ™ oo data_hi7 o)
- S g J Lk
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i
duin_b[7.0]
wra 2"
e
p— Na)
ATt
r Gama_vads_swaeeizedt
e
| Sorainuse Veke 4 . “
nu o |_oMn_o s e 0] -t 1 T T
o [ £ (] B e L] — L L Vs L | L i |
o [ et o PO e~} 1
a3 6+ a0 00000000 i )
daw o119 [ B e a0 0000 TR oween
i AHASRLASYIO 0 dat_j02 00900000 = =
B0 00wo [ )
e W datait 00003090 T =
<ol B a2 000m0 wioiaies o
W gt 00000000 e
B dah 121 00m0 [
B dani22 00000000 —_wwwwr
vt Bedmo LT — 11

CemeHeHKo I.I., cm. 2p. CKCm-20-1, kagp. AlIOT, XHYPE 2021

BIATIHKKU CIPOIO TA BIHAPU3ALIA

) . ) e Ve o e R TR Y YRR W I
always @(posedge clk_i or posedge rst_i) begin -t 1 =3 T T
if (rst_i) begin - ok ‘i I=3! 1 1 { 1 =
data_o_r <=32'd0; 0w data) 00000000 wewn T ) e
end Bty o L‘L" 7
—
else if (en_i) begin
if (gray_input > Threshold_Low && Spdnme  Via PO ' - o R -
ray_input < Threshold_High LY 3 | ]
gray_input < Threshold High) e T —
data_o_r <= {8'd255, 8'd255, 8'd255, 8'd0}; - 1 1
else 0w data 02020000 R ) L [
Bedsh o D000 _ W S0 Frr
data_o_r <={8'd0, 8'd0, 8'd0, 8'd0}; —
end

end

CemeHeHKo I.I., cm. ep. CKCm-20-1, kacp. AN1OT, XHYPE, 202 | I 0
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3rOPTKOBA HEMPOHHA MEPEA

antpet1[7 0]

238e5age2 001
- ' .

CemeHeHKo I.I., cm. 2p. CKCm-20-1, kagp. AlIOT, XHYPE 2021

TECTYBAHHSA ANAPATHOI NNAT®GOPMU

- @ * AXI SmartConnect
* Processor System Reset
3 oo jup G ¢ Clocking Wizard

PS Display

3-Axis
g-sensor

* ZYNQY7 Processing System T/

* Block Memory Generator ’W
* AXI BRAM Controller olrlen E
2

PLI05:90/106{7010/20)
PS: ADC, 9 GPIO(share)

CemeHeHKo I.I., cm. ep. CKCm-20-1, kacp. AT1OT, XHYPE, 202 |




80

BUBEAEHHA A0 BIAEOIHTEP®ECY HDMI

® dopmaTtaaHnxRGB565 _— ﬁ i '
® posnoginbHagaTtHicTel 920«1080 “:E‘_’&%ﬁ |
® yacToTacuHxpoHisauil48.5Mrwy, —17] N? 4 LA S i
® moxaueicTbpoboTsVDMA R . Master
® anapaTHani ATpMMKanepepusaHb ’k— [ j |

(][]
XXXX}
[ats
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HANATOAXEHHA N3 A4 POBOTU FPGA

® poboTas Kamepotara Bigeodainamm
- har* device_name = "/dev/mem";
® cuHXpOoHHUI gocTyn o Block RAM A i e - ’
P A ] V A constexpr std:size_t bram_size = 0x4EC000;
® 6asyerbcaHa bibnioTeuOpenCV constexpr u_inté4_t bram_base = 0x40000000;

int fd = open(device_name, O_RDWR | O_SYNC);
if (fd!=-1) {
u_int8_t* bram8_ptr = static_cast <u_int8_t*>(
mmap(nullptr, bram_size,
PROT_READ | PROT_WRITE,
MAP_SHARED
fd, bram_base address
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AHANI3 OTPUMAHUX PE3Y/IbTATIB

Grayscale (1920x1080) Median filter
sy (1920x1080)
m E n mrreA HCPU EGPU EFPGA
|
Binarization (1920x1080)
uCPU
uGPU
B HFPGA
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BUCHOBKMH

® jfocnigXeHo pi3Hi metoan umMdpoBoi 06pobKN 306parkeHb Y
BOYyAOBaHUX cUCTEMaXx

® po3pobAeHO anropuTMK and WBKAKOT 06pobKM 306parkeHb B
cuctemax ARM ta FPGA

® HanarogKeHo iHTepdelcn B3aemomii MiKPpOKOHTpoiepa 3
nporpamoBaHOLO JI0Ti KOt

e CnpoeKToBaHa Ta NPOTECTOBAaHa apXiTEKTypa 3ropTKOBOI
HEeMPOHHOT Mepexi

® BWKOHAHO MOPIiBHANBHWUI aHali30TPMMaHUX Pe3ybTaTiB
TeCTyBaHHA LWBUAKOAIT aNroputmiBe
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