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WORKING WITH THE
FPGA VISION REMOTE LAE

Andrea Schwandt
Institute of Visual Computing, Bonn-Rhein-Sieg University
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| = . Unmrsigﬁof Applie'aupélgiences - e ¢ @ > > P @ e i » - 9

Project Navigator % Hierarchy v |QIRE

x @ edupowvhd X @ edupow_fidvhd X fir 9 _slicevhd X v Compilation Report - edupow X

Entity:Instance —— w — = = s — | 267 | =
Cyclone 10 LP: 10CL120ZF 48418G u 1 == | L€ [D @ : 28] =

* BB edupow -- edupow. vhd

’ ?l,gﬂr_g_sllce:b_ﬂlter

’ ‘!a clockelock_int

abe fir_controkcontrol

(c) M. wWinzker, H Bonn-Rhein-Sieg, 17.11.2014

Tibrary IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

» E@ﬂr_s_slice.g_fil!er

» % fir_9_slice:r_filter

entity edupow 1is
% port ( clk
reset_n
enable_in

==
NHEOQOURX~NOWVM&EWN -

=
w

1 (
Tasks Compilation
p
Task
s ’ Compile Design 00:00:49
’ ’ Analysis & Synthesis 00:00:24
v P> Fitter Place & Route) 00:00:19

» > Aszembler (Generate programming files) 00:00:03

29
v P> Timing Analysis 00:00:03 30 Rarchitecture behave of edupow is
b ‘
) - -
fﬁ. All 0 .l:l i N Filte mgmd_" ”Find Next
Type ID Message
y D 332146 worst-case minimum pulse width slack 1s 4.032
1] 332101 Design is fully constrained for setup requirements
0 332101 pesign is fully constrained for hold requirements
r O Quartus Prime Timing Analyzer was successful. 0 errors, 54 warnings
1] 293000 Quartus Prime Full Compilation was successful. 0 errors, 181 warnings

Messages

System Processing (167)
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as glue-logic

for video processing

for automotive applications
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AVM FritzBox 7490
from c't 17/2016, p. 162

WLAN-Controller fiir 2,4 GHz
(QCA9558, SoC mit 3-Stream
11n und 720-MHz-MIPS-Core)

5-GHz-Antenne 2,4-GHz-Antenne

3 analoge Funkchips

fiir 2,4-GHz
zwei 2,4-GHz-
Platinen-Antennen
USB-3-Chip
mit 2 Ports
2 RAM-Chips fiir QCA9558
(128 MByte gesamt)
2 Gigabit-
M Ethernet-
PSBB0920EL Schnittstellen

(SoC mit xDSL-Modem,
600-MHz-MIPS-Core plus
PPE, 2 Gigabit-Ethernet-
Schni

2 RAM-Chips fiir PSB80920 —
(256 MByte gesamt)

Flash-Chip (512 MByte)

FPGA (Xilink Spartan
XC3S100E: vermutlich

ISDN-Controller und — o 'K ; fA“::rié’l;jl;:le-Dnver
System-Glue-Logik) ‘.C‘ =" 1 a f
zwei 5-GHz-

Platinen-Antennen

Trennverstirker
fur Analog-
Telefonie

(Line Isolation)

DECT/GAP-

Controller fiir

Schnurlos-
Telefone

3 loge Funkchips
fir 5 GHz

WLAN-Controller fiir 5 GHz (QCA9880) 2 DECT-Antennen

Glue-Logic
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Nextera Twitch

Video Solutions Live Video Streaming Powered
by Xilinx FPGA Acceleration
and NGCodec VP9 Transcoder

https://www.Xxilinx.com/about/xilinx-go/powered-by-xilinx.html
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eMirror
Blind Spo
Detection

: >' s Z “: X /~‘, i --”- — | | :(:eleuv : '
Driver
/ Monitoring ' |4 ..|||I|I|||||"“|

S / : {Gesture
: ! ' —_— Recognition/

Rear Seat
Entertainment



https://www.intel.de/content/www/de/de/automotive/products/programmable/applications.html
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% HACKADAY

DE10-LITE-FUL FPGA DEV
BOARD HACK PLAYS THE 1981
CLASSIC DEFENDER

by: Ryan Flowers @® 6 Comments
January 8, 2022

“euf) | <jmmm Fire
‘ % « Start/Pause

#0f Lives



https://hackaday.com/blog/?s=fpga
https://hackaday.com/blog/?s=fpga
https://hackaday.com/2022/01/08/de10-lite-ful-fpga-dev-board-hack-plays-the-1981-classic-defender/
https://hackaday.com/2022/01/08/de10-lite-ful-fpga-dev-board-hack-plays-the-1981-classic-defender/
https://wireframe.raspberrypi.com/articles/the-fpga-retro-revolution
https://wireframe.raspberrypi.com/articles/the-fpga-retro-revolution
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VHDL is a hardware description language
for design and verification of digital circuits

NN
\l\/l

« HDL stands for Hardware Description Language

v —
v —
 —
o —

Overview

* \/ stands for the initiative ,VHSIC" (Very High Speed Integrated Circuits),

where VHDL originated
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process
begin
walt until rising edge (CLK100MHZ) ;
count <= count + 1;

end process;

LED <= std _logic_vector (count (7 downto 0)) ;

)L Design

« VHDL describes the function of a
circuit
« With the VHDL description the

design/development suite creates
the circuit

CLK100MHZ >

count_reg(7:0]

lusOD i > C
1 PSP Q » : > LED[7:0]
0[7:0] e
10[7:0] \://
e
RTL_ADD RTL_REG

10
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C1k <— not clk aft;r 5 nss » Verifies the correct behavior of the circuit
« Testbench provides the 1/O signals

count 1: entity work.zaehler
port map (CLK100MHZ => clk,
LED => led);

Waveform viewer
to verify the
results
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The ,Field-Programmable-Gate-Array” is a Logik _ EIAUSgange
microchip containing a programmable circuit i jl[ N i ]g[ ]D a
 field-programmable: programmable while in :_: \ ]
use ] |:|
« gate-array. array of gates with ':' ]
: : [
» some thousands logic functions R — ]
(AND, OR, EXOR, ... B |3 I Igl
« some thousands memory elements ; L e 5o | ¥
(Registers, Flip-Flops, FFs) ] e ile ]
] Takt| [}
 connect sininininininisin
cq ection networ.k | —][—D—]E—ﬁ[]
. funct)lon and connections are programmable (in Verbindungsnetzwerk

Simplified presentation: Real FPGAs
consist of much more logicblocks and 1/0Os

12
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DSP

Memory

LE
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Elements of an FPGA (Cyclone IV)

LE

Device

Family

Device Extents
LEs

Total IfOs
GPICs

Marmnne Rite

|

EP4CEZ2E22CT*
Cyclone IV E
54x 35

22320

a0

a0

RNAILAR

W

K M MK X

13
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an FPGA (Cyclone V)

Device

Farmnily

Device Extents
AlLMs

Total I/Os

GPIOs
GXE Channel PMA
GX¥BE Channel PCS

Memory Bits
DSP Blocks
Fractional PLLs
DLLs

Global Clocks
HPS CPU Cores

DSP

Memory

— LE (ALM)

PCle Hard IP Blocks

Memaory Controllers

SCEBAZFTTCE*
Cyclone V
55 % 46
9430

128

128

o

0

0

0
1802240
25

4

4

16

o

Flow Status

Cuartus Prime Version
Revision Mame
Top-level Entity Mame
Farmily

Device

Tirming Models

Logic utilization (in ALMs)
Total registers

Total pins

Total virtual pins

Total block memaory bits
Total DSP Blocks

Total HSS1 RX PCSs

Total HSS1 PMA RX Deserializers

Total H351 TX PCSs

Total HSS1 PMA TX Serializers

Total PLLs
Total DLLs

Successful - Thu Oct 08 18:41:07 2020
19.1.0 Build 670 09/22/2019 5J Lite Edition
edupow

edupow

Cyclone Vv

S5CEBAZFIVCE

Final

536/ 9,430(6%)

1030

£3/128(49%)

0

393,216/ 1,802,240 ( 22 %)

12/ 25(48 %)

o

0

0

o

0f4[0%)

0/4(0%)

14
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Look-Up

Table D-FIi|c<-FIop
\
\ * Logic elements of an FPGAs consist of
LUT combinatorial logic
L and a register or Flip-Flop (FF)
b \ * Name: LE (,Logic Element®)
5 D Q  The combinatorial logic is realized as a Look-Up-
—bc Table (LUT)

* Registers can save the results of an LUT or be used independent of the LUT

15
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O® i Example: Simple module in VHDL

WD G ] own Bl R

[

g

"

e ﬁconcurrentinstruction l
end Behavioral;

University of Applied Sciences

Tibrary IEEE;
use IEEE.STD_LOGIC_1164.ALL;

call packages with
definitions of datatypes

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or unsigned wvalues

—— use IEEE.NUMERIC_STD. ALL; ThIS iS the caII not the J

definition of the package!

entity taster_leds 1is
Pport ( SW : in STD_LOGIC_VECTOR (2 downto 0):
LEDR : out STD_LOGIC_VECTOR (9 downto 0));
end taster_leds;

entity description of module
JLaster leds” with 10 inputs
SWO0 - SW9 and 10 outputs
LEDRO —-LEDR9

architecture Behavioral of taster_leds s

begin

architecture description of module

Keywords are ,,taste_r__leds“ :
orinted in blue Condition of switches SW0 — SW9

are written on LEDs LEDRO — LEDR9

16
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ribes parallel processing

Multiple concurrent commands are executed in parallel
The order of the commands is not relevant!
The following commands result in the same behavior:

xl <= a or b;
x2 <= c or d;
y <= x1 and x2;

Y
x1

X2

<= x1 and x2;
<= a or b;
<= c or d;

All three descriptions result into the same circuit:

x1

a— >1
b -
C—/ >
d S

X2

x]l <= a or b;

y <= x1 and x2;

X2 <= c or d;

18
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Lprocess Tprocess
beg;git until rising edoe(clk) - wait until rising_edge(clk);
g_edgelc ’ h_tap(0) <= v_out;
. g for i in 0 to 7 loop
-- 1input FFs for control h_tap(i+1) <= h_tap(i);
reset <= not reset_n; . end loop;
enable <= enable_in; end process;
-- input FFs for video signal
vs_0 <= vs_in;
hs_0 <= hs_1in;
de_0 <= de_in; mprocess (bin)
r_0 <= to_integer(unsigned(r_in)); begin o
90 <= to_integer(unsigned(g_1n)); A P M5000" = seg7_invert <= "0111111"; -- 0
end gFgcesg- to_integer(unsigned(b_1n)); when "0001" => seg7_invert <= "0000110"; -- 1
’ when "0010" => seg7_invert <= "1011011"; -- 2
when "0011" => seg7_invert <= "1001111"; -- 3
when "0100" => seg7_invert <= "1100110"; -- 4
. D when "0101" => seg7_invert <= "1101101"; -- 5
if (reset = "1") then when "0110" => seg7_invert <= "1111101"; -- 6
wr_address := 0; when "0111" => seg7_invert <= "0000111"; -- 7
rd_address := 1; when "1000" => seg7_invert <= "1111111"; -- 8
elsif (write_en = '1") then wEen "1001" => seg7_invert <= "1101111"; -- 9
. . when "1010" => seg7_invert <= "1110111"; -- A
?;_%ggrgﬁzréssri_ﬁggggsiﬁen when "1011" => seg7_invert <= "1111100"; -- B
d add = 0- when "1100" => seg7_invert <= "0111001"; -- C
ra_address = Uj when "1101" => seg7_invert <= "1011110"; -- D
else when "1110" => seg7_invert <= "1111001"; -- E
rd_address := rd_address + 1; when "1111" => seg7_invert <= "1110001"; -- F
end if; when others => seg7_invert <= "1000000"; -- '-' for rest
end if: L end case;
’ end process;
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VHDL is a hardware-design language

* When you are working with VHDL, you are not programming, you are “designing
hardware". Your VHDL code should reflect this fact.

* If your VHDL code appears too similar to code of a higher-level computer
language, it is probably bad VHDL code.

Have a general concept of what your hardware should look like

« Although VHDL is vastly powerful, if you do not understand basic digital
constructs, you will probably be unable to generate efficient digital circuits.

 If you are not able to roughly envision the digital circuit you are trying to model In
terms of basic digital circuits, you will probably misuse VHDL.

 VHDL is cool, but it is not as magical as it initially appears to be.

Aus: B. Mealy, F. Tappero, “Free Range VHDL,” http://freerangefactory.org

20
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Binary for FPGA:

Durchsuchen... Keine Datei ausgewahit Upload FPGA binary and start experiment
IMAGE PROCESSING WITH FPGAS

96.6 mA

(Core Supply Voltage is 1.2 V)

s s e (D

21
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A typical setup for image processing could consist of

« a CMOS device
e.g., an FPGA
* video in- and output

« and possible additional components

= e.g., an ammeter to estimate
power consumption

=

VIDEO IN

FPGA

VIDEO OUT

Introduction

22
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« Qutput of video signals row by row
* There is an inactive arial horizontally und vertically

« Control signals v-sync, h-sync, data-enable

& h-sync
I Y data-enable
I = =
P J— | I
y AA — —
active picture 4
3 o
®
> [ - 1 L
blanking gab = | | [ — —

 Example: HDTV graphic format 720p
« 1280*720 Pixel, 60 Hz image refresh rate
 Vertical blanking gab 30 rows, total of 750 rows
* Horizontal blanking gab 370 pixel,  total of 1650 pixel

o Signal

23
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* 60 pictures/s * 750 rows * 1650 pixel result in clock frequency of 74,25 MHz
 Signalization of active pixel by three control signals

« VS, v-sync: Start of picture

« HS, h-sync: Start of row

« DE, data-enable: Active pixel

e Color information R, G, B with 8 bit each

1/60 s
VS s
HS | ] 1 | ] ] ] L L
DE
R, G, B AN D W D W O

1 row, 1280 clocks
24
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R, G, B every clock

* R, G, B values as binary number between 0 and 255, respectively 8 bit per
color

* 0 =nocolor
e 255 = maximum color

CLK [ 8
DE
R

G f I X
B | X X I I

25
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* There are VHDL-templates available
* Inputs are
 CLK —clock of 74,25 MHz
« RESET_ N - Low-active reset, inverted in VHDL to the high-active RESET
« ENABLE_IN — Three switches
* VS IN, HS_IN, DE_IN — control signals of input image
* R_IN, G_IN, B_IN — Color information input image, 8 bit
 Outputs are
« VS OUT, HS _OUT, DE_OUT - control signals of output image
« R_OUT, G_OUT, B_OUT - Color information output image, 8 bit
 LED — Three LEDs, not implemented in remote lab

26
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entity edupow 1is

port ( clk : 1n std_logic;

: reset_n : In std_logic;
controliss enable_1n : in std_logic_vector(? downto 0);

vs_1n : 1in std_logic;

hs_in : 1in std_logic;

_ _ de_1in : 1In std_logic;
video input r_in : in std_logic_wvector(7 downto 0);
g_in : in std_logic_vector(/ downto 0);
b_1in : in std_logic_vector(/ downto 0);

vs_out : out std_logic;

hs_out : out std_logic;

. de_out : out std_logic;
video output r_out : out std_logic_vector(/ downto 0);
g_out : out std_logic_vector(/7 downto 0);
b_out : out std_logic_vector(/ downto 0);

clk_o : out std_logic;
control output led - out std_logic_vector(2 downto 0));

end edupow;
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* Block diagramm:

 Filter equation (discrete convolution):

p(x,y) : Pixel at (x,y)
n : No taps

x : horizontal position
y : vertical position

* Filter matrix (7-tap filter):

VIDEO IN

buffer for

6/8 lines

|

24 +3

cs FIR Filter

7-/9-tap
filter

VIDEO OUT

n n
P(x,y) =ZZP(X+i—a,y +j—a)- hy

i=1j=1
i : horizontal matrix index
j : vertical matrix index

a:n/2+1

h;; - Element of convolution matrix at position (i,))

h7—tap = 3_2

0
(o
0
1
0

0
0

0

0
0
0
0
0
0

0 1
0 0
0 -9
-9 16
0 -9
0 0
0 1

0

0

0
-9

0
0
0

OO O O O OO
p—

28
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0 0 O 1 0O 0 O

0 0 O 0 0O 0 O

(Y L 1 0O 0 0 -9 0 00O

Pay) =) ) plx+i-ay+j—a)-hy hig=35[1 0 -9 16 ~9 0 1
i=1j=1 o 0 0 -9 0 00O

0 0 O 0 0O 0 O

0 0 O 1 0O 0 O

« current pixel p(x,y+3) - 3 rows under filtered pixel p(x,y)
6 rows for 7-tap filter

« Apply filter matrix on p(x,y)

» Apply effective matrix coefficients




O@® s 9-Tap FIR Filter

n

n
P(x,y)=z px+i—ay+j—a)-h

i=1j=1

0 0 O 0 -10 0 0 O 0
0 0 0 0 29 0 0 0 0
0 0 O 0 9 0 0 O 0
1 0 0 0 0 —285 0 0 0 0
ho—tap = 1024 -10 29 9 -285 514 -285 9 29 -10
0 0 O 0 —285 0 0 O 0
0 0 0 0 9 0 0 0 0
0 0 0 0 29 0 0 O 0 /
0 0 O 0 -10 0 0 O 0

« current pixel p(x,y+4) - 4 rows under filtered pixel p(x,y)
rows for 9-tap filter

« Apply filter matrix on p(x,y)

* Apply effective matrix coefficients

30
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A GO = - — B IEE % =l
— 5| 2R B & 42 CDE
Advancedinstallers 2
AMD 3 Edge enhancemen 1th rtical and ril ‘tal FIR-filter
Applocker 4
sppmgmt 5 PGI ision | .ab h br le/fpc ja-vision-lal
appraiser 6
STAReTING A TYPICAL WORKFLOW
e o Dimend 10 pkg load image;
11 img in = 1mread("Luuﬁ Harbour 720p.jpg"); % change name for your test image
11
| A @ EsTA
g X 1 1mg out = imfilter(img® tmp,L hor);
18
# Octave 7.2.0, Mon Sep 18 09: 19 imwrite(img out,"Lindau Harbour sharp.jpg"); % change name for your test image
# Octave 7.2.0, Mon Sep 18 10: 20
sharp image filter T
# Octave 7.2.0, Mon Sep 18 10: 22

23

Zeile 11 Spalte 1 Kodierung: UTF-8 Zeilenende: CRLF
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 Visit https://www.h-brs.de/fpga-vision-lab
e scroll down to

Learning Material

Video Lectures
(YouTube)

Access Remote-Lab ° Source Files Frequently Asked °
(GitHub) Questions

select

32
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[0 Overview ] Repositories 6

Popular repositories

NN_RGB_FPGA

FPGA Design of a Neural Network for Color Detection

@VHDL W50 %19

NN_Pattern_FPGA

Neural Network for Pattern Recognition on an FPGA. Project for Education.
Video lectures explain training of the network and FPGA implementation

Marco Winzker ‘
Marco-Winzker with VHDL

@VHDL Y12

Follow

Professor for Digital Circuit Design at
Bonn-Rhein-Sieg University of Applied
Sciences Head of Centre for Teaching
Development and Innovation

FPGA-FIR-Filter

Lecture about FIR filter on an FPGA

@VHDL e %4

A 130 followers - 0 following

Hochschule Bonn-Rhein-Sieg

O Sk AuGuEtn Germany 5 contributions in the last year

& https//www.h-
brs.de/en/emt/marco_winzker

Achievements

B Projects

Sep Oct Nov Dec Jan

Get the Templates from Github

@ Packages  Y¥ Stars

Public FPGA-Vision Public

Learn about image processing with an FPGA. Video lectures explain
algorithm and implementation of lane detection for automotive driving. Real
hardware is available as a remote lab.

@VvHDL 25 %15

¥ master ~ P toranch © 0tags

Public Spiking_NN_RGB_FPGA

FPGA Design of a Spiking Neural Network. @ Marcogllinzkegileletelnultiplicribd

B Docs
@viDL vr11 Y2 B FPGA-Design
I Octave
Public age-Generator-for-FPGA-Evaluation-Board BB \Verification
D&ign of an image generator to represent a strect scene. Can be
stajd-alone design for image generator or as a test pattern gener | [ LICENSE
lagle detection circuit.
[ READMEmd
®viDL Yr7 %3
README.md

Feb Mar Apr May Jun Jul Aug Sep

Add files via upload
Add files via upload
Add files via upload
Add files via upload
Add files via upload

Add files via upload

2.

Go to file

Local Codespaces

Clone

HTTPS  GitHub CLI

https://github.com/Marco-Winzker/FPGA-FIR-Fil

Use Git or checkout with SVN using the web URL.

X Open with GitHub Desktop

) Download ZIP

5]

33
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Datei Bearbeiten Debug Werkzeuge Fenster Hilfe MNeuigkeiten

-
=
Ak, v e e v L A £ A s s o | I
/ o
[ro—

5 X = =

Datei Bearbeiten Ansicht Debuggen Ausfihren  Hilfe
C:/Users/aschwa3m/Downloads /RL4Eng FPGA-FIR Filter-master fOctave ~ ﬁ i 1 E %\ % =
-/ I/ -
{ ﬁ ! i i

Name

L U

f
'
o

&) PB022744_720p.jpg

) PB022744.JPG

(_] sharp_filter_coefficients.m
(_] sharp_frequency_response.m

sharp image filter
Edge enhancement with vertical and horizontal FIR-filter

G sharp_image_filter.m FPGA Vision Remote Lab http://h-brs.de/fpga-vision-lab

(c) Marco Winzker, Hochschule Bonn-Rhein-Sieg, 10.01.2020

of oP de oo o P

O~ O W N

fprintf ('Edge enhancement with vertical and horizontal FIR-filter\n")

¥
(]
O

Name Class Dimension Value 10 pkg load image;

11 img in = imread(("Lindau Harbour 720p.jpg")} % change name for your test image
12
13 f hor = [1, 0, -9, 48, -9, 0, 11/32;
14 f ver = £ hor'; % transpose filter matrix
15 H
16 img tmp = imfilter(img in, £ ver); Change flle
17 img out = imfilter(img tmp,f hor);

. = x B nanmes

o

% change name for your test image

4

(]
I
Xe}

imwrite (img ou&, "Lindau Harbour sharp.jpg")

# Octave 7.2.0, Mon Sep 18 09:55:35 2023 G 20
# Octave 7.2.0, Mon Sep 18 10:07:40 2023 G 21
22

\e]
O8]
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« copy converted 720p image into the verification folder

« open ,sharp _generate testbench _images.m® in Octave
(ensure write_ascii_ppm.m is in the same folder)

« adjust rows 12, 21 und 22 to own file names, run Skript and wait a bit until files
are created

35



OO0 s Simulation in Questa/Modelsim

University of Applied Sciences

ﬁ ModelSim - INTEL FPGA STARTER EDITIOMN 10.5b — O *

File Edit View Cormpile Simulate Add Library Tools Layout Bookmarks Window Help
@ - io-aru||esugRlen e e n 0] wonhnesm - | I M Add file to Project X

e M Welcome to ModelSim ] 6
Columnlayout | 211Co1 J - - BF . —_— . . — File Name
J . > o-R-T s M Add iterns to the Project
| d

1} Library . ':: /Users/aschwaim/ownCloud/Projects/sim_sharp Browse...
¥|Name Type lPath Welcome to ModelSim —Click on the icon to add items of that typ

[+, 220model Library SMODEL_TECH/. . falterafvhdl220madel 2 . ——Add file as type Falder

ﬂ—m 220model_ver Library SMODEL_TECH/.. /alterafverilog/220model Cr . = D

! = Create a Project -

(=l altera Lbrary ~ $MODEL_TECH 33 |MPORTANT Information TodelSim Pror ol simmolat |:ie_ault ﬂ |Tl:rp Level !I
2 i) sitera Insim Lbrary  $MODEL_TEQ o Thrns The Proect M| | Create New File) .\ Add Existing Fie 10

ﬂ—m altera_Insim_ver Library SMODEL_TECH Models- w SOUICe Tes, 10raries. 1he rroje 4 - g " Refa . £l i . [cle - iact directn

o i altera_mf trary  $Mo0E TE I - references to shared global files. Start here eference from current location opy to project directory

- ; - . ject.

=il altera_mf_ver tbrary  SMODELTECH | This release uses the follo pre] - 14 %K | Cancel
Jﬂﬂﬂ e ver t;g;:x xggggg FlexNet v11.13.1.2 (serve ﬂ i M Select o i

+ . . . :

- - Gr * Open a Project
(-4l arriaii_hssi Library  SMODEL_TEC Mentor Graphics Licensin Qp—]_ ) Create Simulati Create N Suchen in: — - . e
ol ot by  wooel T | MGLS v9.13-5.4 and PC]  Your most recent projectis opened wheny | Create Simulafion schenn: | [ s shar - B
T T ] - if you'd like to open an older project.

(=}, arrizi_pcie_hip Library SMODEL_TEC o E ok kA o [ Name Top
ﬂ—m arriaii_pde_hip_wer  Library SMODEL_TECH | *

(=4, arriai_ver Library ~ $MODEL_TEC - Schnellzuarff iwork 09.11.2020 11:12

-l arrisiinz Lbrary ~ $MODEL_TECH | Access comprehensive Mg K = sharp.vhd 20.01.2020 02:15

ik arr?aiigz_hssﬁ Library SMODEL_TEC Select Help > ModelSim . - - == sharp_arith.vhd 20.01.2020 02:15

hil arrisigz_hssi_ver  Library  $MODEL_TEC _ Desktop s sharp_control.vhd 20.01.2020 02:15

ahlll amiaige_peie hip  Library  SMODEL TECK | sk sk s ok sk o 4 ok ok 4 k ((|lsin_shard ) - = sharp_linemem.vhd 20.01.2020 02:15 =
[+, arriaiigz_pcie_hip_v... Library &MODEL_TEC )

ﬂ_m arriaiigz_ver Library $MODEL_TEC r; _ [ | = Sharp_slice.vhd 20.01.2020 02:15

ﬂ_m arriav Library SMODEL_TECH N jﬂﬂjﬂet toCa T Bibliotheken == sim_sharp.vhd 09.11.2020 10:31

=il

=il

=i

=il

=il

1Y

=il

R

arriav_hssi_ver Library SMODEL_TECH F:: .I'I-UHE rEI.."aEI E_hwﬂjnu" ownC1o1ad !

arriav_pcie_hip_wver Library SMODEL_TECH

arriav_ver Library EMODEL_TEC Dieser PC 7 .

arriavaz Library SMODEL_TECH — Defa e

arriavaz_hssi Library SMODEL_TECH |h’l:r]':]c *

arriavgz_hssi_ver Library SMODEL_TECH Netzwerk

arriavgz_pcie_hip Library SMODEL_TECH LI .

arriavgz_pdie_hip_w...Library EMODEL_TEC LI 1 . _,I  Copy Settings From——— | < >
J=4 Transcript ™ Don't show this dislog again i:fﬁ;;g;;ﬁr:m Close I; |deE 1sim ase/modelsim.ini Dateiname: I”sim_sharp.\rhd" "sharp vhd" "sharp_arith.\rhd"j 8 Offnen I
couldn't open "transcript”: permission denied e — | | % CopyLibrary Mappings { Refe Dateityp: IHDL Files ("v." vl." vhd," vhdl." vho “ hdl " vo,” ~ | Abhrechan |
# Reading C:/intelFPGA lite/19.1/modelsim ase/tcl/vsim/pref.tcl |

4 O Cancel
pe— = ]

<Mo Design Loaded = 4
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File  bdit  View Lompile  simulate  Add  Iranscnipt  lools  Layout  Bookmarks W M Start simulation X
- E,q' %% “g;- % 3$ ‘fh im:’ ,,3,5, & J
: Design I WYHOL ] Verilog ] Libraries ] SDF ] Others ] ﬂﬂ
ColumnLayout |3_~111;'.;1m3 ﬂ J % LF'% ‘ E@ J T|Name |Type |Paﬂ'1 | |ﬂ
¥4 Project - C:/Users/aschwa3m/ownCloud/Projects/sim_sharp/sim_sharp 14 _Hm work Library C:fUsersfaschwa3m/ownCloudProject...
F|Name |S13tu:{Type |Dr- S e % - Yy e = Y _T_]-E sharp . Enﬁty C:,|"L.Isers,|"asmwaaﬂfowncloudﬁroj.ect...
<im vhd %  VHOL O . PE wo | ‘ _T_]—E sharp_arith Entity C: fUsersfaschwa3mfownCloud Project. ..
- sha:pd?hpd ‘5 oL 1 —— = J _T_]-E sharp_control Entity C:fUsersfaschwa3m/ownCloudProject...
- charp, arith.vhd S woL 2 ¥ |*?"*ll‘*'3]-1“"‘1'”’1S i J e R S =Rt J _T_]—E sharp_linemem  Entity C:/Users aschwa3m/ownCloud Project. ..
a3 - ' - - . .
= sharp_controlvhd  *  vHDL 3 Iﬂl Project - C: /Users faschwa3m/fownCloud Projects/sim_sharp/sim_sharp ﬂ E sharp slice ZE:: E,."L.Isers,.fasmwaiinwncloudfgoject...
i + _sharp 1 /Usersfaschwa3mfownCloud /Project.
= sharp_linemem.vh... ? VHDL 4 r|Name |5§1:|J:{Type |Dru_‘.|r-'|nd|ﬁed | _H'l 220model Lib $MODEL_TECH).. /altera/vhdl/220madel
sharp_slice.vhd “® WVHDL 5 . vhd , =1 mede forary alerav mods
- - . - SiM_sharp. | VHDL 0 11/03/2020 10:31:38 ... _H'l 220model_ver Library ESMODEL_TECH/.. falterafverilog/220m...
- sharp.vhd YHOL 1 01/20/2020 02:15:48 ... Il Altera lihrary EMOINFL TRCH! . faltera fvhdl falterg d
= sharp_arith.vhd VHOL 2 p4q ModelSim - INTEL FPGA STARTER EDITICN 1050 _,I
- sharp_:.:ontrul.u'hd VHDL 3 File Edit WView Compile Sirnulate Add  Structure Toeols Layout Bookmarks Window  Help i
= sharp_linemem.vh... VHOL 4 _ - lution
w= sharp_slice.vhd VHOL 5 J A"k T 2 B riO-ME M J & (B FEE ! J E 1+ e | I_Jault !I
&Z}] sim - Default
..... ) . o Design unit |Desigr1 unit type |Tc||:| Category |'I.ﬁsibilit5-' |Tn13| COVErage |
o B = f ENR IR % . b |
(= %% = % Do THEDRED L W 4 e sim_sharpf{,.. Architecture
ColumnLayout |2—';ll£'l:l . ﬁ View Dedaration
View Instantiation +acc=
ﬂPrnject—C:)'LJsers;"aschwa,?mfownclnud,."P'rnjectsfsim_sharp,{sjm_sharp e —— g [ESPO UVM N - FaCE=..
- ine__ - +acc=...
IName tudType |02 |Modified | Bl standard Package tacc=
—. sim_sharp.vhd V) VHODL 0  11/09/2020 10:31:38 ... Bl textio UPF ’ Package tacc=. ..
== sharp.'uh!d # VHDL 1  01/20/2020 02:15:48 ... B std_logic, RGEISvE W 17 Package —
= Sharp_arith.vhd ? vHOL 2 01/20/2020 02:15:48 ... B rumeric o . Package T
o sharp_controlvhd P VHDL 3 01/20/202002:15:48 ... B std logic Add Wave To . Package tmcee
charn linamam wh % wHnl oa M4 80000 A7 156 a8 - Add Dataflow Ctrl+D
Add to k
Copy Cirl+C
Find... Ctrl+F

Save Selected. ..
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|
oty ta/Model 11
Uzir\‘lgrsityecl)?A;)ep?ied Sciences I es a O e S I m
ﬁ ModelSim - INTEL FPGA STARTER EDITIONM 10.3b

- X
File Edit View Compile Simulate Add Structure Tools Layout Bookmarks Window Help 18

O MEF|| SHHRM|| 3t @

H Layout |Simmlate !I H Columnlayout |211Columns !1 H £l - £F - £} 55~ 53 H e p¥

F & H
sim - Default +H 7 x| ﬂ Wave - Default + & x|
= | sim_sharp sim_sharp(... Architecture DU Instance =
+- I duv sharp(beha... Architecture DU Instance
o stimuli_process  sim_sharp(... Process
) response_proc... sim_sharp(... Process
@ line__53 sim_sharp(... Process -
W standard standard Package Package
M textio textio Package Package
W std_logic_11564 std_logic_1... Package Package
W rumeric_std numeric_std  Package Package
W std_logic_textio std_logic_t... Package Package
-
L A L L L A LR L L
o |
Project 1 B Memory List 1 sim ] ] 3
=\ Transcript +

VSIM 5

=}

Project : sim_sharp (Now: 0ps Delta: [fsim_sharpdk

BN
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R sta/Model IV
U?Rgrsitye:)?A;)ep)%ed Sciences 's a O e Slm
- X

M ModelSim - INTEL FPGA STARTER EDITIOM 10.5b

File Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help

5S84 >10- || Rt [T o ARBHG | WY TR IE- || oot Fimne = || comtarout oz
\@@masau\w;hﬂklfi“a««evz}- sere Y T
sim - Default ———— +H | x| | g Wave - Default H 2| x|
¥ |Instance |De5|gn unit |DES|gn unit type |Top Category ‘g -
=+l sim_sharp sim_sharp(... Architecture DU Instance *
= duv sharp(beha... Architecture DU Instance *
o stimuli_process  sim_sharp(... Process - - ’
@ response_proc... sim_sharp(... Process - ’
@ line__53 sim_sharp(... Process -
W standard standard Package Package ’
B textio textio Package Package *
B std_logic_1164 std_logic_1... Package Package k2 *
B numeric_std numeric_std  Package Package k2 ’
W std_logic_textio std_logic_t... Package Package 1:
* Jsim_sharphs_out 0
v [ N ]
B 0 [ | O0eo. WO ooooeoop [ [ [ [ [ 1T WOHENHIE I {mﬂ C{DJ{H
B 000001 :-I oo Jbomoow | | 1 1
v
B
v
.
Cursor 1 14975000 ps
| || K i K1 ]l
llﬁl Project 1 B Memory List l sim ] ﬂ_él lﬂ Wave l = Sim_sharp.vhd ]
=4 Transcript
# ¥ Failure: Simulation completed
# Tim
VSIM 53 -
0 ps to 55168896 ps Project : sim_sharp |Mow: 9,946,120 ns Delta: 0 [sim_sharp/b_out
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Simulate with self checking testbench

Bonn-Rhein-Sieg
University of Applied Sciences

 create project in Modelsim, compile and simulate it (see slides 35ff)

* waltc

V3IM 3= run -all

$# ¥ Failure:
# Tims: 448
¢ Break in Pr

V5IM 4=

h messages:

<Gtmulation completed, EVERYTHING §E>
4120 ns EraLIon:, rocess: f3im sharp/stimuli process File: Ci/Users/aschwadm/ownCloud/Projects/sim sct sharp/sim sharp self-checking.wvhd

ccess gtimuli process at C:/Usersfaschwaim/ownCloud/Projects/sim sct sharp/sim sharp self-checking.vhd line 1487
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O MNew Project Wizard

Directory, Name, Top-Level Entity

is the working directory for this project?

h New Project Wizard

Project Type

4 ,Select the type of project to create.
/

@ Empty project

What is the name of this project?

NN —
N
TIN

Create n

O Project template

N /

What iS i ft§ for this project? This name is case sensitive and must exactly match the entity name

design file.

download design templates from the Design Store.

[sharp Xt Fill in the correct name of the top-level entity!

Use Existing Project Settings...

ject by specifying project files and libraries, target device family and device, and EDA tool settings.

Create a project from an existing design template. You can choose from design templates installed with the Quartus Prime software, or

-
< Back Qextb | Finish Cancel

Finish

Cancel

Help
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Starting with the Project Wizzard I

O New Project Wizard

Add Files

Select the design files you want to include in the project. Click Add All to add all design files in the project directory to the project.

Note: you can always add design files to the project later.

File name: | ©+

B X[ 5
File Name Type Library Design Entry/Synthesis Tool HDL Version ‘ B
Select File
<« Projects » sharp_im w £ "sharp_im urchsuc
Proj harp_impl [#] O “sharp_impl" durch
Organisieren « Meuer Ordner == ~ DN
A [ Mame Anderungsdatum Typ
db 09.11.2020 13:24 Dateiordner

09.11.2020 12:13
09.11.2020 12:20
20.01.2020 02:15
20.01.2020 02:15
20.01.2020 02:15
20.01.2020 02:15
20.01.2020 02:15

incremental_db Dateiordner

output_files Dateiordner
== sharp.vhd
== sharp_arith.vhd

== sharp_controlwhd

Festplatten-Im
Festplatten-Im
Festplatten-Im|
== sharp_linemem.vhd Festplatten-Im|

== sharp_slice.vhd Festplatten-Im|

Specify the path names of any no Dateiname: | "sharp_slice.vhd” "sharp.vhd” "sk |8:ksign Files (*.tdf *whd *.vh

nen Abbrec|

e —
< Back | Next)lFinish T Cancel
£

(& New Project Wizard
Family, Device & Board Settings

Device Board

Select the family and device you want to target for compilation.

You can install additional device support with the Install Devices command on the Tools menu.

To determine the version of the Quartus Prime software in which your target device is supported, refer to the Device Support List webpage.

Device family
Family: -
Device: | All
Target device
Auto device selected by the Fitter
@ Specific device selected in "Available devices' list
Other: nfa

Available devices:

Show in "Available devices’ list

Package: Any
Pin count: Any

Core speed grade: | Any

Name filter:

( ‘SCEBAEF'I ?CE)
———

Show advanced devices 11

Core Voltage ALMs

GPIOs GXB Channel PMA

scesazeizce v Joo e is o b |

Total 1/Os

GXB Channel PCS

PCle Hard IP B

x

e —
< Back W Cancel Help

12.
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i Quartus Prime Lite Edition - C:/Users/aschwa3m/ownCloud/Projects/sharp_impl/sharp - sha

File Edit View Project

Processing  Teols Window Help

2/’ Device... 13 . ——
L= H
Y 7 settings... Ctrl+Shift+E |
Project Mavi ator| #% Hierarc
J s hy & Assignment Editor Ctrl+Shift+A
yInstar @& pin planner Ctrl+Shift+N
(&% Cyclone v: SCEBAZF17C e
d ri. Back-Anoaiaie Assignments...
right-click
. 4 IE:purt Assignments.
> 9 .
> ~ ettl ngs Assignment Groups...
5 Logic Lock Regions Window Alt+L
rgy  Design Partitions Window Alt+D

Without the assignments the software doesn't
know the location of the pins and you won't
have video signals!

Neuer Ordner

~
( Eshlp_dﬁauh_Cyclone_V.qd )}

16.

Organisieren =

) Import Assignments

Specify the source and categories of assignments to impur;l'5 -

File name: | | [ Cati

Copy existing assignments into sharp.qsf.bak before importing

Advi

OK

Dateiname: | sharp_default_Cyclone_V

Import Assignments and Adding Constraints

=" Settings - sharp

Category:

General
Files
Libraries
¥ P Settings
IP Catalog Search Locations
Design Templates
¥ Operating Settings and Conditions
Voltage
Temperature
¥ Compilation Process Settings
Incremental Compilation
™ EDA Tool Settings
Design Entry/Synthesis
Simulation
Board-Level
¥ Compiler Settings
VHDL Input

j 8 Verilog HDL Input

Default Parameters
Timing Analyzer )

Design Assistant

Signal Tap Logic Analyzer
Logic Analyzer Interface
Power Analyzer Settings
SSN Analyzer

17 . ( Offnen ! Abbrechen

— a >

Timing Analyzer

Specify Timing Analyzer options.

SDC files to include in the project

19.

File name: @ Add
I 1
Select File *
T <« Projects » sharp_impl v | D £ "sharp_impl" durchsuchen
Organisieren - Mewer Ordner =z ~ [H 0
* [ Name Anderungsdatum Typ 3
db 09.11.2020 13:24 Dateiordner
incremental_db 09.11.2020 12:13 Dateiordner
put files 09.11.2020 12:20 Dateiordner
I E sharp.sdc 20.01.2020 02:15 SDC-Datei
LU 4 >

Dateiname: | sharp.sdc V| |S}rnopsys Design Constraints Fi V|

Offnen |j Abbrechen |

21 (o ]

T TTCT T T ST TS T T T T e T T

Description:

Associates a Synopsys Design Censtraint File (.sdc) with this project.

29
Ay 4

W Buy Software OK Cancel Apply
s —
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FluLessig PUULS wvHuow L

OFHLCO0 D C e

Project Nawgatori i Hierarchy

sharp.vhd

Entity:Instance

&% CycloneV: SCEBAZF17CE
v ¥ shap B
> sharp_slice:b_slice

sharp_control:control

» sharp_slice:g_slice

> sharp_slicer_slice

It ol N iy <] QB

eo@@@woeawno

@

|Q g = Compilation Report - sharp

= — ™

=80 BT

1 BH-- sharp. vhd

2 _

3 -- top Tlevel

4 ——

5 -- FPGA Vision Remote Lab http://h-brs.de/fpga
6 -- {¢) Marco winzker, Hochschule Bonn-rRhein-Si¢
T

8 library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

10 use IEEE.MNUMERIC_STD.ALL;
11
12 =
13 @ port (cC in std_logic;
14 reset_n :in std_logic;
15 enable_in : in std_logic_vector (2 dowr
16 -- video in .
4= P . A e - .

Entity:Instance
4% Cyclone V: 5SCEBA2F17C6
v sharp &1
» Em sharp_slice:b_slice
zbc) sharp_controbcontrol
> % sharp_slice:g_slice
> % sharp_slicer_slice

Table of Contents

0

< >

Tasks Compilation T |ERT =
Task

v \ ¥ P Compile Design

v > » Analysis & Synthesis

v > P Fitter (Place & Routs)

v > P Assembler (Generate programmmin

v > P Timing Analysis

> P EDA Netlist Writer
B Edit settings

& Program Device (Open Programmer)

B8 Flow Summary
B Flow Settings

B2 Flow Nen-Default Global Settings

B2 Flow Elapsed Time
B2 Flowos summmary
E Flow Log
> I Analysis & Synthesis
> I Fitter
© Flow Messages
O Flow Suppressed Messages
> [ Assembler
> I Timing Analyzer

Design Flow

Compilation Report - sharp

Flow Summary

® <<Filters>

Flow Status

Quartus Prime Version
Revision Name

Top-level Entity Name

Family

Device

Timing Madels

Logic utilization (in ALMs)
Total registers

Total pins

Total virtual pins

Total block memory bits
Total DSP Blocks

Total HSSI RX PCSs

Total HSSI PMA RX Deserializers
Total HSSI TX PCSs

Total HSSI PMA TX Serializers
Total PLLs

Total DLLs

Successful - Mon Nov 09 12:20:47 2020
19.1.0 Build 670 09/22/2019 5J Lite Edition

sharp

sharp

Cyclone V
S5CEBAZF17CH
Final
345/9,430(4%)
326

63 /128(49%)
]

294,912 f 1,802,240 (16 % )
0/25(0%)

0

0

0

0

0/4(0%)
0/4(0%)
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O@® s Login into the Remote Lab
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8 fpga-vision-lab.h-brs.de/weblab/login o Yy

@ w I Hochschule
© weblabdeusto 00 L.,

University of Applied Sciences

FPGA VisioNn

oo (et Lstverort by Corssetiaen.

Welcome to the G.LC

Einloggen ¥ Oniine Lab

S FPGA Vision Remote Lab

|
The FPGA Vision Remote Lab, based on WeblLab-Deusto, is a remote laboratory. Students access

1 experiments physically located in the Hochschule Bonn-Rhein-Sieg, having the same experience as if in
Passwaor . traditional hands-on lab sessions.

Support

For any technical issue you may find, please contact us at fpga-vision-lab@n-brs.de

Einloggen »

Einige Experimente erlauben einen Gast-Zugang D
emo

Log in as guest ) )
If you do not have a User account, you can try our demo experiments with the

username demo and the password welcome.

Get an Account
If you want to have full access to the provided experiments you can register herel

For information on privacy, please see the FAQI

Open-Source

WebLab-Deusto is Open Source Software, and it is available in
https:/github.com/weblabdeusto/weblabdeusto/
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3. _
cVv1 cwv2

cVvall

Details

Details

Details

Details

Details

Details

=

- CV all (FPGA experiments)

Willkommen zum Experiment!!!

Before reserving the experiment please make sure you have the bit-file(s) ready.
The Quartus software can be downloaded from Intel FPGA.

For additional information please visit our FAQ or our project websitel

Benétigte Zeit: 5:00

4.

Choose and Reserve your Experiment

Stats

Number of uses: 5135

Status: Online
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Do el e Test your Design

University of Applied Sciences

Binary for FPGA:

Datei auswahlen | Keine ausgewahit

Upload FPGA binary and start experiment

i 2

FPGA Core Current:

. mMA

(Core Supply Voltage is 1.1 V)

Select Input lmage

Please perform an experiment to get an output image

Datei auswahlen | Keine ausgewahit enable_in(0) 00:03:05
Upload your own input image now enable_in(1)
enable_in(2)

Program Default Design Update Output Image and Core Cumrent Update Core Current Only
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AND NOW?

ADJUST THE FILTER, TRY OUT OTHER
TEMPLATES, ...



