High-Level FPGA Design

Lab 5: RedPitaya Project with Gain IP

In this lab you will:

e Use modified FPGA project for RedPitaya

* Include gain IP to the Vivado project

 Compile Vivado project and prepare binary bitstream

e Upload bitstream to RedPitaya and test gain IP operation
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5-1 Red Pitaya Project

* Open provided Vivado Red Pitaya Project

* Check project structure

LT

Design Sources (1

~ @ . red_pitaya_top (red_pitaya_top.sv) (12)

@ plli:red_pitaya_pll (red_pitaya_pll.sv
> @ ps:red_pitaya_ps (red_pitaya_ps.s\

@ sys_bus_interconnect : sys_bus_interconnect (sys_bus

@ i_ams :red_pitaya_ams (red_pitaya_ams.v
@ pdm : red_pitaya_pdm (red_pitaya_pdm.s\
@ i_hk:red_pitaya_hk (red_pitaya_hk.

» @ i_scope:red_pitaya_scope (red_pitaya_scope.

-

> @ i_asg: red_pitaya_asg (red_pitaya_asgv) (2

p— =

@ i_proc: proc (proc.s

red_pitaya_ps

DDR Zynq [ — Pl
MIO =T PS
Enggt‘ GPOJ=— axi_slave
sys[2] | syst4)
us_interconnect.s sys[0]
sys[3] ams [==pwm
sys[l]r
ASG | proc pp=»{scope
ADC > DAC
HK EXP

LED



5-2 Set IP Repository with HLS Gain IP

* Locate HLS Gain IP component folder B

proj\vitis\gain ip P > Repository
. . . . Project Settings ~ Add dirednrig; to the list of repositories. ‘r’.nu may
* unzip gain_ip.zip e s e onete von. [
— Simulation reasan.
Elaboration
Synthesis
Implementation
\ Bitstream IP\Eeposimries
w P
Repository + -
Packager c./kprojivivadofrp25fip/gain (Project)
Tool Settings Refresh All
* Project Settings, IP, Repository +
y " IP Defaults

* Browse and add your hls_gain IP
* Vivado reports adding 1 repository



5-2 Add Gain IP to the project

* Click on IP Catalog in Flow Navigator and write Gain in Search window

* Double click Gain to include IP to the project, confirm and click Generate

Flow Navigator = 8 F _
v PROJECT MANAGER
£} Settings
Add Sources
Language Templates

IF P Catalog

~ |PINTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

¥ SIMULATION

Run Simulation

¥ RTL AMALYSIS

B M1 iz

PROJECT MANAGER - rp25

Sources ? 00 X
Q T & + o
W Design Sources (2]
~ @& red_pitaya_top (red_pitaya_top.sv) (12)
@ pll: red_pitaya_pll (red_pitaya_pll.sv)
> @ ps:red_pitaya_ps (red_pitaya_ps.sv) (6)
@ sys_bus_interconnect : sys_bus_interconnect (sys_bus_interconnect.sv)
® i_ams :red_pitaya_ams (red_pitaya_ams.v)
@ pdm : red_pitaya_pdm (red_pitaya_pdm.sv)
@ i_hk:red_pitaya_hk (red_pitaya_hkwv)
> @ i_scope : red_pitaya_scope (red_pitaya_scope) (6)
> @ i_asg:red pitaya_asg (red_pitaya_asgv) (2)
@ i_proc: proc (proc.sv)
® for_sys[Blsys_bus_stub 5 7 sys_bus_stub (sys bus stub.sy)
® for_sys[6l.sys_bus_stub_5 7 sys_bus_stub (sys_bus_stub.sv)
® for_sys[7l.sys_bus_stub_5 7 sys_bus_stub (sys_bus_stub.sv)

y T hain_ﬂ (gain_0xci)

Project Summary ¥ | red_pitaya_top.sy * | proc.sy »  IP Catalog ¥

Cores | Interfaces

Ql = & [B « & @ o,

Search: |©- gain (1 match)

Mame |
W User Repository (c/kcprojivivadofip_repo/hls_gain)

~ VITIS HLS IP

¥ Gain

Details



5-2 Gain IP Module

* Check component name gain_0 and ports

Gain (1.0)

€ Documentation IP Location (C Switch to Defaults

Show disabled ports Component Name | gain_D

ap_clk
ap_rst w_ap_wld
=[13:0] w[13:0]
k[15:0]

QK Cancel




5-3 Module proc.sv

* two inputs connected to function generator (ASG) or ADC
* two outputs connected to scope and DAC

* There is additional logic to decode system bus. The module proc is
connected to sys[3] which defines upper 12 address bits to be 0x403 and
the lower bits are decoded in the module description:

* 0x40300050 contains read-only register with fixed value: OxFE250003
e 0x40300054 contains 16-bit gain register



5-3 Modify proc.sv

* Connect gain_ 0O
e x=>dat_a i, k=>gain,y=>dat_a_ o

i_proc
ki |
gain_rag[1510]
i gain_0
+
ap_ck d
RTL_REG_SYNC e M13.0] da_a_a[1310]
mc k['lﬁ.ﬂ]
dat_a i134] 1 3:0]
dat b i[130] | gain_i gaini 0 ap_rst0_i gain_0
L] a -
Ajiag] o Cal L \] a [>c dat b a i
Sadafaut 1 RTL_INV K[1:310] O 1310] dat b afi3id]
RTL_ROM
=T RTL_MUX el RTL_INV
e 0 \ o | sys_adi_rag
o Sedafadt 1 GR'ST
gain_i__ T
= RTL MUx Q -
=1 WD & o sys_er
Eda gl RTL_REG_SYNC
=T RTL_MUX g Sys_ackl i T .
rEn . ‘—M} Q sys_rdata_i
sys addef31:0) 4~ FEENGT, S=30b000i0mio i mee K510 \\I
RTL_OR { S ImOMONANIMOHe N HE10] o3 4] sy reatalil 4]
=y 210
sys_weata[31:0] I Seadadt G
=y _wen g1aa] | RTL_MUX

proc



5-4 Synthesize and generate bitstream

* Generate Bitstream
* Runs Synthesis
* Implementation and
* Generate Bitstream
* In TCL Console change directory to your project folder and run tcl script

Note: the process takes 5-10 minutes!

Tcl Console » Messages Log Reports Design Runs

Q = I B BE o

: cd c:/kproj/vivado/rp25

4lr

{

source ./format.tcl




5-5 Connect Red Pitaya and Upload Bitstream

* Use Bitwise SSH Client to connect to RedPitaya boad

* use local network, Ethernet adapter set to 192.168.1.1

* Login HOST: 192.168.1.15, default username and pass: root

* Open New SFTP window and upload proc.bit.bin

== rooct@192,168.1.15:22 - Bitvise SFTP

() root@192.168.1,15:22 - Bitvise S5H Client 9.61

Default profile

J

Save profie as

\

-
=]
-
Bitvise S5H
Server Control
Panel

Mew terminal
console

New SFTP
window

New Remote
Desktop

Login  Options Terminal RDP  SFTP  Services
Server
Host 192.168.1.15
Port [CJ Enable obfuscation
Kerberos
SPN
[Tl G35 /Kerberos key exchange

Reguest delegation

gssapi-+keyex authentication

Proxy settings

16:05:20.832
16:05:20.839
16:05:20.842
16:05:20.947
16:05:20.952

16:05:21.115

16:05:21.123

16:05:21.126
16:05:23.117

Host key manager

Started a new S5H connection.

= a X

Popup settings

App settings

Cas 52C 55H MNotes  About®
Authentication
Username root
Initizl method  password ~

Store encrypted password in profile
Password ene
Enable password over kbdi fallback

Elevation Default d

Client key manager

Connecting to 55H server 192, 168.1.15:22,

Connection established.

Server version: 55H-2.0-Open55H_8.9p1 Ubuntu-3ubuntul, 11
First key exchange started. Cryptographic provider: Windows CNG (x88) with

additions

Received host key from the server, Algorithm: RSA/sha2-512, size: 3072 bits,
SHA-256 fingerprint: 0QCD6 +zie+sjLHQIHMNPeZ IMBaOmjodQ) +x 1bv 13dHPNY .
First key exchange completed using Curve25519 (strict). Connection encryption
and integrity: aes256-gcm, compression: none,

Attempting password authentication.
Authentication completed.

Exit

Window local Remote Upload queue Download queue Log
Browse |4 Upload queue ; Download queue = log
Local files Filter:
4 =] 'y J ¥ ,5 C:keprojwivado wp2he -
7
Mame Size Type Date Modified Attributes
il 0 File folder 19/05/2026 14:34
rp25.cache 0 File folder 15/05/2025 16:26
rp25.gen 0 File folder 15,005/2026 14:34
rp25.hw 0 File folder 15,05/2026 14:34
rp25.ip_user_... 0 File folder 15,05/2026 16:31
rp25.runs 0 File folder 15,05/2026 16:41
rp25.sim 0 File folder 15/05/2026 14:34
rp25.srcs 0 File folder 15/05/2026 14:34
SOUrces 0 File folder 15/05/20256 14:14
=| dfx_runtime. txt 113 TextDocu... 15/05/2026 14:14 A
| ] format.td 142 Altium Seri...  11/12/2025 13:38 A
| ] proc.hif 16 BIF File 27/11/2025 09:28 A
| prac.bit 2.083.866 BITFile 19/05/2026 16:47 A
[ | proc.bit.bin 2,083,744 BINFile 19,05/2025 16:47 A
ol rp25.xpr 31,802 Vivado Proj... 19/05/2026 16:43 A
jsystem.td 35.340  Altium Scri... 27/11§2025 09:08 A
[ vivado.iou 2,675 JOU File 19/05/2026 16:46 A
L Upload ) Enqueus paused i Binary Ui Ask i file exists Pause

x |pload status: 1item transfemred
Local selection: 1 file (1,98 MIB); Remote selection: 1 file (1,98 MiB)

Remote files
B (P, 3 |/roct
rs
MName Size Type
.cache 4.096  File folder
.config 4,096 File folder
.ipython 4,096  File folder
jupyter 4,096  File folder
Jocal 4,096  File folder
D .bash_history 15,438 BASH_HIS...
[ .bashre 3,106  BASHRC File
[77 .profie 161 PROFILE File
[ .version 5 VERSION File
D .viminfo 2,262 VIMINFO File
o /data.csv 3.752  MicrosoftE...
[ datalog 12,728 Local Disk
B datalog.c 4,439 C Source
D design. bit.bin 2.083.744 BINFile
D myproc.bit.bin 2.083.744 BINFile
nastaviz.sh 738  Shell Script
D proc. hit 2.083.866 BIT File
D proc. bit. bin 2.083.744 BIN File
T Download u ) Enqueue paused i Binary ~ Uz

Filter:

Date Modified

23f04/2025 07:18
23f04/2025 07:40
23f04/2025 07:18
23f04/2025 07:18
23f04/2025 07:18
23/04/2025 07:53
15/10/2021 12:06
08/07/201% 12:05
23f04/2025 08:01
23f04/2025 07:19
23f04/2025 07:28
23f04/2025 07:25
19/05/2026 09:11
19/05/2026 09:02
15/12/2025 15:30
22/10/2024 10:31
22/12/2025 16:55
19/05/2026 16:47

Ask if file exists -

Pau



5-5 Set Bitstream

* In Bitwise SSH Client Open New terminal console and run:
./set.sh proc.bit.bin

| root@192.168.1.15:22 - Bitvise xterm - roct@rp-f0526b: ~

Last login: Wed Apr 23 ©5:25:46 2025 from 192.168.1.1
root@rp-fe@526b:~# ./set.sh proc.bit.bin

pga.bit.bin overwritten with proc.bit.bin
root@rp-f@526b: ~#

* set.sh overwrites default FPGA bitstream with your uploaded bitstream

* FPGA configuration will be executed by opening web application



5-6 Test with Web Application

* Open web browser at http://192.168.1.15/
* Click Oscilloscope Application

* Check in terminal console that your FPGA bitstream is loaded. Monitor
content of register at address 0x40300000, the response should be
Oxfe250003

M root@®192,168.1.15:22 - Bitvise xterm - root@rp-f0526b: ~

root@rp-f@526b:~# monitor Gx4630660850

Bxfe250083

root@rp-f0526b : ~# I


http://192.168.1.15/

5-6 Generate and observe signals

* Using terminal set data_loop: monitor 0x4000000C 1
* Generate sine wave: 1 kHz, 0.5 V at OUT1
* Observe IN1, OUT1 and IN2 (vertical setting 500 mV)

< #A é-redpitaga

12



5-6 Generate and observe signals

e change gain setting: monitor 0x40300054 500
* observe outputs with different gain settings
* observe saturation (e.g. gain = 2500)

b1
< A énzdpitaga

13



High-Level FPGA Design

Lab 6: RedPitaya Project with Averaging filter

In this lab you will:

e Use modified FPGA project for RedPitaya

* Include average filter IP to the Vivado project
 Compile Vivado project and prepare binary bitstream

* Upload bitstream to RedPitaya and test filter operation
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6-1 Prepare I[P Component

* Open avg_filter component in Vitis
* Run C Synthesis

* Run PACKAGE
* set output file: avg_ip

e unzip avg_ip.zip from proj\vitis\avg filter
* extract to folder vivado\rp25\ip\avg



6-1 Add Average Filter IP to Red Pitaya Project

Open Red Pitaya Vivado project

Settings, Add IP Repository

Open IP Catalog
Add Avg_filter IP to the Project

PROJECT MANAGER - rp25

Sources ? OO0 X
a T & + o
@ sys_bus_interconnect : sys_bus_interconnect (sys_bus_interconnect.sv)
® i_ams :red_pitaya_ams (red_pitaya_ams.y)
@ pdm:red_pitaya_pdm (red_pitaya_pdm.sv)
@ i_hk:red pitaya_hk (red_pitaya_hk.v)
> @ i_scope: red_pitaya_scope (red_pitaya_scope.) (8)
> @ i_asg:red_pitaya_asg (red_pitaya_asagv) (2)
> @ i_proc: proc (proc.sv) (1)
@ for_sys[5l.sys_bus_stub 5 7:sys_bus_stub (sys_bus_stub.sy)

>

@ for_sys[Glsys_bus_stub_5 7 :sys_bus_stub
@ for_sys[7l.sys_bus_stub_5 7 :sys_bus_stub

avg_filter_0 (avg_filter_0.xci)

ys_bus_stub.sv)

ys_bus_stub.sv)

Settings

Project Settings
General
Simulation
Elaboration
Synthesis

Implementation

IP > Repository

Add directories to the list of repositories.
selected repository. If an IP is disabled tt

IP Repositories

+ - 1

c:lkprojivivadolrp2afipigain (Froject)

c:lkprojivivadoirp25fipiava (Project)

Bitstream
= |P
Repository

Project Summary » | red_pitaya_top.sv » | Proc.sy «  IP Catalog
Cores | Interfaces

Q T & # 4 & & 0,
Search: |C- avg {1 match)
Mame 8
hd User Repository (c/kcprojvivadolip_repo/hls_avg_filter)

W VITISHLS IP

Awg_filter

16



6-2 Modify proc.sv

ap_clk

* Instantiate avg_filter 0 in proc.sv an_rst OU_I[15:0] bm
in_t15:0]

logic signed [13:0] filt i, filt o;
assign filt 1 = gain 0;

avg filter 0 1 filt (
.ap clk (clk 1),

.ap rst (~rstn 1),
.in r (f11t 1),
.out r (filt o)

) ;

assign dat b o = filt o; // filtered data to CH2

17



6-2 Modify proc.sv

* Modify ID in proc.sv

* this is useful for tracking bitstream

always comb begin
unique case (sys addr[19:0])
: sys rdata
: sys rdata
default: sys rdata
endcase

nmnn
—~—

end

’
, gain};

o
4

// read 1D
// read gain register

18



6-3 Synthesize and Generate Bitstream

* Generate Bitstream
* Runs Synthesis, Implementation and Generate Bitstream

* In TCL Console change directory to your project folder and run tcl script
source ./format.tcl producing final proc.bit.bin



6-4 Upload to Red Pitaya

* Connect to Red Pitaya with Bitwise SSH Client
* upload proc.bit.bin

e open New terminal console
./set.sh proc.bit.bin

Note: to actually change FPGA content, you should close Oscilloscope
web application (if it is open) and open it again!



6-5 Test with Web Application

* Open web browser at http://192.168.1.15/

* Click Oscilloscope Application

* Check in terminal console that your FPGA bitstream is loaded. Monitor
content of register at address 0x40300050, the response should be

Oxfe250005
e Using terminal set data_loop: monitor 0x4000000C 1



http://192.168.1.15/

6-5 Test with Web Application

* Generate sine wave: 1 MHz, 0.5 V at OUT1
e observe IN1, OUT1 and IN2 (vertical setting 500 mV)

e change frequency to 10 MHz and observe IN2
e you should notice amplitude decrease
e even more for 16 MHz or with square wave

22



6-6 Test With Bode Analyzer

* Run Bode Analyzer from the Red Pitaya web applications
* Using terminal set data_loop: monitor 0x4000000C 1

e Use Settings to define observed frequency range (1 MHz to 60 MHz),
number of sample points and run analysis

< #A é-redpitaga

23



High-Level FPGA Design

Lab 7: HLS Design of FIR Filter

In this lab you will:

* Design a low pass Finite Impulse Response (FIR) filter

e Simulate FIR response using different data types

e Synthesize circuits with streaming interface

* Prepare the FIR design for IP integration (required for Red Pitaya)

2| FE CC CHIP S
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Finite Response (FIR) Filter Design Tools

* FIR Filter Design: https://www.arc.id.au/FilterDesign.html

* FIIIR!: https://fiiir.com/
 TFilter: http://t-filter.engineerjs.com/

N—
Z i| *x[t—i]

(=0

25


https://www.arc.id.au/FilterDesign.html
https://fiiir.com/
http://t-filter.engineerjs.com/

Demo FIR Specs

e Sample rate: 125 MHz

* Low Pass FIR, 23 taps

c[e-11] =
e passband 0 — 10 MHz, max. ripple 1 dB,

0.00800359,

* transition band: 10 MHz — 20 MHz 0.00654945,
* stopband: 20 MHz - 62.5 MHz, attenuation: -40 dB 0.00047600,
“ ribple bounds -0.01343992,

desired gain
Il actual gain

-9.02990277,
-0.03805095,
-0.02525160,
0.01549010,
0.08019417,
0.15248278,
0.20948838,
9.23108817,




Lab Sources

* Project folder structure




/-1 Create a New Vitis HLS Component

Create Component..., Create Empty HLS Component

Component name: fir_hls
Configuration File: Empty File

Add Source Files: fir.cpp, fir.h

e Top function: fir
Add only first Test Bench File: tb_fir.cpp
Part xc7z010clg400-1, clk=8ns



defi
7_ 2 F | R h e a d e r fyre)ecljgi !piiixed( »1,AP_RND,AP_SAT> DATA_T;

typedef ap_fixed<14,1> COEF_T;
static const COEF_T coef_r[N] = {

* Data types: DATA T, COEF_T, ACC_T
* Const: N=23
 Array of coefficients

- - - - - - - - - - - - - - - - - - - - - -

}s



/-2 FIR Function

e Use streaming interface

e Add shift and multiply-
accumulate loop

N—1
cli] * x|t — i]
=0

#include "fir.h"

void fir(

)
{

hls::stream<DATA T> &in,
hls::stream<DATA_T> &out

static DATA_T shift r[N];
ACC_T acc = 03

while (!in.empty()) {
DATA T x = in.read();
DATA T acc = 0;

// add your FIR logic
out.write(acc);

30



/-3 Simulation: Impulse response

static const COEF_T coef_r[N] = {

* Test Bench generates impulse 000800359,
* Verify expected output apeteitss

-9.02990277,
-0.03805095,
-0.02525160,

e compare with coefficients

Impulse response: 0.08019417,
[TB] ©.00793457 0.15248278,

0.20948838,
[TB] ©.00646973 0.23108817
[TB] 0.000366211 0. 20948838,
[TB] -0.0135498 0.15248278,
[TB] -©.0299072 g-gigiggig,
[TB] -©.0380859 _@.6252516@:
[TB] -0.0252686 -0.03805095,
[TB] ©.0153809 -9.02990277,

-0.01343992,
[TB] ©.0800781 0. 00047600,
[TB] ©.152466 0.00654945,
[TB] ©.209473 0.00800359

[TB] ©.231079 };



/-3 Simulation: Sine Sweep

e Delete current and add New Test Bench
tb2_ fir.cpp

* update output
file path

VITIS EXPLORER o Welcome vitis-comp.json G+ b2 fircpp

o VITIS.VITIS COMPONE.. + 7 © A kproj » src » 07_fir » C+th2_fircpp » ...

17 std:istring sl = s.str();
||"— 1 _;‘
i Run S|mU|at|0n o fir_hls [HL3] 9 for (char & @ s51) if (c == '"."J c = ",";

» Settings

return s1;
» Includes

° Open Output ¥ Sources
~ Test Bench

testfir.csv 5 { “

. G+ tb2_fir.cpp 26 std: :ofstream csv("c:/kcproj/testfir.csv");
with Excel > Outpu
| ) I8 if (lesv.is_open()) {
» # gain_hls [HLS] 29 std::cerr << "Error opening CSV file\n";
> gain_ip [HLE] 50 e
z n!
31 kL

32



/-3 Simulation: Sine Sweep

Excel

* select first three data columns and display scatter chart

B R Ea D A N ,

Vrtilna Priporoene Tabela Obrazci  llustracije | Potrditveno | Priporoeni W~ [I]]] v mE Zemljevidi  Vrtilni 15
tabela ~ wrtilne tabele ~ A palje grafikoni eDV Lv w grafikon ~

Tabele Kontralniki Raztreseni
Al v i fiv n °e o R ;' hd 1
o
A B C D E [ G H (e e
1|n X I freq
2 0 0,050293 0,000366| 1000000 M M 05
3 1 0,105225 0,001221| 1098000
4 2 0,164795 0,002075| 1196000
5 3 0,228638 0,002197| 1294000 Mehuréni
6 4 0,296021 0,001099| 1392000 ® [ 0
7 5 0366699 -0,00232| 1490000 05 03 0
8 6 0,439697 -0,00708| 1588000
9 7 051416 -0,01184| 1686000 e . ) )
10 8 0,588867 -0,01257| 1784000 122 yec rotresenin grfikonov . 05
1 9 0662598 -0,00562| 1882000
12 100 0,733765 0,012207| 1950000
-1

-15



7-4 C/RTL Cosimulation

* Run Cosimulation, set: cosim.trace_level = port
* From REPORTS open Wave Viewer

e Observe circuit interfacecontrol signals and input and output data
e setin_r and out_r Radix to Decimal and Format Analog

» [ AESL_inst_fir_activity
W ap_clk
w ap_rst

| .‘ | I" | "|| ”| | “n||w |'|”||' Hi '| M \'” t \'1!“\[\\ \\" | \'l '\‘ \}' I M \W}'\\ \'\ (W \}

—-l---------I
._-—— i
,— -!l

_-________.




/-5 Design Space Exploration

* Run C Synthesis and check Performance & Resource Estimates
* Add directives UNROLL on both loops and pipeline on function fir()
* Change coefficients data type COEF_T to 6-bit fixed point

Circuit Latency Interval DSP FF LUT
fir, no directives 32 1 17 1905 2835
fir, pipelined

fir, pipelined,
6-bit COEF_T



/-5 Design Space Exploration

* Run C Simulation with different fixed point and Verify:
* Output performance compared to initial design
* Note higher ripple when less bits are used for coefficients

| M“l

0 %C 0 200 300 400 500

il H“

X Y Y14



/-6 |IP Component

e Add directive: INTERFACE, ap_ctrl none
* Run C Synthesis

* Run PACKAGE
* set output file: fir_ip and description: HLS FIR component



*7-7 FIR with Variable Coefficients

* Make a new HLS component
* right click hls_fir in VITIS EXPLORER and Clone Component, name: hls_fir2

e Edit fir.h

* make declaration of coefficients as a function parameter
* COEF_T should be 8-bit values, rename variable to coef

typedef ap fixed< 4,1 AP END AP SAT> DATA T:
typedef ap fixed<®,I>» COEF T;

typedef ap fixed<l<,l AP BND AP SAT> ACC T;
void fir|

const COEF T coef r[H],

hl=s::stream<DATA T> &in,

hls::stream<DATA T> &out
} ;

const COEF T coef[N] = {
0.008003545,
0.00654945,
0.00047600,




~

icients

*7-7 FIR with Variable Coe

* Update function declaration in fir.cpp

e Update fir() function call in the Testbench tb2_fir.cpp (line 69)
fir(coef, in stream, out stream);

* Run C Simulation to Verify the changes

* Run C Synthesis

* Observe HW Interfaces, HLS used dual-port ROM interface to access an array of
coefficients

* Sequential ROM access pipelined prevents FIR operation with interval =1

 Add INTERFACE Directive to parameter coef_r, define mode: ap_memory,
storage type:rom_1p

* Run C Synthesis



~

icients

*7-7 FIR with Variable Coe
* Remove INTERFACE Directive

* add ARRAY_PARTITION Directive .
to parameter coef r @ sourcerie () ConfigFie
* Run C Synthesis
* Observe P&R Estimates and HW interfaces ’:P o !

* The circuit has 24 ports for coefficients and is able
to run pipelined FIR



High-Level FPGA Design

Lab 8: RedPitaya Project with FIR Filter

In this lab you will:
* Include FIR filter IP to the RedPitaya Vivado project
* Verify FIR operation on RedPitaya using Bode Analyser

OF LJUBL]JANA | Electrical Engineering

2| FE CC CHIP S
UNIVERSITY | Faculty of S o EnTER




8-1 Add FIR IP to Red Pitaya Project

* Open the project from Lab 6

* Locate HLS FIR filter IP component folder

e Use Vivado Project Settings add hls_fir repository
* Add Fir IP to the Project

-

- ap clk in_r =+ ||

- ap rst out r 4 "
-




8-2 Modify proc.sv

e Open proc.sv and change avg_filter instance to fir_O

* Modify signal connections to match streaming interface:
* in_r_empty_n connected to 1 (always ready data source)
 out_r_full_n connected to 1 (always ready sink)

fir 0 1 filt (
.ap_clk (clk 1),
.ap rst (~rstn 1),
.1n_r dout (gain o),
.1n r empty n (1'bl),
.out r din (filt o),
.out r full n (1'bl)

)




8-3 Generate Bitstream and Upload

* Generate Bitstream
* Runs Synthesis, Implementation and Generate Bitstream

* In TCL Console change directory to your project folder and run tcl script
source ./format.tcl producing final proc.bit.bin

* upload proc.bit.bin to Red Pitaya

* In Bitwise SSH Client Open New terminal console
* run ./set.sh proc.bit.bin

* Open web browser at http://192.168.1.15/ and click Bode Analyser
* Using terminal set data_loop: monitor 0x4000000C 1

* Run Analysis


http://192.168.1.15/

3-4 FIR Frequency response
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