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1 Introduction

This application note and the accompanying evaluation package describe implementation of
adaptive recursive least square Lattice filters on STM32H7 microcontrollers. Lattuce filter
serves for adaptive estimation of an acoustic channel. It can be used for active noice
cancellation. In ultrasound based hand gesture GUI applications, the Lattice filter can be
used as part of an electronic detector of presence of hand and improves quality of hand
distance measurement by removing of acustic reflections from static distant objects.

1.1 Objective of this Application Note and Evaluation Package

We describe:
e Installation STM32CubelDE and STM32CubeMX tools on Win 11 Pro PC.
e Installation, compile and test adaptive lattice filter test applications for several
STM32H7 Nucleo 144 boards:
0 NUCLEO-H723ZG,
0 NUCLEO-H743ZI12,
0 NUCLEO-H7A3ZI-Q,
0 NUCLEO-H755ZI-Q.
e Installation and use of Scilab package for generation of test data, execution of
adaptive lattice filter and cration of reference results for STM32H7 projects.

2 Installation of STM Development Tools on PC

2.1 Installation of STM32CubelDE
Go to:

https://www.st.com/en/development-tools/stm32cubeide.html

Install the latest release of the Integrated Development Environment for STM32:

STM32CubelDE

Version: 1.14.1

Build: 20064 20240111 1413 (UTC)

(C) 2024 STMicroelectronics ALL RIGHTS RESERVED

2.2 Installation of STM32CubeMX
Go to:

https://www.st.com/content/st com/en/stm32cubemx.html

Install the latest release of the STM32Cube initialization code generator

STM32CubeMX
Version: 6.10.0

2.3 Install Adaptive Latice Test Projects for STM32H7 boards

Copy and unzip content of directories with projects from evaluation package

STM32Cube FW_H7_V1.11.1\Projects\ NUCLEO-H723ZG\
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STM32Cube FW_H7_V1.11.1\Projects\ NUCLEO-H743ZI\
STM32Cube_FW_H7_V/1.11.1\Projects\ NUCLEO-H745ZI-Q\
STM32Cube FW_H7_V1.11.1\Projects\ NUCLEO-H7A3ZI-Q\

to
<install_path>\STM32Cube\Repository\STM32Cube_FW_H5_V1.1.1\Projects\

Copy directory with support drivers from evaluation package

STM32Cube FW_H7_V1.11.1\Drivers\Adafruit_Shield\

to

<install_path>\STM32Cube\Repository\STM32Cube_FW_H5_ V1.1.1\Drivers\ Adafruit_Shield

2.4 Import Adaptive Lattice Test Project to STM32CubelDE

Open STM32CubelDE tool and select es workspace the directory

<install_path>\STM32Cube\Repository\STM32Cube FW_H7_V1.11.1\Projects\NUCLEO-
H723ZG\Demonstrations CM7_45f lat-If-d6-1

Start a project
Welcome to STM32CubelDE

Whal's new

Stancaslons STMIZ Tool

[ ————
@

Cluick links

L]
L]
L]
L]
L]
L]

oo X
‘:.t
>
g

Close velcome page.
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[T Demonstrations CM7_45f lat-l-d6-1 - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help & myST

(O-HR -4 I ig- 8- -G -iH -0 -Q-inidi®s

[

=g
B% Y §

There are no projects in your workspace.

To add a project:
Creste a new Makefile project in o
directory containing existing code

[EY Create a new C or C++ project
[I Creste a New STM32 project

Creste a New STM32 Project from en
[ Existing STM32CubeMX
Cenfiguration File Liod)

[I Crestes a new STM32 CMake Project
% Creste a project...
23 Import projects...

[ Project Explorer 3

= [m] X
LERURSTRE TR Rl N I
Q g

= B8 Fou. X @Bu. = 8

There is no active editor that
provides an outline.

[22 Problems 3 £ Tasks @& Console [ Properties = B [ Build Analy... X tatic Stack... (@) Cyclomatic.. =
7§ o8
Ditems
Description - Resource
P Memory Regions | Memory Details|
Region Startaddress  Endaddress  Size
Select: File & Import ->  Existing Projects into Workspace
Click on Next
- .
[ Demonstrations CM7_45f lat-If-d6-1 - STM32CubelDE = [m} *
File Edit Source Refactor Navigate Search Project Run Window Help XL myST
New Ateshift-N> @ vidE v Qv Quvinidide g BErifi-f-roFe-o- |0
OpenFi Q m|@E
3 Open Projects from File System... =8 o x @m. =8
Recent Files >
Close Editor Ctrl+W There is no active editor that
Close All Editors Ctrl Shift=W provides an outline.
Save Ctrl+S
Save As..
Save All Ctrl+Shift+5
Revert
Move...
Rename... F2
7 Refresh =]
Convert Line Delimiters To >
Print. Ctrl+P
i Import..
i Export..
Properties Alt+Enter
Switch Workspace >
Restart
Exit
['[E] Problems % | Tasks [ Console [C] Properties = H ild Analy... 3 2= Static Stack.. (@) Cyclomatic.. =
v 3 o8
0 items
Description - Resource
SerP “Memory Regions| Memory Details |
Region Start address End address Size
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[ Import = O X

Select

Create new projects from an archive file or directery, @

Select an import wizard:
type filter text

w = General
& Archive File
=% Existing Projects into Workspace
(= File System
G Import ach System Workbench for STM32 Project
m Import an Existing 5TM32CubeMX Configuration File (iicc)
E] Import Atollic TrueSTUDIO Project
m Import 5TM32Cube Example
[T Preferences
[ Projects from Folder or Archive
> = GG+
» [ Install
» [= Run/Debug
> [= Team

@ < Back

Finish Cancel

Click on Next. = Click on Browse. = Click on Select Folder

E Import = m] *
Import Projects
Select a directory to search for existing Eclipse projects.
|
© Select root directory: ‘ ~ | [ Browse... ]
() Select archive file: ‘ v | Browse...
Projects:
Select All
Deselect All
Refresh
Options
8 Search for nested projects

(] Copy projects into workspace

[_] Close newly imported projects upon c
[ Hide projects that already exist in the workspace

Working sets
(] Add project to working sets New...
Working sets; ~ Select...
@ < Back Mext = Finish Cancel
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([ select Folder X
¢ >~ 4~ T « Projects > NUCLEQ-H723ZG > Demonstrations_CM7_45f lat-If-d6-1 > w @] Search Demonstrations_CM... 0
Organise « MNew folder = - (7]

~ @ OneDrive - Personal MName : Date modified Typ:

7 Desktop T .metadata 07/03/2024 12:40 File

3 T Dokumenty T EWARM 07/03/2024 09:02 File

3 T Pictures Tine 07/03/2024 09:02 File

T Lib 07/03/2024 09:02 File

{0 Desktop ’ = MDK-ARM 07/03/2024 09:02 File

L Downloads . “sie 07/03/2024 09:02 File

E Documents » T STM32CubelDE 07/03/2024 09:02 File
P9 Pictures »
o Music »
£ videos *

Folder: |
[W Cancel

Click on Finish

[T Import = [m] X
Import Projects
Select a directory to search for existing Eclipse projects.
|
© Select root directory: | Ci\Users\kadle\STM32Cube\Repositon\ ST | Browse...
() Select archive file: o Browse...
Projects:
B STM32CubelDE (C:\Usershkadle\STM3I2Cube\Repositon STM32Cu Select All
Deselect All
Refresh
Qptions
B Search for nested projects
] Copy projects into workspace
[_] Close newly imported projects upon completion
[_J Hide projects that already exist in the workspace
Working sets
[] Add project to working sets New...
Working sets: ~ Select...

@ < Back Next > Finish Cancel

Inported project
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Reference project is created.

Select release target. > Select Compile.
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b (= User L]
+ [ Detug VELERE (€] 2019 esemies, »
» i boc ghee zemeTved. L4
3 2 Drivers "
3 2 Middlewsres "
3 [ Relesse "
+ = Utiltes "
1§ STMuICekeDLisunsh #
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18 -
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5 Fae AT
& P chad)
* Frivate uypedef
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sy ey ¥ A T e TRFe ST R S CE — STMO2CUbaIOR atf - /STMECUbMDE Refonsa - Mar 7, 2024, 12:51:41 P
Fiaisned Bullding target: STHIZCubEIDE.elf ey Rrgiom |
e Fi Regren Sert address End address S Free Used iage (%)
sgumg n -8 s e EAMEAM  DOOXO00  CeDO0ONY HEE kR 113 [
mewr  dara  bas  des  mex filemame E=ram DRS00 OuBOMHT 30K8 mm a2 s
135260 153 43TSI 178340 Ibolc STHIICubelDE.elf =roM TROBXO0C0  DuOS0MNY 1024 KB HRE 13228 KB s
Finished Duilding: default.size.ssdous
Finished buildings STHISCubeISE. linc
12151:42 Build Finished. 0 errors, 1 warnings. (ccok 2s.284ms) |
3 sTszcubeng
Run Configurations. 7 [m] X
I
Create. manage. and run configurations @
CReRXBY- Mame: STM32CubelDE (1)
type filter text Main| %5 Debugger| b+ Startup | & Source| [ Commen|
[€] C/C++ Application ) Project
[€] C/C++ Remote Application
7 Launch Group STM32CubelDE Browse...
w [ 5TM32 C/C++ Application ¢/C++ Application:
[ STM32CubelDE
Release/STM32CubelDE elf Search Project... Browse...
[ STM32CubelDE (1) )
Build (if required) before launching
Build Configuration; | Select ~
(O Enable auto build (O Disable aute build
© Use workspace settings Configure Workspace Seftings...
Revert Appl
Filter matched 6 of & items == L]
®

Flash to STM32H7 board
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|

7.3.2024 13:44

Initial display on STM32H723ZI board
FA
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Result
aUeas
KFLQP/ =

7.3.2024 13:44

Final display on STM32H723ZI board

The display presents the measured performance of implemented Lattice filter.

The message PASSED or FAILED indicates if the Lattice filter results computed on the board
is identical with reference PC Scilab data.
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Demonstrations CM7_45f lat-If-d1-1

Demonstrations CM7_45f lat-If-d1-3

Demonstrations CM7 45f lat-If-d3-1

Demonstrations_ CM7_45f lat-If-d4-1

Demonstrations CM7_45f lat-If-d5-1

Demonstrations CM7_45f lat-If-d6-1

Defined projects

Evaluation data contain 1500 samples of system input and reference Lattice filter output
generated in PC Scilab framework. Time variable stochastic discrete system is modelled by
time variable FIR filter. Two time variable parameters are displayed parameters.

e Pinq top signal is modelled system input.

e Green bottom signal is filtration error produced by adaptive recursive Lattice filter.
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Demonstrations_ CM7_45f lat-If-d1-1
Project performs adaptive recursive identification by Lattice filter with order N=3 and
persistent input (white noice on input).

Demonstrations_ CM7_45f lat-If-d1-3
Project performs adaptive recursive identification of Lattice filter with order N=3 and peripd
from steps 501 to step 1000 with non-persistent excitacion (sinus on input).

Demonstrations_ CM7_45f lat-If-d3-1
Project performs adaptive recursive identification by Lattice filter with order N=23 and
persistent input (white noice on input).

Demonstrations_CM7_45f_lat-If-d4-1
Project performs adaptive recursive identification by Lattice filter with order N=1024 and
persistent input (white noice on input).

Demonstrations_CM7_45f_lat-If-d5-1
Project performs adaptive recursive identification by Lattice filter with order N=512 and
persistent input (white noice on input).

Demonstrations_CM7_45f lat-If-d6-1
Project performs adaptive recursive identification by Lattice filter with order N=768 and
persistent input (white noice on input).

Setup and compilation of Demonstrations_CM7_45f lat-If-d6-1 project has been described in
detail for the target board STM32H723ZI. It can be repeated for all data sets

2.6 Performance Lattice Demonstrations_CM7_45f lat-If-d6-1

Table compares performance of STM32H7 devices for Demonstrations_CM7_45f_lat-If-d6-1
project.

STM32 Nucleo144 evaluation boards.

Power was measured on Vdd pin of the device.

Lattice N=256, Lattice N=768 MFLOPS | POWER [W] MFLOPS/W
STM32H743, 400 MHz CM7 59.19 0.452 130.9
STM32H723, 520 MHz CM7 80.64 0.498 161.9
STM32H7A3, 280 MHz CM7 42.84 0.174 246.1
STM32H755, 200 MHz CM4 23.62 0.349 67.5

Measured performance of STM32H7 devices

3 Scilab Reference Simulations

The reference time variable stochastic system, input data, the adaptive recursive Latttice
filter and output data are modelled in Scilab.

https://www.scilab.org/
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3.1 Lattice referencein Scilab
The simulation can be configured by parameters in Scilab scripts.

The Lattice filter is implemented in C and compiled into shared object library. This library is
called from scripts interpreted in Scilab 6.1. Scilab 6.1 is a major new release of Scilab, the
open-source platform for numerical computation.

lame

/Seilab/scilab DSP_1 12/test/test 45f_Lat/Lf_test_d6 1 45f.sce',-1)

EEEEEEEEEEE

§
:
g

<
LLLLLLL Y. | [afsjalsiala) "E.}‘

Scilab 6.1

Scilab scripts generate input and output data for the files STM32H7 projects in form of
header files. These data header files can be copied into STM32CubelDE projects.

Projects are recompiled in STM32CubelDE tool and flashed to the supported STM32H7
boards.

The accompanying evaluation package is packed in the directory
Scilab_DSP_1 12

It includes Scilab scripts and several shared object libraries with precompiled C code
compatible with Scilab tool installed in Ubuntu 20.04.6 LTS. Data vectors and matrices
defined in Scilab are stired in double precision floating point format.

The precompiled C code Lattice algorithm includes input and output conversion to single
precision floating point data representation. All Lattice filter computation is performed in
single precision floating point.

Scilab tool is called from user terminal in Ubuntu 20.04.6 LTS
MESA _GL_VERSION_OVERRIDE=3.0 scilab &

The define MESA_GL_VERSION_OVERRIDE=3.0 is needed to support rendering of plots
generated by Scilab running on Ubuntu 20.04.6 LTS.

Result of simulation in Scilab can be displayed on the Ubuntu 20.04.6 LTS desktop.

signaw processing .
https://sp.utia.cas.cz

‘_’@ Akademie véd Ceské republiky ; © 2024 UTIA AV CR, v.v.i.
Ustav teorie informace a automatizace AV CR, v.v.i. All disclosure and/or reproduction rights reserved



	1 Introduction
	1.1 Objective of this Application Note and Evaluation Package

	2 Installation of STM Development Tools on PC
	2.1 Installation of STM32CubeIDE
	2.2 Installation of STM32CubeMX
	2.3 Install Adaptive Latice Test Projects for STM32H7 boards
	2.4 Import Adaptive Lattice Test Project to STM32CubeIDE
	2.5 Flash the STM32H723ZI board
	2.6 Performance Lattice Demonstrations_CM7_45f_lat-lf-d6-1

	3 Scilab Reference Simulations
	3.1 Lattice reference in Scilab


