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CMSIS-DSP Library

 Alibrary of common DSP functions written in C using intrinsics
» Source and object (.lib) files provided
» Separate functions for operating on 8, 16 and 32-bit ints and 32-bit floats

A collection of 61 algorithms including:
« Basic maths: vector multiply, add, subtract, scale, shift, negate...
« Statistics: root mean square, mean, standard deviation...
» Fast maths: sine, cosine, square root...
« Complex maths: conjugate, dot product, magnitude, multiply by real...
* Filters: FIR, IIR, convolution, correlation..
» Matrix algebra: addition, multiplication, scale...
« Transforms: Fast Fourier, discrete cosine...
» Controller: PID motor control, (Inverse)Park transform, (Inverse)Clarke transform...
« Interpolation: linear and bilinear...
» Support functions: type conversion, copy, fill...

- Provided free of charge by ARM DSP)))
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CMSIS 2.0.0: DSP Software Library on Cortex-M3
M4 and M4F (1/2) =

= Filtering Functions
 Biquad Cascade IIR Filters Using Direct Form |

* Basic Math Functions
» Vector Absolute Value
» Vector Addition, Substraction

Structure
» Vector Dot Product  Biquad Cascade IIR Filters Using a Direct Form
» Vector Multiplication Il Transposed Structure
 Vector Negate  High Precision Q31 Biquad Cascade Filter
« Vector Offset « Convolution

. Vector Scale « Partial Convolution
 Vector Shift © Correlation
* Finite Impulse Response (FIR) Decimator
* Fast Mqth Fl_mCtionS * Finite Impulse Response (FIR) Filters
* Cosine, Sine « Finite Impulse Response (FIR) Lattice Filters

* Square Root « Finite Impulse Response (FIR) Sparse Filters
* Complex Math Functions  Infinite Impulse Response (IIR) Lattice Filters

« Complex Conjugate « Least Mean Square (LMS) Filters

» Complex Dot Product  Normalized LMS Filters

* Complex Magnitude * Finite Impulse Response (FIR) Interpolator

« Complex Magnitude Squared
« Complex-by-Complex Multiplication

‘—' Complex-by-Real Multiplication
> /4
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CMSIS 2.0.0: DSP Software Library on Cortex-M3

* Matrix Functions
» Matrix Addition, Substraction
« Matrix Initialization
e Matrix Inverse
« Matrix Multiplication
* Matrix Scale
* Matrix Transpose

* Transform Functions
 Complex FFT Functions
« DCT Type IV Functions
* Real FFT Functions

« Controller Functions (Motor Control)
* Sine Cosine
« PID Motor Control
« Vector Clarke/Inverse Clarke Transform
» Vector Park/Inverse Park Transform

M4 and M4F (2/2)

Statistics Functions

Maximum

Mean Minimum

Power

Root mean square (RMS)
Standard deviation
Variance

Support Functions

Convert 16-bit Integer value
Convert 32-bit Integer value
Convert 32-bit floating point value
Convert 8-bit Integer value
Vector Copy

Vector Fill

Interpolation Functions

Linear Interpolation

Bilinear Interpolation WWW.EMCU.IT
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Hands-On n.3 — DSP

QJGMSIS CMSIS'DSP Version 1.4.6

COMPLIANT
Sy CMSIS DSP Software Library
General Core | Driver RTOS API | RTX | Pack | SVD | DAP |
Usage and Description | Reference | Q- Search
¥ CMSIS-DSP -
ey CMSIS DSP Software Library
Change Log
Deprecated List Introduction

o IEETEEE This user manual describes the CMSIS DSP software library, a suite of common signal

b Data Structures processing functions for use on Cortex-M processor based devices.

» Data Fields
The library is divided into a number of functions each covering a specific category:

Basic math functions
Fast math functions
Complex math functions
Filters

Matrix functions
Transforms

Motor control functions
Statistical functions
Support functions
Interpolation functions

CMSIS DSP Software Library

ARM Cortex-M7 Processor Technical Reference Manual

Lab-in-a-Box for Digital Signal Processing (DSP) Course
KYI
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http://www.arm.com/support/university/educators/dsp/index.php

Hands-On n.3 — DSP mn

This Hands-On is composed of project
« Audio Player

The Audio Player exploits the STM32F7 audio peripheral to
play (optionally filtered) audio traces
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Hands-On n.3 — DSP, Audio Player

Goals of this Hands-On are release to you a kit of functions

 FFT computation

« Show the better quality of a (long) convolution FIR filter w.r.t.
lIR filters

« Show the better performance (time) of IR filters w.r.t. a (long)
convolution FIR filter

« Show how IIR-Q15 filter dramatically increase the
performance (SIMD instructions)

« Show how filters cut-off frequencies
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 Plays audio traces previously sampled at 16KHz

 Traces are transferred to audio peripheral from internal Flash
memory through DMA

» A double buffer strategy is implemented

 The left and right channels are shown on the LCD screen
* The user can choose the filter to apply to the audio trace
* The filtering time is shown on the screen

 Optionally the Fourier Transform of the playing audio is shown
on the screen at real time
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Hands-On n.3 — DSP, Audio Player mm

Connect your headphones
to hear the audio
generated.

(Green Jack)
_KYI
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Hands-On n.3 — DSP, Audio Player

Four targets are available
 Two tones
* Three tones
« Shower
« Jethro Tull

Each target enables a specific filter implementation, for each of
these filter types

* FIR Windowed SincQ15 (FIR-WS)

* FIR Moving Average(FIR-MA)

* [IR BiguadCascade F32(1IR-F32)

* |IR BiguadCascade Q15(1IR-Q15)
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Hands-On n.3 — DSP, Audio Player

* FIR-WS coefficients (128) have been computed using a
Kaiser-Bessel filter designer available at
http://www.arc.id.au/FilterDesign.html

* FIR-MA impulse response is always a rectangular pulse of
ten points and unit area

* IR F32 and Q15 coefficients have been computed using an
lIR filter designer available at
http://www.earlevel.com/main/2013/10/13/biguad-
calculator-v2/

 Other tools can be used, e.g. Scilab

WWW.EMCU.IT
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Hands-On n.3 — DSP Two Tones

* The audio trace is composed of two superposed tones
* A pure tone at 440Hz
* A pure tone at 1000Hz

* All the filter types implements a low pass filter at a cut-off
frequency of 500Hz

Open the example:
C:\..\SILICA-STday2015 M7 _ PoliTO\HandsOn\05 DSP\audio_player
Select: two_tones

Compile and Run

T CASILICA-5Tdayh SILICA-5T day2015_M7_PoliTO\HandsOnm\05_D5Phaudic_player\audio_player.uvprojx - pVision
File Edit Wiew Project Flash Debug Peripherals Tools SVCS  Window Help

=" N- Iy - | | m | == 0 | &
cite | W MK EZ 6o
. two tones -
Project - three_tones -5 J miain.c
=% Project: audio_player ?;ﬂt":f;u” ad = get_filtered data(left_stream,
H-%5 two_tones N | g2 ctl.fptr = data_read; WWW.EMCU.IT
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Hands-On n.3 — DSP Two Tones

Filtering time=0

TSP Left Channel

e unr
| 1| pal ¥l LN A |
[ | ) | \| 8 [ | YT
i) ! R LW LI \" : Ul
| ‘ ! | ' [ | ! | \l
300 350 480 45

. R-ps Right Channel

Enable Left and Right Channel

Connect your headphones

to hear the audio

generated. WWVLEMCL. LT
(Green Jack) P
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Hands-On n.3 — DSP Two Tones

Filtenng time=0

‘
IIR filters |

i FIR fllters e Enable
. RAla AR & BN M., N a0

\i
1
29 150 2o 250 309 356 480 456
—I_l-,

Connect your headphones

to hear the audio

generated. WWYLEMEL. [T
Lys _ (Green Jack)
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Hands-On n.3 — DSP Three Tones

Select: three tones
Compile and Run

E CASILICA-STday\SILICA-5Tday2015_M7_PoliTOWHandsOnm\05_DSPhaudio_pla
File Edit View Project Flash Debug Peripherals Tools 5SVCS  Wir

NEdad| s @l o o | RAR|E

F F i

& (8 B @ o] 98 f[tnreetones BV -EER 2
: two_t

e 7 thre s s L] _main.c

= Project: audio_player ||shower
jethro_tull
b e B

45 three_tones —hert float coe
[ src 445 arm float to gl5 ((f
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* The audio trace is composed of three superposed tones
A pure tone at 440Hz
A pure tone at 1500Hz
A pure tone at 3500Hz

* The FIR-WS implements a band pass filter, with pass band
within 1200Hz and 1700Hz. It will isolate the tone at 1500Hz

* The IIR-F32 implements a high pass filter at a cut-off
frequency of 3000Hz, isolating the tone at 3500Hz

* The IIR-Q15 filter implements a low pass filter at a cut-off
frequency of 500Hz, isolating the tone at 440Hz.
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Hands-On n.3 — DSP Shower

Select: shower
Compile and Run

E CASILICA-STday SILICA-5Tday2015_M7_PaliTOHandsOn\05_DSPYaudic_playeriauc
File Edit Wiew Project Flash Debug

Peripherals Tools SWVCS

Window
:ﬁﬁﬂﬁ| @]9 | - |i£'=i m| ==
@ e | 58 [showe Emam%o@@

two_tones
Prcuect 1 three tones xs | ] mainc
=% Project: audio_player | L=l
=45 shower Jethro tgll_ =
B src 430 T;’*
431 # hpplication entry point
[ traces s &
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* The audio trace is composed of a voice of a man singing
under the shower.
The shower noise resembles a random noise source

* The FIR-WS implements a low pass filter at a cut-off
frequency of 500Hz

* The FIR-MA performs the moving average of ten points

* [IR-F32 and IIR-Q15 implements a high pass filter at a cut-
off frequency of 3500Hz
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Hands-On n.3 — DSP Jethro Tull

Select: Jethro_tull
Compile and Run

E CASILICA-STdayh SILICA-5Tday2015_M7_PoliTO\HandsOnm\05_DSPhaudio_playeraudio_play
File Edit View Project Flash Debug Peripherals Tools 5SVWCS5 Window Help

NSd@| + c@] 9 o e | mRMN8|EEERE
& & e | [t K| e D@
two_tones

i i = three_tones s ] mainc

(=4 Project: audio_player Wms audio
-5 jethro_tull

Cd src 374 static void audio process(void)
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Hands-On n.3 — DSP Jethro Tull

IETHROY T 1) wf
JL i HJ‘\( 7 UL Chrysalis

 Let's rock !
LOCOMOTIVE BREATH

~
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LOOK INTO THE SUN

« The audio trace is an excerpt (the flute solo) of the
song “Locomotive Breath” by Jethro Tull
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* The FIR-WS filter implements a band pass filter with pass
band within 1200Hz and 1700Hz, isolating the FLUTE from
the other instruments (drums, guitars, bass)

* The IIR-F32 implements a 500Hz low pass filter, isolating
(mainly) the BASS DRUM from the other instruments.

* The IIR-Q15 implements a 3500Hz high pass filter,
Isolating (mainly) the CHARLESTON DRUM BEAT from
the other instruments
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Need more info ?

For more info contact:

enrico.marinoni@avnet.eu
(Digital FAE for STM - MCU, WireLess (loT), MEMS,
PLM, etc)

roberto.rossetti@avnet.eu
(B.D.M.)
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Thank you
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