ﬁ— UM1625
” life.augmented User manual

Biquad library
software expansion for STM32Cube

Introduction

This user manual describes the software interface and requirements of the Biquad (BIQ)
module. It describes how to integrate the module into a main program like the Audio
STM32Cube expansion software and it provides a rough understanding of the underlying
algorithm.

The BIQ library is part of X-CUBE-AUDIO firmware package.
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Module overview

Algorithm function

The BIQ module is a cascade of Infinite Impulse Response second order filters. The
coefficients of each second order section (SOS) can be configured independently. The
overall BIQ transfer function can thus be computed for many purposes: standard filter
design such as low-pass, high-pass, notch, peak, high-shelf and low-shelf or arbitrary
frequency response for transducer equalization.

The current implementation is using a 32-bit resolution for the coefficient format, which
allows extreme filter design (for example low-pass filter close to 0 Hz, high-pass filter close
to Nyquist frequency).

Module configuration

The BIQ module supports Mono and Stereo interleaved 16 or 32 bit I/O data, with a
maximum input frame size of 480 stereo samples. This limitation corresponds to a 10 ms
scheduling at a 48 kHz sampling frequency. The maximum number of the second order
section, which can be cascaded, is set to 10, which is a trade-off between the equalization
possibility and the computing load.

Several versions of the module are available depending on the I/O format, the Cortex Core
and the used tool chain:

e BIQ_CM4_IAR.a/BIQ_CM4_GCC.a/BIQ_CM4_Keil.lib: library with 16 bits
input/output buffers, running on any STM32 microcontroller featuring a core with
Cortex®-M4 instruction set

e BIQ _32b CM4 IAR.a/BIQ_32b CM4 _GCC.a/BIQ_32b_CM4 _Keil.lib: library with 32
bits input/output buffers, running on any STM32 microcontroller featuring a core with
Cortex®-M4 instruction set

e BIQ_CM7_IAR.a/BIQ_CM7_GCC.a/BIQ_CM7_Keillib: library with 16 bits

input/output buffers, running on any STM32 microcontroller featuring a core with
Cortex®-M7 instruction set

e BIQ_32b CM7 _IAR.a/BIQ_32b_CM7_GCC.a/BIQ_32b_CM7_Keil.lib: library with 32
bits input/output buffers, running on any STM32 microcontroller featuring a core with
Cortex®-M7instruction set

Resource summary

Table 1 contains the module requirements for the CPU, Flash, Stack and RAM memories
and frequency (MHz). The core frequency (MHz) value is an average measured on real
hardware.

Scratch RAM is the memory that can be shared with other process running on the same
priority level. Between two calls to BIQ routines, this scratch RAM can thus be re-used by
other processes.

3
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Table 1. Resource summary

BIQ Flash code | Flash data Stack Persistent | Scratch Frequency
/10 Core Configuration text .rodata (Byte) RAM RAM (MHz)
(Byte) (Byte) (Byte) (Byte)
1 SOS - Mono
48kHz - 16bits 1/0 069
M4 2446 8 70 600 4
10 SOS - Stereo 13.7
48kHz - 16bits I/O '
16bit
1 SOS - Mono
48kHz - 16bits 1/0 048
M7 2396 8 70 600 4
10 SOS - Stereo 96
48kHz - 16bits I/O )
1 SOS - Mono
48kHz - 32bits 110 0.73
M4 2510 8 70 600 4
10 SOS - Stereo 146
48kHz - 32bits 110 '
32bit
1 SOS - Mono 06
48kHz - 32bits 110 ’
M7 2456 8 70 600 4
10 SOS - Stereo 12
48kHz - 32bits I/0
‘Yl DoclD024470 Rev 4 7/34
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2

Module Interfaces

Two files are needed to integrate the BIQ module: BIQ_xxx_CMy_zzz.a/.lib library and
biquad_df1_cascade_glo.h header file. They contain all definitions and structures to be
exported to the application SW.

Note: The audio_fw_glo.h file is a generic header file common to all audio modules; it must be
included in the audio framework.
21 APls
Six generic functions have a software interface to the main program:
e biquad_df1_cascade reset
e biquad_df1_cascade_setParam
e biquad_df1_cascade_getParam
e biquad_df1_cascade_setConfig
e biquad_df1_cascade_getConfig
e biquad_df1_cascade_process
211 biquad_df1_cascade_reset function
This procedure initializes the static memory of the BIQ module and initializes static
parameters with default values.
int32_t biquad_dfl_cascade_reset (void *persistent_mem ptr, void
*scratch_mem ptr) ;
Table 2. biquad_df1_cascade_reset
110 Name Type Description
Input persistent_mem_ptr void * Pointer to internal persistent memory
Input scratch_mem_ptr void * Pointer to internal scratch memory
Returned value |- int32_t Error value
This routine must be called at least once at initialization time, when the real time processing
has not started.
21.2 biquad_df1_cascade_setParam function
This procedure writes module static parameters from the main framework to the module’s
internal memory. It can be called after the reset routine and before the start of the real time
processing. It handles the static parameters, i.e. the parameter with values which cannot be
changed during the module processing.
int32_t biquad_dfl_cascade_setParam(biquad_dfl_cascade_static_param_t
*input_static_param_ptr, void *persistent_mem_ptr) ;
8/34 DoclD024470 Rev 4 Kys
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Table 3. biquad_df1_cascade_setParam
110 Name Type Description
Input input_static_param_ptr | biquad_df1_cascade_static_param_t* Pointer to static parameters
structure
. - Pointer to internal persistent
Input persistent_mem_ptr void
memory
Retumed int32_t Error value
value -
21.3 biquad_df1_cascade_getParam function
This procedure gets the module static parameters from the module internal memory to the
main framework. It can be called after the reset routine and before the start of the real time
processing. It handles the static parameters, i.e. the parameters with values which cannot
be changed during the module processing.
int32_t biquad_dfl_cascade_getParam(biquad_dfl_cascade _static_param_ t
*input_static_param_ptr, void *persistent_mem_ptr) ;
Table 4. biquad_df1_cascade_getParam
/10 Name Type Description
Input input_static_param_ptr |biquad_df1_cascade_static_param_t * | Pointer to static parameters structure
Input persistent_mem_ptr void * Pointer to internal persistent memory
Returned int32_t Error value
value
214 biquad_df1_cascade_setConfig function
This procedure sets the module dynamic parameters from the main framework to the
module internal memory. It can be called at any time during processing.
int32_t biquad_dfl_cascade_setConfig( biquad_dfl_cascade_dynamic_param_t
*input_dynamic_param_ptr, void *persistent_mem_ptr) ;
Table 5. biquad_df1_cascade_setConfig
110 Name Type Description
Input input_dynamic_param_ptr |biquad_df1_cascade_dynamic_param_t * Pointer to dynamic parameters
structure
Input persistent_mem_ptr void * Pointer to internal persistent
memory
Retumed int32_t Error value
value -
21.5 biquad_df1_cascade_getConfig function

S74

This procedure gets module dynamic parameters from the internal persistent memory to the
main framework. It can be called at any time during processing.
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int32_t biquad_dfl_cascade_getConfig(biquad_dfl_cascade_dynamic_param_t
*input_dynamic_param_ptr, void *persistent_mem_ptr) ;

Table 6. biquad_df1_cascade_getConfig

110 Name Type Description
Input | input_dynamic_param_ptr |biquad_df1_cascade_dynamic_param_t * Pointer to dynamic parameters
structure
. - Pointer to internal persistent
Input | persistent_mem_ptr void
memory
Output int32_t Error value
2.1.6 biquad_df1_cascade_process function
This procedure is the module’s main processing routine. It should be called at any time, to
process each frame.
int32_t biquad_dfl_cascade_process (buffer_t *input_buffer, buffer_t
*output_buffer, void *persistent_mem_ptr) ;
Table 7. biquad_df1_cascade_process
110 Name Type Description
Input input_buffer buffer_t * Pointer to input buffer structure
Output output_buffer buffer_t * Pointer to output buffer structure
Input persistent_mem_ptr |void * Pointer to internal persistent memory
Output int32_t Error value
This process routine can run in place, meaning that the same buffer can be used for input
and output at the same time.
2.2 External definitions and types
221 Input and output buffers

10/34

The BIQ library is using extended 1/O buffers which contain, in addition to the samples,
some useful information on the stream such as the number of channels, the number of
bytes per sample and the interleaving mode.

An 1/O buffer structure type, as described below, must be followed; otherwise an error will be
returned:

typedef struct {

int32_t nb_channels;
int32_t nb_bytes_per_Sample;
void *data_ptr;
int32_t buffer_size;
int32_t mode;
} buffer_t;

3
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Table 8. Input and output buffers

Name Type Description

nb_channels int32_t | Number of channels in data: 1 for mono, 2 for stereo

nb_bytes per_Sample |int32_t | 16-bit = 2, 32-bit = 4

data_ptr void * | Pointer to data buffer (must be allocated by the main framework)
buffer_size int32_t | Number of samples per channel in the data buffer

. In case of stereo stream, left and right channels can be interleaved.
mode int32_t

0 = not interleaved, 1 = interleaved.

2.2.2 Returned error values

Table 9 contains the possible returned error values:

Table 9. Returned error values

Definition Value Description
BIQ_ERROR_NONE 0 No error
BIQ_UNSUPPORTED_INTERLEAVING_MODE -1 Input data is stereo/not interleaved
BIQ_UNSUPPORTED_NB_CHANNELS -2 Input data is neither mono nor stereo
BIQ_UNSUPPORTED_NB_OF_BYTEPERSAMPLE -3 Input data is not a 16 or 32 bit sample format
2.3 Static parameters structure

The Biquad coefficients are set using the corresponding static parameter structure before
calling the biquad_df1_cascade_setParam() function.

struct biquad_dfl_cascade_static_param {
uint8_t nb_sos;
int32_t Dbiquad_coeff[6*MAX NB_SOS];

Table 10. Static parameters structure

Name Type Description

Number of second order sections for the current configuration.

b int8_t
no_sos UMt | Valid range is [1:10]

Array of SOS coefficients and post-shift values. It contains 6 parameters for each
SOS. See Table 11: biquad_coeff structure.
biquad_coeff[] |int32_t For each SOS, coefficient values are computed with the following formula:

31 — post_shift
coeff; 13, = round(coeffy, x 2 )

3
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Table 11. biquad_coeff structure

SOS coefficient and post-shift values SOS

post_shift

b0

b1

15t S0S

b2

al

a2

post_shift

b0

2nd 508

a2

post_shift

b0

Last SOS

a2

2.4 Dynamic parameters structure

It is possible to change the Biquad configuration by setting the new coefficients in the
dynamic parameter structure before calling the biquad_df1l_cascade_setConfig()
function. An “enable” parameter is available to enable or disable the Biquad module.

struct biquad_dfl_cascade_static_param {

uint8_t
uint8_t

enable;

nb_sos;

int32_t Dbiquad_coeff[6*MAX _NB_SOS];

Table 12. Dynamic parameters structure

Name Type Description
enable uints t 0: no f!lterlng is do.ne, the output buffer is egual to the input buffer
- 1: the input buffer is processed and stored in the output buffer
) Number of second order sections for the current configuration.
nb_sos uint8_t . i
- - Valid range is [1:10]
Array of SOS coefficients and post-shift values. It contains 6 parameters for
each SOS. See Table 11: biquad_coeff structure.
biquad_coeff[] int32_t For each SOS, coefficients value are computed with the following formula:

31 — post_shift

coeff; 13, = round(coeffy x 2 )

12/34
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3.1

3

Algorithm description

Processing steps

The BIQ module is based on a biquadratic implementation of an infinite impulse response
(IIR) with two zeros and two poles. The second order section (SOS) equation is as follows:

a0x y(n) = b0Ox x(n)+b1x x(h-=1)+b2x x(n-2)-al1x y(n—-1)-a2x y(n-2)

All coefficients are normalized to a0, so that the final equation has 5 coefficients:

_ b0 b1 b2 a1l a2
y(n) = EX x(n)+£x x(n—1)+ﬁ>< x(n—2)—E>< y(n—1)—ﬁ>< y(n-2)
The direct-form | is the most straightforward code implementation and has the advantage of
being stable. The ‘numerator’ part is first computed, which lowers the risk of saturating and
the state variables can easily be bounded. a1 and a2 signs are reverted so that the equation
becomes a combination of multiple/accumulate operations.

Figure 1. BIQ module

yln]

y[n-2]

MS32027V1

For filters with an order greater than 2, it is possible to cascade up to 10 SOS. The result of
the previous SOS is used as the next SOS input:
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Figure 2. Cascaded BIQ modules

MS32066V1

3.2

14/34

Coefficients are represented as fractional values, restricted to [-1.0:1.0]. To allow
coefficients to exceed this range, a post-shift parameter is added in the SOS structure:

Figure 3. BIQ module with post-shift parameter

2 post_shift

y[n-2]

MS30776V1

The overflow is managed by saturating the output value to +/- 1.0. The input signal is scaled
down so that it prevents any overflow in case of a filter design with a gain < 1.0. In case of a
filter with a gain > 1.0, more scaling must be done on the filter coefficients or the input
signal, otherwise clipping will occur.

The processing loop can be of any size, with respect to the maximum number of samples
which is 960. But one should notice that the implementation is optimized with loop-unrolling
and is optimal for loop processing sizes which are multiples of 8.

Data formats

The input of a BIQ module is expected to be an audio stream, mono or stereo/interleaved, in
a 16 or 32 bit format. All operations are done with a 32-bit resolution.

3
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3.3 Performances measurements

3.3.1 SNR

The BIQ module is configured with bypass coefficients, and feed with full-scale sinusoid at
different frequencies. The SNR measurement is then performed at different frequencies and
compare to the input signal. Below is the plot of input/output SNR comparison:

Figure 4. SNR

SMR vs. Frequency - Bypass Coefficients Configuration
N

120

i I
i | —&— Input Signal (16hit quantized)
o —— Output Signal

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

SNR (dB)

D 1 1 1 1 1 F
0 10’ 10
Frequency (Hz)

One can see that SNR is not altered at all by the BIQ processing.
The SNR formula used is:

SNR = 10x |og1o(

SignaIEnergy)
NoiseEnergy

3.3.2 Frequency response measurements

It is proposed to compare the frequency response measured in the ideal case with Matlab
and with the BIQ module. The design which is done is a low-pass filter, a 2" order slope, a
sampling rate of 48 kHz and a cut-off frequency of 80 Hz.

The ratio cut-off/half-sampling-rate is equal to 0.0033. Below is the plot where 3 frequency
responses are compared: Matlab filtering function (double floating point format), 16-bit
Biquad (16-bit fixed point format) filter and BIQ module (32-bit fixed point format). One can
see that a 16-bit resolution is not enough for such low cut-off frequency, and that the Matlab
filtering function and BIQ module are comparable.

3
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Figure 5. Biquad frequency response

Biguad Frequency Response - Example with Low-Pass (Fc=80Hz, 1 S05)
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4.1

Application description

Recommendations for optimal setup

The BIQ module can be executed at any place in an audio processing chain. Nevertheless,
for a usage such as a transducer equalizer, it is recommended to call this module close to
the equalized transducer, i.e. near the DAC for a speaker and close to the ADC for a
microphone.

A speaker or a microphone equalization can be needed when the transducer frequency
response shows a lot of variations in its magnitude. Flattening a speaker frequency
response can bring more fidelity in the music reproduction and thus can be found as “better”
than a non-equalized one. Before using the Biquad Design Tool to compute such an
equalizer, it is needed to measure the speaker frequency response with an appropriate
acoustic equipment. Figure 6 shows the optimal setup

Figure 6. Basic audio chain

Stream
Acquisition

Sampling Rate | Linear | BlQ

a
| | :
Conversion } Processing } Prc ing } ‘

Audio Decoder

MSv39459V1

41.1

3

Module integration example

Cube expansion BIQ integration examples are provided on STM32F746G-Discovery and
STM32F469I-Discovery boards. Refer to the provided integration code for more details.
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4.1.2 Module API calls

Figure 7. API call procedure

Memory allocation
CRC Enable and Reset

2
biquad_df1_cascade_reset()
3
static_param initialization
4
biquad_df1_cascade_setParam()
5

audio stream read
input_buffer preparation

¢
+~

biquad_df1_cascade_process()

v

audio stream write

yes

A 4

8
biquad_df1_cascade_setConfig()

New Config
needed?

Sample to
proceed

no

yes

Memory freeing

MSv39460V1
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10.

As explained above, Biquad persistent and scratch structures have to be allocated, as
well as the input and output buffer, according to the structures defined in the
Introduction.

Once the memory is allocated, the call to biquad_df1_cascade_reset() function will
initialize the internal variables and set a bypass filter as the default configuration.

The Biquad configuration for the desired filter response can now be set by initializing
the static_param structure.

A call to the biquad_df1_cascade_setParam() function will then configure the Biquad
internal memory according to the desired configuration.

The audio stream is read from the proper interface, and the input_buffer structure has
to be filled according to the stream characteristics (number of channels, sample rate,
interleaving and data pointer). The output buffer structure has to be set as well.

A call to the process will execute the filtering part of the Biquad library and produce the
processed input buffer in the output buffer.

The output audio stream can now be written in the proper interface.

If needed, the user can set new dynamic parameters and call the
biquad_df1_cascade_setConfig() function to update the module configuration.

If the application is still running and has new input samples to process, the processing
loop goes back to step 5, otherwise is over.

Once the processing loop is over, allocated memory has to be freed.

DoclD024470 Rev 4 19/34
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How to tune and run the application

The STM32 audio framework provides an example of application for the BIQ library.

The filter used in the integration example is of low-pass type, with a cut-off frequency of
150Hz.

For any filter design, user should refer to the Biquad Design Tool, described in the following
chapter.

3
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6 Biquad design tool

Many tools are available for the Biquad filter design. However, in order to avoid the end user
to make mistakes on the specific Biquad coefficient format interface, the library is delivered
with the “Biquad Design Tool”. This tool proposes a pre-defined and arbitrary filter design,
with a computation of the associated set of parameters ready-to-use with the Biquad library.
This section details the installation of the tool and is a guideline on how to make a design.

6.1 Tool installation

Biquad design tool is developed with Matlab. Then compiled with the Matlab Compiler, it can
be run on any PC equipped with Windows and Matlab Component Run-time (MCR), with no
need for a license.

MCR must have been installed before executing the setup file for the tool. Run the
MCRInstaller.exe file and follow the instructions:

Figure 8. Install the Matlab compiler runtime

«} MATLAB Compiler Runtime Installer 10l =l

To install MATLAB Compiler Runtime 7.17 on your computer, click Next.

T ®
MATLAB
MATLAE and Simulink. are registered trademarks of The MathwWorks, Inc, Please see

vt mathworks . comytrademarks For a list of additional trademarks. Other product or brand R2012¢
names may be trademarks or registered trademarks of their respective holders,

WARNING: This program is protected by copyright law and international treaties, Copyright
1934-2012, The MathWorks, Inc, Protected by U.5. and other patents. See
Mathworks,comjpatents

<) MathWorks

3
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Figure 9. Accept the licence agreement

) License Agreement =1ol |

The Mathiwoarks, Inc,
MCR. {MATLAE COMPILER RUNTIME) LIBRARIES LICENSE

IMPORTANT NOTICE
BY CLICKING THE "YES" BUTTON BELOW, YOU ACCEPT THE TERMS OF THIS LICEMSE, IF ¥OU ARE NOT WILLING TO DO
50, SELECT THE "MO" BUTTOMN AMD THE INSTALLATION WILL BE ABCRTED.

1. LICENSE GRANT. Subject to the restrictions below, The Mathwworks, Inc, {"Mathworks") hereby grants to you,
whether you are an individual or an entity, a license ko install and use the MATLAE Compiler Runtime Libraries ("MCR",
solely and expressly For the purpose of running software created with the MATLAE Compiler {the "Application Software™),
and for no other purpose, This license is personal, nonexclusive, and nontransferable,

2, LICEMSE RESTRICTIONS, You shall not modify or adapt the MCR For any reason, You shall not disassemble, decompile, LI

nr peveres enninesk Fhe MCR Yoo chall ik alber ar pernes are nennriekare ar obher lenal notices anoar inoconies of Fhe

" No

Do you accept the terms of the license agreement? (+

) MathWorks

Figure 10. File extraction

[ omcompiere ol

Remaving files for MATLAE Compiler Runtime 7,17 About 10 minutes remaining

[ | 3%

<) MathWorks'

22/34

DoclD024470 Rev 4

3




UM1625

Biquad design tool

3

Figure 11. Installation complete
o x]

Installation is complete.

MATLAB

R2012a

Carice|

The MCR is a run-time component that should be installed once. Even if the Biquad Design
Tool is updated later, there will be no need to update the MCR.

One can now run the biquad_filter_design.exe file and follow the instructions:

Figure 12. Instructions: select the file location

]i.:.il Setup - Biquad Design Tool',

Select Destination Location
‘Wwhere should Biquad Design Tool, be installed?

} Setup will install Biguad Design Tool! inta the Following Folder.

To continue, click Mext, IF vou would like to select a different. Folder, click Browse,

STMicroelectronics\Biquad Design Toaly1.0 Browse. .. |

Ak least 5.5 ME of free disk space is required.

< Back I Mexk = I Cancel
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Figure 13. Instructions: launch the application

{%! Setup - Biguad Design Tool', D P ] 5

Completing the Biquad Design
Tool\ Setup Wizard

Setup has finished installing Biguad Design Tool, on your
computer, The application may be launched by selecting the
installed icons.

Click. Finish to exit Setup,

¥ Launch Biquad Design Tool

The “Biquad Design Tool” can now be launched.
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6.2

6.2.1

3

Design example

GUI presentation

Figure 14. GUI presentation

2 Biquad Design Tool - ¥0.4 {01 Feb. 2016) o]
1 —g & ¢ma ;
2 _l
3 T T T T T
4]  — Total Biguad Freguency Response |
Mumber of Biguad 1
7 e (%' Pire-Defined Fitter
8 Lovwe-Pass =
9 Cut-off Irsu&ncy (Hz) 1000
10 & (damping factor) 0.707 @
1 Gain (d5) 0 2
E
12 —
=
13 o Free Fiter
1 4 — oo Desired Fiter Response

1 5 em—" Trancuscer Equslizer

16 &=l
17 2
18 e

19—

20—

| ool Transducer Response

100

J I 16000

= (¥ Transducer Auto Shift

=" Transcucer Manual Shift

:“n— B

i 40 B0 E0100
— Options:

I Fitter Design Detail

1k
Fregquency (Hz)

21 Export Coetficients
22 |
=
23 e——t—
=
MSv39461V1
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ook N =

© N

10.
11.

12.
13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

Zoom-in on plot

Zoom-out on plot

Enable pan

Enable the data cursor on curves

Sampling rate (in Hz): it specifies the sampling rate at which the filter will be designed

Number of biquad: specifies the number of second order section used for the design.
Valid values are within [1 : 10] range.

Pre-defined filter: when selected, allows the design of a pre-defined filter type

Select the type of pre-defined filter (low-pass, high-pass, peaking, notch, low-shelf,
high-shelf)

Cut-off frequency (in Hz): specifies the value of the cut-off frequency of the pre-defined
filter

Q: damping factor of the pre-defined filter. Nominal value is 1/42 (=0.707)

Gain (in dB): it specifies the value of the gain for peaking, low-shelf and high-shelf filter
type

Axe used for plotting curves

Free Filter: when selected, allows the design of an equalizer with an arbitrary frequency
response

Load desired equalizer: selects and loads the file containing the desired arbitrary
frequency response

Transducer Equalizer: when selected, allows the design of an equalizer based on a
transducer frequency response measurement

Load Transducer Response: selects and loads the file containing the transducer
frequency response measurement

Fmin (in Hz): specifies the minimum valid frequency of transducer frequency response

Fmax (in Hz): specifies the maximum valid frequency of transducer frequency
response

Transducer Auto Shift: when selected, automatically shift the equalizer frequency
response magnitude

Transducer Manual Shift: when selected, let the user manually shift the equalizer
frequency response magnitude

Filter Design Detail: When selected, allows plotting of filter design details

Export coefficients: select and save the file containing the filter design output. Both
floating values, compatible with Matlab and fixed point value, compatible with the
Biquad library parameters, are saved

Log window: print information

Pre-defined filter

Below is an example of a pre-defined filter design, step by step.

The filter should cut the low frequency, 150Hz , with a roll-off of -24 dB/octave.

The filter is of a “high-pass” type, the sampling rate is equal to 48kHz. The damping factor is
equal to 0.707, which is the best trade-off for the transition between the pass-band and stop-
band areas. The cut-off frequency is set to 150 Hz. Each Biquad (or second order section)
as a slope of -12 dB/octave. Two SOS will then be needed to achieve a slope of -24
dB/octave.
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Figure 15. Example of a pre-defined filter

) Biguad Design Tool - v0.4 (01 Feb. 2016) I ][5
%A 0 =

40 T T T T T T T
Tutal Biguad Frequency Response ‘

Sompling Rete (Hz) | 46000 |

Number of Biguac 2 30

% Pre-Defined Fiter
20

High-Pass  *

Cut-off freguency (Hz) 150 10

@ (damping factor) 0.707

Gain (dE) IU—

Magnitude (dB)
=]

" Free Fiter

ozt Desited Fiter Respnnss

20

© Tranduscer Equalizer

Load Tranzducer Response

100

-30

-40

20 40 B0 80100 1k 10k 20k
IW Frequency (Hz)
—options —————————————————

& Transducer Autn St
I™ Fitter Design Detail
€ Transduoer Manusl Shift

:j’ 0 B
Export Cosflicierts
O3 Coeflicients: =]

a=[1 -3.9444503004882  5.8345095726091 -3.8364201257486  0.945096999752972)
b =[0.97260993770022  -3.8904397490024  5.50565096243644  -3.0904397490824  0.97260993770022)

SOS Coefficients compatible with Biquad Library AP
post_shift =1
h0 = 1058934800
b1 =-2117869603
h2 = 1058934800
al = 2117665461
32 =-1044331918

On Figure 15, you can see the tool parameters that are set with the previous explanations.
The frequency response of the designed filter is computed and plotted out. By using the
data cursor tool (see GUI element c), it is possible to check that the filter magnitude at one
octave below 150 Hz (i.e. 75 Hz) is at least equal to -24 dB. On the log window, two formats
of coefficient are printed:

e [a] and [b] coefficients vector, in floating format. This format can be used as is in
Matlab, for example.

e  SOS coefficients compatible with Biquad library API. This format is compatible with the
parameter structure format, as defined in the Infroduction. These values can be used in
C source code using the Biquad library.

These two coefficient formats can be exported in a text file by clicking on the “export
coefficients” button. A filename is required and the coefficients are printed in the following
formats:
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Figure 16. Coefficients in Matlab format

## Generated on 21-3-2013 at 15hZlim ##

## Coefficients in Matlah format ##
a =1 -3.9444593004552 5.8349095726891 -3.8364201251486 0.94596999752972

b = 0.97260993770022 -3.89043974958524 5.83565962453 644 —-3.8904397498524 0.97260993770022
## Coefficients in Biguad Library format ##

nb_biguad = 2

post_shift = 1

b0 = 1058934300

ol —2117869603

Dz 1058934500

al 2117665461

az —-1043331918

post_shift = 1

falu) 1058934500

bl —2117869603

IaF 1058934500

al 2117665461

ai —-1044331918

(L T S R T T

6.2.3 Free Filter

Follow the example of a pre-defined filter design, step by step.

The first step is to specify, in a text file, the desired frequency response. Figure 17 is an
example of this input file in the right format:

Figure 17. Input file example

u] —-45
Z5 -3i4
50 -Z6
100 -15
200 -11
230 -G
300 -15
430 -13
500 =10
590 =7
500 -1z
200 -14
1000 =10
2000 -z
4000 -13
aa00 =7
S0a00 =10
1z000 -13
15000 =10
24000 -15

Each point of the desired frequency response is defined with:

e lIts frequency (in Hz). The frequency column must start at 0 Hz and end at half the
sampling rate.

e Its magnitude (in dB). As much as possible, avoid using a positive magnitude, as it
results in a filter with gains greater than 1 at some frequencies and can lead to clipping.

No comments are allowed. There is no restriction to the number of points that can be
specified. Nevertheless, having too many points could avoid the tool to converge to the
desired frequency response. It is recommended to use logarithmically spaced points.

For example, with n = 3 for a 1/3 octave spacing, frequencies are found using the following
formula:
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Frequency, ... = Frequencyy, oous * 1010:n

Once the desired frequency response is specified and saved in a text file, you can load it in
the tool by clicking on the “load desired filter response” button:

Figure 18. Load desired frequency response

2
Look i [ 1 input x| ~®@erE-
= =1oix]
Name = | -| pate modified | ~| Type [=]
| dp_erp 01 bt 8/13/2015 10:15...  THT File ¥
Fecent Places E e 2/1/2016 309FM THT File
| eq_hpv_ssk.ixt 8/28/2015 11:34...  TRT File - S— :
| ea_hpv_48k_02.txt 8/25/2015 3:08PM  THT File
| eq_omniz. bk 1/29/2016 H00PM  TXT File Total Biguad Frequancy Response
|| eq_omniz_32k.bxt 7[5/2013 320PM  THT File Desired Frequency Response
| eq_omniz_t4k.txt I5{2013 247 PM TRT File
| eq_omniz_4ak.txt 7I5{2013 10:51 &M THT File
| eq_omniz_t8k_save bt F4{Z013 Z03PM TRT File
| freq_resp_left_no_eq.txt 2/3(2014 30LFM  THT File
| hpv_direct_30.txt 9j9[2015 235 PM  TRT File
| low_boost.txt 3/27/2013 10:35...  THT File
| mix_n_32k_fr.txt FIS{Z013 31TPM TRT File
| mix_wn_32k_nocompensation_fr.txt 7I5{2013 315 THT File

[ mie wn 44k Fr.bxt TGS 7:42 P iXTFI'P _'LI Lo
Ll 3 .

File name: [ =l Gpen |
Flesofype | () =l Cancel | |1
7

-10
Load Desired Filter Response

-20

€ Tranduscer Equalizer

Lod Transducer Response

Fmin (Hz), 100

-30

0 P P PG
20 40 60 80100 1k 10k 20k
Frequency (Hz)

Fmzs (hiz] 16000

— Optians
| Transduoer Auto Shift
I Fitter Design Detail
£ Transducer Manusl Shift

:j“n—dﬁ

Export Coefficients

505 Coefficients

a=[1 -3.0034217925702  3.4073359616613  -1.691536264713 0299936627 45831]

b= [027915165562035 -0.72491673335843  0.64941123879185 -0.18843289787143  -0.01434889114275]
Last 505 Post-Shift value = 1

505 Coefficients
a=[1 -7.1490029209642 2345331093133 -47 317666818252  BG.B4358B777988  -71797235055746  61.952482004061  -438
b= [027915165527228  -1.68776687958024  5.7182101253164  -10.516022297103  13.178362203634  -12.038096703959  8.23422:
Last 505 Post-Shift value = 1

On the axis, the desired frequency response is plotted in blue. The total Biquad frequency
response is plotted in red. The user has now to adjust the number of biquad until he gets an
acceptable deviation with the desired response.

On the log window, [a] and [b] coefficient vectors in floating format are printed. This format
can be used as it is in Matlab, for example.

The coefficients can be exported in a text file by clicking on the “export coefficients” button.
Two coefficient formats are written in the text file, the [a] and [b] coefficients vectors and the
SOS coefficients compatible with the Biquad library API. This format is compatible with the
parameter structure format, as defined in the Introduction. These values can be used in C
source code using the Biquad library. Figure 19 shows the layout of an output example.
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Figure 19. Example of coefficient output

## Generated on 21-3-2013 at 15h40m ##

## Coefficients in Matlah format ##
a = 1 -3.3003915360354 3.9780651744326 —2.0316176677197 0.351453073268662 -0.015236131120643 0.016806637876237
b = 1.20213393051601 -4.2806704336136 5.7426152754601 -3.467082254256 0.82807522578281 —-0.028626512451664 0.0036640233958095

## Coefficients in Bicquad Library format ##
nb_higquad = 3
post_shift = 1
(b0 = 1230787255
bl = -20863338776
b2 = 60311671
a2l = 1656184695
a2z = -B28537230
post_shift = 1
b0 = 1073741824
ol —2070254596
oz 995963216
al 2021861022
az —950480127
post_shift = 1
Lafu] 1073741524
ol —17855699
oz 5302906

al —134276967
az —34B26225

L T T ST T BT

6.2.4 Transducer Equalizer

Below is an example of a transducer equalizer design, step by step.

The first step is to have a transducer frequency response measurement, in a text file. Below
is an example of this input file in the right format:

Figure 20. Example of transducer equalizer input file

u] =30
50 -G
100 u]
150 =
200 7
230 10
300
360
500
GO0
S00
1000
Z0oo
J0oo
4000
6000 1
={u]u]n]

10000

13000

15000

Z0ooo

24000

Th O o 0

==
s

L L n -] -1 @ = n
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Each point of the transducer frequency response is defined with:

e Its frequency (in Hz). The frequency column must start at 0 Hz and end at half the
sampling rate.

e Its magnitude (in dB).

No comments are allowed. There is no restriction to the number of points that can specified.

Nevertheless, having too many points could avoid the tool to converge to an optimal
equalizer. It is recommended to use logarithmically spaced points.
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Once the transducer frequency response has been measured and saved in a text file, one
can load it in the tool by clicking on the “load transducer response” button:

Figure 21. Transducer Frequency Response

x|
Loak in: I! Desktop j & B EF Ed-
=8| System Folder "‘~7 System Folder ;I
o] x|
| HRIR _database_doc | HRIR_database_mat_¥1-1
{ File Folder ! File Folder ~
,. HRIR_datahase_waw_41-1 HRTF_01_Recorded T T T T . i et I e 1 -
f File felcer Pl Folder H Total Biguad Frequency Response
s — Transducer Frequency Response
bq  Jain - Zanaka 2015 Malaspina_F411_Disco_P... — :
LE} File Foldar Eile Folor Estimated Equalized Freguency Response |
¥y HE A 1
‘WpfReverberationTime By Readme Bugfix v1-1.tx 3
} File folder THT Pl L
oa0bytes | freooiere oo ;
File name: Itreqjx.lxt j Open I 3
Files of type: I [ tut) j Cancel | b4— = |
2| i
= H ' +
g |
" Free Fiter :
S R R U N OO SO NP A -0 A WEUIOE N ;
Load Desited Fiter Response 3
20f----- -
@ Tranduscer Equalizer :
I e O
Load Transducer Response : 3
Fmin (Hz) 100 a0 | L0 L il |
E o 20 40 6O 60100 Tk 10k 20k
max (Hz) | 15000 Frequency (Hz)
— Options
™ Transeucer Auto Shift
I Fitter Design Detail
& Transducer hanusl Shift
::i 0 B
Export Coefficierts |
[WWARMIMNG]: Desired Frequency Response has positive magnitude value. This can lead to clipping or noise-floor problems.
Awoid a5 much as possible magnitude >0dB
["WARNING]: Desired Frequency Response has positive magnitude value. This can lead to clipping or noise-floor problems.
Awoid as much as possible magnitude =0dB
[WWARMNING]: Desired Frequency Respanse has positive magnitude value. This can lead to clipping or noise-floor problems.
Awoid as much as possible magnitude =0dB
[WWARMIMNG]: Desired Frequency Response has positive magnitude value. This can lead to clipping or noise-floor problems.
Awoid a5 much as possible magnitude >0dB
WARMNING]: D nse has positive magnitude value. This can lead to clipping or noise-floor problems
e maghitude =0dB

On the axis, the transducer frequency response is plotted in blue. The total Biquad
frequency response is plotted in red. The equalized transducer frequency response
estimation is plotted in green.

The user can now adjust different parameters:

e Number of Biquad: from 1 to 10, the more Biquad are used, the more flat the equalized
frequency response will be.

e  Fmin: specified in Hz, the frequencies below Fmin will not be taken into account in the
equalizer computation. For example, if the equalized transducer has a mechanical roll-
off starting at 150Hz, it is useless trying to equalize at the frequencies below this value.

e Fmax: specified in Hz, the frequencies above Fmax will not be taken into account in the
equalizer computation. For example, if the equalization applies to an acoustic system
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with a cut-off frequency of 15kHz, it is not optimal to use Biquad cells for equalization
above this frequency.

e  Transducer Auto Shift: when used, the transducer frequency response is inverted to
get the equalizer frequency response. Then, the maximum of the magnitude, in the
range [Fmin : Fmax] is adjusted to 0dB in order to minimize clipping artifacts.

e Transducer Manual Shift: when used, the transducer frequency response is inverted to
get the equalizer frequency response. The user can then adjust the magnitude offset
manually.

The coefficients can be exported in a text file by clicking on the “export coefficients” button.
Two coefficients formats are written in the text file, the transfer function poles ans zeros
vectors, and the SOS coefficients compatible with the Bigaud library API. This format is
compatible with the parameter structure format, as defined in the introduction.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2018 STMicroelectronics — All rights reserved
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