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Project description
The aim of this project is to check if it’s possible to put a neural network, specialized in
sound recognition, on an embedded card, in our case the STM32L4 ioT discovery toolkit.
If applicable, we needed to check the feasibility and the limits of the solutions.

The board used for this project is the STM32 ioT discovery kit also named as STM32
B-L475E-IOT01A2. This board is destined for people to discover and create small cloud
applications using the board.The board has a 3Mb of ROM capacity, 1 Mbyte of Flash
memory and 128 Kbytes of SRAM.The board has multiple sensors on it such as a
microphone, a gyroscope and a magnetometer. There are 2 digital omnidirectional
microphones (MP34DT01). These microphones can capture sound from -26dB to 93dB in a
frequency range from 100Hz to 20kHz. Since the frequency of human voice is between 100
and 150Hz for men and 200 to 300 for women, these microphones will work for our project.
Cf 3

Neural networks (NN) are usually heavy and need a lot of power to work. So the biggest
problem in this project is to find/make a small enough NN that can be run on the board, who
have limited capacity.  In addition, we also need to find a method to implement this NN on
the STM32 card and manage the input/output to see if the NN works on it.

Our project will focus on the different steps to follow to put a functional neural network on a
STM32 board.

Polytech 2020-2021 3



Guignard Julien Cosotti Kevin Granger Oscar

Technologies used
NN specialized in sound recognition
For this project we have searched for different NN models, so we can eventually test more
than one. But there was one that seemed better than the others, deepspeech.
This one has an interesting quality, we found an article who says that the version 0.6 is small
enough to work on a raspberry pi. It seemed to be a good model to start with.Cf 5

We had also a great interest in deepspeech2, an enhanced model of deepspeech, who has
more documentation than his previous version.Cf 4

NN Compression
A NN is a heavy file who needs a powerful processor to work. So when it comes to making it
smaller the challenge is to not lose any performance of the original NN.
There are many techniques to do it, but the  network pruning method is the most commonly
used. To put it simply, this method consists in removing the less useful neurons of the
network. Cf 6

Of course, this method can lower the accuracy, but it works very well to reduce the size of
the NN. So, by mixing all those different reduction methods it's possible to reduce enough
the size of a NN to put it on a card. In this project we used edge impulse algorithms. We also
thought to use STM32cubeMx (a ST software), who can also do that. But this one works only
with NN made with specific python libraries (like Keras or TFLite). Cf 1, 2,8, 9

Edge Impulse
Edge Impulse is an open website which enables you to create embedded machine learning
in a very intuitive way. You need to create a free account to start a project. You can choose
every parameter of the machine learning you are creating. Then Edge Impulse gives tools to
create and upload the Neural network on your board and provides commands to launch it.cf 7
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Building and testing of the
neural network

Connecting the board to Edge Impulse
To start, we need to connect the board to our computer and to the website of

edge-impulse in order to put a neural network on the board. The first step is to branch your
STM32 discovery kit to your computer with a USB cable. To make sure that your STM32 is
correctly connected, you need to verify that you can open the directory of the board from
your computer. Once the board is connected to your computer, you can start to install the
softwares needed to set up the board to receive a neural network from edge-impulse.

The first software is node.js, where a version above 12 is required. For that we need
to type 2 commands on our shell. One to get the resources from the node.js website and the
other to install what we have just downloaded. If you have another version of node.js
installed on your computer, you may have issues later in the process. Look in the annex for
advice to resolve your issues.

curl -fsSL https://deb.nodesource.com/setup_12.x | sudo -E bash -

sudo apt-get install -y nodejs

The second software is Edge-impulse CLI, which is a command line interface to have
access to commands to control your board from your computer. It also works as a proxy
between the board and the computer to have easier access to the data collected by the STM
board. You will require Python3 or higher to make this software work. The install of the
edge-impulse CLI is managed by node.js package manager : npm. Run the following
command in your terminal. Cf 10

npm install -g edge-impulse-cli

Then we need to update the firmware of the board to fit with edge-impulse. You can
download it from their website :
https://cdn.edgeimpulse.com/firmware/DISCO-L475VG-IOT01A.bin

Then you just have to drag it from your file system to the board directory. Then the
board will update its firmware itself. The update is finished when the LED stops flashing
between red and green to stay green.

The last step is to create a wizard that will set up the connection between the board
and the website. It will ask you to connect with the same account you use for edge impulse
website. If you have multiple projects, you will have to choose on which one you want to
connect. It will also ask you if you want to set up a wifi connection from the board, since it’s
not mandatory to use wifi, an annex can be found if you want to use it. The command to
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create a wizard is the following. You may need to use sudo before the commands depending
on which rights you have on your computer.

edge-impulse-daemon

If the connection works well , you should be able to see the board on the section
“Devices” on the edge-impulse website. You are now ready to create your impulse neural
network from the website.

Creation and training of an impulse neural network

In this part, our goal is to create and train a simple neural network and to make it
work. However it allows us to have a preview of what a more complex neural network will
require to work on a STM32 board. The following part will show you how to create a small
neural network from edge impulse.

As with many neural networks, the first step is to collect data and label it. On the
website, go on the Data acquisition page from the studio website
https://studio.edgeimpulse.com/studio/20850 cf 11. There you will be able to collect sound from
the board. You have to choose the frequency and the length of your audio signal. Choose
your label and you start sampling as much as you want. We recommend having multiple
people sampling to have better results after. You can modify/delete/add samples whenever
you want.

You also have the ability to sample from your phone or your computer. In our case,
we decided to sample from the phone since it was easier to collect data from many different
people. However, results from the neural network on the board will decrease a bit since
phone’s samples will be different from board’s samples.For our project, we decided to have 2
labels “oui” and “non” because we wanted a simple Neural network to test.

Following that, you will choose your parameters to define your impulse neural
network in the “impulse design” panel on the website. The first one is the size of your data,
make sure to have the same as your sample. Then choose the processing block to extract
the useful data from your sample. We decided to choose the MFCC one which is designed
to recognize human voice from audio signals. Then we choose our learning block which will
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classify the extract data. We use keras neural networks which have great efficiency with
audio. Then save your impulse. These decisions were made in order to have a basic and
small neural network, feel free to choose different parameters in order to have the neural
network you want.

On the MFCC panel, you can change parameters of the MFCC processing block, but
what interests us the most is the “on-device performance” category. This category will tell
you, for the board we have connected, the expected peak Ram usage and the processing
time of the processing block. These statistics are crucial because they will tell you if your
neural network can work on your board. Once you have parameters you want , you can save
them.

Then you can generate features from your dataset to create the training and test data
for your neural network. In the NN classifier panel, you have some parameters that you can
change before you start the training of your model. You can add or modify layers as much as
you want. You will have a preview of the accuracy of your model, if you are not happy with
your results, change the parameters to find a neural network that satisfies you.

Following the training of your model, you can test it on your computer before
uploading it on the board. Here is the result of the test of our model
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Our neural network is now ready to be built on the board.

Building the neural network on the board

First you need to choose, on the deployment panel on the website, on which board
you want to deploy your neural network. We chose ST IoT Discovery Kit because our board
is part of this family of boards. The website will now find optimizations of this neural network
giving us the latency of the neural network, the ROM and RAM usage and the accuracy of
the neural network.

We chose the optimized version and downloaded it, then dragged our binary file in our board
and waited for the LED to stop blinking. Finally we ran the command to start the neural
network from the board. As before, you may need to use sudo with this command.

edge-impulse-run-impulse

The neural network will start and will display its parameters as a reminder.

Then the board will collect 2s of sound nearly at every moment(There is some latency when
giving results). The neural network will show the result in percentage between different
labels.
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The result can sometimes be wrong because the neural network isn’t perfect but also
because the microphone of the board is very sensitive. Therefore, if there is ambient sound,
the neural network will be less accurate.

Polytech 2020-2021 9



Guignard Julien Cosotti Kevin Granger Oscar

Limits and constraints

In this project we mainly use Edge impulse to resolve our problematic, but this method has a
lot of limits. Indeed, edge impulse is like a black box who doesn't allow us to see and change
what’s really inside. So, we can’t change the NN model to specialize him on different types of
sound. In addition, it’s easier to make your own dataset than import one, making it harder to
have a good dataset for small projects.
Still, edge impulse is a lot more easier to use than the more “classical method”, which
demands to find or create your NN model, training it (that step can be long without GPU),
and use SM32cubeMX to compress it and generate its code for the card. This method can
be tricky on each step and needs a lot of time to make it work.
To sum up, the simplicity of Edge impulse cost versatility.

Conclusion
With Edge impulse, we were able to put a simple NN in the discovery toolkit.
It can only recognize two words, but it uses only a small part of the board's memory and
power. So it seems possible to implement a more complex one.
Another way to make a NN small enough to fit in the toolkit is the use of an NN compression
algorithm. The software STM32cubeMX with the add-on X-Cube-AI can be used to
compress a NN, but only if it's code with a supported library. So it's theoretically possible to
make a small complex NN.
During our research, we found articles who talk about how to calculate the size and the
complexity of an NN. So, the next step of this project can be to find how complex the NN we
put on the card can be.
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annex
How to correct a wrong version of node.js error

erreur :

/usr/local/lib/node_modules/edge-impulse-cli/node_modules/bindings/bindi

ngs.js:121

throw e;

^

Error: The module

'/usr/local/lib/node_modules/edge-impulse-cli/node_modules/@serialport/b

indings/build/Release/bindings.node'

was compiled against a different Node.js version using

NODE_MODULE_VERSION 64. This version of Node.js requires

NODE_MODULE_VERSION 88. Please try re-compiling or re-installing

If you have this error, you have 2 versions of node.js on your computer, you need to
delete one of them to have only the one you use. Therefore you can delete the
node_modules from your computer. Then rebuild your module and re-install your module.
You can use the following sequence of commands

rm -r YOUR_PATH/node_modules/

sudo npm rebuild

sudo npm install

Connect your board with wifi
If you want to use wifi to connect your board and your computer, you have to answer

Y when it’s asked to you when running the command to create a wizard. Then it will ask you
which on wifi network and you will be able to select it from the list of wifi networks the board
is detecting. Then you will enter the password of the wifi network. Be careful, the password
is not hidden when you type it.
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