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1 Lab Overview

This lab will cover how to use the ML-based fan state monitor application code in conjunction with
the Building and benchmarking Deep Learning models for Smart Sensing Appliances on MCUs
application note (AN13562). This document will cover how to gather the data that the model will be
trained on, how to run the Jupyter notebook scripts that will train the model, and how to deploy the
trained model to the board.

This lab was written for the i.MX RT1170, but the same steps can be used for the following boards:
o LPCXpresso55S69
e LMXRTI70-EVK

This lab document is for the FXLS8974CF accelerometer which can be found on the following sensor
boards:

e ACCEL_ 4 CLICK board combined with Arudino UNO click shield interposer board.

e FRDM-STBI-A8974 sensor board.
The software for this accelerometer uses a new updated version of the application code that
includes the ability to evaluate several different time series models like CNN, LightCNN, LightResNet,
and MLP. If using the accelerometer on the EVK or the FRDM-STBC-AGMOI board please refer to the
other lab document as those use the FXOS8700CQ accelerometer.

2 Software and Hardware Installation

This section will cover the steps needed to install the elQ software and TensorFlow on your computer.

2.1 Hardware Requirements

e iMXRTI70 EVK board (or other supported board like LPC55S69)
e Aboard with the FXLS8974CF accelerometer:
o ACCEL_4_ CIICK board combined with Arudino UNO click shield interposer board.

¥ o e B

o FRDM-STBI-A8974 sensor board.

= The signal connected to SH38 needs to be cut to isolate it to prevent the
accelerometer from being put into an incorrect mode.

T -
[~
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e microSD card (formatted for FAT32)

e microSD card reader to transfer data to a PC

¢ A fan, motor, or other vibration source to train the model on that can provide vibrations that
will be gathered by the sensor. This fan for example.

2.2 TensorFlow Installation

1. Download and install Python 3.10. **The 64-bit edition is required and it is highly
recommended to use Python 64-bit 3.10.x to ensure compatibility with this lab**:
https://www.python.org/downloads/

2. Open a Windows command prompt and verify that the python command corresponds to
Python 3.10.x.
python -V

3. Update the python installer tools:
python -m pip install -U pip
python -m pip install -U setuptools

4. Install the Tensorflow libraries and support for python. To ensure software compatibility, it
should be these version numbers:
python -m pip install tensorflow==2.8
python -m pip install keras==2.8
python -m pip install protobuf==3.20
python -m pip install pandas==1.5.3

5. Install other useful python packages. Not all of these will be used for this lab but will be useful
for other elQ demos and scripts.
python -m pip install numpy scipy matplotlib ipython jupyter sympy nose imageio
python -m pip install netron seaborn west pyserial scikit-learn opencv-python pillow

2.3 Download Enablement Software

1. Install the latest version of MCUXpresso IDE
2. Install a terminal program like TeraTerm.
3. Install Git

2.4 elQ Tool Installation

The model inference can be done with TensorFlow Lite for Microcontrollers or Glow. If using Glow, You
will need to install the latest Glow package. This will put the Glow compiler and helper programs into
C:\NXP\ Glow and add it to your executable path.

3 Import the App Software Pack into MCUXpresso IDE

There are two methods to get the application software pack. This section will cover both options, but
only one needs to be done. It is recommended to use the first option as it is more straight forward.

3.1 Option #1: Get the App Software Pack with MCUXpresso IDE

1. Open MCUXpresso IDE and select a workspace location in an empty directory.
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2. Right click in the blank area of the Installed SDKs panel at the bottom and select Import
remote SDK Git repository...

[ Installed SDKs % ||[] Properties [#] Problems B Console (@ Terminal [gj Image Info B

0 Installed SDKs

To install an SDK, simply drag and drop an SDK (zip file/folder) or an SDK Git repositery into the 'Install
Installed SDKs _Available Boards | Available Devices

Name SDK Version Manifest

<2 Import archive...

< Import folder...

<5 Import local SDK Git repository...
<~ Import remote SDK Git repository...
Download and Install SDKs

Import remote SDK Git repository

Copy SDK

3. Inthe dialog box that comes up:

a) In the Location field, click on the Browse button and select or create an empty directory
for the application software pack to be downloaded to. Make note of this location as it'll
be used throughout this lab.

b) In the Repository field put: https://github.com/nxp-appcodehub/ap-mi-state-monitor
c) Inthe Revision field put: main

Then hit OK to download the application software pack

Import Remote SDK Git X

Import remote SDK Git repository

Location

Local folder where the files will be saved. Folder should be empty.

Git
Remote Git information

Repesitory) hitps:/ Jrcp-appcodehub/ap-ml <]

Revision | main v
Clone all examples (this will take 2 whie)

S

@ oK e

4. A dialog box will then come up asking for the location of the Manifests folder. Make sure to

point it to the <repo_directory> \ examples \ manifests folder if it is not alreadly.
=

Import SDK Git

Location

Select location of the repository and the folder where the manifests are located

Repository location:  D:\ml_state_monitor

Manifest(s) folder: | D:Aml_state_monitor\examples\manifests Browse...

Once imported the Installed SDKs tab will look like this:

[A Installed SDKs > [ Properties [£] Problems B Console 8 Terminal [f; Image Info 3 Debugger Console 2, Offline Peripherals
0 Installed SDKs

c-@enO=0o

To install an SDK, simply drag and drop an SDK (zip file/folder) or an SDK Git repository inte the 'Installed SDKs' view. [Common 'meuxpresso’ folder]
Installed SDKs *._Available Boards | Available Devices

MName SDK Versien Manifest Version Location

v # ml (Git) 2120 3.8.0 # Diml
5 SDK_2.x_FRDM-KEEF_APPSWPACKS_ML_STATE_MONITOR 2120 3.80 (# < ml>\examples\manifests\FRDM-KEEF_manifest_v3_8.xml
# SDK_2x_LPCXpresso35569_APPSWPACKS_ML_STATE_MONITOR ~ 2.12.0 3.8.0 (# < ml=\examples\manifests\LPCXpresso53569_manifest_v3_8.
# SDK_2x_MIMXRT1170-EVK_APPSWPACKS_ML_STATE_MONITOR ~ 2.12.0 3.80 (# < ml=\examples\manifests\MIMXRT1 170-EVK_manifest_v3_8
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3.2 Option #2: Use the Command Line

1. Open up a Windows command line and execute the following lines:

west init -m https://github.com/nxp-appcodehub/ap-mi-state-monitor --mr main appswpacks_mi_state_monitor

cd appswpacks_ml_state_monitor
west update

Bl Command Prompt - west update - u] X

tor --mr main ap

from ub - . main

2. Go tothe \ appswpacks_mi_state_monitor \ examples \ manifests folder and find the
MIMXRT1170-EVK _manifest_v3_8.xml file. If using a different board copy that board’s .xml
file instead.

Name Date modified Type Size
_| FRDM-K86F_manifest_v3_8.xml 9/6 3 11:01 PM XML Document
| LPCXpresso55569_manifest_v3_8.xml 3 11:01 PM XML Document
| MIMXRT1170-EVK_manifest_v3_8.xml 9/6/2023 11:01 PM XML Document 615 KB
3. Copy that MIMXRT1170-EVK _manifest_v3_8.xml file into the root
\ appswpacks_mi_state_monitor\ directory. It should look like the following when done:
Name - Date modified Type Size
west File folder
core File folder
examples File folder
middleware File folder
rtos File folder
_| MIMXRT1170-EVK_manifest_v3_8.xml XML Document 615 KB

6. Next open MCUXpresso IDE and select a workspace location in an empty directory.

7. Drag-and-drop the \appswpacks_mil_state_monitor directory that was created in the
previous step into the Installed SDKs window, located on a tab at the bottom of the screen
named “Installed SDKs". You will get the following pop-up, so hit OK.

B8 MCUxpresso IDE SDK import - m] X
Are you sure you want to impert the following SDK in the commen 'mcuxpresse’
folder?
D:\mistate\appswpacks_ml_state_monitor
[JDo not ask for confirmation on SDK Drag and Drop install
Cancel
8. Once imported, the Installed SDK panel will look something like this
Installed SDKs 3¢ [T Properties [£ Problems [ Consale B Terminal |z Image Info E Debugger Console 'z, Offline Peripherals (=g @ 2
Installed SDKs
To install an SDK, simply drag and drop an SDK {zip file/folder) or an SDK Git repositery into the 'Installed SDKs' view. [Commen 'mcuxpresso’ folder]
Installed SDKs . Available Boards | Available Devices
Name SDK Version Manifest Versien Location
£ SDK_2x_MIMXRT1170-EVK_APPSWPACKS_ML_STATE_MONITOR 2.12.0 380 &= ‘\appswpacks_ml_state_monitor
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4 Gather the Data

To train a model, sensor data must be collected. For this lab the on-board accelerometer will be
used and the data that is collected will be stored on a microSD card.

4.1 Import the ML-based System State Monitor project
1.

In the Quickstart Panel in the lower left corner, click on Import SDK examples(s)...

() Quickstart Panel X ()= Variables ®g Breakpoints

. MCUXpresso IDE - Quickstart Panel
ioe | No project selected

~ Create or import a project

X import SDK example(s)...
¥ Tmport project(s) from file system...

& Import executable from file system...

w Build your project

1)

Select the APP-SW-PACK ML-State-Monitor for evkmimxrt1170 and click on Next

2.

B SO import iaard o x
@ imporing proects) for desice: NANOIRTH 1 TBcccex using g bosre MM 170-£VK L —
. Board and/or Device selection page

% %
APP-SW-PACK
YT RE—
< MbTIT
[ —
MLSTATE MONITO( x|
cmimart) 1

Selected Device: MIM SDKs for seected MCU

Torget Cores Marme SOK Verson Mandestte... Locab

Description: ™

50
Finih Concel

Expand the app_sw_packs category and select the mi_state _monitor_mpp_cm7 example
which is compatible with the FRDM-STBI-A8974 board. Then click on Finish

38 soK Import Wizard

o x
W .
(@ You have selected 1 project to import: ‘evkmimxrt1170_ml_state_monitor_mpp_cm7'. “y’

. Import projects

Project name prefix: | evkmimxrt170

| Project name suffix:
Use default location

C:\Users\nxa06332. WBI\Documnents\MCUXpressolDE_11.8.0_1165\mistate\evkmimxrt1 170

Browse.
Project Type Project Options

SDK Debug Console (O Semihost @ UART
Copy sources

Import other files

CProject @ C++ Project | C Static Library C++ Static Library

Example default

Examples ¥R BE
[type tofilter |
Name Description

Version
v [ £ app_sw_packs

mi state moniter cm7

ML State Monitor MCU Application
ML State Moniter MCU Application with MPP
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4. Once imported it should look like the following:

|15 Project Explorer > 1il{ Registers 4 Faults 7, Peripherals+
EGTV#% @

122 evkmimxrt! 170_ml_state monitor mpp_cm7 <Debugs

€ Project Settings

&) Includes

3 CMsIS

3 CMSIS_driver

(3 board

(2 component

2 device

B drivers

& eig

(2 fatfs

(2 freertos

(2 gpio_driver

(2 interfaces

9 sdmmc

(2 sensers

(2 source

3 startup

2 utilities

(B video

(2 xip

& doc

4.2 Collect data

The project will need to be modified to collect accelerometer data and store it on an SD card.
1. Putin a microSD card into the board and set the fan on top of the board. Also make sure
nothing is in the M.2 slot in the board as it shares data lines with the SD card.
2. In MCUXpresso IDE, open the app_config.h file and on line 23 change the #define for
SENSOR_COLLECT_LOG to 1 as shown in the image below. This will put the firmware into data
capture mode, so that the vibrations generated by the fan or motor will be stored on an SD

[{ Project Explorer < 13 Registers 4 Faults &, Peripherals+ = B [§ versionh [8) *app_configh x
olEvis< m-1 =
2 * Copyright -
~ &5 evkmimxrt1170_mi_state_monitor_mpp_cm7 <Debug> B Copyright 2022-2023 NXP
& Project Settings 4 * SPDX-License-Identifier: BSD-3-Clause
@1 Includes 5 %/
2 CMSIs 6
5 CMSIS_driver 7 #ifndef _APP_CONFIG_H
 board & #define _APP_CONFIG_H
3
(2 compenent 10
(2 device 118
2 drivers 12 * Application parameters
3 eiq 13
G5 fatfs 15 * This section provides a template for the application parameters
(2 freertos 16 = These application parameters can be configured to other supported values
2 gpio_driver 7
2 interfaces 18
19 /* SELECT data source: @ - live accelerometer sensor dats; 1 - static validation dats */
(2 sdmmc
3 sensors 20 adefine SOURCE STATIC ACCEL DATA @
v (8 source e SELECT dataicigei io cun i inference; 1 - run SO log data capturing
(= inf-eng 23 #define SENSOR_COLLECT LOG_EXT 1|
(= models i
& sdeard 25 /* Available ML inference engines */
. 26 #define INFERENCE ENGINE_TFLM @
E’FT"‘STJ'I N 27 #define INFERENCE_ENGINE_GLOW 1
Lh| labels.] 28
[ app_config.h 29 /* SELECT the ML inference engine
[ FreeRTOSConfig.h 30 #define INFERENCE ENGINE INFERENCE_ENGINE_TFLM
[ mainc 31 ) ‘
B host_hardfaut. 32 /* Available ML NN models for inference */
semihost_hardiauft.c 32 #define MODEL_CNN
R versionh 34 adefine MODEL LCNN 2

3. Next build the project by clicking on “Build” in the Quickstart Panel and make sure there are no
errors.

(1) Quickstart Panel (%)= \Vanables ®g Breakpoints = 0

- MCUXpresso IDE - Quickstart Panel

) Project: evkmimucrt1170_ml_state_moniter_mpp_cm7 [Debug]
+ Create or import a project

n Create a new C/C++ project...
Lf B import SDK example(s)...

® Import project(s) from file system...

= Import executable from file system...

+ Build your project
o& &, Build
& Clean
~ Debug your project E - m - ﬂ -

% Debug
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Plug the micro-B USB cable into the board at J11 on the i.MXRT1170 board.

Open TeraTerm or other terminal program, and connect to the COM port that the board
enumerated as. Use 115200 baud, 1 stop bit, no parity.

6. Debug the project by clicking on “Debug” in the Quickstart Panel.

1) Quickstart Panel ¢ (%)= Variables ®g Breakpoints = g8

m MCUXpresso IDE - Quickstart Panel

Project: evkmimurt1170_ml_state_monitor_mpp_cm7 [Debug]
~ Create or import a project

@ Create a new C/C++ project...
Import SDK example(s)...
% Import project(s

by -4

8 Import executable from file system...

+ Build your project
@ &, Build
& Clean
~ Debug your project E v E ¥ v

%@ Debug

7. It will ask what interface to use. Select CMSIS-DAP.

Connact 1o target: MIMKRT 106200

Probe found, Sebectthe o

Available attached probes

Hame
I cmssoae

8. The debugger will download the firmware and open up the debug view. Click on the Resume
button to start running.

EADER_ENBLE) A (XIP_BOOT_HEADER_ENABLE —- 1) 4
£_DCD_ENABLE) &8 (XTP_BOOT_HEADER_DCD_EWABLE == 1)

T COME - Tera Term VT

File Edit Setup Control Window Help

Starting Application:
CPU: 996088080 H=
fApplication version: 1.8.8
MPP version: MPP_UERSION_1.8.8
ce Engine: TensorFlow-Lite Micro
zation
an 8D card into the socket>

Mount file system succeeded

Provide the required configuration to start the recording
Class to record (provide only the numeric index>:
< B:FnN—CLOGli:FRN—FRICTION 2:FAN-OFF 3:FAN-ON >

>0
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10.

11.

12.

13.

14.

15.

For this demo there are four fan states that are going to be detected:

e FAN-OFF

e FAN-ON (normal operation)

e FAN-CLOG (something covering the fan so it does not get the normal airflow)

e FAN-FRICTION (something creating drag on the blades like a piece of tape or

cardboard)

Physically put the fan in the desired state. For this first run, lets put the fan into the normal ON
state.
In the terminal, type of the number of the fan state that corresponds with what the physical
fan state is. So for this example, type ‘3’ for FAN-ON.
The next selection is how many minutes to gather data. There is no hard and fast rule on how
much data needs to be collected, but at a minimum several minutes worth will be required.
For this simple example we'll select 5 minutes, but for more complex examples it could be
significantly longer to ensure good training results. The ML-based System State Monitor
Dataset Creation Guide provides a much deeper exploration into the optimal data collection
techniques, but the key goal is to cover every corner case as much as possible and to not use
the same data for training and validation.

T COMB - Tera Term VT

File Edit Setup Control Window Help

Starting Application:
CPU: 99SBBBBBB

n
sert an SD card into the socket>

Card inserted

Mount file system succeeded

Provide the 1equned cnnflgulatlnn to start the recording

Class to record (provide only the numeric index>:
< B:FAN- CLOG i: FRN FRICTION 2:FAN-OFF 3:FAN-ON >

4
Do you want to continue? [y/nl y

Duration in minutes:
>»> 1

Next give a filename where this data will be stored in CSV (Comma Separated Value) format.
It can be any hame but should be descriptive and cannot be more than 12 characters in
length. For this example lets use fanon.csv

"1 COMS - Tera Term VT

File Edit Setup Control Window Help
MEP version: HPP_UERSION 1.0.0
Inference Engine: TensorFlow Lite Micro
5DCard initialization
t an 8D card inte the socket)

i
Mount file system succeeded

Provide the required configuration to start the recording
lass to record {provide only numeric index
< @:FAN- cnoc PR PRLCTION B : PAN-OFE 3 FANCON 3

'Y
Do you want te centinue? [y/nl v

[Duration in minutes:
>>> 5

Do you want to centinue? [y/nl y

5D card filename:
>> fanon.csv
fanen .csv
Do you want to continue? [y/nl v

Finally, it will display your selections. Type 'y’ to then start the data collection:

T COMS - Tera Term VT

File Edit Setup Control Window Help
Mount file system succeeded
Provide the required configuration to start the recording
Class to record (provide only the numeric index):
< B:FAN-CLOG_1:FAN-FRICTION 2:FAN-OFF 3:FAN-ON >
22> 3
3
Do you want to continue? [y/nl y

Duration in minutes:
2> 5

Do you want to continue? [y/nl y

SD card filenanme:
fanon.csu
fanon.csv
Do you want to continue? [y/nl y

A neu rec g _for this configuration will start:
C -FAN-ON

5 minutes
Filename: fanon._csu
Do you want to continue? [y/nl i
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16. You will see the status as it collects the data.
17. Once completed, then you can either remove the SD card to look at the data on your

computer or hit the Reset button on the board to start the process again to collect validation
data for FAN-ON or to collect the other fan states. You'll want to collect data for all 4
conditions and collect both Training data and Validation data so there should be at least 8
runs. The same amount of data collection time should be used for all data sets.

¥ COMB - Tera Term VT

File Edit Setup Control Window Help

Class to record (provide only the numeric index):
< B:FAN-CLOG_1:FAN-FRICTION 2:FAN-OFF 3:FAN-ON >
>3
Do you want to continue? [y/nl y

Duration in minutes:
»»> 5

Do you want to continue? [y/nl y

SD card filename:
>> fanon.csu
Fanon.csv
Do you want to continue? [y/nl y

A new recording for this configuration will start:
ass: 3-FAN-ON
Duration: 5 minutes
Filename: fanon.csw
Do you want to continue? [ysnl y

The recording will start in 5 4 3 2 1
Progress: B.33x (A.B2/5 minutes)

5 Train Data and create a model

5.1 Copy Training Data to PC

Once all the data required has been saved to the microSD card, remove it from the RT1170 EVK and
put it into a card reader for your PC so the data can be copied to the hard drive.

1.

Inside the project folder there is a folder named

\ appswpacks_ml_state_monitor \ examples

\ mi_state_monitor \ mi_app \ v2\in_sensor_data. Locate that directory. Make sure to use
the v2 path.

»| appswpacks_ml_state_monitar > examples > mi_state_monitor » mlapp » v2 v B
Marne Date modified Type Size
in_sensor_data 11:01 PM File folder
models 11:01 PM File folder
ML_State_Moniter.ipynb 23 11:01 PM Jupyter Source File 904 KB

Inside that folder there are two subfolders, one named training and the other validation. By
default they contain pre-created data store in .csv files that were gathered from a simple 5V
fan.

appswpacks_ml_state_monitor » examples » ml_state_monitor » ml_app » v2 » in_sensor_data » training

MName Date modified Type Size

@ 200Hz_5Vfan-1-tr-clog.csv 23 11:01 PM Microsoft Excel C...

@ 200Hz_5Vfan-1-tr-friction.csv 2 11:01 PM Microsoft Excel C...
@ 200Hz_3Vfan-1-tr-off.csv 3 11:01 PM Microsoft Excel C...
@ 200Hz_5Vfan-1-tr-on.csv 3 11:01 PM Microsoft Excel C...
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3. These files should be deleted, and the newly collected data placed inside these folders in
order to create a new custom model. The file name does not matter but should end in .csv.
The files should cover all the possible classes and should be updated for both the training
and validation folders with their respective training and validation data.

appswpacks_ml_state_ronitor > examples > ml_state_monitor > ml_app » w2 » in_sensor_data » training

Mame Date modified Type

3] FANCLOG.CSV 1/1/2012 12:00 AM
£39) FAMFRICT.CSV 1
£ FANOFF.CSV 1
23] FANOM.CSV 1/1/2012 12:00 AM

If you did not collect new data, you can use the pre-existing .csv files as that has data
collected with a simple 5V brushless DC motor.

4. The Python scripts that will be used in the next section will assume the files will be in the
following Comma Separated Value format, which is how the data was written to the files by
using the projects from the previous section, so no modifications should be needed.

EEDDHZ_SVfanf‘Iftrfclog.cs\f Jl
1 class, time [ms], &x, Ay, Rz
2 FAN-CLOG,S5,-134,69, 954
3 FAN-CLOG, 10,-20,-66,1077
4 FAN-CLOG,15,57,-27,1213
F FAN-CLOG, 20,3,-54,1082
- FAN-CLOG, 25,-111,57,1107
FAN-CLOG, 30,-35,-12, 915
FAN-CLOG, 35,106, 30,1032
FAN-CT.OG, 40, -8, 34, 1024
14 FAN-CLOG, 45, -65,-123, 843
11 FAN-CLOG,S50,19,3,990
12 FAN-CLOG, 55,122,115,112¢6
13 FAN-CLOG, €0,-100,107,1043

5.2 Train The Model

With the data ready, now use the Jupytr notebook to train the model.
1.  Open a Windows command prompt
2. Navigate to the
\ appswpacks_ml_state_monitor \ examples \ mi_state_monitor \ mi_app\v2\
directory
3. Start the notebook by typing “jupyter-notebook” into the command prompt

B8 Command Prompt - jupyter-notebook o x
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4. A web browser window should automatically open up and look like the following. If it does not,
there are links in the terminal window that can be copy and pasted into a browser.

~ Jupyter auit | | Logout
Files Running Clusters

Select items to perform actions on them Upload | Neww &
Jo ~ | mi Name~ | LastModified | File size
[0 3 in_sensor_data 2 hours ago
O O models 2 hours ago
[0 & ML_State_Monitor.ipynb 2hoursago  1.81MB

Click on ML_State_Monitor.ipynb to open the notebook

It will look like the following. Press the Run button to execute each section of the script. While
executing an asterisk (*) will appear and the dot in the upper right will be dark. Don't press
Run again until the previous section has finished executing.

— Jupyter ML_State_Monitor (unsaved changes)

P

‘ Python 3 (ipykernel)| @

Logout

File Edit View Insert Cell Kernel Widgets Help Not Trusted

B+ s« B B 4+ ¥ | PRn|E C W Code v =
# Trian with v1 data
vl _DATA = @

VZl:NORMALIZATION =0
GENERATE_GLOW BUNDLE_EN = 1 # generate the glow bundle by executing C:\nxp\Glow\bin\model-compiler.exe

if not os.path.exists(OUT_MODELS_FOLDER):
os.makedirs(OUT_MODELS_FOLDER)

0) Import the datasets

*1:| # Import the raw data

# merge all input files

tr_files = glob.glob(os.path.join(TRAIN DATA DIR , "*.csv"))
val files = glob.glob(os.path.join(TEST_DATA DIR , "*.csv"))
all filenames=tr_files+val files

=]

for source in [tr_files,val files]:

s 72051

7. You may see some wadrning messages when executing certain blocks of the script but you
should not get any error/failure messages.

The end of the script will export the models to

\ appswpacks_mil_state_monitor \ examples \ mi_state_monitor \ mi_app \ v2\ models.
There will also be C array versions of those models in the tensorflow directory and Glow
compiled versions of those models in the glow directory. Those files will be used in the next
section.

pta » mistate » appswpacks_ml_state_monitor » examples * mi_state_monitor » mi_app * v2 > models
~

Mame Date modified Type Size

glow File folder

tensorflow File folder

wvalidation_data File folder
@ model_cnn.h3 H5 File 175KB
@ model_cnn.tilite TFLITE File 44 KB
@ model_cnn_quanttlite TFLITE File 15KB
Lﬁi’ model_configuration.c MNotepad++ Docu.. 1KB
@ model_lenn.h3 H5 File 50 KB
@ model_lenn tflite TFLITE File 11KB
@ model_lenn_guant tflite TFLITE File 6KB
@ model_lresnet.h3 H5 File 136 KB
@ model_Iresnet.tflite TFLITE File 28KB
@ model_lresnet_quant.tflite TFLITE File 14 KB
@ model_mlp.h3 H5 File 99 KB
© model_mlp.tilite TFLITE File 26KB
@ model_mip_quant tflite TFLITE File 9KB
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6

Update Model for Inference Engines

It is now possible to use all 3 elQ inference engine options for microcontrollers (TFLM, Glow, and
DeepViewRT) to run this newly created model on the i.MX RT1170 EVK.

First find the location on your PC where the ML-based system state monitor application
resides after it was imported into MCUXpresso IDE in the previous section. So inside
MCUXpresso IDE, right click on the evkmimxrt1170_ml_state_monitor_cm7 project name
and go down to Utilities and select Open directory browser here to open a Windows Explorer
window at the location.

B8 istete - evkemimcrt 170_mlstote_monitor_mpp_cri/source/meinc - MCUXpresso IDE
File Edit Source Refactor Navigate Search Project Configlools Run RIOS Analysic Window Help
nhe (8- KRBV e - Kt H-0-Q-idy- SR | b 0w SBOmiF ARG -o
[ Project Explorer 3 1ilf Registers 4 Faults 2, Peripherals= = B 45 Debug x
B8 7| &% B [} eviemimrt1170_mi_state_moniter_mpp_em7 JLink Debug [GDB SEGGER Interface Debugging]
~ T T T ey 7y ey v & evkmimxt1170 ml_state_monitor_mpp_cm7.axf
@ Project Settings Mew > § (Running:: User Request)
42, Binaries Go Into b (12.1.90.20221210)
(5] Includes
8 cMsis Openin New Window
(2 CMSIS_driver Show In Alt+Shifts W >
@ board i el > bnfigh [€) startup_mimxrt1176_cm7.cpp [8 mainc x
2 companent
B device B Copy Ctrl+C handle = NULL;
2 drivers Paste Ctl+V by hardware
(& «iq R Delete Delete
& fatfs Source > eeatet
(2 freertos o FEE -
(2 gpio_driver Meve sk
(8 interfaces Renarme.. P2 LINIMAL_STACK_SIZE + 1000,
(5 sdmme i Import..
(2 sensors = P_MAX_PRIO,
© (2 source & Export.. <);
& inf-eng Build Project = ret)
del:
& models Clean Project
(& sdeard Failed to create app_task task”);
& sensor Refresh 3
[ app_config.h Close Project
B FreeRTOSConfig.h Close Unrelated Project heduler();
main.c
semihost_hardfault.c Build Configurations > Spend(NULL);
[ version.h Build Targets >
v (& startup Index N
boot_multicore_slave.c N
- - stener(mpp_t mpp, mpp_evt_t evt, void *evt_data, void *user_data;
B boot_multicore slaveh Profiling Tools > | (PP PP PPV - oo
startup_mimuat!176_cm7.cpp © Runas > Bference_cb_param_t *inf_output;
(2 utilities N
8 video # Debughs handle contains application private data
@ xip B Profile As > |*app_priv = (user_data_t *Juser_data;
= Debug Restore from Local History... ¢
& doc Launch Configurations > INT INFERENCE OUTPUT READY:
JEA evkmimt1170_m state_moritor_mpp_cm [ Uities B Co\Users\nxa06332 WENDocumentAMCUXpressolDE_1.8.0_1165\mstate\evkmimert1170_ml_state_monftormpp_cm7
B 5DK Management > |3 Open directory browser here
Tools > B Open command prompt here
= r

6.1 Update Model Configuration File

1.

Some pre-processing parameters for your data was generated during the training phase
and put into a file at

\ examples \ mi_state_monitor \ mi_app \ v2\ model \ model_configuration.c. This new
file needs to replace the default model _configuration.c file in the project under

\ source \ models.

Copy the model_configuration.c file from:

s_ml_state |_state_monitor\m|_app’ 1 B Search madels
Name - Date modified Tpe size
glow File folder
tensorflow File folder
validation_data File folder
@ model_cnnhs H5 File 175K8
@ model_cnn.tite TFLITE File K8
@ model_cnn_quanttflite TFLITE File 15KB
[ medel_configuration.c Notepad++ Docu... 1KB
@ model lcnnhs )1 PV Hs File 59KB
evkmirmcrt] 170_ml_state_monitor_mpp_cm7 »| source » models v 0 Search models
Name Date modified Type Size
glow File folder
tensorflow File falder
validation_data File folder
L_‘J{ medel_configuration.c Motepad++ Document TKB
[& model_configuration.h Motepad++ Document 1KB
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6.2 TensorFlow Lite for Microcontrollers

3. The Jupyter notebook already has created the C files needed by the TFLM inference engine,
so those newly generated files just need to replace the default files in the project

4. Navigate to the <MCUXpresso IDE Workspace>[source[models/tensorflow directory.

5. Copy the generated .h and .cpp files from the previous section that were placed in the
\ examples \ mi_state_monitor \ mi_app \ models \ tensorflow \ folder and paste them into

this directory.

Copy from:

F

MName Date medified Type Size

Q{ tensorflow_model_cnn.cpp 23 11:01 PM Motepad++ Docu.. 279 KB
Q{ tensorflow_model_cnn.h 23 11:01 PM Motepad++ Docu.. TKB
Q{ tensorflow_model_cnn_gquant.cpp 23 11:01 PM Motepad++ Docu.. 37 KB
Q{ tensorflow_model_cnn_gquant.h 23 11:01 PM Motepad++ Docu.. 1KB
Q{ tensorflow_model_lcnn.cpp 23 11:01 PM Motepad++ Docu.. 69 KB
Q{ tensorflow_model_lcnnh 23 11:01 PM Motepad++ Docu.. TKB
Q{ tensorflow_model_lenn_quant.cpp 11:01 PM Motepad++ Docu.. 36 KB
Q{ tensorflow_model_lenn_quant.h 11:01 PM Motepad++ Docu.. TKB
Q{ tensorflow_model_lresnet.cpp 11:01 PM Motepad++ Docu.. 179 KB
Q{ tensorflow_model_lresnet.h 11:01 PM Motepad++ Docu.. TKB
Q{ tensorflow_model_lresnet_quant.cpp 11:01 PM Motepad++ Docu.. 25KB
Q{ tensorflow_model_lresnet_quant.h 11:01 PM Motepad++ Docu... TKB
u tensorflow_model_mlp.cpp 23 11:01 PM Motepad++ Docu... 167 KB
u tensorflow_model_mlp.h /2023 11:01 PM Motepad++ Docu... 1KB
E{ tensorflow_model_mlp_quant.cpp 23 Motepad++ Docu... 54 KB
Q{ tensorflow_model_mlp_quant.h 23 Motepad++ Docu... 1KE

mistate 3| appswpacks_ml_state_monitor » examples » ml_state_monitor » ml_app » v2 » models » tensorflow

Paste into:

mistate * [evkmimuxrt1170_ml_state_monitor mpp_cm7 » source > models » tensorflow [<]

Name Date modified Type - Size

gtansnrﬂnw_mﬂdel_mn‘{pp Notepad++ Document 279 KB
Q{tansnrﬂnw_mﬂdel_mnh Notepad++ Document 1KB
Q{ tensorflow_model_cnn_quant.cpp Notepad++ Document 97 KB
Q{tansnrﬂnw_mﬂdel_{nn_quant‘h Notepad++ Document 1KB
wtansorﬂowﬁmodeljcnn‘cpp Notepad++ Document 69 KB
gtansorﬂowimodeljcnn‘h Notepad++ Document 1KB
w tensorflow_model_lenn_quant.cpp Notepad++ Document 36 KB
gtansorﬂowﬁmodeljcnniquant‘h Notepad++ Document 1KB
wtansorﬂowﬁmodeljresnetcpp 11:52 PM Notepad++ Document 179 KB
Q{tensurﬂuw_mudel_\resneth 11:32 PM MNotepad++ Document 1KB
Q{tensurﬂuw_mudel_\resnet_quant‘:pp 11:32 PM MNotepad++ Document 85KB
Q{tensurﬂDw_mudel_\resnet_quant‘h 11:32 PM MNotepad++ Document 1KB
Q{ tensorflow_model_mlip.cpp 11:32 PM MNotepad++ Document 167 KB
Q{tensurﬂuw_mudel_m\p.h 11:32 PM MNotepad++ Document TKB
[Z tensarflow_model_mip_quant.cpp 11:52 PM MNotepad++ Document 54 KB
Q{tansnrﬂnw_mﬂdel_m\p_quant.h /6/2023 11:52 PM Notepad++ Document 1KB

6.3 Glow

1. The Jupyter notebook already has created the Glow bundled needed by the Glow inference
engine, so those newly generated files just need to replace the default files in the project. For
details on the exact commands used to generate the Glow bundle see cell 29 in that Jupyter
notebook.

2. Navigate to the <MCUXpresso IDE Workspace>[source/models/glow directory.
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3. Copy the Glow bundle files from the previous section that were placed in the \ examples
\ mi_state_monitor \ mi_app \ v2\ models \ glow \ cortex_m7 folder and paste them into
this directory. Note that you should select the directory in that folder that corresponds with
the core architecture in the device that will be used.

Copy from:

appswpacks_ml_state_monitor » examples » ml_state monitor » mlapp » v2 » models > glow > cortex_m7

Mame Date modified Type Size

@{ model_cnn.h

[7] model_cnn.o

D model_cnn.weights.bin
L‘J{ model_cnn.weights.tct
L‘J{ medel_cnn_quant.h

D model_cnn_guant.o

101 PM Notepad++ Docu..
1:01 PM O File

101 PM BIM File

101 PM Notepad++ Docu...
101 PM Notepad++ Docu..
101 PM O File

D model_cnn_guantweights.bin 1:01 PM BIN File
L‘J{ model_cnn_guantweights.tct
Q{ model_lenn.h

D model_lenn.o

D model_lcnn.weights.bin

Q{ maodel_lcnnweights.bet

Q{ model_lenn_quant.h

D model_lenn_guant.o

1:.01PM Motepad++ Docu..
1:01 PM Notepad++ Docu...
1:01PM O File

1:.01PM BIM File

01 PM Notepad++ Docu...

311:01 PM Notepad++ Docu...
31101 PM Q File

[7] model_lcnn_quant.weights.bin 3 11:01 PM BIN File
H model_lenn_guant.weights.tot
H model_lresnet.h

D model_lresnet.o

D model_lresnet.weights.bin
H model_lresnetweights.bet

L‘J{ model_lresnet_quant.h

D model_lresnet_quant.o

/2023 11:01 PM Notepad++ Docu...
231101 PM Notepad++ Docu...
11:01 PM O File

11:01 PM BIN File

311:01 PM Notepad++ Docu...
11:01 PM Motepad++ Docu..
11:01 PM O File

D model_lresnet_quant.weights.bin 2023 11:01 PM BIN File

@{ model_lresnet_quant.weights.txt 31101 PM MNotepad++ Docu...
[Zf model_mip.h /2023 11:01 PM Notepad++ Docu...
D model_mlp.o 3 11:01 PM O File

D model_mlp.weights.bin 2023 11:01 PM BIN File
L‘J{ model_mlp.weightstet

£ Q{ model_mlp_quant.h

11:01 PM Motepad++ Docu..
11:01 PM Notepad++ Docu...
311:01 PM O File

11:01 PM BIM File

D model_mlp_quant.o
D model_mlp_quant.weights.bin

[ model_mip_quantweights.tct 11:01 PM Notepad++ Docu...
MCUXpressolDE_11.8.0_1165 » mistate >|evkm|mxmﬁ)_m\_state_momtm_mpp_:mv > source > models > glow || )
Mame Date modified Type Size

[7] model_cnn.weights.bin 52PM BIN File 41k8
PM BIN File 11Ke
PM BIN File 9KB
PM BIN File 3K8
M BIN File 4248
52PM BIN File K8
PM BIN File 25K8
PM BIN File TKB

[] model_cnn_quant.weights.bin
[] model_lenn.weights.bin

[7] model lenn_quant.weights.bin
[7] model_resnet.weights.bin

[7] model_Iresnet_quant.weights.bin
[7] model_mlp.weights.bin

[] model_mip_quant.weights.bin
[ model_cnn.h

[& model_cnn.weights.txt

[& model_cnn_quant.h

[& model_cnn_quant.weights.txt
[& model_lennh

[ model_cnn.weights.bet

[ model_Jcnn_quant.h

[& model_lenn_quant.weights.xt
[& model_Iresnet.h

[& model_Iresnet.weights.bet

[ model_Jresnet_quant.h

[ model_resnet_quant.weights.et
[& model_mip.h

[& model_mlp.weights.txt

PM Notepad++ Document 3KB
PM Notepad++ Document 243KB
PM Notepad++ Document 3KB
PM Notepad++ Document 65 KB
52 PM Notepad++ Document 3KB
PM Notepad++ Document

PM Notepad++ Document

M Notepad++ Document
PM Notepad++ Document
PM Notepad++ Document
PM Notepad-++ Document
52 PM Notepad-++ Document
M Notepad++ Document

PM Notepad++ Document

[& model_mlp_quanth 11:52 PM MNotepad++ Document
[ model_mlp_quant.weights.bet MNotepad++ Dacument
[] model_cnn.a OFile
[] model_cnn_quant.c OFile
[] model_lenn.o OFile
[] model_lenn_quant.o OFile
[7] model Iresnet.o OFile
[] model_iresnet_quant.o OFile
[] modelmlp.c OFile
[ model mlp_quant.o O File
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7 Deploy Model To Board

Now the models can be executed on the i.MX RT1I

70 EVK.

1. In MCUXpresso IDE, the evkmimxrt1170 _ml_state_monitor_cm7 project should already be

imported into your workspace from the pr
Open the app_config.h file under source

evious data collection section.
folder by double clicking on it. The modify line 23 to

change the #define SENSOR_COLLECT_LOG_EXT to 0 to tell the project to now run the

inference of the model

[ Project Explorer X Ifli Registers % Faults ‘=, Peripherals+

257
v IS evkmimxrt1170_ml_state_monitor_mpp_cm7 < Debug=
& Project Settings
B

i
(el Includes

& CMSIS

[ CMSIS_driver

2 board

2 component

2 device

2 drivers

2 «ig

2 fatfs

2 freertos

2 gpio_driver

2 interfaces

2 sdmmc

2 sensors

~ [ source

= inf-eng
= models
= sdcard
[= sensor
[n| app_config.h
[h| FreeRl0SContig.h
[£] mainc
[£) semihost_hardfault.c
(bl version.h

= 8
P
8

| -

Binaries

sl e el
L R YRR S =1 - BRI T S PYRT

L & w oo~

L pa

oy
o
i}

[*
WP ® 8o~ ;o

MO LW R BRI ORI RS

[n| version.h

[h] *app_config.h 3 [ startup_mimxrt1176_cm7.cpp [ main.c

=W

* Copyright 2022-2023 NXP

* SPDX-License-Identifier: BSD-3-Clause

* f

#ifndef _APP_CONFIG_H
#define _APP_CONFIG_H

* Application parameters

* This section provides a template for the application parameters.
* These application parameters can be configured to other supported values

/* SELECT data source: @ - live accelerometer sensor data; 1 - static validation data

#define SOURCE_STATIC_ACCEL_DATA @

FE -~ S R

#define SENSOR_COLLECT LOG_EXT @|

___. o R

gnference; 1 - run 5D log data capturing */

/* Available ML inference engines */
#define INFERENCE_ENGINE_TFLM @

#define INFERENCE_ENGINE_GLOW 1

/* SELECT the ML inference engine */
#define INFERENCE_ENGINE INFERENCE_ENGINE_TFLM

/* Available ML NN models for inference */
#define MODEL_CNN 1
#dafina MONEL | CNN 9

7

3. There are several other options to modify the inference engine between Glow and TFLM on

line 30. By default the project will use Tens

orFlow Lite for Microcontrollers. It is also possible to

select the desired model on line 39. Also a quantized version of the model can be selected on
line 42. For the purposes of this lab none of these lines should be changed though.

/* SELECT data source: ® - live accelerometer sensor data; 1 -
#define SOURCE_STATIC_ACCEL_DATA @

/* SELECT data usage: @ - run ML
#define SENSOR_COLLECT_LOG_EXT @

inference; 1 -

WS o

/* Available ML inference engines */
#define INFEREMCE_ENGINE_TFLM @
#define INFERENCE_ENGINE_GLOW 1

[# STl ECT sl o

#define INFERENCE ENGINE INFERENCE ENGTHNE TFLP‘

ipfearonce cooioo /

/* Available ML NN models for inference */
#define MODEL_CNN 1

4 #define MODEL_LCNN 2

5 #define MODEL_MLP 3

6 #define MODEL_LRESNET 4

T AT T
] 3 i Y SR R :

[* SELECT M NN pode] for inferance */
#define SELECTED MODEL MODEL CNN

= SO

[* SELECT guantization: @ -
#define MODEL QUANTIZED -]

no quantization; 1 -

=
[l

static

run 50 log data capturing */

use quantized models */

validation data */
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If using TensorFlow Lite for Microcontrollers, make sure to set the Build Configuration to the
“Release” target which does a high compiler optimization. This setting has a minor effect
when using Glow or DeepViewRT but significantly reduces inference time when using TFLM.
Click on the project name and then go to Project->Build Configurations->Set Active-

>Release

1@ mlstate - evkmimxrt1170_m_state_monitor_mpp_cm7/source/app_config.h - MCUXpresso IDE

File Edit Source Refacter Mavigate Search Project ConfigTools Run RTOS Analysis Window Help
N e - & @Y @~ Open Project [N | = =]
" Proi 1010 ? C Close Project - y . )
[ Project Explorer % if}f Registers 4 Faults & app_configh X  [d startup_mimxrt1176_cm7.cpp [8 main.c
5|5 & BuildAl Ctrl+B
125 evkmimurt1170_ml_state_monitor_mpp_cm7 « Build Configurations > Set Active 5 |« 1Debug (Debug build)
% Project Settings Build Project Manage... 2 Relesse (Release build)
3, Binaries
) Includes Build Working Set > Build by Working Set >
9 CMsls Clean... Set Active by Waorking Set >
[ CMSIS_driver Build Automatically Manage Working Sets..
8 board C/C++ Ind >
(2 component A= o oo K
2 device Properties lication parameters
& imvare . SR
£ sin e

errors.

(1) Quickstart Panel 3¢ (x)- Variables ®g Breakpoints = 8

1DE

MCUXpresso IDE - Quickstart Panel

Project: evkmimxrt1170_ml_state_moniter_mpp_cm7 [Debug]
= Create or import a project

@ Create a new C/C++ project...
£ Impeort SDK example(s)...
I ® Import project(s) from file sys

@ Import executable from file system...

~ Build your project

<§ Build
& Clean
~ Debug your project

3§ Debug

B-EH-8-

Next build the project by clicking on “Build” in the Quickstart Panel and make sure there are no

Plug the micro-B USB cable into the board at J11 on the i.MXRT1170 board.

Open TeraTerm or other terminal program, and connect to the COM port that the board
enumerated as. Use 115200 baud, 1 stop bit, no parity.

Debug the project by clicking on “Debug” in the Quickstart Panel.

(1) Quickstart Panel x (%)= Variables ®g Breakpoints = O

IDE

MCUXpresso IDE - Quickstart Panel

Project: evkmirmxrt1170_ml_state_monitor_mpp_cm7 [Debug]
~ Create or import a project

B Creste a new C/C++ project...

Import SDK example(s)...

2 Import project(s) from file system...

=) Import executable from file system...
+ Build your project

&, Build

& Clean

~ Debug your project

’?} Debug

B-H-HF-
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8. It will ask what interface to use. Select CMSIS-DAP.

Connect to target: MIMXRT1176x000c

1 probe found. Select the probe to use:

Available attached probes

Name Serial number / 1D / Nickname  Type

Manufacturer ~ IDE Debug Mode
@ CMSIS-DAP  024400001422b53700000000..

LinkServer  ARM Non-Stop

Supported Probes (tick/untick to enable/disable)
MCUxpresso IDE LinkServer (inc, CMSIS-DAP) probes
P&EE Micro probes

SEGGER J-Link probes

Probe search options

Search again

Remember my selection (for this Launch configuration)

@

The debugger will download the firmware and open up the debug view. Click on the Resume
button to start running.

@ mistate - evkminurt1170_mi_state_moniter_mpp_cm7/source/main.c - MCUXpresso IDE

File Edit Source Refacter Mavigate Search Proiect Configlools Run RTOS  Analysis Window Help

m 2 &~ -Gid2iBis|m|n @2 0 @2 Sl Ll % HTH-0-G- "4
[ Project Bxplorer X ifii Registers 4§ Faults 7, Peripherals+ = B 45 Debug

Jr

® - ¢ v [ ekmimxt!170_mi_state_monitor_mpp_cm7 LinkServer Release [C/C+= (NXP Semiconductors) MCU Application]
a ~ i evkmimurt]170_ml_state_monitor_mpp_cm7.axf [MIMXRT1 1 76icooox (cortex-m7)]
~ o Thread #1 1 (Suspended : Breakpoint)
= main() at main.c:104 (x30005¢64
45 am-none-eabi-gdb (12.1.90.20221210)

~ 125 evkmimxrt1170_m|_state_monitor_mpp_cm7 <Release>
€ Project Settings
5 Binaries
@ Includes
(& cMsis
(2 CMSIS_driver
(2 board

5 component [£]0:3000c60s  [&) softmax_common.cpp

[8 mainc X
(5 device 95 .

(2 drivers
v (8B eig
G mpp
v = tensorflowrlite

Code

@brief Application entry point.

v (= tensorflow int main()

& core
| BaseType_t ret;

v lite TaskHandle t handle = NULL;
&«
= core Init board hardware. */
= kemels

BOARD_Init();
v (= micro

o bamele

ret = xTaskCreate(

10. The following text should appear in the terminal program and the current state detected will

continue to print out. Try the fan in different states and see it change.

T

File Edit Setup Control Window Help

starting Application:
CPU: 996080088 H=
Application version: 1.8.8
HFP sion: MPP_UERSION_1.8.8
ce Engine: TensorFlow-Lite Micro

Inference time:
Detected: FAN-OFF (99>

8 Conclusion

This lab demonstrated how to gather and train sensor data to a classification model and deploy
it on an i.MX RT device.

This same lab can be used for other types of sensor data models that detect vibrations. By

enabling machine learning in embedded systems, there’s a wide world of opportunity for new
smarter applications.
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