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1 Lab Overview

This lab will cover how to compile a model using Glow and run it on an RT685 board. The compiled
model will run on the Cortex-M33 core and can also make use of the HiFi4 DSP for supported
operations.

The MNIST models used as the example for this lab are no longer available online and Glow is no
longer a focus of development, so this lab will not be updated. It is recommended to use TensorFlow
Lite for Microcontrollers for any new products due to better compatibility with newly developed
models. This lab document will be kept online for any current users of Glow.

2 Software and Hardware Installation

This section will cover the steps needed to install the elQ software and common machine learning
applications on your computer.

2.1 Glow Installation

1. Install MCUXpresso IDE

2. Install a terminal program like TeraTerm.

3. 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.

4. Download MCUXpresso SDK for RT685. Make sure to include the “elQ” middleware option. Also
make sure to download the MCUXpresso SDK docs zip as well.

5. Unzip the RT685 SDK zip file into a directory path that does not contain any spaces.

6. If not done already, follow the instructions on the MIMXRT685-EVK Getting Started website to
update the LPC-Link2 firmware on the RT685-EVK to use the J-Link interface

2.2 ML Installation

The following instructions are for install basic ML libraries with Python. Not all of these are required
when using Glow, but can be helpful for training models and using scripts.
1. Download and install Python 3.10. **The 64-bit edition is required and for compatibility it is
highly recommended to use Python 64-bit 3.10.x**: 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 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 pandas sympy nose imageio
python -m pip install netron seaborn west pyserial sklearn opencv-python pillow
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3 Convert models

The Glow tools can compile models that are in the TensorFlow Lite, ONNX, and Caffe2 format. More
conversion options can be found in Section 6.1 of the elQ Glow Ahead of Time User Guide.

4 LeNet MNIST Example

The following steps can be used to run an LeNet MNIST example which does hand-written digit
recognition. More details can be found in the elQ Glow User Guide.

1. The fastest inference performance is achieved by quantizing the model, and the best way to
guantize the model without losing much accuracy is to create a quantization profile. Because
different parts of the neural network contain floating point values in different ranges, Glow
uses profile-guided quantization to estimate the possible numerical range for each stage of the
network. The image-classifier tool generates a profile.yml file that can be used to optimize
guantization when compiling the model. Generating this profile file requires a small subset of
images to analyze, which were downloaded in the previous step. More details on how Glow
utilizes quantization can be found on the Glow website.

This should be one long continuous line:

image-classifier -input-image-dir images -image-mode=0to1l -image-layout=NCHW
-image-channel-order=BGR -model=models -model-input-name=data
-quantization-schema=symmetric_with_power2_scale -quantization-precision-bias=Int8
-dump-profile="profile.yml"

E¥ Command Prompt — O ®

Note: If copying and pasting the text above into a Windows command line, there may be "?"
instead of hyphens "-", but the command will still work.

2. Here’s an explanation for the arguments in the command you just ran. You can also use “image-
classifier -help”:
e -input-image-dir images
The directory location of the PNG images to perform the profiling on.
e -image_mode=0to1
Specifies range of values for input tensor. In this example it expects values between
[0,1]. Other options are [-1,1], [-128,127], or [0,255].
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e -image_layout=NCHW
Specifies image layout to use. It’s important to preprocess the input images the same
way they were processed when training the model.
NCHW is Num x Channels x Height x Width.
NHWC is Num x Height x Width x Channels.
e -image-channel-order=BGR
Specifies image channel order. Could be Blue-Green-Red or Red-Green-Blue.
e -model=models
o For Caffe2 models, directory containing the Caffe2 model files named init_net.pb
and predict_net.pb that will be compiled by Glow
o For ONNX models, it should be set to the ONNX model file name.
e -model-input-name=data
Name of the input layer of the model. For this MNIST model it is named “data”
e -quantization-precisison=Int8
Use Int8 bias quantization. Needed for CMSIS-NN optimizations.
e -quantization-schema=symmetric_with_power2_scale
Quantization schema. Symmetric with Power 2 scale is needed for CMSIS-NN
optimizations.
e -dump-profile=profile.yml
Filename to store the profiling results

This step is optional and not required for this lab. It is then possible to further tune this

guantization profile to provide even better accuracy. This is not required for this lab as the

default quantization is already accurate for this model, but this step is included here for

completeness. This highly optimized quantization profile will be named profile_tuned.yml to

differentiate it from the basic profiling done in the previous step. Using the model-tuner tool

causes the accuracy of the quantized Glow model to significantly increase. It uses a labeled

dataset listed in a CSV file. The elQ Glow Ahead of Time User Guide in the SDK docs zip file has

more details on how this tuning works.

e Note: The more images used from across all categories will help improve accuracy. Example
image files would need to be created and those are not included as part of this lab.

e Note: This step can take a very long time without the -target-accuracy parameter, up to
several hours for large datasets.

e Note: If copying and pasting the text above into a Windows command line, there may be "?"
instead of hyphens "-", but the command will still work.

This should be one long continuous line:

model-tuner -dataset-file="dataset-tuning\Labels.csv" -dataset-path=dataset-tuning
-image-mode=0tol -image-layout=NCHW -image-channel-order=BGR -model=models
-model-input="data,float,[1,1,28,28]" -load-profile="profile.yml"
-dump-tuned-profile="profile_tuned.yml" -backend=CPU -quantization-precision=Int8
-quantization-schema=symmetric_with_power2_scale -target-accuracy="0.95"
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4. Here’s an explanation for the new arguments in the command you just ran. You can also use
“model-tuner -help”:

-dataset-file="dataset-tuning\Labels.csv"

CSV file containing image names and labels in image_file_name,category_label, format. Ex:
4 1059.png,4,
0_1009.png,0,
8 1026.png,8,

-dataset-path=dataset-tuning
Directory path to the images specified in the CSV file
-model-input="data,float,[1,1,28,28]"
o For Caffe2 models like this MNIST model, specify the input tensor (data), the input
layer type (float), and the shape ([1,1,28,28]). This is a 28x28 image.
o For ONNX models, this option is not needed as this information can be read directly
from the model.
-load-profile="profile.yml"
Load the profile file generated from the previous step
-dump-tuned-profile="profile_tuned.yml"
Filename to store the highly tuned profile results
-backend=CPU
Use CPU as the backend
-quantization-precisison=Int8
Use Int8 bias quantization. Needed for CMSIS-NN optimizations.
-quantization-schema=symmetric_with_power2_scale
Quantization schema. Symmetric with Power 2 scale is needed for CMSIS-NN
optimizations.
-target-accuracy="0.95"
Stop tuning when accuracy has reached 95%. This saves significant amounts of time.

The profile file created in Step 4 will then be used to generate the compiled Glow executable by

using the model-compiler tool. Generate the files with the following command:

This should be one long continuous line:

model-compiler -model=models -model-input="data,float,[1,1,28,28]" -emit-bundle=source
-dump-graph-DAG="model_graph.dot" -backend=CPU -target=arm -mcpu=cortex-m33
-float-abi=hard -load-profile="profile.yml"
-quantization-schema=symmetric_with_power2_scale -quantization-precision-bias=Int8

-use-cmsis -use-hifi -network-name=mnist

B CAWINDOWS\s 32\emd.exe - o X

C:\Data\eIQ\Glow\mnist>model-compiler -model=models -model-input="data,float,[1,1,28,28]" -emit-bundle=source -dump-gr
aph-DAG="model_graph.dot" -backend=CPU -target=arm -mcpu=cortex-m33 -float-abi=hard -load-profile="profile.yml" -quant
ization-schema=symmetric_with_power2_scale -quantization-precision-bias=Int8 -use-cmsis -use-hifi -network-name=mnist
Writing dotty graph for Function to: model_graph.dot

WARNING: Logging before InitGooglelLogging() is written to STDERR
I1215 11:23:10.277166 13152 HostManager.cpp:228] Destroying host manager...

C:\Data\eIQ\Glow\mnist>

Note: If copying and pasting the text above into a Windows command line, there may be "?"
instead of hyphens "-", but the command will still work.
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6. Here’s an explanation for the arguments in the command you just ran. You can also use
“model-compiler -help”:

-model=models
o For Caffe2 models, directory name that contains the Caffe2 model files named
init_net.pb and predict_net.pb that will be compiled by Glow
o For ONNX models, it should be set to the ONNX model file name.
-model-input=data,float,[1,1,28,28]
o For Caffe2 models like this MNIST model, specify the input tensor (data), the input
layer type (float), and the shape ([1,1,28,28]). This is a 28x28 image.
o For ONNX models, this option is not needed as this information can be read directly
from the model.
-emit-bundle=source
Directory to output the generated files
-dump-graph-DAG=model_graph.dot
Generates a visual representation of the compiled model in dot format. See further
below for how to convert the dot file to a PDF file.
-backend=CPU
Use CPU as the backend
-target=ARM
Target architecture to compile for
-mcpu=cortex-m33
Specific CPU to compile for.
o “cortex-m7” for M7 core (RT1050/RT1060/RT1160/RT1170).
o “cortex-m33” for M33 core (RT685)
o “cortex-m4” for M4 core.
-float-abi=hard
Compile to use floating point hardware on target
-load-profile=profile.yml
Load the profile file generated earlier. This option is also what tells the model-compiler
to quantize the model. The model must be quantized to use the CMSIS-NN
performance optimizations. Note that if the optional model-tuner profile was
generated, would use the 'profile_tuned.yml' file instead.
-quantization-precisison=Int8
Use Int8 bias quantization.
-quantization-schema=symmetric_with_power2_scale
Quantization schema.
-use-cmsis
Use CMSIS-NN library for supported quantized operations to speed up execution.
-use-hifi
Use HiFi4 DSP on RT685 for supported operations to speed up execution. Not used for
RT1050/RT1060.
-network-name=mnist
Use “mnist” as the name for the generated files. It is recommended to use a short and
descriptive name as it will be used as a prefix for all macros and functions.
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You can see the generated files inside the source folder defined by the emit-bundle argument.
e <network_name>.o - the bundle object file (code).
e <network_name>.h - the bundle header file (API).
e <network_name>.weights.bin - the model weights in binary format.
e <network_name>.weights.txt - the model weights in text format as C text array.

The model_graph.dot file can be converted to a PDF file by using the Dot application included in
the Glow bundle. You can see the calls to the HiFi4 DSP for the supported layers.
dot -Tpdf model_graph.dot -0 model_graph.pdf -Nfontname="Times New Roman,"

B CAWINDOWS\system32\cmd exe

raph.pdf -Nfontname="Times New Roman,"

Cominat
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Finally to test the accuracy of the model when running on an embedded system, convert an
image into a C array. This array will be loaded into Flash and used as input for the model
inference on the board. The glow_process_image.py Python script can be found attached to
the NXP Community post that this lab was in. This script will generate a input_image_test.bin
file that will be used in the next section. Notice the generated file is 28%28*4=3136 bytes in size
because of the 28x28 pixel monochromatic image which uses 4-byte floating point input that
the model requires.

This should be one long continuous line:
python glow_process_image.py -image-path="images\9_1088.png"

-output-path="source\input_image_test.bin" -image-mode=0to1l -image-layout=NCHW
-image-channel-order=BGR -image-type=float32 -output-format=bin

D:\work\eIQ\Glow\mnist>python glow_process_image.py -image-path="images\9_1088.png" -output-path="source\input_image_te
st.bin" -image-mode=0tol -image-layout=NCHW -image-channel-order=BGR -image-type=float32 -output-format=bin
Image processed to file "source\input_image_test.bin" ...

Image size = 3136 (bytes)

D: \work\eIQ\Glow\mnist>

elQ Glow Lab Page 8 of 18



A\ 4
4\

If you get an error about no module named numpy.typing make sure you have numpy version
1.20 by using ‘python -m pip install numpy=1.20’

5 Run Glow on the RT685

Now that the Glow files have been generated, the next step is to use them in the Glow MCUXpresso
IDE project and run it on the RT685 board.

This lab will use the glow_cifar10 demo found in the SDK and use it as a baseline to run the MNIST
Glow model compiled in the previous section.

1. Open up MCUXpresso IDE and select a new workspace

2. Install the RT685 SDK into the “Installed SDKs” tab by dragging-and-dropping the RT685 SDK
.zip downloaded earlier into the Installed SDK window. This dialog box will come up, and click
OK to continue the import:

MCUXpressa IDE SDK impert
P P =R

L7

DAMCUXpressoSDKVSOK 2_11_1_EVK-MIMKRTESS.2ip

ou want to impart the following SDK in the commen ‘mcpress’

100 ot ask For comfimation on SOK Drag ani Drop inctall

3. It will look like the following when complete:

@) Installed SDKs 32 [ Properties (2] Problems E) Console {8 Terminal [ Imags Info G} Debugger Console 2, Offiine Peripherals [cRs

]

@ Installed SDKs

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

MName SDK Version Manifest Version Location
3 SDK_2._EVK-MIMXRT685 2111 290 L \SDK_2_11_1_EVK-MIMXRT685.zip
4. Inthe Quickstart Panel in the lower left corner, click on Import SDK examples(s)...
(\) Quickstart Panel 33 = 8

A
. MCUXpresso IDE - Quickstart Panel
(o€ | Project: evkmimxrt1060_glow_lenet_mnist [Debug]
v Create or import a project
B 1w oriect
£
Impart SDK example(s)...
X Import project(s) from file system...

+ Build your project

@, Build

.5" Clean
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Select the evkmimxrt685 board and click on Next

W 50K wrert Wanes.

Selected Device

Target Core:

2

5
b Y 4 c
- e

&

Expand the elQ_examples category and select the glow_cifarl0_cm33 example. Then make

sure UART is selected for the SDK Debug Console option. Click on Finish.

B8 DK import Wizard

- Import projects

i, The source from the SDK will be copied into the workspace. If you want to use linked files, please unzip the 'SDK_2.x_EVK-MIMXRT685' SDK.

x

X &

Project name prefi: | evkmimurt6gs

x| project name suffis:

Use default location

C:\Users\nxad6332 WB\Documents\MCUXpressolDE_11.5.0_7232\glow\evimimrtees Browse..
Project Type Project Options
@ CProject () C++ Project () C Static Library ) C++ Static Library SDK Debug Console () Semihost | @ UART| | Example default
Copy sources
Import other files
Examples | M % EBE
[type tofiter |
Name Description Version )
> [J £ FreeMASTER examples
[ £ aws_ecamples
[ £ bootloader
[ £ cmsis_driver_ecamples
[ £ companent_examples
[0 £ demo_apps
[ £ driver_examples
[ £ dsp_examples
[] £ edgefast bluetooth_examples
v [ 2 eigeamples
[ = dsp_nn_demo_cm33 The dsp_nn_demo demo application demonstrates starting DSP core with DSP image.
glow_cifar0_cm33 The glow_cifar10 demo application demonstrates starting DSP core with DSP image.
[ = tensorflow Jite_micro_cifarld_cm33 CIFAR-10 example for TensorFlow Lite Micro
[ = tensorflow lite_micro_cifar10_hifi4_cm33 CIFAR-10 example for TensorFlow Lite Micro
[ = tensorflow lite_micro_ws_cm33 Keyword spotting example for TensorFlow Lite Micro
[ = tensorflow Jite_micro_kws_hifid_cm33 Keyword spotting exsmple for TensorFlow Lite Micro
[ = tensorflow lite_micro_label_image_cm33 Label image example for TensorFlow Lite Micro
[ = tensorflow lite_micro_label_image_hifid_em32 Label image ecample for TensorFlow Lite Micro
[ = tensorflow Jite_micro_xaf_hifid_cm33 Xtensa Audio Framework example with TensorFlow Lite Micro word detection
[ £ emwin_examples v
@ o | Conc

This will copy the CIFAR10 demo project to the MCUXpresso IDE workspace.

The project already includes the pre-compiled HiFi4 binaries for neural network acceleration.
Section 6 will cover how to use Xtensa Xplorer to compile the DSP code, but for this section,
that code will be automatically loaded by the project.
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9. Now we need to add the files generated in the previous section into this project, which will be
covered in the next few steps. There are 4 files that need to be included. Three of them are
found in the “source” folder that was created by the compiler. Remember that the “mnist”
name comes from the “-network-name” argument you gave when running model-compiler.
input_image_test.bin comes from the python script to generate the data to do the inferencing
on.

e mnist.h

e mnist.o

e mnist.weights.txt

e input_image_test.bin

10. Open the directory location to place these files by right clicking on the glow_bundle folder in
the Project Explorer and selecting Utilities->Open directory browser here

@ glow - evkmimxrté85_glow_cifarll_cm33/source/main_cm33.c - MCUXpresso IDE

File Edit Source Refactor MNavigate Search Project ConfigTocls Run RIOS  Analysis Window Help

mif 52 | &~ |~ @ - K| HH-0-G%-i® - 2
[ty Project Explorer 52 1 Registers % Faults &, Peripherals+ = B [g main_em33.c &
BBV 8| W ST e o
= evkmimxrtb85_glow_cifarl0_cm33 < Debug> ~ ; . ECP" _:z:_’sz?;z;i
& Project Settings 2 = 0
[t Includes 5 " SPDX-License-Ide
# CMSIS 6 */
(= MIMXRTE835 7| .
2 board 8 #Jl.nclude "-’eeRTDS‘
9 #include “"fsl_debug |
(5 component 12 #include “task.h"
(2 device 11 #include “queue.h”
(2 drivers 12 #include "dsp_ipc.h’
(2 dsp_binary 13 #include “"pin_mux.h"

. 14 #include “"clock_cond]
(2 flash_config 15 #include "board.h"

(2 freertos & #include "counter.h’
w [ glow_bundle #include “dsp_nn.h"
maodel.h New ?
@ model.o Go Inte 19 #mcl
g modelwe
w Open in New Window
=| modelwe
2 glow_utils Show In Alt+Shift+W »
 nn Show in Local Terminal ¥ 24 #if defined(_ ICCARM
2 pmic_driver 25 // Model input data
- iE Copy Ctrl+C 26 #pragma section = " |
- ) . 27 #define INPUT_DATA g
[ rpmsg_lite defi
~ [ source Paste Ctrl+V 8
.h| dsp_confi elete elete 29 // Model weights FLA
d fi 3¢ Del Del del h
FreeRTOS ST 3 i #pragma section = " |
inchin.s 31 #define WEIGHT_DATA
- ' Move... 32
€] main_cm: ove ;3 /f Model reference
rpmsg_co [ponzs e 34 #pragma section = " |
|g| semihost_ (e 25 #dafima AITDIT RATA
[W erbmm ramd part.. v
3 Export.
) Quickstart Panel & g = 0 () Installed SD... 52 [T Propert
Build Project A
MCUXpre
Refresh F5
o€ | Project: evkm @ Installed SDKs
- Index >
= Create or import To install an SDK, simply drag and
Build Targets >
x proj Installed SDKs . _Awvailable Board|
E) @ New proj Resource Configurations > netalle : varshle Boar
y & import 5t MName
® Import pi Profiling Tools 3 7] £ SDK_2.¢_EVK-MIMXRTY
K| -
Restore from Local History...

~ Build your projeci
Utilities ¥ Open command prompt

{)& 6% Build Teols » 2] Open directory browser here
Cl
¢ Hean ~|  Validate Bl Open command prompt here
oo =R P ric. . rade Aokt I

11. It should open a directory at something like something like: C:\Users\user_name\Documents \
\MCUXpressolDE_11.5.0_7232\workspace\evkmimxrt685_glow_cifarl0_cm33\glow_bundle
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12. Find the mnist.h, mnist.o, mnist.weights.txt, and mnist.weights.bin files from the Glow source
directory created from the previous section, and copy those files into the
evkmimxrt685_glow_cifar10_cm33\glow_bundle directory. It will look like the following when
done:

13. Copy the input_image_test.bin file that was created from the previous section, and copy that
file into the evkmimxrt685_glow_cifar10_cm33\test directory. It should look like the following
when done:

« v [ workspace » evkmimurt683_glow_cifarldcm33 > test v o

Name Tpe Size
@ OneDrive

(] input.bin BIN File 1,200KB

[ This PC ] input image testbin BIN File aK8

BIN File 1KB

" Libraries L] output.bin

14. Now go back to MCUXpresso IDE

15. Next open up the Project Properties by clicking on the project name again and select Properties
like done before.

16. Now go to the C/C++ Build->Settings->MCU Linker->Miscellaneous screen and double click on
the item (or hit the edit button) in “Other Objects” to modify the object file to be the one that
was just created:

* Manage Configurations,

teps 1 Build Adifact [} Binaey Parsesz @ Emor Parsers

====== Defauits Apply.

17. Click on Workspace, navigate to the glow_bundle folder, and select “mnist.0”. This will add the
mnist model that was compiled earlier. Then hit OK.

S{workspace_loc:/${ProjName}/glow_bundle/mnisf o}

ez | tmi || G

18. Then click on “Apply and Close” to close out of the Properties dialog box.

elQ Glow Lab Page 12 of 18



A\ 4
4\

19. Now there are modifications that need to be made to main_cm33.c to edit the file to use the
new file names and models.

[ Project Explorer 53 17} Registers 3% Faults 2, H
v S evkmimxrts25_glow_cifari_cm33 <Debug>

& Project Settings

4, Binaries

) Includes

2 CMSIS

(2 MIMXRTE355

2 board

(2 component

= device

(= drivers

(2 dsp_binary

(2 flash_config

= freertos

(2 glow_bundle

(2 glow_utils

= nn

(2 pmic_driver

(2 rpmsg_lite

~ [ source

dsp_config.h
FreeRTOSConfig.h
inchin.S
€] main_cm33.c
rpmsg_config.h

20. Everywhere in the main_cm33.c file that cifar10 is used, it should be changed to just “mnist”
and use the new variable names created by the generated files. This includes:

e Line 52 toinclude the generated header file “mnist.h”

e Lines 56-65 for the new Glow variable names that use MNIST as the network name

e Line 68 should set the inputAddr pointer to the network name plus the name of the
model’s input layer (MNIST_data in this example). This name be found in the minst.h
file.

e Line 69 should set the outputAddr pointer to the network name plus the name of the
model’s output layer (MNIST_softmax in this example). This name be found in the
minst.h file.

e Line 72 should be set to the input size of the model (in this case a 28x28 monochrome
image with floating point input).

e Line 75 should be set to the number of classes of the model

e Line 78 should be the number of images being inferenced. In this case that is 1

#include “mrist.h”

Finclude “glow bundle_utils.h”

// statically allocate memory for constant weights.
GLOW_MEM_ALIGN(MNIST MEM_ALIGN)

Uints t constantieight[MNIST CONSTANT MEM SIZE];

TSR oo
GRORE S oouanbume

59 // Statically allocate memory for mutable weights (model input/output data).
GLOW_MEM_ALIGN(MNIST_MEM_ALIGH)
uintd_t mutableweight[MNIST MUTABLE MEM SIZE];

// Statically allocate memory for activations (model intermediate results).
GLOW MEM_ALTGN{FNIST FMEM ALTGN)
uint8_t activations[MNIST_ACTIVATIONS_MEM SIZE];

Bundle input/output data absclute addresses.
uintd_t *bundleInpAddr = GLOW GET ADDR(mutableWeight, MNIST datal);
uintd_t *bundleOutAddr = GLOW GET ADDR(mutableWeight, MNIST softmax);

// Model input data size (bytes).
#define INPUT_IMAGE_SIZE [28 * 28 = 1 * sizeof(float)

/7 Model number of output _classes.
#define QUTPUT_NUM_CLASS |18

// Number of images to run inference
#define NUM_TMAGES| 1

S B e
[N R R g
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21. Then modify Line 122 which is what starts the inference by changing the function name:
“mnist(constantWeight, mutableWeight, activations)”

22.

tic = get_ccount();

toc

mnist(constantWeight, mutableWeight, activations);
= get_ccount();

Then open up the test_incbin.S file and change the input and weights sections to match the

new input data and the new weights data:

[ Project Expl... 52 Uif Registers 4. Faults eripheralss =

~ 5 evkmimxrt883_glow_cifari0_cm33 <
€ Project Settings
4 Binaries
[l Includes
& Cmsis
2 MIMXRT6855
(2 board
on

(£ flash_con
3 freettos
2 glow_bundle

ult.c

[nl_srtm_confi,
test_inchin.S
T

<
(2 test

(&) main_cm33c inchin.

2015 NXP
ved

SPDX-Li

5 #3F defined(__GNUC_)

/* defined(_GWUC_) */

test_incbin.5 £2 [c] ResetiSR() at star

array

23. Optional: The serialize_data.py script found at
\boards\evkmimxrt685\eiq_examples\glow_cifar10\scripts could also be used to generate
input data to read in for inferencing if multiple images need to be inferenced. It is not used for

24,

this lab though.

Now it’s time to build the project. However because new Glow files were copied into the

project, you must do a clean first. Failing to do a clean could cause the newly imported weight
data to become misaligned in memory, and cause accuracy errors during the inferencing. This is
only required when new Glow files are copied into the project. Click on “Clean” in the

Quickstart Panel first:

MCUXpresso IDE - Quickstart Panel
Project: evkmimxrt685_glow_cifar10_cm33 [Debug]

L .ms

~ Build your project

&, Build

k¥ Clean

« Debug your project

4 Debug

B-EH-H-

(1) Quickstart Panel 73 (9= Variables 9 Breakpoints =0

25. Then build the project by clicking on “Build” in the Quickstart Panel.

(1) Quickstart Panel 2 (= Variables @ Breakpoints

~ Create or import a project

@ new project.
o ©
/4l ® import SOK example(s)..
& Import project(s) from file system...

= 0

MCUXpresso IDE - Quickstart Panel
Project: evkmimurt685_glow_cifar10_cm33 [Debug]

~ Build your project
4, Build

& Clean

+ Debug your project

©-E-8-

4 Debug
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26. Plug the micro-B USB cable into the board at J5.

27. 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.

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

() Quickstart Panel 53 (x)= Variables 9 Breakpoints = 0

. MCUXpresso IDE - Quickstart Panel
1= ) Project: evkmimxrt635_glow_cifar10_cm33 [Debug]

~ Create or import a project
B8 Mew project...
) = i i
1 Import SDK examplefs)...
& Import project(s) from file system...

~ Build your project

& Build
& Clean
+ Debug your praject ~E-H-

4 Debug

29. It will ask what interface to use. Select J-Link LPCXpresso V2 as the LPC-Link2 debug circuit
should have been updated to use the JLink interface as part of the RT685 Getting Started.

80 Proses discoverest o x

Available attached probes

Name Scislmumbes’ Tpe  Man. 1DE Debug Mode
BA ok lPOpresoVe  THOSIS USB SEGG..

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

%5 Debug £7
v [l evkmimxrt685_glow_cifar0_cm33 JLink Debug [GDB SEGGER Interface Debugging]
v 55 eviemimxrt685_glow_cifar1D_cm33.axf
v Thread #1 57005 (Suspended : Breakpoint)
= main() at main_cm33.c:165 (x800241e
o arm-none-eabi-gdb (10.1:90.20201028)

main_cm33.c & incbin.S test_incbin.S [€] ResetISR() at startup_mimxrt6d
PRINTF("\r\n");
PRINTF("Overall accuracy = %4.2f %%\r\n", accuracy / ((float)N

while (1)

}

@brief Main function
< int main(void)
BOARD_InitPins();

BOARD_BootClockRUN( ) 5
BOARD_InitDebugConsole();
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31. You should see the output on the console identifying the image as the number ‘9’ with ~93%
confidence and a 2.19ms inference time. Ignore the Ref class item and the Overall accuracy as it
assumes the output.bin file has that correct information, but that is not being used in this lab:

e

File Edit Setup Control Window Help

Started Cifari@ demo and benchmark
DSP Image copied to SRAM

———— Gifarl® Quantized Demo ————
Topl class = 9

Ref class 3

Confidence = B.937500ABAARABEAOAR
Inference = 2.193 (ms)>

Throughput = 45%6.8 fps

%uerall accuracy = ax

6 Compile Neural Network HiFi4 DSP

This section is not required but may be of interest to those who want to study the HiFi4 DSP code.
However the HiFi4 code should not normally need to be modified. The project in the previous section

already includes the pre-compiled DSP code. To explore the DSP code, Xtensa Xplorer can be used to
compile the neural network Hifi4 DSP libraries.

6.1 RT685 Software Installation

1. Follow all the instructions on the MIMXRT685-EVK Getting Started website. Before continuing
with this lab you should have:

e Installed Xtensa Xplorer IDE
e Updated LPC-Link2 firmware on the EVK to use the J-Link interface

e Successfully debugged the dsp_mu_polling_cm33 SDK example with both MCUXpresso
IDE and Xtensa Xplorer IDE.

6.2 Compile HiFi4 DSP Libraries

2. Open up Xtensa Xplorer.
3. Import the DSP project by going to File->Import

4. Expand the General category to select Existing Projects into Workspace and click on Next

Select

N

Create new projects from an archive file or directory. E — E
Select an import source:
type filter text
v (= General
[ Archive File
(% Existing Projects into Workspace
(=} File System
[} Preferences
= Install
(= Run/Debug
= Team
(= Xtensa Xplorer
@ < Bach Finish Cancel
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5. Click on Browse next to Select root directory and navigate to where you unzipped the RT685
SDK. Select the \boards\evkmimxrt685\eiq_examples\glow_cifar10\dsp directory which
contains the DSP project for the CIFAR-10 demo. The glow_cifar10_hifi4 project should then
already be selected. Leave all the other options unchecked as-is. Click on Finish to import this

Import [u] X
Import Projects e
Select a directory te search for existing Eclipse projects.

@ Select r o [ DAmeu DK\SDK_2_11_1_EVK:

eiq_ ,_cifari O\dsp v‘ [ Erowse ]

(O Select a efile:

Projects:

glow_cifar10_hifid (D:AMCU. DK\SDK 2_11_1_EVK-

eiq_¢ /_cifariO\dsp Select All
Deselect Al

Refresh

[ Add project to working sets

New,

@

< Back lext > Finish Cancel

In the toolbar, select the glow_cifar10_hifi4 project, select the nxp_rt600_RI12021_8 newlib
library, select the Release target, and then click on Build Active to build the neural network DSP
library. You will see the results in the Console tab at the bottom. If there are any errors, make
sure the SDK directory path does not have any spaces.

glow - Xtensa Xplorer

File Edit Source Refactor MNavigate Search Project Run  Tools  Window Help
-~

?@ FBmode: Off ~ |P: glow_cifarl0_hifid | v  C:nxp_rtb00_RI2021_8_newlib| ~ [: Release | * |Build Active|
[y Project Explorer &3 =

EL glow_cifar10_hifid
L HelloWorld

¢ = 0

A

7. When the compilation is complete, two .bin file will be generated in <SDK_Path>
\boards\evkmimxrt685\eiq_examples\glow_cifar10\dsp\binary

8. These binary files can replace the default DSP library files in the project. Overwrite the default
files by copying them to the evkmimxrt685_glow_cifar10_cm33 directory in the MCUXpresso

IDE workspace. It's the same directory location the Glow files were copied to in the previous
section.

Conclusion

This lab demonstrates how to use the Glow tools to create executable models that will run on the
RT685 device. For more information on the Glow tools, please read the elQ Glow Ahead of Time
User Guide in the SDK docs zip file, and also visit the Glow AOT (Glow Ahead of Time) website.

The default CIFAR-10 example can also be explored. Creating a CIFAR-10 model to convert requires
installing Caffe2 and training a CIFAR-10 model which is beyond the scope of this lab document.

See the readme.txt file at <SDK_path>\boards\evkmimxrt685\eiq_examples\glow_cifar10\cm33
for more details.
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The serialize_data.py script at
<SDK_path>\boards\evkmimxrt685\eiq_examples\glow_cifar10\scripts can be used to rapidly
test multiple images. It creates an input.bin (the input data) and output.bin (the correct result for
each image) that can be placed into the test folder of the CIFAR-10 project to be compiled in.

Further performance optimizations making use of the internal memory found in the i.MX RT can be
done by using the techniques described in Section 5.3 of the Glow User Guide.

Finally, quantization profiles for models that do not use images can be created by using the model-

profiler tool. It is included in this Glow release, and documentation can be found on the Glow
website.
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