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1 Introduction

This document describes how to integrate the customer ML model to NPU on the FRDM-MCXN947 board. MCX
N94x and MCX N54x are based on dual high-performance Arm Cortex-M33 cores running at up to 150 MHz,
which has 2 MB of on-chip Flash with optional full ECC RAM, and an integrated proprietary Neural Processing
Unit (NPU). The integrated NPU delivers up to 40x faster machine learning (ML) throughput compared to a CPU
core alone, enabling it to spend less time awake and reducing overall power consumption.

Table 1. Requirements

Software requirements Hardware requirements
MCUXpresso IDE FRDM-MCXN947 board
elQ Toolkit Debug prob: USB-C

MCUXpresso SDK for
FRDM-MCXN947

2 NPU overview

The elQ Neutron Neural Processing Unit (NPU) is a highly scalable accelerator core architecture providing
machine learning (ML) acceleration. The architecture provides power and performance-optimized NPUs
integrated with NXP's wide portfolio of microcontrollers and application processors.

The elQ Neutron NPUs offer support for various neural network types such as CNN, RNN, TCN, Transformer
networks, and more. ML application development with the elQ Neutron NPU is fully supported by the elQ
machine learning software development environment. The NPU used in MCX N94 is Neutron N1-16. Its block
diagram is shown in Figure 1
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Figure 1. Neutron N1-16 block diagram

The elQ Neutron N1-16 NPU found inside the MCX N94 has 4 compute pipes and each compute pipe contains
4 INT8 MAC (Multiply Accumulate) blocks for a total of 16 MAC blocks. This means that MCX N94 could
execute 4.8G (150MHz * 4 * 4 * 2) INT8 operations per second.

The MCUXpresso Software Development Kit (MCUXpresso SDK) provides a comprehensive software package
with a preintegrated TensorFlow Lite for Microcontrollers (TFLM).

The Neutron library is integrated into TFLM as well. Table 2 shows the operators supported by the NPU.

Table 2. The operators supported by the NPU

Operator Operator input type MCXN947/MCXN548 NPU
ADD Float No
Uint8(PTQ) No
Int8(PCQ) Yes
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Table 2. The operators supported by the NPU...continued

Operator Operator input type MCXN947/MCXN548 NPU
AVERAGE_POOL_2D Float No
Uint8(PTQ) No
Int8(PCQ) Yes
CONV_2D Float No
Uint8(PTQ) No
Int8(PCQ) Yes
DEPTHWISE_CONV_2D Float No
Uint8(PTQ) No
Int8(PCQ) Yes
FULLY_CONNECTED Float No
Uint8(PTQ) No
Int8(PCQ) Yes
UNIDIRECTIONAL_SEQUENCE_ Float No
LST™M Uint8(PTQ) No
Int8(PCQ) No
LOGISTIC (Sigmoid) Float No
Uint8(PTQ) No
Int8(PCQ) Yes
MAX_POOL_2D Float No
Uint8(PTQ) No
Int8(PCQ) Yes
MUL Float No
Uint8(PTQ) No
Int8(PCQ) No
SOFTMAX Float No
Uint8(PTQ) No
Int8(PCQ) No
SVDF Float No
Uint8(PTQ) No
Int8(PCQ) No
Note:

* PTQ — Per-tensor quantized (asymmetric 8-bit quantization).
* PCQ — Per-channel quantized (symmetric 8-bit quantization).

For more information, refer to each TensorFlow Lite User’s Guide in middleware/eiq/doc of the SDK.
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3 Software environment setup

The setup of the software environment is based on Windows.

1. Download MCUXpresso IDE, and select the Windows version to download, as shown in Figure 2
A ¥4

4L PRODUCTS APPLICATIONS DESIGN CENTER SUPPORT COMPANY

NXP * Design © MCUXpresso IDE ©~ MCUXpresso IDE : Files

Software & Support

e Product Download
Product Search MCUXpresso IDE
Order History . N
‘ Files | License Keys ~ Notes @ Download Help
Recent Product Releases
ocont Undatos show Al Files ) 4Files
. . + File Description < FileSize ¥ File Name s
Licensing o o
+ MCUXpressolDE_11.8.0 - Linux 1.3 GB & mcuxpressoide-11.8.0 1165.x86
License Lists
+ MCUXpressolDE_11.8.0 - macOS Apple silicon 1GB # MCUXpressolDE 11.8.0 116!

Offiine Activation + MCUXpressolDE 11.8.0 — macOS x86_64 1GB ¥ MCUXpressolDE 11.8.0 1165.x86-64.p

+ MCUX;)resso\DEilI.BOmedOD 1.1 GB % MCUXpressolDE 11.80 1165.exe
FAQ
Download Help \
Table of Contents.

FAQs

Figure 2. MCUXpresso IDE download

2. After downloading, double-click the downloaded installation package, select the installation location, and
perform the installation until it is completed.

. Setup - MCUXpresso IDE 11.8.0 [Build 1165] — x

Select Destination Location
Where should MCUXpresso IDE be installed?

l E Setup will install MCUXpresso IDE into the following folder.

To continue, click Next. If you would like to select a different folder, click Browse.

C:\nxp\MCUXpressoIDE_11.8.0_1165] Browse...

At least 2.51 GB of free disk space is required.

https://vwvaw.nxp.com/mecuxpresso/ide Back Next Cancel

Figure 3. MCUXpresso IDE installation

Note: Use a USB-C cable for both powering and debugging of the FRDM-MCXN947 board as shown in
Figure 4. The other side of the USB-C cable must be plugged into your development computer.
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Figure 4. USB-C cable and FRDM-MCXN947 board
3. To install the required SDK, select FRDM-MCXN947 in MCUxpresso SDK Builder as shown in Figure 5.

CUXpre . Create Jira ticket
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= Processor Paramatncs Add o Fi
o @) »
ADMINE " Select a Board, Kit, or Processor _—
@ oo
B Nottcasons = Boards
£ Proforence P OUN @ Ex
oK v2140 - W Bubd MCUXprasso SDK
A Expansion Board Hub *  Hinotis
» PO Matched Hardware Platforms

[l opscaton Code M
Found ({2 HW solutions that match your critedia

* MCX
\ FROM-MCXATS3 (MCXATST) (Boards: (), Hits: R, Processors: ()

B Mouressa DE
™ FROM-MCXNZIE [MCXNZ36)

Bl MCLpresso
Tor VS Code FROM-MCXNSAT (MCXNB4T) Filtering Criteria - Reset all

Bl vcuxprossa MCX-NSXX-EVE (MCXNSAT) 0
Contky Tocls Required Hardware
5 MCX-NIXX-BRE (MCXNS4T) Hardware filtering not applied
Offna data
MOX-NIXX-EVE (MCXNSST)
Required Middleware

B o
Socurs Provesoning Tool MEXANIXEVE (MCXW345) Middleware filtering not applied

. oMW
J Required Example Projects
X b PNTG
i Deploynd Rolsases Example Project filtering not applied
7 Hardware in Rleases. rooN

Figure 5. Selecting Development board
4. Select elQ middleware, click DOWNLOAD SDK as shown in Figure 6.
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NXO MCUXpresso SDK Builder « Intermal Create Jira ticket Wiki

o e " Build SDK for FRDM-MCXN947

Generate a downloadable SDK archive for use with desktop MCUXpresso Tools
Select Board / Processor
s Developer Environment Settings
5 Micdieware (0} Selechons here (operating hosf system, hooichas o meddhewarna) wall impact files and exampies proyects inciuded it the SOK and Generated Propcts

%" Examples (0)

3K Tookchain () -
= Processor Pasametncs. =. Windows - E MCUXpresso IDE -
(o
ADMBNISTRATION
Search SELECT ALL
& Mobfications
& Preforonces
Name Category Description
EXPLORE
| SDMMC Stack Middlewara Stack supporting SD, MMC, SDIO
B Exponsion Board Hub = ' )
. Applcation Code Hub C] CAMopen &' Middleware MicroCANOpen stack from Embedded Systams Academy
CM3IS DSP Library CMSIS DSP Lib CMSIS DSP Saftwara Library
@ Mcwipresso IDE
coraHTTP Middiowara coraHTTP Controlled
M mcuxpresso O _I. -

for VS Coda
ald & Middleware alQ machine learning SDK containing: - ARM CMSIS-NN library ... (more)
@ Mouspresse

Canfig Tocks O amiVin Middlawara emin graphics library

B Offine data
a Fatfs Middlewara FAT File System stack
@ hcupresso
Socure Provisioning Tool
O FreeRTOS Real-time operating system for mécrocontrallers from Amazon

i Deployed Releases / P
P Harcware in Releases DOWNLOAD SDK

Figure 6. SDK download
5. After finishing building the SDK, download the zip SDK file as shown in Figure 7

SDK Builder n Craate Jira tick
AN TRER &

MCUXpresso SDK Dashboard

Access, Download, and & e your requested SDK Builds,
SDK_2.14.0_FRDM-MCXN947 2023-11-23 X Remove SOK
EE Windows P20 J FROM-MCXN4T [# Robuia s0%
%% Mcuxprossa IDE @ REL_2.14.0 MCXN10_RFP_RC1_0 X Contig Toois
853 CMSIS DSP Library, SDMMC Stack, 010 ¢ St 50K

#° 2 SDK Dascripton \ & Downioas 50K

Figure 7. zip SDK file download
6. Open MCUXpresso IDE and install the SDK by dragging and dropping the file into the SDK installation
window of the MCUXpresso IDE as shown in Figure 8
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There are no projects in your workspace.
To add a project:

B Create
® import SDK

i Createag

U Quickstart Panel > (== 58 Wg s
(Y| MCUXpresso IDE - Q

=L No project selected

Installed SDKs x [ fEtE (2l (A8 O WS M Terminal i lmage Info & Debugger Cons... 7 Offline Pe

Installed SDKs

= Create or import a project

To install an SDK, simply drag and drop an SDK (zip file/folder) or an SDK Git repository into the “Installed SD

@ create anew C/C++ project stalled SDKs - Available Boards| Available Devices
£ \ . B . .
% Import SDK example(s)... SDK Version Manifest Version Location
® Import project(s) from file system...

= Build your project

Figure 8. SDK installation

4 Converting customer model

To accelerate the model with the NPU, the model must first be converted by the Neutron Converter tool that is
included as part of the elQ Toolkit.

Download the elQ Toolkit installation package in EIQ-TOOLKIT, double-click the downloaded installation
package, select the installation location, and perform the installation until it is completed as shown in Figure 9

elQ® Toolkit for End-to-End Model Development and
Deployment

E|Q-TOOLK|T Receive alerts @ \

Qverview Software Details Documentation Design Resources @ Training Support

The elQ Toolkit enables machine learning development with an intuitive GUI

User data User machine leaming model rA
eka™ Toolkit 1 | L4 (elQ Portal) and development workflow tools, along with command line host
g Yo Jmpe tool options as part of the elQ ML software development environment. NXP's
Ll elQ Toolkit enables graph-level profiling capability with runtime insights to help
(op\deAu;mldamel optimize neural network architectures on target EdgeVerse™ processors.
Selectanoptnize: i Yer G ol Thn A1 Pl Ammlam o i mialeimioin b m mmlin el A Tann

Figure 9. elQ Toolkit installation package

There are two methods of converting custom models:

* using the command-line tool: neutron-converter
* using the elQ portal application
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4.1 Command-line tool: neutron-converter

1. Open the elQ toolkit folder eIQ Toolkit v2.1.0\bin\neutron-converter. Two versions of
the converter are shown in the folder. Choose the matching converter based on the SDK version. The
corresponding relationship is shown in Table 3.

Table 3. SDK and converters

SDK Converter
SDK-2.13.1 v1.0.0
SDK-2.14.0 v1.2.0

2. Using the command line, enter the folder of the converter, copy the custom model into the folder, and
execute the command to convert the model as shown in Figure 10

C\Windows\System32\cmd.exe

2. 0>neutron—converter. exe ——input c

.""‘-‘ neutron—convert

Figure 10. Conversion command execution

4.2 elQ portal application.

1. Open the elQ portal application and click the PLUG-INS button on the top as shown in Figure 11
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elQ Portal PLUG-INS  REMOTE DEVICES SETTINGS MARKETPLACE HELP  — O e

CREATE PROJECT v OPEN PROJECT v
MODEL TOOL COMMAND LINE

VISION DEPLOYMENT

Figure 11. elQ portal application
2. After the converter server initialization successfully, close the window and open the customer model in the
MODEL TOOL. The neural network graph is shown in the window as in Figure 12.

AN14241 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.

Application note Rev. 1 — 1 March 2024

9/21



NXP Semiconductors

AN14241

How to Integrate Customer ML Model to NPU on MCX N94x

C: » LocalData » downloads » custom_model tflite
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1x64x64=8
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filter {16x1:x1x8)
bias {18}
Relub

1=64=64=16

Pad

1265x65x186

Figure 12. Neural network graph

3. Click the menu on the left top, and select TensorFlow Lite For Neutron in the Convert menu as shown in

Figure 13.
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ONNX (.onnx)
TensorFlow Lite (.tflite)
TensorFlow Lite (tflite)
Deepview RT (.rtm)

TensorFlow Lite Vela/iMX93 (tflite)

TensorFlow Lite for Neutron ( tflite)

Figure 13. Convert menu

model tflite
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Pad
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4. Click the Convert button, and select the save path for the converted model. After converting successfully,

the converted graph is shown in the window as in Figure 14
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C: » LocalData » downloads » custom_model_converted.tflite

serving_default_input_1:0 0
|

1%128x128%3

NeutronGraph  +

2 (3256)
3 (226232)
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begin {4)
size (4}

T=121=10
Reshape
shape {2}

110

1%10

StatefulPartitionedCall:0 1

Blole) ®
=R D

Figure 14. Converted graph

5. The Neutron Converter tool changes the graph of the model to convert operators that can be run on the
NPU into custom NeutronGraph nodes as can be seen in Figure 14. The converted model is named
custom model converted.tflite.

6. After converting, there are fewer operators and quantization factors are expressed more efficiently. The
comparison between the model after and before being converted is shown in Table 4.

Table 4. Model after and before being converted

Original model After converting
File Size 299 KB 227 KB
Tensor Arena 157 KB 144 KB

5 Integrate the model into an example project

1. Importthe tf1lm ciarl0 project. To importthe tflm ciarl0 project, follow the steps in Figure 15 and

Figure 16.
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e Edit Navigate Search Project ConfigTools Run RTOS Analysis 3 oK import wizarg . x
o | &~ &~ Din|pmmNz e

x " Q iE|[K
{&iProject Explo.. X i Registers ¥ Faults % Peripherals+ = 8 @ Importing project(s) for device: MCXN47 using board: FROM-MCXNO47 E
&V e B~

utline X - Global Variabl.. = B
There are no projects in your workspace.

8
. . re is no active editor that provides an
Toadd a pioject . Board and/or Device selection page line.
@ Create a new C/Cs+ project. ~ SDK MCUs ® Available boards | &
8 Import SDK example(s MCUs from installed SDKs. Please select an available board for your project.
Please click above o visit
[ Create a project.

meuxpresso.nxp.com to obtain

Supported boards for device: MOXNS4T
additional SDKs. it

1 Import projects.

NXP MCXN947
~ MCXNIXX
MCXN947
MIMXRT1050
SDK SDK Ei E (sox)
frdmmom947_om13790host  frdmmcxn947_a8974 moxn9odbrk
( Quickstart Panel X (- Variables % Breakpoints =a
- ~ Oins nd Stack Usage ' Search = O
B MCUXpresso IDE - Quickstart Panel T _?,‘ W 25 5
=) No project selected e ==
No cof
- Create or import a project Selected Device: MCXN947 using board: FRDM-MCXN947 SDKs for selected MCU
o i . Target Core:  multicore device with cores: cortex-m33 cortex-m33-nodsp Name SDK Versi.. Manifest.. Location
Description: 150 MHz Am®@ Dual Cortex-M33 TrustZone ® microcontroller = 7 5
( # SDK_2.x FRDM-MCXM 2.14.0 (st 3.13.0 & <C >\SDK_2_14_(
b ® import sok exampiets). | 1 for Industrial and Consumer loT Applications TR D comoton o
E import project(s) from file system.. 8 SDK_ 23 MCX-NOXX-F 2.13.1 3100 @ \SDK_2_13_1 M
& Import executable from file system.
~ Build your project
e’
4 < Back Cancel
+ Debug your project B-EA-H-
%

Refresh SDK Repository...: (100%) L1 O NXp MCXNAT* (frdmmomd47 thim cifarl0)

Figure 15. Importing tflm ciarl0 project
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3 soK Import Wizard m] *

& You have selected 1 project to import: frdmmecxn947_tflm_cifar10". X @

The source from the SDK will be copied into the workspace. If you want to use linked files, please unzip the 'SDK_2.x_FRDM-MCXNS47"

. Import projects

Project name prefix: |frdmmcxn94? X | Project name suffix:

Use default location

Location: | C\LocalData\workspace\frdmmcxnS47 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 B | M | (=]
|type to filter |
Name Description Version (]

» [] E FreeMASTER_examples
» [] £ canopen_examples

£ cmsis_driver_examples
> [ £ demo_apps
> [] £ driver_examples
~ [m] £ eig_examples

[1 = mpp_camera_mobilenet_view_tflm Image Classification with TensorFlow Lite Micro Example
[1 = mpp_camera_ultraface_view_tflm Face detection with TensorFlow Lite Micro Example
- — view MPP Camera View Example
= tflm_cifar10 CIFAR-10 example for TensorFlow Lite Micro
= LITM_KWS Keyword spotting example for TensorFlow Lite Micro
[ = tfim_label_image Label image example for TensorFlow Lite Micro
[] = tfim_modelrunner ModelRunner for TFlite

> [ £ els_pkc_examples

» [1E£ emwin examples

® < Back Next > . Cancel

Figure 16. Importing tflm ciarl0 project

2. Copy the converted model file into the folder of your project, create an assembly file named
model data.s, and include the model file into the data section custom model data. Export directives in
lines 32 to 35 as shown in Figure 17.
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. workspace - frdmmexn947_tfim_cifar10/source/model/model_data.s - MCUXpresso IDE - O X
Eile Edit Navigate Search Project ConfigTools Run RIOS Analysis Window Help
NrHE B~ &~BiYVie- %40 QvidviPEniBin|buericelsRbnmscnisiBnill
iR clo R A Q iE|[R
5 Proj.. x H4Regi. % Faults % Peri. — B [ maincpp [S] model_datass = g
=15 ‘l?‘ & ¢;¢| m- 23 ® ANY DIRECI, INDLREC!, INCIDENIAL, SPECLAL, EXEMPLARY, OUR CONSEQUENILIAL DAMAGLES 7
. & CMSIS A~ 24 * (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
v &8 baard 25 * LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
26 * ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
£ component 27 * (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
» &2 device 28 * SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
> &3 drivers 200 g
> @3 eig 30
~ [ source 31
> (= image 32 .setl:tion .rodata
33 .align 16
v (= model 34 .global custom_model_data
» [& get top_n.cpp 35 .global custom_model_data_end
[5 get_top_n.h 14
[€) model_cifarnet_ops_npu.cpp 37lcustom_model_data:
premaetdatas 33 -incbin "../source/model/custom_model_converted.tflite"
QBQ custom_model_data_end:
T8 Modelcpp jl
> I8 modelh 42
> [€ output_postproc.cpp 43
Lo_output postorach, 44
[ custom_model_converted.flite I 45 e

> [nl dema confich

U Quicksta.. X ®=-Variables % Breakp.. = O [ Instal.. @ Prope.. [2l Probl.. B Conso.. ¥ @Termi.. [& Imag.. EDebu. % Offin. = B 0 Memory X ®=Heap.. = O

Mgy w5 :.H &‘ L&i:bl R
. ~ No consoles to display at this time. g
. MCUXpresso IDE - Quickstart =y
Lioe ) Project: frdmmoxn847_tfim_cifar10 [Debug
~ Create or import a project
1] Create a new C/C++ project...
Import SDK example(s)...
® Import project(s) from file system...
& Import executable from file system...
~ Build your project
o ‘S Build 4
< >
Refresh SDK Repository... (100%) I 18 PO NXP MCXN947* (frdmmexn947 tim cifar10)

Figure 17. Exporting directives in lines 32 to 35
3. Modify model . cpp, change to use the custom model data as shown in Figure 18
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. workspace - frdmm
le Edit Source Refactor Navigate Search Project ConfigTools Run RTOS Analysis Window Help

N-LlRe~-R~BdV e - 44-0-A-® - [dFE T Bin|puEdz SR k0w
B-H-coo-o-m

[£5 Proj.. % i Regi.. #Faults & Peri.. = B [& maincpp [8 model_data.s model.cpp X

BISY |8 % @~ ; 28 A
= CMSIS ~ 29 static const tflite::Model* s_model = nullptr;
. & board 30 static tflite::MicroInterpreter* s_interpreter = nullptr;
31

> B it
componen EL_GetOpsResolver();

* @deylce extern char custom_model data[];
&5 drivers ol s + dou=ddnut, output, and intermediate arrays.
> 2 eig 35 // (Can be adjusted based on the model needs.)
~ 2 source g 36 static uint8 t s_tensorArena[kTensorArenaSize] _ ALIGNED(16);
> (= image 37
v & model 32- ;tatus_t MODEL_Init(void)
18 get top n.cop bl ] // Map the model into a usable data structure. This doesn't involve any
> [ get topnh 41 // copying or parsing, itfs a very lightweigny operation.
& model_cifarnet_ops_npu.cpp 42 s_model = tflite::GetMode}(custom model data);
[8 model_datah 43 if (s_model->version() !="FreFFE=SCHEMA=VERSTEON)
[€ model_datas 44
¢ model.cpp 45 PRINTF("Model provided is schema version %d not equal "
B modelh 46 "to supported version %d.",
47 s_model->version(), TFLITE_SCHEMA_VERSION);
> [@ output postproccpp 48 return kStatus_Fail;
> bl output_postproch 49 3
|= custom_model_converted.tflite A ~e

> A dema confinh it

M) Quicksta... X =Variables % Breakp.. ~ B f Instal. [Prope.. [l Probl.. B Conso.. X @ Termi.. [ Imag.. @Debu. 7 Offin. = B @ Memory X ®=Heap.. = O

M B~ ey oo DS %
= ~ No consoles to display at this time. 8
5 MCUXpresso IDE - Quickstart
28/ Project: frdmmexn947_tfim_cifar10 [Debug
~ Create or import a project
B Create a new C/C++ project..
4] Import SDK example(s)...
® Import project(s) from file system...
© Import executable from file system...
~ Build your project
= S suild v
< >
| Wiitable | Smrt Insert | 36.04  Refresh SDK Repository..; (34%) 1% SO NXP MCXN947* (frdmmom947 tim cifar10)

Figure 18. Modifying model.cpp

4. Modify model cifarnet ops npu.cpp, and make sure all the operators used by the custom model are
added in s_microOpResolver as shown in Figure 19.
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. workspace - frdammcxn947_tflm_cifar10/source/model/maodel_cifarnet_ops_npu.cpp - MCUXpresso IDE = O X
File Edit Source Refactor Navigate Search Project ConfigTools Run RTOS Analysis Window Help
mild | ®H~>R~ @ e~ |t H~O0 - Q@I IRE TIDiw|D S S = Al B nitdBBil N
Hrilrore | Q EB|A
K5 Proj.. x WRegi. #Faults . Per. = O [& maincpp [8) model_datas [¢ model.cpp [¢ model_cifarnet_ops_npu.cpp X = B
. SEEEEA B i : ALl rights reserved. A
~
5 * SPDX-License-Identifier: BSD-3-Clause
& board 65 */
(2 component 7
2 device 8 #include "tensorflow/lite/micro/kernels/micro_ops.h"
(2 drivers 9 #include "tensorflow/lite/micro/micro_mutable_op_resolver.h"
= eig 18 #include "tensorflow/lite/micro/kernels/neutron/neutron.h”
~ & source 1 R .
- 2=tflite: :MicroOpResolver &MODEL_GetOpsResolver()
(= image 3 [t
v & model 4 static tflite::MicroMutableOpResolver<5> s_microOpResolver;
¢l get_top_n.cpp 5
T 6 s_microOpResolver.AddReshape();
le| model_cifarnet ops_npu.cpp 7 s_microOpResolver.AddSlice();]|
[ ool doso b 8 5_microOpResolver . AddSoftmax();
B model_datas 9 s_microOpResolver.AddDequantize();
@ mod Ii ? s_microOpResolver.AddCustom(tflite: :GetString NEUTRON_GRAPH(),
oD 1 tflite: :Register NEUTRON_GRAPH());
[8 model.h 2
& output_postproc.cpp 3 return s_microOpResolver;
[8 output_postproch 24 )
2/ custom_model_converted.tflite 25 M

[8l demao confinh b4

() Quicksta.. ¥ ®=Variables ® Breakp.. = O [ Instal.. D Prope.. [2! Probl.. & Conso.. X ®Termi.. [@lmag.. EDebu.. = Offin. = O 0 Memory ¥ ®=Heap.. =~ O

2 -ty ey O oo | B B S -
~ Mo consales to display at this time. 8

. MCUXpresso IDE - Quickstart
2=/ Project: frdmmacxn947_tflm_cifar10 [Debug

~ Create or import a project

& create a new C/C++ project...

] Import SDK example(s)...
® Import project(s) from file system...
© Import executable from file system...

= Build your project

a8 suild v
£

Writable Smart Insert 17..72 Refresh SDK Repository..: (30%) = O NXP MCXN94T* (frdmmcxn047 tim cifar10)

Figure 19. Modifying model cifarnet ops_npu.cpp

5. Prepare some test data, use the following Python script program to load the selected JPG file (included in
the CIFAR10 test dataset), uncompress it, and export it to a C array, together with the array definition. Save
it to bird.h within the same folder of the following Python script file. Ensure that the path to the image is
correct, relative to the location from where the script is executed as shown in Figure 20.

1 import cv2

2 import numpy as np

3 img = cv2.imread({'test/bird/batch 5 num 113.jpg')

4 img = cv2.resize{img, (128, 128))

5 img = cvZ.cvtColor(img, cv2.COLOR BGRZRGB)

[ with open('bird.h', 'w') as fout:

if print (' 5 , File=fout)
g print('s ic c , File=fout)
9 img.tofile(fout,
10 print{'};\n', file=fout)

Figure 20. Script execution

6. Copy the header file (bird.h) into the image folder of the project, and modify image loade. c. Switch to
use the bird image data as shown in Figure 21.
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o~ (B> ® v BV G- R t-O-Q~id s I 1:iw| - == WO RiF A ~HlvmFarD~
5 Project Explorer x i Registers 4% Faults 7, Peripherals+ = B [ model_datas [l model.cpp Elmain() at main.cpp:20 0x18ba L€l main.cpp [¢image_load.c x [l bird.h
BS 7| | 3~ 2 10 #include "image.h"
& CMSIS ~ gt e=imrepe—rtriri
8 board i //#include "image_data.h" 2
& component 1B #include "bird.h"
: 14 1nt s_staticCount = ©;
£ device 15 const char* s_imageName = STATIC_IMAGE_MAME;
€5 drivers
2 eig status_t IMAGE_GetImage(uint8 t* dstData, int32 t dstWidth, int32_t dstHeight, int32_t dstChannels)
~ & source
© = image s_staticCount++;
/* Single static sample only */
#.birdh 1 if (s_staticCount == 1) !
Tmage_data.h 3

lel image_decode_raw.c
[« image_load.c
|h image_utils.h
[n image.h
& model
[n demo_config.h
l¢ demo_info.cpp
[% demo_info.h
[0 labels.h
[€l main.cpp

lel semihost hardfault.c
< >

PRINTF(EOL "Static|data pfocessing:" EOL);
return IMAGE_Decodp(bird, |dstData, dstWidth, dstHeight, dstChannels);

¥

else

PRINTF(EOL "Camera data processing:" EOL);
PRINTF("Camera input is currently not supported on this device" EOL);
I for (53)
H

return kStatus_Success;

Figure 21. Using bird image data
7. Compile the project and download it to the FRDM-MCXN947 board.

6 Result

The result of running the program on the board is shown in Figure 22, the inference time is about 9 ms, and the
score (confidence) of the result is 98%.

T COM21 - Tera Term VT — O X
P #Ee 82809 o #w0w #F|EIH
CIFAR-10 e 1
Detection threshold:
cifarnet quant int8 npu

Static data processing:

Camera data processing:
Camera input is currently not supported on this

Figure 22. The result of running the program on the board
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