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Industrial Automation technology foundation

From Brownfield (Profinet, EtherCAT
CC-Link IE...) to Greenfield (TSN
based, CC-Link IE TSN, OPC-UA,...)

Enabling industrial security standards (ie

Real-Time Execution
IEC62443,...), Regulations and secured

Time Aware architectures
and SW enablement

communications.
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Embedded Artificial Intelligence to the edge I% ‘
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Enabling support of at IEC61508 on chip

and system with both HW and SW
concepts
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i.MX 6QuadPlus

4
i.MX 6Quad

i.MX 6DualPlus

i.MX 6Dual

4
i.MX 6DualLite

Pin-to-pin Compatible

i.MX 6Solo
.
i.MX 6SoloX

i.MX 6SololLite

Software Compatible

. /

i.MX 6SLL
. W .
i.MX 6Ultralite

i.MX 6ULL

A
i.MX 6ULZ

Arm°®v7-A
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/" i.MX 8 Family

Advanced graphics,
vision & performance

i.MX 8M Family.

General purpose
Edge processing

i.MX 8ULP Family

Ultra low power with graphics

i.MX 8X Family

Safety certifiable &
efficient performance
Arm © v8-A (32-bit/64-bit)

i.MX 7 Family

Flexible efficient connectivity

i.MX 7ULP Family

Ultra Low Power with Graphics
Arme v7-A (32-bit)

_

.MX'9

APPLICATIONS
PROCESSOR SERIES

i.MX 95 Family

ML Vision, Advanced HMI, Safety-
enabled Control, Powerful Android/Linux

(T T

i.MX 93 Family

Vision, Industrial HMI, Smart Appliance,
Industrial & loT Gateway, Linux

(1]
i.MX 91 Family

Secure Linux Controllers, optimized for
loT & Industrial applications

...and Future i.MX 9

Scalable Platform
Arm°v8.2-A (32-bit/64-bit)
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Motion A, . R:::.:Aﬂ
COhtI’OI Ik :':"‘ LS, “VIX SE
PLC,HMI | “p25® bt (security)
CNC’ - ONV
Gateway, —
LS,i.MX 6/8,
Servo, . i.MX RT,
VFD, osm T - D Wireless,
stepper, ~ « | Field Bus
Robot,
IMX RT,

B ihE DSC, KV,
Motors, KE, LPC
Actuator
Vision, Riz/feBRE i L l i.MX RT,
Encoder, KV, DSC,
Sensors NAFE
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REEHERREARIHE - GUI GUIDER

Available at https://www.nxp.com/gui-guider

- Offered by NXP for developing ready-to-run GUIs
with open source LVGL graphics library GUI
* Free for use with NXP devices GUI ByENXP

» Built in support for the fol)lowing devices (can be
used without a template

MCX-N9-BRK
i.MX RT1170

i.MX RT1160

i.MX RT101x/2x/40/50/6x

i.MX RT500

LPC54628/545018(M)
LPC55S06/55516/55528 /55569
MPU: i.MX93, i.MX8ULP, i.MX8M, ...

« More devices and functions will be supported in
future releases.
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https://www.nxp.com/gui-guider

S

«  WYSIWYG Ul designer with drag & drop support

- Ability to add LVGL widgets and configure widget
attributes

« Ability to add events, actions and animations

. Support importing images/fonts and customizing fonts

« GUl auto-scaling for reusing GUI design on different
boards

. Auto-generate C [ MicroPython source files

« Code viewer and real-time log viewer

- Auto build and deploy on simulator and NXP MCU/MPU

« PXP and VGlite enable /[ disable (for applicable devices)

- Project upgrader and backward-compatibility

« Multiple language: English and Chinese

« Seamlessly integrate with MCUX, IAR, Keil and Yocto SDK

« Cross host OS: Windows, Linux and macOS

« Multi target OS: FreeRTOS, Zephyr, RT-Thread, Linux

« Two LVGL versions support

* Reference design(smart home, smart kitchen, e-bike, medical
device and more) website
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https://www.nxp.com/design/software/development-software/gui-guider:GUI-GUIDER

PR A BPER1SAYFF &R

GUI Guider
File Edit Tool Help ebike1050-2023.02.17-daily & NXP Community English @® Dark

Layers Preview UlEditor ~ Code Viewer  Resource Manager m O & A Q 100% @ [\ P Attributes Events Settings

Screen I

Widgets (54

3 Overview

[ Ride1

Overview

[ Ride2 i May 5,2022 OVERVIEW 10:28 AM off

D @ 4 @

Button Imgbtn  Checkbox Radio
. L L
Widgets AMRERLY;

31 KM Keyboard

20 42, r Turn right to
’-? (&) 25 4, Ed Bluestein Blvd Custom
Distance | Average

[E & Overview Btnm Swilch .
fE\ oo oilng

Speed Part & State

drag & drop 5] km/h

) deS|gner | Elapsed

0
&7 btn_Next 35

% btn_Home YET v Default

= i il e
& btn_Pr.wous Label  Spangroup Dropdown Textarea

. Background
~ line_V_Seperator 9

S/im
: @ e

" line_H_Seperator Calendar  Datetext

Resource
Tree 4
T lapel_Meter_speed

2

() meter Speed |.|.|.L|.

Msghox  Container

T label_Elapsed_2 Chart

T! label Flapsed 1

Information

T label_Remain_3 Uit 3.0: Conver: image mp-550049472.png

T label Hemain 2 Uit 3.0: Convert image mp1392617322.png

Uit 3.0: Convert image mp-1682157142.png

Uit 3.0: Convert image mp-1821346338.png
T! label_Speed_3 Uit 3.0:

T! label Remain 1

Convert image mp1037914328.png

T! label Speed 2 Uit 3.0: Convert image mp1492173858.png

Uit 3.0: Convert image mp-65027164.png

Uit 3.0: Convert image mp-550049472.png

Uit 3.0: Succeed to generate MicroPython code for Ul!

label_Speed_1
label_Travelled_3
label Travelled 2
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ProgressBar ScreenTransition SDcardStoragefFor...

v7.10."  sliderProgress SwitchWidgets VideoPlayer

Name : VideoPlayer LVGL:v8 Description : An example to show the video player.

< Previous | | Next> | Cancel Project settings

Lvlllr’lub\l ‘-\IIIIPIML\I

e Select a Board Template 5 e Project Settings

[ = =
OIS B

MIMXRT101 1000¢ MIMXRT1015xx000¢ MIMXRT 102 oo MIMXRT 1024xxxxx

MIMXRT 1052xxxxB VideoPlayer

wtol Color Depth : 16, 24

. -
D D D :
o, Barer MCU : MIMXRT10520VI68  Display Panels : | RKO43FNG6HS : 480,
2 =
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» AppData > Local > Temp > B8 *» myprinter > expont v

custom
generated
. Generated Code
GUI Guider
o

,. yocto
= FROIICY '
P B '

Target Board VCUoresso € Yocto SDK
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Application: Industrial HMI
Part Number: i.MX 6ULL, i.MX 93, i.MX 8M Plus
Robust industrial-grade solutions featuring rich graphics capabilities transform complex

manufacturing processes into legible and actionable displays for use nearly anywhere.

————————————————

Analog in

Real-Time port
TSN or Ind. Eth

Real-Time port
TSN or Ind. Eth

DRAM DDR RS485

I NXP Technology Non NXP Technology | | Optional Technology
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NXP EtherCAT EitfBRAER

m Product recommend IGH ( Controllooptime) | CodesysPLC Controlloop time) | SOEM ( Control loop time)

<8 Axis RT1064 125us~Ims
<8 Axis RT1170 125us~Ims
<8 Axis IMX6ULL 125us ~ 4ms Ims~4ms

8~64 Axis IMX93 125us ~ 4ms Ims~4ms

8~64 Axis +HMI IMX8Mplus/IMX8Mmini 125us ~ 4ms Ims~4ms 125us~4ms
8~64 Axis robotics LS1043A 125us ~ 4ms Ims~4ms

10~128 Axis multi- LS1028A/LS1046A 125us ~ 4ms Ims~4ms

Master
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i.MX 8M Plus PLC &ERFINE

Integrated PLC and HMI soultion demo D ¢
Featuros S st s $2uniogEiz
h3 h11 Q 3 Q status 11
8 temperature 263 = Switch 4 Switch 12 Q Status4 @ Status 12
i i H HH Switch 5 Switch 13 Q Status 5 Q Status 13
+ EtherCAT master with multiple motor axis control capability Switthe  owitch14 @ Statuss ¢ Status 14
Switch 7 Switch 15 Q Status7  Q Status 15
Switch 8 Switch 16 Q Status8 Q Status 16

* Open source Igh-EtherCAT protocol stack support e = A - in ol siors o)

* Opcuaq, Modbus, Ethernet and RS485 industrial bus support
+ Temperature and humidity acquisition and monitor

+ Integrated open source OpenPLC and ScadaBR system

speed (0.1RPM) 0
position (0.1R) ©
operation mode 0O

Motor 5

speed (0.1RPM) ©O
position (0.1R) 0

operation mode 0

speed (0.1RPM) 0O
position (0.1R) 0

operation mode 0

Motor 6

speed (0.1RPM) O
position (0.1R) o

operation mode 0

speed (0.1RPM) ©0
position (0.1R) o

operation mode 0

motor 7 5(ID)

speed (0.1RPM) 0
position (0.1R) ©

operation mode 0

speed (0.1RPM) O
position (0.1R) o

operation mode 0

Motor 8 D(ID

speed (0.1RPM) O
position (0.1R) o

operation mode 0

+ Supervisory control and data acquisition via QT HMI

+ Multi-channel output voltage control and input voltage acquisition

+ Remote 10 switch and power control

Target Applications

- Factory automation

Main Components
- iMX 8M Plus

. Commercial 8 Axis
Servos

- Digital manufacturing

- Smart energy
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= Connection type:

—p  Modbus TCP

—p  OPCUA
— EtherCAT
RS485
Servo S (EtherC '
Motor_Servo System(EtherCAT EtherCAT
hygrotflﬁoehrmogra [ master) Motor

[ e

17 | NXP | Public



DA E=i]b s =

Application: PLCs and Remote IOs

Part Number: i.MX 6ULL, i.MX 93, i.MX 8M Plus

Secure, safe and reliable real-time computing solutions are required for panel-mounted

controllers and distributed control systems that precisely manage machines and processes.
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AC/DC Power
Management
Input Module Multiple Vout‘l
; NFC i Control Module
NFC * ’: Controller |

Serial | GPIO USB |TFTCTRL| SPI
Serial +«—— RS485 <«—

Temperature
Sensor
Ethernet «—»
MPU
Interfaces Ethernet MCU CAN
- Voltage Level
Digital *" Translator 7
AD EMC SD GPIO
use <+ USBTypec I I 1 I
Load Switch v L]
S —. RAMDDR Flash  SD Card [EEPROM
» USB Protection !

NXP Technology Non NXP Technology || Optional Technology

+ >

Security
(EdgeLock
Discrete)

Output Module

Smart
Switches and «— High Voltage
Drivers

CAN
Transceiver * ~ CAN

4
+ Digital
“T— RIC
AFE-Al
LED Indication or
—’ i
. GPIO Qutput Signals

+——  Keypad | Sensor
Inputs
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AGV, AMR,

AGV — Automated guided vehicles
BiS5|%E

© CERERMCEEL

« BAIFILNERENBIR

© ERFSIMNRPERATRE (R
ic. . #EF) #H1TSM
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UAR , MPR?

AMR = Autonomous mobile robot

BEBINEA
- ETLAEfTALIRRLE
- BRI E S

o« ENSIMERIBIEE B AIFE
(SLAMEVSLAM) HHTSAR

UAR — Unmanned aerial robot

ZCA

+ R

- TERRSEH. EREREE HTHEN
- BEEXTEERSHEE

MPR — Mobile picking robot
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2022
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2023 2024 2025 2026

WAGV ®AMR

Source: https://www.thelogisticsiq.com/research/automated-guided-vehicles-agv-market/

it

-

AN B4

AGV/AMRECEBIMUTIZXEER, 2027FmirsE
I5#BIT400{ZZETT

AGVE &FIEKER24%

AMRE & FHIEKE/943%

2027 RTRLEEEN24075 (AGVIIAMR)
BAIDHEEA-MPRISAEERTFER, EEFEKE
>45%

RN AE, PEBIBEEASRAMRIIZL

HAFSaIORALBINFEBSE RN EEHE, REFIS
BIAMRIZEZ5730%-40%

BINS | QRN AU ERGE. FBE. #FEINEE 88
FIBER>35%



i.MX 8M plus - AI-ROBOT &7}

Al-Robot Chassis Control Smart Car
Platform

OR i.MX RT 1064

MIPI Camera

Battery I.MX 8M Plus, Al-Robot

RT1064 Board

Smart Car
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Al-ROBOT E5&%Eigit

Service Robot Application Industrial Robot Applications Medical Robot Applications
Robot SW Component

Robot Geometry Library
RT Libmodbus — RobotDescription | Secure Enhanced

Language boot eCryptfs
OpenCV m Preemptable Remote Xenomai 3 (dual core,
y Cobalt Enhanced || o5 7p

Procedure Calls OpenSSL

m LinuxPTP | Pose Estimation |
Localization Mapping m
Navigation FreeRTOS

Smart, Security, Real-Rime, Reliability
Customer Middleware

Application (NXP enable) -

23 | NXP | Public



HE&i# i.MX 8M Plus & SLAM SDK

Application

Monocul
ar/Stereo Sematic

ORB-SLAM3 Segmentation

Camera

Owned by NXP

i.MX Machine

Third-Party

End-to-End SLAM algorithm
SLAM

Open Source or Third-Party

i.MX Computation resource

CPU-Neon GPU-OpenCL/OpenVX NPU-OpenVX
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BFEHAENALERNRKELEBSTEH

Original Optimized

e
® . e

FPS: 18 Parallel computing FPS: 34
CPUloading:120% =)  Cpy [oading: 130%
NEON/OpenCL

ORB-SLAMS3 i=/7FNXP i.MX 8M Plus fi7H4k
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T

T

Line Patrol :
CNN model :

1.

2.

Use pretrained

Resnetl8 model and modify output as
a 2D vector

Re-train the model with a

new dataset (less than 300 samples)

Training framework: PyTorch

Model quantization tool: Tensorflow
Inference engine: elQ TFLite inference
engine

Inference time on NPU: 7.72ms
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Obstacle Avoidance:

Image classification model :

1.  Modified last layer of Alexnet to a binary
classification model.

2. Re-train the model with a new dataset

Training framework: PyTorch

Model quantization tool : elQ Toolkit

Inference engine: elQ TFLite inference engine

Inference time on NPU: 7.8ms

Target Following :

Object detection model : MobileNet-
ssdVv2

Training framework: Tensorflow
Model quantization tool: TFLITE
Inference engine: elQ, TFLite
Inference on NPU: 15ms



I.MX 93 industrial and consumer loT target applications

Industrial Automation m Smart City Building Control & Energy

« Machine vision and « Home security hub « Smart lighting + Access control
scanning « Smart doorbell « Safety and security « Energy meter

* Industrial HMI + Smart lock - Traffic control « Energy grid equipment

* Industrial gateway » Hue Bridge - EV charging station

« 1/O control

« Combines with i.MX RT1180
for larger gateways and IO
controller

Audio soundbar

Environmental control

Sensor hub

-
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Expanding edge ML with Arm®
Ethos™-u65

Cortex-M Ethos-UG5 Cortex-A
processor microNPU processor

System DRAM

- High efficiency and small memory footprint

- HW acceleration for high compute NN + Cortex-M for
other operations

- Model compression and on-the-fly weight
decompression

- Optimization strategies for DRAM and SRAM

- Comprehensive software and tools with NXP's elQ® ML
Software Development Environment
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(D)

Facial Speaker Voice
Recognition Recognition Experience
@] o][Tel Object Gesture

Detection Segmentation  Recognition

BRINGING MCU-CLASS
ML EFFICIENCY TO THE
CORTEX-A WORLD




i.MX 93 NPU vs Arm° Cortex-A55 performance

i.MX93 EVK with i.MX93 EVK with
Ethos-U65 NPU (fps) A55 Single Core
@ 1GHz (fps) @ 1.7 GHz

mobilenet_v1_1.0_224_int8 (PCQ) 236 13
mobilenet_v2_1.0_224_int8(PCQ) 282 14
mobilenet_v2_1.0_224_int8(PTQ) 283 14 Clea r, trend
showing
mobilenet_v3-large_224_1.0_int8(PCQ) 164 13 .
importance of
mobilenet_v3-small_224_1.0_int8(PCQ) 550 39 dedicated NPU
mobilenet_ssd_vl_int8(PCQ) 98 6
mobilenet_ssd_v2_int8(PCQ) 76 2
mobilenet_ssd_v3_large_int8(PCQ) 90 7
mobilenet_ssd_v3_small_int8(PCQ) 201 18
yolov4--416_int8(PCQ) 5 3
yolov4-tiny-416_int8(PCQ) 45 1

« Used NPU PMU counter to collect NPU cycles
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I.MX 93 SoC fast boot and Ivgl gui

« 1.2s for uboot logo
« Total 2.8s for LVGL GUI
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I.MX 93 SoC object detection

« ML models that are used in the object detection
demo

- ssd_mobilenet _v2_vela.tflite
— Inference time: 13ms

Resize/csc/ Pre-
Decode

- Processing

Post-
Processing

Business

Inference

ML Vision Pipeline
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