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NXP BROAD-BASED MACHINE LEARNING SOLUTIONS AND SUPPORT

eIQ® ML SW Development Environment
eIQ Toolkit with eIQ Portal GUI to:
• Import/create, convert, optimize , validate and deploy ML models

• Dataset curation tools to create new, augment, label/annotate datasets 
eIQ inference with: 
• TensorFlow Lite, TensorFlow Lite Micro and DeepViewRT

eIQ Marketplace:
• Add-on wares available from eco-system partners and NXP for ML 

applications, optimized models, optimization tools, datasets and 
sensor solutions

Support for i.MX 8M, i.MX 9, i.MX RT, MCX family of  devices
Integrated with NXP dev environments (MCUXpresso, Yocto/Linux)

eIQ Machine
Learning SW

Third Party SW and HW
• Cloud ML lifecycle and analytics services integration 

with Hyper Scaler (AWS, Azure, )

• HW and SW packages integrated with NXP eIQ Toolkit 
as extensions or through eIQ Marketplace

• External accelerator integrated solutions

AuZone Vision Kit 
Micro (i.MX RT1064)

NXP eIQ Neutron NPU
• Highly scalable ML acceleration cores

• Unified architecture and software support

• Optimized for edge performance and power dissipation

NXP eIQ Neutron NPU

Voice and Turnkey Solutions
Conversa, VoiceSeeker, VoiceSpot and Voice Intelligent 
Technology (VIT) 
• Voice control and communications solutions for human-to-

human and human-to-machine voice applications

Smart HMI solution
• i.MX RT117H (kit - SLN-TLHMI-IOT-RD)

Face & emotion recognition solution with Anti-Spoofing

• i.MX RT106F (kit – SLN-VIZN-IOT)
Local voice control solution

• i.MX RT106L (kit – SLN-LOCAL-IOT) 

SLN-TLHMI-IOT-RD



5PUBLIC

TARGET APPLICATIONS-SMART HMI  SOLUTION

Smart HMI Applications

Smart Appliances
• White goods 
• Counter-top (e.g., coffee machine, purifier, etc.）
Smart Home
• Alarm and smart home control panels
• Thermostats
• Universal remote controls 
• Home entertainment
Smart Building, Smart Industrial
• Elevator
• Garage door openers and access panels
• Industrial HMI
• Healthcare
• Transportation
Others
• Remote conference control
• Personal health care
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REQUIREMENTS OF SMART HMI

ML vision & voice are performed 
entirely offline; lower power 

consumption and faster boot time 
than MPU based solutions

Low Latency, Low Power

Wi-Fi/Bluetooth, MATTER

Connectivity

High integration to enable 
more functions with simple design

Feature-Rich Yet Simple

Provide active services 
and access control that 

anticipate their users’ needs

Smart Interactions 

Friction-free user 
experience through face, 

gesture, & voice

Intuitive Interfaces

Rich, interactive display 
and content, 2D Graphics

High-Performance

Design Challenges: 
•Implementing & incorporating ML/AI has a high initial investment and barrier to entry
•Developing feature-rich HMI applications can be complex and expensive
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SMART HMI -EXPANDING CAPABIL IT IES WHILE S IMPLIFYING SYSTEM DESIGN

Smart HMI Solution Capabilities

Graphics Display User Interface
•5.5-inch 720P MIPI LCD display
•LVGL and VGLite 2D graphics accelerator support
•Coffee Machine, Elevator, and Smart Home Panel out-of-box 
demos available

Machine Vision
•720p RGB and VGA IR Image Sensors
•Supports user identification via face recognition
•Supports gesture control via palm shape recognition

Far-Field Voice Control
•2 onboard digital microphones. Additional microphones available 
via expansion board (not included)
•VoiceSeeker integration to support acoustic echo cancellation, noise
reduction, beamforming and barge-in
•VIT integration to support 
wake word and local voice command recognition capabilities
•3rd-party offline voice control available as complementary option
•Multi-language wake word and automatic system language 
configuration based on detected language

Wireless Connectivity
•Dual-band 1x1 Wi-Fi 4 + BLE combo 5.2: IW416
•Cloud-based device management, user data management, OTA, etc.
•Matter protocol support

i.MX
RT117H

K32W41A
M/061

IW416

Image Sensor
RGB 720p

Image Sensor
IR VGA

Digital
Microphone

Digital
Microphone

Louder
Speaker

Flash
SDRAM

MikroE Click™
expansion header 
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SMART HMI  SOLUTION SOFTWARE BLOCK DIAGRAM
Fr

ee
R

TO
S

OTA FW Update

Bootloader

Face Detection

NXP Edge Ready Machine Vision Library
NXP Facial Biometric Authentication & Gesture Recognition API

NXP MCU inference engine

Face Alignment

Face Quality 2D Liveness Algorithm
Face Recognition

Memory Management

M
in

i C
V

Beamforming
Echo 

Cancellation
and Barge-in

Full duplex 
speaker phone

Audio Front End Runtime Library

Automatic Speech Recognition 
Wake Words & Commands

ML Speech Engine Runtime Library

Gesture Recognition

Hardware Abstraction Layer
Algorithm Manager

HAL
Output Manager

HAL

Framework

Multicore 
Manager HAL

Algorithm ManagerOutput ManagerMulticore manager

VIT (Voice 
Intelligent 

Technology)
or

Hardware Abstraction Layer
Display Manager

HAL
Camera Manager

HAL

Framework
Display

Manager
Camera 
Manager

Multicore 
Manager HAL

Multicore
Manager

Input
Manager

Output 
Manager

Power Manager 
Manager

Input Manager
HAL

Application Control 

CM7 Driver Layer

CM4 Driver Layer

MSD FW Update

Middleware

Output Manager
HAL

Power Manager
HAL

Multicore
Manager

Opus decode

VGLite

H.264

MQTT

File-system

Serial-manager

LVGL

mBedTLS

lwIP

Dual Core

M
U

SE
M

A4

SH
AR

ED
M

EM
O

R
Y

DMA

PD
M

 to
 

PC
M

Speaker

M
Q

S

FLASH

Q
SP

I

Camera Display GPU LED

Fl
ex

IO

M
IP

I-C
SI

2

C
SI I2
C

LC
D

IF

M
IP

I-D
SI

Px
P

G
PU

2D

PW
M

Wi-Fi

SD
IO

BLE

U
AR

T

Dual Core

M
U

SE
M

A4

SH
AR

ED
M

EM
O

R
Y

Touch

I2
C

GUI Shell Wi-Fi/BLE Voice Input



1 0PUBLIC

KEY ALGORITHM COMPONENTS

• Local voice algorithm pipeline
− AFE(Audio Front End)
§ VoiceSeaker(NXP)
§ Conversa(NXP)

− ASR(Automatic Speeck Recognition)
§ VIT(NXP)
§ Cyberon(ThirdParty)

• Vision algorithm pipeline
− Optimized MCU inference engine(NXP)
− AI model and Non-AI algorithm (NXP)
§ Face detection/alignment/quality/liveness
§ Face recognition
§ Gesture recognition

Face Detection

NXP Edge Ready Machine Vision Library
NXP Facial Biometric Authentication & Gesture Recognition API

NXP MCU inference engine

Face Alignment

Face Quality 2D Liveness Algorithm
Face Recognition

Memory Management

M
in

i C
V

Beamforming
Echo 

Cancellation
and Barge-in

Full duplex 
speaker phone

Audio Front End Runtime Library

Automatic Speech Recognition 
Wake Words & Commands

ML Speech Engine Runtime Library

Gesture Recognition

Algorithm Manager
HAL
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SMART HMI SOLUTION SOFTWARE ARCHITECTURE

CM7 CM4IPC with Shared MemoryPeripherals Peripherals

Mic

Speaker

IR and RGB Frames

Notification Message

Vision Algo Result

Voice Algo Result

Framework

LVGL & VGLite HAL

Camera HAL

Display HAL

Framework

Voice Algo HAL

MQS HAL

Vision Algo HAL
Graphics HAL

Display

GPU2D

Camera

Touch

PXP 

CM4 (UI and System control unit):

• Framework
• CSI/MIPI Camera preview @VGA
• LVGL GUI @720p with VGLite 2D GPU acceleration

• Vision algorithm input frames color space conversion with PxP
• Touch panel input

• IPC communication with shared memory

CM7 (Vision and Voice algorithm accelerator):

• Framework 
• Vision algorithm with VGA input frames
• Voice algorithm (AFE + ASR) with mic input

• MQS audio playback
• IPC communication with shared memory
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FACIAL BIOMETRIC AUTHENTICATION SOFTWARE PIPELINE

Image Capturing Image 
Preprocessing

Face 
Detection

Face 
Quality 
Check

Liveness 
Detection

Face 
Alignment

Face 
Recognition

Face 
Feature 

Algorithm 

Face Rec 
Display 
Update

Camera Sensor,
File or Stream

Inference Engine Action (unlock door, 
update display)

Capturing Face 
Recognition

GUI & 
Display
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GESTURE CONTROL V IA HAND SHAPE RECOGNIT ION ON  i .MX RT117H 

Light-weighted MCU optimized pipeline and model provides low latency 
and reduced footprint.

Hand detection Hand Segmentation Hand Landmark

Gesture Recognition
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SUMMARY

ML vision & voice are performed 
entirely offline; lower power 

consumption and faster boot time 
than MPU based solutions

Low Latency, Low Power

Wi-Fi/Bluetooth, MATTER

Connectivity

High integration to enable 
more functions with simple design

Feature-Rich Yet Simple

Provide active services 
and access control that 

anticipate their users’ needs

Smart Interactions 

Friction-free user 
experience through face, 

gesture, & voice

Intuitive Interfaces

Rich, interactive display 
and content, 2D Graphics

High-Performance

Design Challenges: 
•Implementing & incorporating ML/AI has a high initial investment and barrier to entry
•Developing feature-rich HMI applications can be complex and expensive
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LEARN MORE

NXP – Resources

• AI and Machine Learning at NXP Semiconductors (www.nxp.com/ai)
• eIQ® ML Software Development Environment (www.nxp.com/eiq)
• eIQ ML/AI Training Series (www.nxp.com/mltraining)
• eIQ Neutron Neural Processing Unit (NPU) | NXP Semiconductors 

(www.nxp.com/neutron)
• eIQ® ML Watermarking Model Protection Tool Demo | NXP Semiconductors
• www.nxp.com/mcu-smhmi

https://www.nxp.com/applications/enabling-technologies/ai-and-machine-learning:MACHINE-LEARNING?tid=FSHBNR_20181016
https://www.nxp.com/eiq
https://www.nxp.com/mltraining
https://www.nxp.com/applications/enabling-technologies/ai-and-machine-learning/nxp-eiq-neutron-npu:EIQ-NEUTRON-NPU?tid=vanEIQ-NEUTRON-NPU
https://www.nxp.com/applications/enabling-technologies/ai-and-machine-learning/nxp-eiq-neutron-npu:EIQ-NEUTRON-NPU?tid=vanEIQ-NEUTRON-NPU
https://www.nxp.com/design/training/eiq-ml-watermarking-model-protection-tool-demo:TIP-EIQ-ML-WTRM-MDL-PROT-TOOL-DEMO
http://www.nxp.com/
http://www.nxp.com/Smart
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