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HF/RiaE00E: DeepView" Bring Your Own Data Workflow (BYOD)
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HFEG5EE DeepView" Bring Your Own Model Workflow (BYOM)
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RE elQ THE

elQ Toolkit can be found at www.nxp.com/eig/toolkit

elQ™ Toolkit for End-to-End Model Development and o

Deployment
OVERVIEW DOCUMENTATION DOWNLOADS DEVELOPMENT TOOLS TRAINING & SUPPORT
Filter By| Show All BSP, Drivers and Middleware (2)

I MCUXpresso SOK BuilderREV 1

Embedded Software (2 Software Development Kit for Arm® Cortex®-M Cores with elQ machine leaming middleware

— O EXTERNAL 1KB MCUXPRESSO-SDK-EIQ 2021-01-28 02:41:00

I elQ Toolkit Installer for WindowsREV 1)
——

BSP, Drivers and Middleware (2)

{

elQ Toolkit Installer

0 EXE 54.9ME elQ_Toolkit_Wing4 2020-11-26 17:02:00

- elQ Toolkit package includes the elQ Portal GUI as well as command line tools for model
conversion and creation

- The elQ Toolkit consists of three key components:
- elQ Portal
- elQ Model Tool
- elQ Command-line Tools
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Performance

REHBRENRANLERES

M4 — A53 - A72
4K HEVC
M4 - A53 128 GFLOPS GPU

4K HDR - Dolby
64GFLOPS GPU

M4 — A35 23T NPU

4K LS 1012
28GFLOPS GPU
A7 i.MX'8
CSI - LCD i.MX 8M
i.MX 8X

i.MX 6UL/ULL

e =)
i.MX RT i.MX 7ULP - a\\o(\
l. l. \\0 0(6
P@Qooeg%
M4 + Connectivity °¢
Secure Boot <
Crypto accel \16
K4 P (S
LPC 0‘0006960
| ot M7 @ 600 MHz
N\O QSPI :
Secure Boot Integration

Multimedia Acceleration

280 GFlops
8XA72 100 Gbps

S
N\\)\’Q‘C’O((_\,eCB
Gd 128 GFlops

0
e« axa72

4xA53 20 Gbps

Networking Acceleration

A 4




MPU¥E&: i.MX 8M PLUS

Quad Arm® Cortex-A53 up to 1.8 GHz (up to 20,988 DMIPS)

+ ARMvS fully 64-bit capable, 512KB L2 cache (ECC)

Arm Cortex-M7 up to 800MHz with 512KB RAM (ECC)

HiFi4 DSP up to 800MHz with 256KB RAM (ECC)

Machine Learning (ML) accelerator: 2.3 TOPS performance

Operating System targets: Linux OS, Android OS, HiFi4 SDK, FreeRTOS
Qualification: Consumer (0C to +95C); Industrial (-40C to +105C)

» x32/x16 LPDDR4/DDR4/DDR3L (Inline ECC)

* 3x SDI03.0/eMMC5.1

» Dual-channel QuadSPI (XIP) or 1x OctalSPI

* NAND Controller (BCH62)

* SPI NAND

+ GC7000UL (3D GPU, 2-shaders, OpenGL® ES 3.1, Vulkan®, Open CL™ 1.2
FP)

» GC520L (2D GPU, OpenVG™ 1.1)

» 1080p60 H.265, H.264, VP9, VP8 decode

» 1080p60 H.265, H.264, VP8 encode

* Display controllers (up to 3 simultaneous displays):

* 1x HDMI 2.0a Tx (eARC) with PHY

* 1x LVDS Tx (4 or 8-lane) with PHY

» 1x MIPI-DSI (4-lane) with PHY

» Camera (up to 2 cameras): 2x MIPI-CSI (4-lane) with PHY

* ISP 12MP resolution, 2x187MP or 1x375MP input rate, HDR, Dewarp

* Audio: 18x I2S TDM (32-bit @ 768KHz), DSD512, SP/DIF Tx + Rx

* 8 channel PDM microphone input

* eARC, ASRC

* 2x USB 3.0/2.0 Type C with PHY

* 1x PCle Gen 3.0 (1 lane)

» 2x Gigabit Ethernet with IEEE 1588, EEE and AVB

» 2x CAN-FD

Security

TrustZone

DRM Ciphers

Secure Clock

eFuse Key Storage

Random Number

32KB Secure RAM

System Control

Smart DMA x3
XTAL
PLLs

Watchdog x3
PWM x4
Timer x6

Secure JTAG

Temperature Sensor

Main CPU Platform

Quad Cortex-A53
32KB I-cache 32KB D-cache

NEON FPU

512KB L2 Cache (ECC)
Secondary Cores

HiFi4 DSP Cortex-M7

768KB On-chip RAM (ECC)

Machine Learning
Machine Learning accelerator: 2.3 TOPS

Graphics
3D Graphics: GC7000UL
2D Graphics: GC520L

Video

1080p60 H.265, H.264, VP9, VP8 decoder
1080p60 H.265, H.264 encoder
Vision
Camera ISP, 12MP res., up to 375MP/s
2x MIPI-CSI (4-lane) with PHY

Display
HDMI 2.0a Tx (eARC) with PHY
MIPI-DSI (4-lane) with PHY
1x LVDS Tx (4 or 8-lane) with PHY

Audio

18x 12S TDM (32b @768KHz)
SP/DIF Tx & Rx
eARC (HDMI)
ASRC
8ch PDM Microphone Input

Connectivity and I/O
2x USB 3.0/2.0 OTG with PHY

2x Gb ENET with IEEE 1588, AVB
(One also supports TSN)

2x CAN-FD

1x PCle Gen 3 — 1-lane
L1 Substates

4x UART 5Mbps
5x I2C, 3x SPI
External Memory

x16/x32 LPDDR4/DDR4/DDR3L
(Inline ECC)

3x SDIO3.0/MMC5.1

Dual-ch QuadSPI (XIP) or
1x OctalSPI (XIP)

NAND Controller (BCH62)

14 4



MP U &

Hardware:
Software:

HES:

i.MX 8M Plus EVK

Linux_IMX_5.4.70-2.3.2, TFlLite 2.4.0, DeepViewRT 2.4.24

Models Time per inference (ms)
INT8 model performance on i.MX 8M Plus CPU and NPU
NPU 1x A53 (1.8 GHz) CPU

inception v1 INT8 343.48 5.80
inception v2 INT8 529.75 7.35
inception v3 INT8 1266.28 17.12
inception v4 INT8 2658.42 33.17
mobilenet vl 100 224 INT8 153.49 2.72
mobilenet v2 100 224 INT8 119.68 3.02
deeplabv3 mnv2 pascal guant 1089.63 200.08
ssd_mobilenet 210.42 12.76
ssd_mobilenet v2 coco gquant 273.32 16.29
ssd _mobilenet v2 face quant 269.87 7.31

Models Time per inference (ms)
INT8 model performance on i.MX 8M Plus NPU DeepViewRT TFLite
mobilenet vl 1.0 224 (Per channel) 4.51 6.53
mobilenet vl 1.0 224 (Per tensor) 3.38 -
mobilenet v2 1.0 224 (Per channel) 6.75 7.84
mobilenet v2 1.0 224 (Per tensor) 4.01 -
mobilenet _ssd v1 300(Per channel) 12.59 16.46
mobilenet ssd vl 300(Per tensor) 8.67 -
mobilenet _ssd v2 300(Per channel) 16.57 20.15
mobilenet _ssd v2 300(Per tensor) 10.92 -

25

20

15

10
-l
,

mobilenet_v1

i.MX 8M Plus H TensorFlow Lite INT8 &8 8E

mobilenet_v2

m DeepViewRT ®TFLite
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REHERLCER MX RTES

APPLICATIONS PROCESSORS

+ Arm® Cortex®-A class
and Cortex-M cores

- 600 MHz to 2 GHz «
performance

* Rich HMI experience P

» Arm® Cortex®- M cores
 Full open-source OS platfor
» Performance

up to 300 MHz
+ Embedded memory

Linux/ an>30I>
o

« Comprehensive tool support
» Extensive NXP and partner software

EASE OF USE + REAL TIME

2
VG TECHN

N oM
our [SIKEIL D7 Pl

\

KINETIS & LPC

MCUs
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https://www.nxp.com/design/software/development-software/mcuxpresso-software-and-tools-:MCUXPRESSO?&tid=vanmcuxpresso

REHERLCER MX RTES

EASE OF USE + REAL TIME

Yy,
R OconTROWER

I.MX RT

CROSSOVER MCUs

* Arm® Cortex ®-M cores

* 1 GHz performance

+ High integration

+ Deterministic instructions

» Short latency

« Comprehensive tool support

» Extensive NXP and partner software

s cww:)\,o
OIR [SIKEIL (73 Pl
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https://www.nxp.com/design/software/development-software/mcuxpresso-software-and-tools-:MCUXPRESSO?&tid=vanmcuxpresso

BRaF

General-
purpose
MCUs

5i.MX RT RIERLIE=R

Arm
CM33

28FDS

Integrated SRAM

Arm
CM7

28FDS

i.MX RT600

300MHz Cortex-M33 with TrustZone

Advanced Audio Integration, HiFi4 ﬂ Advanced Audio Integration, Fusion
Advanced Security, SRAM PUF, root of trust Advanced Security, SRAM PUF, root of trust

4.5MB SRAM for IoT Stacks and Algorithms VFBGA176 5B SRAM for IoT Stacks and Algorithms

I.MX RT1170
1GHz Cortex-M7 n

400MHz Cortex-M4
Automotive, TSN, Security BGA289

I.MX RT500

200MHz Cortex-M33 with TrustZone

Arm
CM7

40nm

i.MX RT1060
600MHz Cortex-M7
8/16-bit EMI (SDRAM/SRAM)
LCD / CSl/ 2D acceleration
Standard Security

i.MX' RT1050

Performance

BGA196

600MHz Cortex-M7 ﬂ
8/16-bit EMI (SDRAM/SRAM)
LCD/CSI/ 2D acceleration BGA196

Standard Security

T T
500MHz Cortex-M7 LQFP144 LQFP100
128KB SRAM, QSPI

Standard Security |

GPU2D, MIPI DSI/CSI
i.MX RT1064 i.MXRT1160
600MHz Cortex-M7 ﬂ 600MHz Cortex-M7 ﬂ

1MB SRAM, 4MB Flash 240MHz Cortex-M4
LCD / CSl/ 2D acceleration BGAL96 GPU2D, MIPI DSI/CSI
BGA289

Standard Security Extended Industrial, Security

LLLLLL}
500MHz Cortex-M7
128KB SRAM, QSPI LQFP100
Standard Security |

i.MX RT1010

500MHz Cortex-M7
128KB SRAM, QSPI
Standard Security |

i.MX RT1024

500MHz Cortex-M7 .
256KB SRAM, 4MB Flash §E

T
LQFP80

Standard Security pr

LQFP144

Pt

18



i.MX RT106X EiREaeE RIS

High Performance Real Time System
System Control Main CPU Platform Connectivity » Cortex-M7 up to 600MHz , 50% faster than any other existing M7 products
Core 2 x eMMC 4.5/SD 3.0 + 20ns interrupt latency, a TRUE Real time processor
+ 512KB SRAM + 512KB TCM/OCRAM

® ®_
Arm® Cortex®-M7 8 x UART

Rich Peripheral

* Motor Control: Flex PWM X 4, Quad Timer X 4, ENC X 4

4x12C + 2x USB, 2x SDIO, 2x CAN + 1x CANFD, 2x ENET with 1588, 8xUART, 4x SPI, 4X 12C
» 8/16-bit CSl interface and 8/16/24-bit LCD interface

» 2x Qual-SPI interface, with Bus Encryption Engine

| Multimedia | 2 x FlexiO « Audio interface: 3x SAI/ SPDIF RX & TX/ 1x ESAI
8-/16-bit Parallel Camera Interface 3 x 12S/SAl Secu rity

24-bit Parallel LCD (RGB) S/PDIE Tx/Rx * TRNG&PRNG(NIST SP 800-90 Certified)
Pixel Processing Pipeline (PXP) + 128-AES cryptography

2D Graphics Acceleration 2 x FlexCAN + CANFD - L
Resize, CSC, Overlay, Rotation | » Bus Encryption Engine: Protect QSPI Flash Content

32 KB I-cache 32 KB D-cache
8 x 8 Keypad

FPU MPU NVIC

512KB TCM/OCRAM

HS_GPIO FlexIO S

2x USB2.0 OTG

Internal Memory External Memory with PHY Specifications

2 ?;hDgal-ICEhannil_ ngd-SPI T + Package: MAPBGA196 | 10x10mm”2, 0.65mm pitch (130 GPIOs)
with Bus Encryption Engine X ;

with |EEE 1588 MAPBGA196 | 12x12mm”2, 0.8mm pitch
External Memory Controller » Temp/ Qual: -40 to 105°C (Tj) Industrial / 0 to 95°C (Tj) Consumer

Power Mgmt 8/16-bit SDRAM ADC / DAC
Parallel NOR Flash Ease of Use
NAND Fash - MCUXpresso with SDK, IAR, Keil

Ciphers & RNG Secure RTC HAB * Comprehensive ecosystem

Low BOM Cost

» Competitive Price

* Fully integrated PMIC with DC-DC
* QSPiand SDRAM interface

S
! __ Available on certain product families

19 INK



System Control Main CPU Platform Connectivity
Arm® Cortex®-M7 (up to 1 GHz)

_ 32KB Dmache w/ECC I 2 KB l-cache w/ ECC
Up to 512 KB TCM w/ ECC

Secondary CPU Platform

Am Cortex-M4 (up to 400 MHz)

16KB D-cache 16KB I-cache
w/ Parity Check w/ Parity Check

FPU I MPU I NVIC

256 KB TCM w/ ECC

Multimedia
2D GPU with Vector Graphics Acceleration

2D Graphics Acceleration (PXP)
Resize, CSC, Overlay, Rotation

MIPI® CSI Parallel CSI

MIPI DSI Parallel LCD

Internal Memory External Memory

I.MX RT117X BltaEERAIEE

Arm Cortex-M7 processor, 1 GHz, 32KB/32KB L1 Cache,
512KB TCM

Arm Cortex-M4 processor, 400MHz, 16KB/16KB L1 Cache,
256KB TCM

2MB on-chip SRAM (including TCM for CPU core)

Parallel LCD Display up to WXGA (1280x800) @60fps
8/16/24-bit Parallel Camera Sensor Interface

2-lane MIPI CSI and 2-lane MIPI DSI

2D GPU & Graphics Accelerator

8/16/32-bit SDRAM controller up to 200MHz

8/16-bit Parallel NOR FLASH / NAND FLASH / SRAM

2x Dual-channel FlexSPI Interfaces with On-the-Fly
decryption, supporting serial NOR, serial NAND, HyperBUS
devices

2x eMMC 5.0/SD 3.0/SDIO Port

2x USB 2.0 OTG, HS/FS, Device or Host with PHY

Audio: 4x I°S/SAl, 1x S/PDIF Tx/Rx, ASRC, 8-ch digital
microphone input

3x ENET: 1Gbps ENET w/ AVB + 10/100 ENET w/ IEEE 1588
+ 1Gbps ENET w/ TSN

2x 12-bit ADC, 4.2Msample/s, up to 20 input channels total
4x Analog comparator, 1x 12-bit DAC

Full PMU Integration, DCDC+LDOs

20



MCUTEMES: HEHEBERFMCUXpresso SDK

elQ is included as part of MCUXpresso SDK. Select the “elQ” middleware in MCUXpresso SDK Builder

SDK Builder

Generate a downloadable SDK archive for use with desktop MCUXpresso Tools.
Developer Environment Settings

Selections here will impact files and examples projects included in the SDK and Generated Frojects

Host O3 == 1‘3 Toolchain / IDE m r @ m
Filter by Name, Category, or Description... Select All Unselect All

-

- Name % Category ~ Description Dependencies

0 Middleware el machine learning SDK containing: - ARM CMSIS-NN library (neural network kern...

) CMSIS DSP Library
(more)

elQ Inference Engines in MCUXpresso SDK 2.9

elQ Inference Engines in MCUXpresso SDK 2.10 (July 2021)

RT685 [RT1050 |RT1060 |RT1064 |RT1160|RT1170

RTS595|RT685 [RT1050|RT1060 |RT1064 [RT1160 [RT1170
CMSIS-NN

TensorFlow Lite

TensorFlow Lite for
Microcontrollers

Glow
DeepViewRT

CMSIS-NN
TensorFlow Lite

TensorFlow Lite for
Microcontrollers

Glow
DeepViewRT

* Only some DeepViewRT support in standard SDK. Need special download link for DeepViewRT Label Image example



MCUFEHEER: MCUXpresso SDK 2.10 &= 3£l

Keyword Spotting

IFAR-1
c 0 (KWS)
Classifies 32x32 Detects specific
image from camera keywords from
input into one of 10 microphone input
categories

airplane
automobile
bird

cat

deer

dog

frog

=
E
i
&
et

ERESELEE
) 4 5 \
= )

horse

Magnitude —»

4

. & & 8

Input speech signal

Classifies 128x128 image Use FRDM-STBC-
from camera input into

Label Image

Handwritten Digit

Anomaly Detection Detection

Determine handwritten
AGMO1 sensor board for  digit values using LeNET

one of 1000 categories accelerometer anomaly MNIST model
analysis (Select “agm01”
board)

using Mobilenet model

3

i.MX RT595

TFLM CIFAR10

TFLM KWS

TFLM Label Image

TFLM Anomaly Detection

i.MX RT685

Glow MNIST

Glow CIFAR10

DeepViewRT Label Image

DeepViewRT ModelRunner

DeepViewRT ModelRunner-Glow

i.MX RT1050

i.MXRT1060 [i.MXRT1064 [i.MXRT1160 |i.MXRT1170

22



{EBE1T88 (MODEL RUNNER)

- 1B 1TEE (ModelRunner) &b e — |
HBEEHRIAPEEESZE, & (engine plug-in support, model loading,
T RSB E RS [

model inference, ...

_ . - 1
elQ inference engines

_ Arm® Compute Library Arm®& NN

TensorFlow™ Micro ONNX Runtime GLOW

. 1EBYE1TEE (ModelRunner) 9
TIRAPITHER, SIRESCFRA
R4 ERTT, (CRREEEIE
BN,

—— e ——— —— —— ————— —— —— —— ——————————————————

. MCU/MPU Microprocessors only Microcontrollers only
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