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Overview



| Cloud computing and Edge computing
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Delay-sensitive

Edge

High bandwidth consumption
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Edge Targets

OpenEdge Target

A

On-premises Headless Box Headless Box
Micro-cluster with Al chip or Tablet



OpenEdge Project



OpenEdge Project

https://github.com/baidu/openedge
https://openedge.tech/

% OpenEdge

First release in Dec. 2018 OpenEdge, extend cloud computing, data and service seamlessly to edge devices

Agile, monthly release

4 Releases baidu / openedge @uUnwatch~ 65  HuUnstar 962  YFork 169
‘I 2 Contrlbutors <> Code Issues 30 Pull requests 2 Projects 1 Insights Settings
900+ StarS on glthUb com Extend cloud computing, data and service seamlessly to edge devices. https://openedge.tech/
edge-computing container micro-service functions-as-a-service iot golang maqtt docker faas Manage topics
OCUS D 438 commits ¥ 1 branch O 4 releases 22 12 contributors &fs Apache-2.0
I —
CIOUd N atlve InfraStru Ctu re On Edge Branch: master v New pull request Create new file  Upload files  Find File m——— download v
Large—scale deploymen‘t Of unattended eq u|pment = E sherlockblaze and wangxiaochen04 modify release note (#250) - Latest commit a64dce3 8 days ago
8 .github/ISSUE_TEMPLATE update some error and bug report template 4 months ago
TOOIkItS & SerVICeS for Creatlng appllcatlons i bin add FAQ & fix url error & modify makefile for release & add manifest ... 2 months ago
V_ . @ cmd bugfix (#227) 13 days ago
ISIon @ code-of-conduct-languages Add code of conduct (#228) 13 days ago
. i doc modify release note (#250) 8 days ago
Edge Operating System
i example modify docs focusing on updating python27 to python3 (#221) 13 days ago
Edge TOOICha|n for Developers i logger refactor info and stats collcation (#207) a month ago

i master support args in docker container mode (#244) 11 days ago

CIOUd, Edge and IOT da‘ta CO”abOI’atlon | openedge-agent change the interval config of stats report of agent module from 1m to... 9 days ago




Cloud Native Architecture

OpenEdge Core

RESTful API - —

Command Line

Essential
Orchestration
Pluggable
Activation & Security
External

Persistent Config

OS Kernel

OpenEdge Runtime

OTA Agent

Network Hub Built-in Services

MQTT Broker
Data Volume Core Queue
MQTT Client
Config Map I Python36
Functions ‘<’: Node85
34 Apps SQL

Docker | OCI Container Process | Container Like

—>

OpenEdge Console

API Server

WebUI K8S

MQTT Pub Device | Sensor

MQTT Sub Device | Robot

Baidu loT Platform

Other loT Platforms

RPC caller or gateway



Function as a Service

Function Instance 1 Runtime Config
MQTT Pub/Sub <> OpenEdge MQTT Broker

Runtime Image Listen Address

I Runtime Config _— 7
Resource
User Code
OpenEdge Core Queue
User Config
Graceful Reload
User Data
User Code
OpenEdge FaaS Server
Dynamic Instances Code Package
Function Call — GRPC Server & MQTT2GRPC
i Function Instance 2 User Config
Ingress | Load Balance & Fail Over
i Runtime Image Conflg Files
Function Life Cycle AU COTIE
L User Code User Data
User Config /

OpenEdge Core RESTful API

User Data Volume Definition



Remote Management

Task Deployments

Name, Image, Resources

Kubernetes API Server e C——
WebUI ’ ’

VNode Adapter Name, Image, Resources

OpenEdge API Server Data Flow Rules

Report
ﬁz‘[e;f:eg‘le —> Connection & Controllers MQTT Pub|A — B
Config Sheet Function | B — C | Remote
Instances Config Versions B — D | MQTT Sub
Task Deployments
E1 | tags... Current — v3
N Data Flow Rules Config Volumes
OpenEdge Dotal > E2|tags... v3|latest >
Instance 2 Name, Files, Directories
v2 | last one Config Volumes ——»
E3 | tags... . Name, Files, Directories
v
v Data Volumes Name, Files, Directories
Notify
?ptenfdgg D — OTA Server
nstance i Data Volumes
Pack
\ . Name, Quota
Pownload Object Storage AL, 6T

Name, Quota



Optimization for Edge

Adaptive

Raspberry Pi

Linux, macOS, Windows 10, Legacy Windows

x86, x86_64, armv7, aarch64, mips, mips64

Cluster with HA

Unstable Network

MQTT Client

Core Queue — > Local Persistent Buffer

QoS Supervisor —> Remote

Garbage Cleaner

Automation
—
Raw Node Activation Signed Node
No Root
No Console Workload OTA

No Remote Shell

Firmware OTA

IO Limited
Core Queue
Sync Q —» Router Z Overload Q
CacheQ —*» pg > Router Send Q

\ ACK Q



Roadmap, Edge Operating System

OpenEdge Linux OS

Part 3: Data
Variable Layer —
Lightweight
Part 2: System & Last Success
Fast Boot Immutable Layer SE—
Headless Linux Kernel

Part 1: System & Active

Immutable Layer

Linux Kernel

Unattended Hardware

Immutable Layer
Key part

OpenEdge Core

OCI part

containerd

runc

POSIX part

busybox cli

musl libc

Linux initramfs

Variable Layer
Image part

OCl images

Volume part

Config volumes

Data volumes

Privileged part

Security license files

System runtime files

mount /dev/part3 /var



Roadmap, Edge Toolchain for Developers

C/C++

Golang

WASM

Binding

OpenEdge EDK
Edge Development Kit

Message Kit
Instance Kit
Storage Kit
Queue Kit
Vision&ML Kit
Speech Kit

Geolocation Kit

Cross
Build
Toolchain

LLVM
Toolchain

WASM
Toolchain

OpenEdge IDE

OpenEdge EDK plus

Cl/CD DevOps

Edge Deployment Kit

Emergency Local
Shell Diagnostic

OTA CLI

Cloud
Emulator



Baidu IntelliEdge

An OpenEdge Solution for Enterprise



Relation

Remote Management

Built-in Services

OpenEdge
Container Runtime
Device Management
Infrastructure

Open Source
for Developers

Advanced Management

. Video & ML Inference
Baidu

IntelliEdge

Time-series Data Tools

Hardware Partners

Solutions
Commercial
for Enterprise



Edge & Cloud Fusion

Sensor

Camera

Speaker

Gateway

Edge side

Baidu IntelliEdge

Al Solution
Data Solution
OpenEdge

Certified Hardware

Data uplink

)

Cams——

Knowledge downlink

Baidu loT Platform

loT Hub

Time-series DB

Rules Engine

Edge Console

Cloud side
Baidu Big Data
Stream Ly
c te series
AL Analysis
Baidu Al
Al Model
Training Transform



Al Solution

Video Ingress Service

USB Camera Ether Camera
USB Initializer Ether Initializer
Linux Video Interface
Video decoder
Frame sampling

Image disk saver

ML Inference as a Service
GRPC Server—FaaS Server
User Model
ML Inference Library
OpenCL CUDA OpenVINO
Device-Container Binding

GPU GPU VPU

OpenEdge

Auxiliary Services

Time-driven Trigger

Image disk cleaner | Shell Function

Object Storage Uploader

Image decorator and encoder

Video playback



Roadmap, Data Solution

Data Protocol Services

Modbus
OPC-UA
Bacnet
COAP
AMQP

MQTT

Streaming Compute
Cloud SQL Compiler
Executor Interface
Executor | Flink, Baidu Vendered
ML Operator Function Binary App
Data interlink

MQTT TSDB RDBMS

OpenEdge

Alarm Service

Alarm policy rule engine

SMS/mail robot

Phone call notification

Web notification

Alarm history for analysis



Long Term Goals

Ecology

Services

Infrastructure

Online & Offline IDE Production Box
Education CLI toolchain Al chips
Community Developers Manufactures
OpenEdge community C-API Dev Broads
Open source Feature components loT Certification
Unified work flow
End2End Security DevOps Digital Twin
Connection Compute Data
Protocols SEEIESS Time-series Database
Unified data bus
Compute Everywhere, Data Anywhere, Edge & Cloud Fusion
Lightweight App Cloud Native Apps Cloud Native Apps
MQTT, ML, Securit OpenEdge Framework Kubernetes
Y OpenEdge - ¢ ABC Cloud
loT Stack Li oS 8 Stack
OTA Firmware e OCI Container ac laaS
RTOS Linux Kernel IDC or On-premises



Applications



| Autopilot by V2X

Key data uplink = e

o

1 ' i
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N :
Perception 2 : : % 2 -
: : Video files uplink c = @ g
G Base N OpenEdge ] 5
Station \\ ) ! R
MEC MEC Cluster : & f
i o .
Node ! : § i 1o
i MEC Model upgrade
_________ Nifie' S
'l,' ) c ion VOX Configuration
ross-region N —
MEC parade \J BEB&S
Node
5G Base
Station

Over 60% reduction in automatic driving costs to help solve cross-regional road
synergy challenges
Global optimization of a wide range of multi-base station nodes



Quality inspection by Al

i Inspection result Inspection
q ! resu
Video Imspecti g | @ L
sampling  p1ogel e | Original i o Image
I riginal image = ﬂ,
1 | . Al
' T
OpenEdge : n;:t Training
] g
ABC Quality inspection . =3
Machine , Model upgrade 3
Cellphone : : (
frame ) Peripherals l Configuration e
Smartphone ] Edge inspection i upgrade k J grgg‘ﬁ'gz

productionline ______________________ ;

Fusion Manufacturing line &Al model production line
Model deployment efficiency: 1 days — 1 minutes
Solve the problem of flexible production quality inspection
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Integrated Energy Management

» Al algorithm avoids the risk of power deviation assessment for more than 3,000 enterprises
Edge node in factory 00001101580000001082
Electricity Conacity & o i f\‘ I l“n | i ™
apacity ower ) | AN Wi
Meter Requiremen consumptio \'frﬂ",‘r,‘ M _xl.‘,; |‘ m“ Wil AL
t Translation n forcast i IR T | | V
OpenEdge » d
Electricity b J
Meter
Gateway
Edge node in factory
[ 4 . o
: Data uplink Daily power load forecast for a factory within 45 days
Power
system
Y Edge node in factory

nowledge downlink

Predictive average accuracy 91%
5% Increase in plant productivity

, WiF s R

FREE/ BN AELR HECE AESEBR
T206ESESE) S 3-3 9564408 —
s RESER BESR YNEARE  mER e N
pHERE
Jes— 35,000 v 0 kv 0 kw 78,162 xwn = o 5 . 3
: e TR N
s 2w BERORATER g ML
o mere 5
RN e T ~ PrOou Wk
RN r————————————— /q
:.;-i 3 -~ { men 23565320
i wan e  weum  woeoior L / m - 12245126
. : . EANEREARRELT Ve bt 7523522
oy aany 2N S SUBRAGH PUBAREHGH
3KBE o /W5 1009 * i

700 BRREY: 810

LIOAMEE B RANE



http://pop.litiandata.com/

| Edge CV in Vehicle

EcoCloud

Dept. Sanitation Dregs Office City admin

|
OpenEdge & Algorithmilteration Inference result

/ Baidu IntelliEdge - \

pload

Identify the spilled situation
through machine vision,
Deploy the algorithm on the
local smart edge to infer,
instantly identify problems,
and reduce bandwidth costs.

—— e —————

EFEE

Single frame identification /




| Charging pile Digital twin

BIE-Al-Board

OpenEdge &
f Baidu IntelliEdge

AT s

Energy Cloud

Fo AT ISR R G

TR

e

Algorithm iteration Result upload

O

-

Effect anaIyS|s algorlthm of charging job

l-——-———-——>

Through big data Model training,
the algorithm is deployed on the
local intelligent edge, forming the
local charging pile digital twin,
providing the hand manipulator
mode and the embedded mode
of charging job quality detection
service, real-time output
operation effect.




| Accurate fertilization of UAV

Spectral Analysis Display-graph Spectral analysis display-distribution map

Precision Plant Protection Operations

Agriculture Cloud

Pest Database Task System

BIE-Al-Board <« — — — — — = — — — = — — — — — 1
|
|
Sy ) ) _
Algorithm iteration Result upload
OpenEdge & L 9 P
Baidu IntelliEdge \

Single Frame result analysis algorithm j
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Through spectral analysis and
machine vision to identify
farmland pests and diseases, the
algorithm is deployed on the

local intelligent edge, for
detection, plant protection UAV
into one (discovery or elimination)
to lay a solid foundation.
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