0 Vf :ﬁ- *fh 1‘*‘ ? http: /www. jsjkx. com

COMPUTER SCIENCE DOI. 10. 11896/jsjkx. 200900150

DGt EM AT EEW . 284 2 B 5 Hk ik

F EY FEFLY EERF XEE?T EEREY MW E
1 GRMELLTERSFTELX TN ELERE(ERAY) #FK 401331
2ERAFABEESHHEFR  EIK 401331

SERI L AHFEMH PO F K 400000

(h. li@cqu. edu. cn)

i E ITLZBEMEdELSSCGHBE AIFRFAERRFELLAR o HHEIGERELHEH SR )\J:ﬁki?ii
BORRMLERAEFLL KRR RGETR, ARG H ARG TEFXFFOHE AT RAFHTRLRREL,
MR T AR SR KERGER, A ABIR AL EHERNEEFRTRTRE T RWEH %, T E il
W R EFRR, BRI L IBEMARETHREEN FHEZ RARFFARTR . FAFREEEE, X FEANMBT L
IHMOERAKA DL T EOMEMAE R A24ARBET ILIRMAL T AR MEED T L ZHER DL+ E LR
CHR RERETHSLH A EILEBMABY RS AEF,FEET S F IR ZRMALT HHIIRE P&,

KW Tk TRRM ;A% RN AL P L E R

hEESES TP393

Edge Computing Enabling Industrial Internet: Architecture, Applications and Challenges

LI Hui"?,LI Xiu-hua'? , XIONG Qing-yu'"? , WEN Jun-hao'* ,CHENG Lu-xi'"*"* and XING Bin®

1 Key Laboratory of Dependable Service Computing in Cyber Physical Society (Chongqing University) Ministry of Education,Chongqing 401331,
China

2 School of Big Data &. Software EngineeringChongqing University, Chongqing 401331, China

3 Chongging Innovation Center of Industrial Big-Data Co. Ltd, Chongqing 400000, China

Abstract Industrial Internet integrates advanced technologies such as 5G communication and artificial intelligence,and integrates
various sensors and controllers with perception and control capabilities into the industrial production process to optimize produc-
tion processes,reduce costs and increase productivity. Due to the centralized deployment of the traditional cloud computing mo-
del, the location of computing node is usually far away from the smart terminal, which is difficult to meet the requirements of the
industrial field for high real-time and low latency. By sinking computing,storage and network resources to the edge of the indus-
trial network,edge computing can respond to device requests more conveniently,meet key requirements such as intelligent access,
real-time communication and privacy protection in the Industrial Internet environment, and realize intelligent green communica-
tion. This paper firstly introduces the development status of the Industrial Internet and the related concepts of edge computing,
then systematically discusses the Industrial Internet edge computing architecture and the core technologies that promote the de-
velopment of Industrial Internet edge computing. Finally.it lists some successful application cases of edge computing and elabo-
rates the current status and challenges of applying edge computing technology in Industrial Internet.
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Fig. 1 Development history of Industrial Internet
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Table 1 Comparison of several computing paradigms

Cloud computing Fog computing Cloudlet Edge computing
Distance Multi-hop One-hop/Multi-hop One-hop One-hop
Computing resources Unlimited Limited Limited Limited

Node devices Server cluster
Delay High Low
Node location Data center

Architecture Centralized

Real-time Weak Strong
Reliability Weak Strong
Face 1o Unlimited Distributed computing and

storage loT scenarios

Router, Gateways

Within the Edge
Distributed

Data Center Servers in base stations
Low Low

Edge network Edge network

Distributed Distributed
General Strong
Strong Strong

Mobility enhanced Internet of Vehicles.Industrial

scenarios Internet of Things.etc.
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Table 2

Latest research of industrial Internet edge computing system application

Application References Main contribution
(397 Introduced the industrial equipment management service system based on edge
- cloud collaborative architecture from the perspective of system architecture.
Discrete [40] Proposed a four-layer computing system for the smart manufacturing environ-
Manufacturing ment,to meet the real-time requirements of the industrial environment.
[41] Integrated data flow and distributed deep learning in the edge environment of In-
ternet of Things.
Improved the perception and decision-making capabilities of autonomous driving
[43] systems through edge computing and machine learning, and summarizes common
machine learning algorithms for autonomous driving.
1) Proposed the architecture of edge computing technology for autonomous driv-
Smart [44] ing and summarized the opportunities and challenges.
Transportation 2)Discussed the security of the Internet of Vehicles system from multiple angles.
[45] Proposed a short-term traffic prediction model that combined the traffic light and
’ vehicle speed model.
[46] Proposed an optimal control design for the connected cruise control system
equipped with computing, caching,and control capability.
[49] Proposed a three-layer architecture edge AGV control system including cloud
service layer,edge layer and the device layer.
< N 1)Proposed a smart factory industrial IoT architecture based on edge-cloud col-
Smart Factory )
laboration.
[50] . . . ) - )
2) Realized real-time production status monitoring and autonomous production
process response control of smart factories.
[52] Proposed an edge computing {framework, which uses the collaborative processing
52 e . .
capabilities of edge nodes to enhance video content detection.
1) Proposed the architecture of edge computing enabled smart firefighting.
Fire Monitoring [53] 2) Analyzed the opportunities and challenges of edge computing applications in
fire protection scenarios.
[54] Automatically deploy video analysis programs on edge devices for collaborative

video analysis and processing.
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