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Research hotspot and evolution trend of industrial Internet

BAI Yunpu, LI Guo

(School of management, Nanjing University of Posts and Telecommunications, Nanjing 210093)

ABSTRACT: This paper takes the web of science core collection database as the data source, uses the scientific
knowledge map method, and uses CiteSpace software to analyze the literature output, research results distribution, research
hotspots and their evolution trends in the field of industrial Internet, so as to explore the research status of industrial
Internet. The research findings are as follows: first, the number of documents in the field of industrial Internet research is
on the rise. According to the annual number of documents, the industrial Internet research can be divided into the initial
exploration period and the rapid development period. Second, China and the United States are the main countries to carry
out research in the field of industrial Internet. Among them, China has many authoritative research institutions and high-
yield authors in the field of industrial Internet research. Third, there is a trend of interdisciplinary integration in the research

of industrial Internet. Fourth, research hotspots in the field of industrial Internet can be divided into three categories:
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Research on the concept and architecture system of industrial Internet, research on the core technology of industrial
Internet and Research on the implementation and application of industrial Internet. Fifthly, the research on industrial
Internet has expanded from the basic technology research closely related to industrial Internet and the challenges faced in
technology research to the research on industrial Internet application, security issues, resource allocation and resource
management.

KEY WORDS: industrial internet; bibliometrics; atlas of scientific knowledge; research hotspot; evolution path
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Outlook

BE— XA B O BA BEAT Y2 (LB 7D, RBURAE T IR R 7E 2012 S5t
C2efe, EHEF 2016 4, ARENTAVEERM BT 33X — B B IR R U8 ik >

20 o



2022 T BEEMEZEARAARSIEXE B

BRGNS, BRI R, IR 2 BB R IR . P4 AR . R4t
TEAEEM LG Tk 4.0. KEHR . SEAHESE. BREEE . @i o S oS im) 1 5 1A 78 STk,
RILIEI B T FL B XA DA 9 2 AR FR DU =5 T s — s Tk FLIC R BE R R A 5, 0 Sk
AR ZHHE REAEEOR . TTLAL MR Wi-Fi Ja R EOR . LP-WAN $R45%; —
2 TV H BRI BERE B 7T, P5 R F1k T304 e SCHA T FLER X A4 22 5844 | 434 =X ) IR 55 (R AR 2R 48040 5
SR RORER BT THI T R BRAR, 220 R SEIR AR P 3 -5 Al ) 1 422 B AR B R At s it Pk
1% o
42 RIRARHA (2018-2022 )

PR e e S TP BRI AR SC R SR BRI N, R R SG SR 958 Fe, H A ORBESCERE 17
T QNER 4 P, AR 53 206 FT-H R SRR T EAR 5347 . (Industrial Internet of Things: Challenges,
Opportunities, and Directions) [ 8] 7478/, TAVPIBER AT 4.0 FOMES, BFFC T Tk BB
TR BINLAE DA S S BB A . SEIPERE . oA FARAEME . e MIBRRA T SRAH K Pk %23). (The
future of industrial communication: Automation networks in the era of the internet of things and industry
4.0) BEFL T Tolk 4.0 5t FIERMAN eps X Tk BEAL R EZM, I B 26 TAR(SG) HLAE I 28 78
A FIERRY,  (The industrial internet of things (IIoT): An analysis framework) %5t 7 T4
ERPI(LoT)7E S, It TAHRIIER A 703, NN IT K T — A HriEde, wf e
T 5T 28 Gt 20 46 R0 43 Bt 22 4 e Jolp A0 s 1] B M0 28 R 3R Tl P Bk ) % #5231, ( Deploying Fog
Computing in Industrial Internet of Things and Industry 4.0) 57 T 55 11 875 T MV ER W A He (A
THESCRE, USRI (4% 0 e AR AR BL2), - (Software-Defined Industrial Internet of
Things in the Context of Industry 4.0) 74T T TAVIECN (1A R 450, AFEWEZE. TWNs. Tk
AV R, IR T A FBE Z B RE BAZH, St 7 — AN SO DI I 4 i i 1
WA, VIR T I RE SR I (1 5% L i) R AT BE o 77 %627 (Industrial Internet: A
Survey on the Enabling Technologies, Applications, and Challenges) 148 1 T Mk HEcM R4 R 5C 42
Ky, B TMERZE . TR R R, b, R . B R m M2 28 S S E iR 7
fEREROR, 0T T i DML BRI BAE D AR 0 B s, B Am REYR . BT IR i, AFLH
MIRIAS s, R T HATAEIT R T BRI R G5 IRk . (A Survey on Industrial
Internet of Things:A Cyber-Physical Systems Perspective) 128 1 LMV AN 2844 . LA N 5 F
(BT B s A B 3hA0) SRR i, IR RN = AN G R T HZRIA 73
IR 72 R281,  ( Green industrial Internet of Things architecture: An energy-efficient perspective) 2
7 AT RER TR (0T SEH, 2480 H IR Fn S ifdsk . RESTHul IRFHEE M. =
55 2R P S AR P 2L, BAE =R RN . O R A il =22,

IS0 SR T SR SCHREEAT 204, R SR A ST T ELIER IR I 5 1 R VR R Al 3 e 1S

e D] »



W 2022 T EBEMEFEARASIEE

SRR . CPS PA Tk BRI AR ST AP BOH B S 5. XBLBE . BRE )
SR T, HeAh, B ATE H B BT T AR 22 4 o) R e i B rh 2 R
£ 2 2018-2022 F T BB MAF 5 sats Y < sB AL e ik (R ArdoEXTF 0.01)

FF 5 SCRRAEFR BEIE | RERER | PhPOl

1 Industrial Internet of Things: Challenges, Opportunities, and (117 2018 0.05
Directions

2 The future of industrial communication: Automation networks |60 2017 0.15
in the era of the internet of things and industry 4.0

3 The industrial internet of things (IIoT): An analysis framework 58 2018 0.14

4 Internet of Things in Industries: A Survey 54 2014 0.04

5 Deploying Fog Computing in Industrial Internet of Things and |52 2018 0.11
Industry 4.0

6 Software-Defined Industrial Internet of Things in the Context|50 2016 0.04
of Industry 4.0
Industrial Internet: A Survey on the Enabling Technologies, |41 2017 0.08

7 -
Applications, and Challenges

3 A Survey on Industrial Internet of Things: 32 2018 0.04
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Elementary Analysis on Status and Development trends of IT-
OT Convergence Technology

Fu Tao, Zhang Hengsheng

(China Academy of Information and Communications Technology, Beijing, 100191)

ABSTRACT: Industrial Internet achieve full connections among the all essential productive factors,entire industrial
chain and entire value chain.Therefore, it’s critical to improve the convergence of networks in enterprise campus.The trend
of IT-OT network convergence is most evident on Industrial Internet. With the development of new technology,such as
deterministic network,edge computing etc.,play an important role in the course.This paper concludes the core features of
IT-OT network convergence, then analyze effects of key technologies in this trend.Finally, this paper proposes some
development trends of the integrated enterprise campus network.

KEY WORDS: Industrial internet; Heterogeneous integration ; IT-OT network convergence; Deter-ministic

Networking;Enterprise campus network
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Research and Thinking on New Technology of Industrial
Network

LIANG Xiaohui', Huang Hua®, SHI Xiaodong®
(1 China Telecom Sichuan Branch, Chengdu Sichuan 610000, China;
2 State Grid Sichuan Integrated Energy Service Co., Ltd, Chengdu Sichuan 610000, China)

Abstract: Industrial network is a new type of infrastructure supporting the development of digital economy and the
transformation of real economy. Under the background of digital transformation of manufacturing industry, it is urgent to
build a comprehensive interconnection network of people, machines and things in the enterprise production environment,
so as to realize the ubiquitous interconnection of industrial elements such as industrial design, R & D, production and
management. Through the analysis of the current situation of industrial Internet network, represented by time sensitive
network technology, this paper expounds the characteristics of the new technology of next-generation industrial network
from the aspects of architecture, key technology and integration with other advanced technologies. Finally, starting with
the exploration of the industry, this paper puts forward some thoughts on the future work of Telecom operator network.

Key words: Industrial Internet; Next generation industrial network; Time sensitive network; Telecom operator

network

AR, I REMIE A RIRE, Tababr s tbim it e iR g, LM )
W Tk e P SRR, (AR T T IR

* 33 e



W 2022 T EBEMEFEARASIEE

TE T — AU BIBEBOR S T2 FriR FE Rl & (5 AL S A B0t , Tk IR0 2 55 DU/ Tl
A, AR T BUTANE AR R EM . TEMM 2018 TS, Lk 5 FHK (Tl
BIRM B TARHE L TAERD . WRZ. bRl P E. Bdi, 2e%2 0510, AbriEd s,
FBERARILTR S Pk B ] N A DR B2 22 W0 A 20 A B A, 48 51 4R B b T B R 813 A e A«

1 T BB W 2%

) 2654 22 9 Tl ELIR I (1 it o T LR I D 468 A R4 T 0 A B Tl 4 R Ge 47l
BE. AMERE, WTSCEIN. Widh. PLEE. . S EAEER, DR BPR. AR, B
JIR 5555 5% AT IRNZ AR R B LI o D 285 5 B A2 I 28 A 28 ) S B Rl R R

L] T, JUHRERN ML, FEERNFEITR T WE WK 20
2. TolPAKM. Tk PON %54
1.1 BnR%

P37 8 R AR E I bR AR A A5 42 R e T VA% R 8 A BT 2% AL TR B D J AR 36 2%
WA IR, S 7 &R DI ERE 5 3k a it (B B RAFEM LA & &R
. MLAMK NS, FAGER, HArEE, BBCIEERIEEZE, Tk TR &
B2 T AR AR . R T AR 7 K
1.2 TARAKRW

T PLR AN TCP/IP HESR, BT DKL g Tl S F B W, AR, )
WO ARSI, AT EEtEm . RS RIS, Wt TSRt 4. Fag s
el LAHJEEEHI RGO 6], FH T DOK AR E WA 1 FR.

R T EEE L, g7 M. ABB it 5 S M P & — S5 R L,
MSEIL N 2% B g S il e, BIEE T IR BCHAT RS T, BRI Uo7 %8, M 1 it oe-
7L AR 3 AT AR AR S P, N T e S AR AU B BRI S G R K il
G, T PIK M S A S @ P ) a2 &

34



2022 T BEEMFEARAARSIEXE B

F3 M R R GRS
(SIS

=4
’ A
| s e
.“ e . 1
“ =
;Ijli,

IS LT Fss T #iERAL HiEAY .

eI

HTEDHL

AR N - b
T

1 BAFHEE I LK WS E

1.3 Tk PON

Tolk PON 2 ANMSONU)SEIL LR Tl % AEIRAS IR, SEHIG I 48 B & 2 0% 3%,
ST TP B (1 R S A

Tl PONT.O[1]FEZIE T AREAMF PON R4, 00 Tolkigst, ik 7R SEAIIRY
7530 H PON REUHRMLREM L &R . HRJ7 B 1 Fis.

oMU

S

N fﬂn

Y T = ﬁ(t’ﬁ{:’? T o
fzi;i’:? S it Bl
Ef/hﬂﬂ- : h

— N L Al i .
Roin  mekm e TERE  dems omm  ooaw GEHEE R

2 T PON1.0 2B R=E

0350



W 2022 T EBEMEFEARASIEE

Tk PON2.0 #6 % (W& 3) fE%4& %5 ONU. Jain i #s OLT M-8 2 M 7 . XM
% (ONU T &, — 7 MR A B AR ORI e . TV PSR F 455 Tl 50 TR 1T RE
F—J7 ¥ ONU FENHECE &, Bl B 2 PR AR REDIRE. [FIN, ONU &3 RFEE i IR ER
HEPER TR, ST M DA R R MR AL, JE5 T = FE T . R
W& OLT, MGnfRft 7 5e& Ry B ThEe, P LAE—BK ODN M5 B PON 4% B [ R AR it
B TN L BT, PO T R R TR AN SR . R A, K Tk PON HUR 2 5
T = FEHRES, LI T BRI T EA BT RE . 1B 4 2Tl PONL.O 2Tk
PON2.0 RIS EIR A o

Tl PON2.0 ANV PONL.0, 78 H AT HE AR — B[ N, #2 HAr A a5 & 1 ok
E

TMFPONL. O TMFPON2. 0
B v SR -————rr—rrr— P -
it
our L E AR B
e A e N i
P PONRTOLT | N
. i HEHIhEE \ e ey |
. OF X 1 BT 7 ELIED 1
I(:;l?’g{lz\lleg;ﬁ I,'_'_'_'___'_'_'_'____':::::::::::::;Eﬁ_%{lz:‘_;T_'_'___'_'_'_'_'___'_'_'_'_'_':
"T- I-- VR0 ! PONE N PRI :
POV . S . P
] T ] | wawr [/ | s
. . 5 A S — : s FIEe Tl
Psiz’irl CANoDcn @ CanBus CCLmk POWERLINK ! 85 bR
e
E3 I PON2.0 Z2#IE & 4 Tk PON1.0 ) Tk PON2.0 RY;Ei#

FE [ AR RERIIE T 5N, Dbk e (5 B mimdt — 2T it . Tk
BRI EIE L5, R TIENMEELE. B&RF2lsg. 2. 2] ik
Foe RS (¥ LB ELE L LR AR K s R AR FrRE /7, & T — Ak ELIB R 0 28 3 AR SR ) i
Jri.

2 BY[EJELRE MR R A

I 6] UM% (Time Sensitive Network) $5 AR & 58 UK U N IR Kfettk, 2 BAT
I 18] [R5« I ORALE S B DR SR PR KB — AR LR RIEEOR, A& R — ARl R 48 AR s A 14 2 st
Jiz—1,
2.1 KEHEAR

b A 7 7 B L SR E AR 55, BB E IR IR 28 I SE AL Sl i LUK AR SE R g
NS, (R EZ RS CUPUE. Bk . il A P A S R 5 ) 3L I SR BRI
SRR, AELA A R R e Gl 55 T LI A A | REE W AR

* 36



2022 T BEEMEZEARAARSIEXE B

T TR X 24 E EEAE A R AR HA PRI [R5 S 4 o) DA 25 DY A 7 TH %o DA K X 4 AR ip i3k
AT T RATH G DA fR et ) R

2.1.1 {KRZEH

i} [ BRI 4% (TSN) ZE#J3ET SDN (Software Defined Network) 131, SDN Z844) f)-42 il [ Al
HAR T SIS, B bR R IR, ST SN I R E L s K
AW, ST T LI Re Al RIGHMMRE T, ST IR R 26, (RIE ML 22 4x, SEl
RECE T saviin

212 KEES

I [E0 [R] 25 R M A ) B 0 246 PR R Btk 8, G H bR 2 S R — I BB B AR 1Y s 2%
I 05 S5, T S B AR o 1) 8 R R DO 28 (1 B ] )25 o T D9 45 v (1 BT A 6 #08  EEJL ]
(Rt a) 2 2%, i [F) A0 I R i (R 203%  (End-to-End) AOALHIZEIRI () AR . obabh, it
[0 B 22 T R SR T AR A B 2 R, AR [ N AR 2 ARAIE. TSN It 2 1 P32 PR A )
fifho TSN 1928 H fFg ef T80 5 AN —A v ok i i 905 B e I 28 3, T AR 2 B e 5 D9 441 et 1] 14 7
AR (RS PR A5 RETE I 45 B L 22 PR 25 R A SRR AL [P I B, SI2 B (RAIE I 48 1) 1E #1284 T

2.1.3 REEH

TEAEHINLEDZE TSN SEHLAE IR A SR, FEEMERDIE. BB, HENE

TETMIZECR, 75 &2 T B 28 IR e AT 5 SCERR, AR il v BE B 5
PSR « SXFE, TSN X2 TE MR % A, PO AS RO 56 1 R s A7 7 3 = 22 e Ak
TRiE. HAT, Ml mE R, E&A S —5ET.

TE BT SVE I L | BRSO B P4, S A R RETE 2 AN S AR L S s T
(RIRE ), e ) RN B4 %% (Time Awareness Shape, TAS) A fi AR I ZE AMEL S e
B B2 s B8 (credit-based shaper, CBS) IS SEMEAE i 22, (HEMHFIE T A
QoS; LB IL4% (Asynchronous Traffic Shaper, ATS) IHEMEREN T 2 1], Bl EE 4
ER i

R A BE AN [ A G L S5 R S A 22 e A AR 3, A RE - S b S5 B i AR S A A« T
TR MRIP BRI — BT B REE T &, FELWIATRREE: —2IET QoS I
TRETT &, FTA 2 5 SEREAE I3 & 7E AL BN % S I8 15 G 75 1A A R R REI, Ay et E) Uk el
S AR AR AL & B 5.

o5 7T LA — A HOR 1 2 AN Rl A 7E— AN DU IRT TP (1 RER A2 B, Sel A 3k
AR LT S ) A 77 o 38 I KR R B S SR A PR JE DX B A5 R S, T A5 S mT A
TRETER —HERK 1.

e 37 e



W 2022 T EBEMEFEARASIEE

214 BiE

IS TR AR A 2% v, TSN BT EE L 46 T FITU AR Dh RESR BLSE A e AE IR, B8 i R B8 B A% 4 s
DA 5 48 TUAR BRI I TGS B [R5 . BT 2 5 SERTBE I R & TR IR BEE S IR 45 . TR i o R i
5375 TR AH [ AR, P AR 28 2% AR SR BRI, 1977 b B ) 2 s 2 i 04 A% 1%
22 5HMBHEAMEES

M AR B L B 3 0% o 5G AT KEE. N TR RES BB AIE TS
TV B2 G RN S5, TR ol bl i s B, 8= M oL G R e RS
TR | 4 G S NG

B (A EBURR N 2% (TSND BiAR%F iveie T H 5 OPCUA (OLE for Process Control) « 14 %11 5
PAJ 5G S5 BARA TR, KT S R K N 2% 07 /AR R, B 1S Tl 2%

TSN 5 OPC UA 45 & it S5 R G0 LB LM ), 52 OT 45 IT FIREERR S, TR SE3
W 2 1) EL R R 2 TP T3, b — DR TG AR 1) B B KF, AN i oA Tl R

DT HIAED LA REMRSS, TSN BIARMEREEML . TSN MGt HeA, v L2
B A TE R SRS R AR A SRaAA ORI &7 T 1 OGHE 7 oK, IRl 21k
Gk AR ) R

SG+TSN Kbf (A UK 25 BER 5 SG LS FEAT R, 6 RO LRAIE b AR 77 009 46 1 ity 31 s e 7]
FEARIN A AL EER , 2 S T H I ) T 20 A R S A 1 s 11 i

2.2.1 TSN+ OPC UA

TV AF 73y BLIBCCREAT 3 T ) ELIE (B2 ) B i sV RE) 16 L EBRAEGE X
5 SCEITE) LA Z T P SR i & e, FOE MRk TR EIULES, OPC UA 2
FEXAHR AL OPC @S FRERI B KRR, RIRAR RS B E I BHRAE, & N E
22 A

TSN+OPC UA 4&il1d TSN ok JiS 2 Eedha SRR ] &, OPC UA figi vk B F 2 15 SURAETT ) 1)
B, A BB AR AT LR, SRR S e ST TR KBS G, R T
T) NRGHEIERIE A TSN+OPC UA A5HRE bz, AMORHAIIR S — 5 8 2% 10k
Fohnite, BCEBETE, BFS5MAEYIETES, A RT Bk g DI g, sStilm-Fib. K
5 N TSN+OPC UA 5 1SO/OSI SH A FZR A

e 38 e



2022 T BEEMEZEARAARSIEXE B

| OPC UA TSN 4+t SISt 7 4l

|“r"_HJ JI_’l

|
| OPC UA {5 KLY |
|

| opc ua % ii-Miz % || opc ua Pub/sub

1
1
|
1
1
|
1
1
1
:
:
F I S — Modbus
1
1
1
|

urtp ) | | O YA | Netcont UADP
___________ e L
1
1
PROFINET |
EtherNet/IP :
s — POWERLINK |
: EtherCAT :
::___________:::::::::::::::::::I
I TcP |
| B s T |
RIS : IP [
e DD,
AR — TSN \
I‘_"_________'==================£
p— i
W B !

5 TSN+ OPCUA 5 1SO/OSI $2ERIHRE LR

222 TSN+HAO%ItE

b ARV PRI 5 v SR8 0 B A U B VR Sk I I 2% 3 2%, DA AL TV BRI A SR e
P BRI, R R 2 ERARY ST AU TR K, BRIFEAR AL, 7

TH= it BT B

AL T T AL (1T 28 55 S g U S P MR A SR 22 M 55 1 DX A i P 1) 8 368 o 7 D) 8% v 05
H4& TSN e JJHIAGH M G (SR DZIH R I TSN %4 , TSN HARATLIA T
W RS BIALT HA S SRR M K TE I ARHEL S 4 . TSN RliA 2k
RS, PTUMRFAZ I E SR, S RENE N S v 5 2R 0 2 1) R s 1

57 Hl, I TR REURR N 2% 1 S R RR IS 4E L 75 (5 BIL 2 iH SR T o TSN 45 R ¢ S B U545
PETP RO IR R A A e ST R SRR A R RE I R, R R SR S

223 5G+TSN

5G MERIIRT S, SRR R, DL TGO e NG T, RS DV
PRI A IR it B[R RURE % (TSND iR 5 5G ML & B RIS @R &
P ATEE J i A Tl o 4 Sk i o

HHAT TSN 5 5G @l &8 p) n 82 5G M4%5 TSN M. @il REAm R m: —
72 5G M2 5 TSN HRToEEPHE: — 2 5G MZ8 5 TSN IREE M. A& /2H 5G ¥ Tl L
Tl T REENBIH LM 4L, 9 TSN W IRHEAZ iR W1 . FTEEMIA N . J5& 2 TSN

* 30



W 2022 T EBEMEFEARASIEE

MKHARRE LR 5G, R TCLE B N FIZ O M2 (T Sk, CRAEEERIE 5G 2% 21 v
(R b PR S A% %, SEIILE A R 1 b AT S S 2 VR PR R B Sy R R v B (][R]0

TSN 5 5G Rt&ILAFE — SR oRBRER. (1) Phil—=2mEEELH], A4 TSN KH gPTP
PRSI (8] [F)25, Rl TR EELE 5G M4 Sl Jok gPTP LI IF 547 4 TSN SEHL & % S5 1)
WEA S (2) Helk I bRV EENLS], 727 5G ok k4 b SEI R AL T4 2k TSN 1) 802.1
Qbv Mt EERE 77, IFSBl 52k TSN IR LB FIFLH . (3) Bhik =72l 5G SEBSRMALT TSN
ACHHLI ] SEMT R D) e

1E 5G P25 1) R16 FRAE(E M2 nl S AT HE U BE K R 1« RS i 1 e ) [0 25 25 0 T gk —
AHG5R, 1E 3GPP R16 23.501 1, # TSN HARGIA 5G #rifE, 5 uRLLC B AL f AR
77, 3GPPRITSHEH TSN 358484, BISZEL 5G AZCo W HI T S FF TSN; 528 5G 120 M 52
PEARSEE FEN L L UPF 434500 S I 205 7] (OB 58 MR AE s S B AT Sk AR PRt it S Tk DA
RPN SCREZ BT EIIEEAR . XTI U m TR A7 5, R17 AR A ] 1 ms 1
FEIR . 1 RSB AT 99.9999% 1 Al HE 4R b .

3 REGREFE
3.1 MFRIRE

MEBR E, PEITFEAE TSN FPAARKREZMBERAR, HTl M5 5008 2
SG+TSN FINFT i E 74 T ARS8 ZF B, =38 1) BA5 To 2R M g 7110 Tolk M 4% “CC-Link
IE TSN”SS6 T I LKA 58 5 TSN AHEE A1), (R i 308 Bk A 7 fR A A7 7 R 1 O 9 8 A 11
T ER 7@ 5G R (A RURNZS (TSND HiARnE Tk 4.0 FIE1ERCE, JER T H TSN, K&
IHE. FETFPMEL S (CoMP) R AT SETE AT 5G R v € A7 S 7 AGV I AMR SEL I Tl
ARG R, JER RS ST T TSN 55 5G Bl & B FIIRES IR H - %350 H @it
T AR R R B TSN A g R 4R 4 ) 35385 5G M4 AE, AMUSIE T AR 5G
WEMHF & 56 AN 5G 0 M =% 0 B 5T TSN o] it iEEml 8 4,
17 HLSEBE 10 EV e85 50 1 B B Fs il Al s i A Al BE R0, W R e L) I AR i) . A
SIS P R RPN, A B S T AURR DAL HIC AT ST e BN, 78 e > 5G TSN 4Nk 1
PRI EOARIGAE, 1L 5G TSNS L uRLLC 158, (PR MEICI E (10ms) B Al %
a3 (us B, WIREGAERE R0,

TEE PN, HEEEREF TR RA N T EERN L5 TAE 2022 4 TR 00, @i
WHFehE (R AT\ BB EE T RIHESERE ), (R % RS B @ BLHRAE, 12 R AR 2 1
ARANeHEIE AR Sos g1 A A . BT = 4HE H 54 OLindorm TSDB 2K/ i) TV &l = R 4t
Zar, $REGEEEIRAAE . TPRUESHE . 201 ERWEIRREG SR, WKEh LM ZRE T £

. 40 o



2022 T BEEMEZEARAARSIEXE B

N RGBT,
32 BE

LS BIA, M AR T ARG A . SR 25 )8, Bl A 18 8 P AN T B AOR
TRORS (R X 28, 3 75 S 43 Tl Al iz R 28 X 28 4 R R Sl it i T B e Ak Bl X py oh o %o
BEMARTAEREWT:

— AR M E T KT Ik 5G MSZHM B, K 5G Mg 2 E g, HEE T IE M
W ER . SRACE NS R AR B X ERUOE R KT R R TH
R SN 24 IR 55 I o

TORATIE ZE A MR @ WA AR J) . FEAL Y B LUK TEERAL, SEEA 2R/
BERNA: L ANEEAE SG AL, FFRERRAE Tl Aol & ZsR A A e il Tl X a1
b g X Py T S A o B SEI SG S TE Tl e Hb Bl B ) A P A% 0 S A
SCHE T AN SGHAERE T

SR EET O BRI I R B AR RN, — 7 TR HE SGHTSN 58 MM 4% 72 Tk 3%
S VB VA, 55— 75T 2 5 A0 T AT OB SRR A R SR o e Rl A5 B A (1 X % i
DL N LR RSP TP A RITCZe At R B A 7= 15 2 IS ) ELIR, A ) 450 R G0
A .

4 it

B R A0 SRR, Tl B BRI bE.  oRA
TR, $50h SG 5 TIIER AT, Bé TSN, Wiki6. P+ A, i
2854 TAHL SRR RG0S AR T O KB, 1
MR TR Tll ol B S TR . AP L BET 1, ST R A

S Ak

[1] LMk PON 2.0 H 15 (2020) http://www.aii-alliance.org/index/c190/n1671.html

[2] BB 4% CTSND 7=k | K 45, http://www.aii-alliance.org/upload/202009/0901
165010 961.pdf

[3] XUelh, 2k, WS, =T SDN&TSN [IAR LA ML AEMER ST, B AL 5, 2018,
10, 56-59

[4] Concer N,Thangamuthu S, Cuipers P J L,et al. Analysis of Ethernet-switch traffic shapers for in-

vehicle networking applications//Proceedings of the I1EEE Design,Automation Test in

Europe(DATE).Grenoble,France,2015:55-60

« 4] o



W 2022 T EBEMEFEARASIEE

[5]1 3GPP R17, http://www.3gpp.org
(6] 78 17 F Tk M % & 5K i X 4T i & 58 17 Mk 4 25, https:/baijiahao.baidu.com/s?id
=1639214056925062269&wir=spider&for=pc

[7] https://www.cc-link.org

[8] 7 i 1 Gridspertise & fE # 2 # W A8 5 JF 5 & B8 & 11 47 b #5 BAR,
https:/news.mydrivers.com/1/817/817511.htm

9] % 4 /K : L TSN 5 5G @ & # K 8 & T ¥ B W 1 £k 5k,
http://www.eepw.com.cn/article/202007/416144 .htm

[10]H 2438 vH5E AL ALK 58 B [ 8N k37 51 5G TSN & M 3G 1E, https://m.c114.com.cn/w127-
1194264.html

(117 Tk B B M & I T AFE 240 2022 4F T AE oF &l ) http:/www.miitxxzx.org.cn/art/
2022/4/13/art_203_1991.html

[12] FTHEZHEHEA Lindorm TSDB ##57E, Kz Tk IT 5 OT M &E 1 RG24,
https://zhuanlan.zhihu.com/p/475235628

EEE

FEAR, Jo, W, FEEAZENA RN W) 508 HA TR, HAER, W) HiEfE
FLAIVAERMNERRG IMEER, TE2MAHTE: 5G 7 LR, TLARREAAL, AL
% Ee, T FAUR A AR

#3E, F, BRI SRS A RANE] SR, T2HRF®: Tkishs gk

EBRE, 7, ?Q%%i“ﬁ@&ﬁwm\ﬁQ%M%ﬁ&ﬁ%¢ww“4ﬁ EBHRF
) WA AN, UE-V2N & K= 5L

BERA: FIRIE

WAZTRAE: )| AT F R SR A AT 72 5
B4 610072

B Z w35 15308007261

BF1248: 15308007261@189.cn

4D .


http://www.baidu.com/link?url=g9MoqcLtoT-h4jeMsvbv8JLjoaYr_V7qkfh9rHlJWzu
https://baijiahao.baidu.com/s?id%20=1639214056925062269&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id%20=1639214056925062269&wfr=spider&for=pc
https://www.cc-link.org/
http://www.eepw.com.cn/article/202007/416144.htm
https://m.c114.com.cn/w127-1194264.html
https://m.c114.com.cn/w127-1194264.html

2022 T BEEMEZEARAARSIEXE B

5G URLLC ¥ REREFHETTIL
HEZE 5K

EHE L A, BAEL ARES, L3484
R&L?, ke 2, @RS Lk, BRT
(1. BBEA R4 BAEH TR HAZE P F LA, 467 100031; 2. HiRIAAE 2 5A RAE
BRE B HHEASAE, FRE 071000; 3. HAH+AL=EREER, LiF 200120; 4. EAHEK
A RN 8) F E BLil % o8 Marketing, b7 100073; 5. A+ A LB FEHE, Lk
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M B JETHATSG RI16 A, HEBCGES SR EA T A TEKEERIFR T 60 270 5G MW, A LiE
EIHET RAT 20ms ARSI 2SS . M R16 FF46, 5G BT SRAERIESE (URLLC) FHEAWIEE, 5G M
HAYPLHA T e R LM RE . B 3GPP bR RS R 5G-A, 5GURLLC [RE/PKEANKIGR, #f5e PER AERE
st —BH T, Al R R ZHU Tk B Eh R SeREfA 5, IEATYREEN Tk B B G RiE s 5t

A 5G M%4%; URLLC; (5% OTAT M4

Exploration and practice of 5G URLLC technology in
automobile manufacturing industry

Fan Ji’an', LiJianhe?, Zhao Xinglong!, Gu Rongting? , Jiang Mengchao*, Yuan Zhanjiang
2, Zhang Xiangye?, Bao Shenghua®, Ma Xin®, TanLe’

(1. Government and Enterprise Customer Business Group of China United Network
Communications Co., Ltd., Beijing 100031;2. Baoding Automation Technology Company of
Exquisite Automotive Systems Co., Ltd,Baoding 071000;3. Huawei wireless product line
MKT,Shanghai 200120;4. ChinaUnicom Account Marketing Department of HUWEI
TECHNOLOGIES CO,, LTD., Beijing 100073;5. Huawei + X Labs,Shanghai 200120;6. Beijing
Huawei Digital Technologies Co., Ltd,Beijing 100095;7. Shanghai B&A Automation System
Co.,Ltd. R&D,Shanghai 201800)

ABSTRACT: Based on the current 5G R16 version, China Unicom and various automotive industry partners have

jointly developed more than 60 5G application scenarios, mainly non real-time services with communication delay
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requirements greater than 20ms. Since R16 version, 5G URLLC has been maturing, and 5SG network has initially possessed
the ability of deterministic delay. With the continuous evolution of 3GPP standard to 5G-A, the capability of 5G URLLC
will be continuously enhanced and the deterministic delay capability will be further improved, which can meet the needs
of most real-time control scenarios of industrial automation, and preliminarily meet the needs of industrial automation
motion control scenarios.

KEY WORDS: 5G Network; URLLC; Automobile Manufacturing; OT / IT Network

1 4R

BnS, REATWIEREHEERWEEYLE, 5G. T EREM. N TG, =it5. KEE
SRR FAT AR, ARG KB R RS . B K2 m K HESA 4=
BRAR R, 2021 4F 12 A (IR ReblE R RBRID A1 2021 4F 1 7 AR EERM A8 &
JEAT T RI(2021-2023 4F)) fath#iradsE . NTRRE. 5G. KB . XHUEE, BRI (VR
AEERILEE (AR) ARG (MR) SEF BEARTERIE I T MR B RN, K BT, Her
RN, ST 5G AERoRE T P INPuRE TR, SAHREAT A
AR A K .

X T GURFERIEA, OT AU LABUIAIEHI N E, FEEERA OT MLk Rpp A Al
B T FE T T B AR BRI (B s 1T AU DIRAE N, EERA IT MARIEH
BT TR IARSHA . {2 OT Sk Fshib & IT Sk i(aE SALFT = A 80 A A R
W, RGLEEEEL AL, W RRBREERNIER. 54, OT M Nhilnz, T
JTHEEREAS BN . BARBCR R LU TR 30N 5SS R—ALF, TR %, A&
BB A A PR . A VR RS EC A RN DI, 1 & NN P A P AT
5 HEB, 4 OT WA IT MEMEIZAERIT, Bl o Ol R A7 b B B k. 5
b, ZEARNIRTE A 5554 1 IR SN R E B

5G BN eMBB(H B S % ). URLLC(IRH ZE /5 AT §E) A K mMTC( & RiEHE) = KRF
R RRPATIIE R R R4S, AR B RUE G E T L R A AR R KE, fak
SR Tk 45 2 R 5 R 78 A AL E5 4, AT SEBIL IT/OT — 3K . A MEN 5G R R I = 4F
Z LK, 1E LA SUEEET 5G 1) eMBB RF mUSEIL T AR NS 5, i s g R A AR/VR 1)
TLERE . AGV FRE T S AT LA HLGE TR o (H BZ AR A K 40 B FH 2 R S B A 7= [ 2R
W, BE ELIEHE N BFE AL PP ER AT 0 B, BIEE N Tt U — e SR, A TR R
TEHASE . BATBIE— B FHK 5G FEVR M3 B AR P AU R % i B DG E I VI N s, 813 5G
BB BONTRZE fliE i B A B K LIRS 77

Tk A A% O EARTE OT ki) Tolkgzdil, 5G iR EARBKH H AT SR GIFT R R BR M,
BEREAE T A SRS 3T, R BRI R s E AL, FR e SRR T R
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&, A E EAER TR R SE, B OT. IT. CT BRI K. 56 =Ki5d, T eMBB
MBS T VBRI AGV. NSNS T mMTC Mg EiEsk
MZEAEAMSE; FT uRLLC M. DU iR m] . RIEURE . M 5G AE9% 5N
RNBEN DAV SUISRE , Rl e 5G FERA A P U BN, 75 22 eMBB [1] uRLLC 3Z 5 SE {1

2 BREHETIMEIIR R EK

RERES R A 158, R%E. BREIURTZ, HAPRaE R g & Mg 5o 2
X, PRABETEIE] (RN 28 RGeS MR A SR A B s I AT AR AR — U, RN
78] P A PR B AR R G AR E S CTOBIORR . Tolksgl) o Hofr, Tk DURMSEEL T
EHPF 6 3] PLC MEHERE S I, TILESZSE 7 PLC 33 10 s, 8N E Il
FAA I P2 R AR I B, USRI B AR Th e, SZBR TELE M4 RE ), & PLC 5%
G208, & PLC S AZRT, AR PLC ZIHRHAANFBA M MLEATEH, & PLC
T T DOK A 15465 5 A% 28 MES AT AESER B4R 22 B 3 PLC FIIIA W& 2 1 4 2 [
SRR, SRR LR MRS/ BEAT R, B 7R ZLORAIEAR B #5 () BE B A R i 90
P

o

L4 /
TrEms |
L3 MES IT KL% SCADA/HMI/MES
tolluthy
_______ ¢ e e e e b ‘PLC1tr&]>50ms
eSS L2/ z
«
L1/ = .
) i e PLCRIRI(C2I0) < 10ms
m&mg‘ . <10ms ‘
LO WATH : = ¥ FiR/MS/10

2-1 LLISA9S ¥R EMIZRRIFIS R %

76 OT W4%)ZTH, BA5 HGE S v PROFINET. ModbusTCP/IP 5§, EtherNet/IP, % FH 4 /i
I 2 PR 2, R AR PN R AT B A ML AT B0 5 T 2 (R N 8%, AR IE o A AR SRR 55
I HE — R ESR KT S0ms; WELARINL,, ¥ K Tolkds ] C210 F4% ) 2 AT 2, 8% & set
W55, 9 80% 7T AUEAS BN 4ms, AT BB A /RAIE 4ms 1 99.999% I AT FEME. 534k, OT 2
W2 J 4% H AT B AR A AR N AR s e TR s BT 22 NI B R N 2% o g % i
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TRER 2% Al i T S KIS REEAT . IR T S0 A B R B AT s A, HLSRe
L1 SO S P TN ) D L

iH%
o= MCP PLC
= — TkLIFRERRa8IR)
MES< — mep L McP MCP  MCP MCP

MCP RS Sw "rc sSw2 FN1 ET‘ —— Profinet PLCENS
PDP =) I ﬁ II Profinet #lE8gA 35
WDP  EESEIE
SDP WS
PDB 24VERIEE
RSB i
SGE =& lE KI III |' ||
LoB  ARUEmeE 308081 PDP1 WDP1 [
Lr R ET1 FM1 PM1 | 240SDP1 SDP1 SDP1

ET1 FU1  FU2 S0R1 GP1-

oo T 305082 \ / -
EX =8a ET1 \ | 40R2 El I 1
swo szl \ / WGt e
G m= 305083 \U4D-EXB1 /
ET1 1 sw ]
WP =i ] —
wel i

GL i 30HMI1—| i =1
RH = ET1 Eoe vz wia
Ws. =iE 7
wa e o ﬂ,l 30R2 GP1-
WC SESTIE w1 2,WG1
PN PnEHE a0RsE 30R1 J
WL = Lol W
ET ET200 IO Prrec ih
FU iR ET1 = — 1 - -
oo =g =1 0l r 4 wc .

30WT0TA  30WT701B S0W708A SOWT06E SOW7O7 =fd =i
(<) [ZE3 50SOB1 30SGEB1 Vi1 WL e e VLT vL1 IP&7 VL2 L1

ET1 ET1 =l =l
40W7024  40WT702B
s0eoez 30HMIT WLl vt

B 22 AEHEZFEOT WEmEE

FEIT MZRJRIR, @5 P BOEF N TCP/IP, RIS M 248 AT, IS5 N & 7352
¥, BRI FHERE SN, AFMIAL . T RN TEEY 1T W%, AREAELIL S,
BN SEER KT 50ms. IT [4% H AT ZAEAEA 904 G & A/ T 100Mbps)  SEIFEZE (i
W2 IF) . FEERE (FEHPERS /N T 100 2K DAR A B A WK i T peAs i 5 1)

=HIE

2-3 AREHEZEE IT MEHEE
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3 5GHARERFITI AN FAERE

i ] 2R AR T ER A GRS ) ) A ), E R b s il i 23 S i 2 R A A G
AR, I HLg e o B R AEAL . B AR S B — = S S RS AR =R R0, T B
TR ZERIENL AL TR, 7 5G 4R R15. R16 FRAIER F, HHEBGEITE T B IHE
R, 58RFATWAEKEILFEITF R T 60 27 5G MABH, (X 2021 FEEFFE T 100
ZATH, 15 5G AEIR GG SURA T RO R Sk . H ok 22 8 ) SR 808 (5 I 8
R ATRT 20ms AYARSENS ML 5%, A0 ARG sm I SEAN R S 52 . HLEAILSE . I Fedds . o N B 5L
WA H AN TN IR B R BT R RUC RN ZE . = nl R sl B 5

FELRNEL T, B 5G MEGERF M A KEMHK AGV. X% 25| EEMRAER,
I E RGN VIR AR AT SN R . RER O TR 5128 R A REE R =EM
IS, A EBERH Z2lME: DEaEol AGV #E T MW PLC, MM PLC 75 Z R F4% PLC
I R 5G LAN DyRescIlf s, X MBIl —M 50ms R 2 £ A PLC Z [A] I8 A5 B 1B 25K

NI T, IR 5G MZHAEZITE #3077 (8 LR 58 SR s, VRZE il 40
Homid 5G LA S5 N TR RS S CREMA T AL, FEHT T 24, A6k
BRI, @it 5G FRAEK W] SERHE R IS EAE 2] AT A&, v B AN A R R
W SRR, WU SIHIEC PR B RAR R FR RIS AL LA N
S nTHERRIRN AR DR B AR s e 5 E LR gAML, WoR BB AR IR ERIE L& ¥
I BRSO R T & LR I 2

E] 3-1 A MR SGHAT M 5o+ I 35 E

B 3-2 XEFEMRKREIFSN SGHAI LB E

« 47 o



W 2022 T EBEMEFEARASIEE

RIS, FATHRIRAERER 5L 5G M2 B AH LT LUK . R4 8 Y KA A K PLC
27 MES. SCADA. ¥z 6450 m R Gtk i B sl 2 4 m 4, 8% X P PLC Jb]
Bl J&m T ARSI MV 5%, S I A ARS8 P 2R R EHE 3] 50ms FH 99.99% AT el Lz,
H AT 5G R16 FI)RETE 4] LU R AH RN 755K, 5G M2 ] T 2 #0 47 R 40 PLC Jbla #d
ik, AFE AVI A=k FE ], ANDON #f% . KITING ZiPiiss. 7H4b, 5G R16 AR {E
T 5GLAN Tjfe, WTEMZ R EH LUK &N B2, BT Ea e Rgh i Tl
Ledk SR B, TERGFH I H A R 5G M2 B AR, FEJFF Y PLC B[] W 2 3 AR B 0 i B 4
WA RIS PR 5%, I 8 FNFR e PEBR — R TR IS F 4ms BLR, ATEENE 99.999%, IXFhE K URLLC
Tkt H Al 5G WA M AN REIE I o

4 5G URLLC HAZEARFEITI RN AR

FE8 TN I AFAEAR M, AR RESE M, 5G URLLC M A F#H— IR R MR R =28,
WIS 2 ok = KRN B =

(1) 5G URLLC ffige b ZHERA4oRa, wylds N TRUHSE, A &bl ts
Bl, Fifl e ER T R4 60 /NI .

(2) 5G URLLC ffige s gefb N A SEi SRS 5% —5kM, W e/ sy ae T2, &
SR E B A ) R R R, PR R AR

(3) 5G URLLC ffge# ™= fh Pk F2k: b &M IR ME S @i e, wHE
B R —F— /N KRG AT4a5E L2 ARSAS, SeBl bk T,

EExt EIRAT AL G 258 5, L& 5G URLLC B AT SR - k5537500 5G HIRE J142
7 EDR, N BRI FREE R TEE 2, A145E Ho T 5G URLLC IRE/T )
BR, JFRE 5G URLLC FEVRGEFME 2635 N A AR OC TAE . 1%~ 2k U & lds il id Y] 4 T
B, MATEIE B . WiAZM 12, HEA IIRERMTRE, XRZMENTES
TR 77,
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NEXE 1’

R4 R3/RM2  RIAEMENR1E RIBTU/RZESNS R3/R4EESL
W ' % FME iR
i s Br ST B
BEITEE

4-1 BERFINEREFZMFERIZIA

e b, BT SG ML HAESN OT Mg, KA 5G fb Ja M 7 Zn K pr

[z
hiz= MCP HIMI B
MES MCP mMCp MCe HMI HMI PCY PCz
Wi PLC ET1 = EM om
E3] | g " B s
e | 4 E B
—
=T =T =T3 ™TH *TH F— |
""'_& & ﬂ & ild ild i “d ] (= = 4}
20LT1 Lcet Lcez £GB1 LcBs 20AGWV1 20AGV2 20NBG 20PT1 20PT2 PDB1 R2B1 PDP1 WwDP1
vu ET1 ET ET1 ET1 w1 v YLt VL1 v ET ET PM1 PM1
20R2
GM 2 RHIIWG1 RHI+WGI [ B ||
SDP1 SDP1 5D sDP2 sDP2 sDP2 SDP3 sDP3 sSDP3
ET1  FU1 FUZ2 ET1  FU1 FU2 ET1 FU1 FU2

20R1
GP1+GL1 I

®
= . . . £ RT/NRT: %
hd & =~ S @ @ = I

20R1

GL1
~ - = = &
- - - - .‘ - b4
WA oW Wy g
20R1 20R1 20R2 20RZ  20R2 20R3 20R3 ZOR4 20R4 AR PLC Sezeet
e vis w2 v v wa VL wct Wk Prefinst  uap Profinet  smphgs  pmem  mafgs Szm

Bl 4-2 REFRMF4 5G URLLC AME

5G URLLC &% PLC %] 10 2 [Al szt Talk s, A2 at 3 4 55 ah & —ak ki

(1) % PLC M 5G UPF # X\, 5G UPF NULZE[A], H 3 HFsemtabs
5GUE #: N, FHft 5G URLLC TV

(2) M PLC F1#37 10 it
© 40
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(3) HEWNEREES E2A TS RN, FHMt 5G URLLC Tk,
FT 41 HREFZMFETE S ERIEAR

WHEEX | BRERE WRNH AR (B | EH A ms| FI T R ms
1% 1 2310 VL AR E 10 64byte | 12 4 12
X1 2R 10 ET HAK ET200 10 64byte | 5 4 12
1 %245 10 | ET+FU+FU | 14> ET200 10, 2 PMAR4ias 10 H8 |192byte| 3 4 12
1 X £ 56 10 | VLAET+ET | 1 AM®E 10, 2 4N ET20010 H3:  [192byte| 1 4 12

L 10 Rob HlL#g A R PLC B &) 78byte | 4 4 12

AT IR TR, H AR 5G-Adcanced HEARFEHL, BEAT 1237~ 2R i G8T  F 36AIE o
BHARHEM IS B, Hrb 3 PLC A5G UPF 2\, BL7 ¥4 M 5G UE $# A . Z R T-BLH URLLC
B BESIAE, 5G-A URLLC ik A& i TUE, {H232FR T TUE i AR, Blink&®
HeR GO T RN 5G P45

AR T

BRES

. MES5 FPLCIEIA L &

. Mg &S5 EPLCERN S
MBBATERESIEA
PLCiE] f2lk 5

1 1
1 1
1 R 1 1
| 20AGV1 20AGV1 ! | PDR1 WDP1
|_ 5GGW1 _VLI , 1 PMI1T PM1

2.W006 W009-2 RCB1 RCBI
P67 Vil ETI EL

I B1

Y —DZZ‘—'—'—' ET1

SDP1 SDP1SDP1 SDP

ET1 FUT FU2 FU3

SDP2 SDP2SDP2 SDP2
ETT FUT FU2 FU3

Mo wm

20R1 20R1 ! 20R2 20R2 20R2 ':
VLT _ VL2 Yy VLT VL2 VI3 oy VL1 _WC11: VL wct

20R3 20R3,|  20R4 20R4|

4-3 RZEZFMFTE 5G-A URLLC(#EH1)2E M

Hr1, 5G-AURLLC W% )3L7 & TR, KA lampsite /N &35, pRRU Z ][] A

10m*12m. A2 4ms@5 4> 9 ML ARR, SR DL REH AR

(1) KHPA™ TDD #kité, BB AN (0 7:3+3:7; 2:3+3:2 55) , #E35A FDD i
SERLIRE G LSS EAE S A Ay, RN AE, RN R4 TDD b MTEE B 5 MM, SR 5
PEAZRBEIG RS . ARIGIE 5K 3300~3400MHz 3:2+ 3400~3500MHz 2:3 H 4k TDD J7%;

(2) 5G UPF FUi%(a], HIEB AL RE 77<0.5ms;

(3) H:ufi 5 5G UPF Z A 2B, 20T N3 #iE E<100us;

(4) HAlAH>E 5G $51k: DMIMO/THIE #/5G LAN/Non-slot.
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10

B b

>
L

10

. . . S BB

&l 4-4 5G-A URLLC ##| MBI IFERE

ST C210 AR, — M R e tileE, BZRER EH LT . T REE
28 T HME S5 S, — R SR B K HE<CT B R W, AR 45 AR e . B4t
THE MBS, RKERE<CT M r Sk, RNV R KRR ZELE CT N IERIEIE 2
AR AR, HE T D@ G T E L], AT R HrR4g CSA Z IR
RERIT:

R =1-m\/1 _ T N/csA

:Lvl_ﬁmwmﬂmvﬁaﬁ

Hrh R Z2HAFFEME, CRS &2k 0 FHLMR, CSA &/=47E CRS W 0 HHLIMIMEE, CT
e RAAIRRE(ms), mEETIERKKE: M2 0 HHLI K CSR X R A%, M= CSR *Y/CT,
MY & 1 FENFREEK Y=365%24*60*60*1000ms; n &AM, E@HE PLC £ 10 Mk
LAY R

PR PR A AT SE A, CT=4ms, ST=8ms, FHLAHIME n=8, CRS=1 4, U 14E 0 %5
HUA AL A FE 1 R=0.999945789, []_EHUEE 2] 99.999%

TR E B 2 5G-A URLLC MEH)EEAT b, JyiE—2lli 5G-A URLLC 2%
KM HTC S 5G-A URLLC FEHURZ G177 e AT AU PLC 5 8 & DEV B4 T
g H, HWORI T EA, w] PLNAS L 4E .
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PLCO

DEVL]

4-5 5G-A URLLC ##14H MR #»

W RARMRAIZEH, PLC 2| DEVICE & &% 2000000 1, ZHHEELE 4ms N IEAfI%
15, BVET 8 1 1996353, HUE LB 8LER, (HEF S &1 18 2 1EE 2642,
MRl EEE= (1996353+3642) /2000000=99.99975%; [7] ¥, DEVICE #| PLC (K] A] &=

(1998304+1690) /2000000=99.9997% .

LLE

AN

-
ERREREAR

4-6 5G-A URLLC #1145 5R

Y

At — IR 5G-A URLLC WZ5EE 7T, K HMAAERO 5G-A URLLC FEALEE T £ e MRl
o MR PLC 5 10 Z 8] ) T4k 5528 B AT L, 41 PLC % 10 B 1 Xt 8 421 2H

E(E
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B -4 BN

ROB-101 ROB-102
MCP
MCP-101

.

MCP-102

MCP-1O3

MCP-104

MCP-1O5

& 4-7 5G-A URLLC #4328 R #R#h

WR AR S ANNER S $, 14 PLC 2] 8 AN 10 K—Xt 8 MMtz 5 N, W55 H# CT
4ms, F 1 WDT=12ms, ZELLE1T 12 AVI LA L, Wi @it Asil, B PLC 8% 10 & T 14

PLEEA 7% FERGEEN . BT W, £ ER R, 5G-A URLLC BEARFENLIAIAE i 2 (K
FE = ] FERDE SR 3K
START TIME: 2022-03-11 15:37:08
CURRENT TIME: 2022-03-12 09:21:43 RESET
TEST TIME: 2022-03-11 15:37:08
(“A’))
5G
% 1 12 i ROB-102 |
& e Ly eyt
«») ((< ») ©» ) «» P

XCP-101 : ¥CP-102 | NCP-103 NCP-104 ICP-106
FAIL: FAIL FAIL: FAIL: mL rm.
[ S 1 [> S
LEN:  6dbyt LEN:  Gdbyte te

4-8 5G-A URLLC #HLMiR LR

#F 42 5G-A URLLC ##MK LR

START TIME 2022-03-11 15:37:08 CURRENT TIME 2022-03-12 09:21:43
TEST TIME 2022-03-11 15:37:08 MCP SendClock 1ms
CT 4ms WDT 12ms
FAIL LEN
ROB 0 72byte
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ROB-101 0 64byte
ROB-102 0 64byte
MCP-101 0 64byte
MCP-102 0 64byte
MCP-103 0 64byte
MCP-104 0 64byte
MCP-105 0 64byte
MCP-106 0 64byte
5 LERIE

M R16 FF4h, 5G BRI SE(RIEIRIESS (URLLC) HtEARWT S, 5G WP H 4T 10ms
R E VERS SEFIBE /3 AT 5G URLLC S H B BE IS F s s, 1B THIREN Tk H 3k
SRR . B 3GPP ARdEIFFELIEES] 5G-A, 5G URLLC [WfE S ANWGR, A e PE i ZE fg
1Kt — 2 B E] 4ms-1ms, 2 K2 800 Tolk B s se il g 5, SR T a3
B R R

b7 5G URLLC REJJHIAWTIG g, ARIRAESE A L R IE 5G RN, Ik
#BRIZHHERI AL, Toi2 5 MES/SCADA BRI %, S5HT PSS A 45 5510 St
BALRH, &2 PLC 3 10 MZMEA/ RS, #R0T LR 5G #E8:, HIETIE PLC (1dkial
AEg 5%, S SEmy/ARSE — ik, fEREVRZEAT L L) BRI BRI

ARG AR LS AL E 5G URLLC TER AT\ T I 36 B s, FRr g i e
BT, @ E IR R, AR RAAE R R Y. JE a4k 5E 3 SG URLLC MIRE IR & 4t
MR 775, 40 URLLC TMk#E4H, K URLLC 5 T B E i FIFE T URLLC &%, PAkE
ITMk AR 5G URLLC FUBAG IR B 7K. BEZ WAL REHE T 5G URLLC M- 2 AL AN e AL
IR, AT HEE IBEAT S H, SG AW TR Y, AGV/ESM 45iz%i R 40z 10 1, 3N he

Iz%o

S 3k
(1] TAE BAES. <1 DY & gefilid R iR, TASEEEM (2021) 207 5, 2021:7
[2] TMAME B4, T EERM IR &K RATahit&l (2021-2023 ) . TAEHUEE (2020)

197 5, 2021:2

SCEREH. T E E AR TR E S RS — e, 2021 5.

SCERE . T E E AR S RS — AR, 2021: 46

[5] TUHE, Br—o. IR B EmlHoR. Bikst, 2018, 16 1.

[6] ACWCE FE. 2020 v [E 4= A AU TH R e 4l i, 2020: 23

[3

]
(4]
]
]
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EEE T

R TERABEAABELGRAER. PLEARRNERER L IE. T L FHFHEMF LR
PATEYE, BB FALT BT 2 5G B ARG B ARKESELE e £4F, FERKEHFHRER
SEAER. 5GC EARHKAERER 2R REQBENFHNERLEN. TERARS
FAEEERAHFEFLERSCERNFIR, TEMAFS5G. T L ARERFFH @GR IAE.

@t KIRAEH T OHNEZRE, ZBRIAENR, ATHELAIADE I/,

Rk PERAEALAEF FLHETLIHEN BU 718, SAIRLM, TEAF
5G. Tk ZFM F 7 @ a9 AR TAE,

BB LB AARA NG, AR KT RE 1, HRE4H %232, T 2NE 5G/5G-
AtoB T iR 8 e = ki it, 4F5] 2 URLLC AL Tk ARIR L B 3 % AL B = b A 1 k7%
ke ALK

£ TR L AFAKA S b B BRiB & 4028 Marketing, SG+ L L ZIRMFEFREER, £&
IFE 5G. Tk BRRM 75 @69 A5 TAE.

EEI: KAFEH T AT LR FLa L2, T2MF 5G. Ak, MES ¥
69 A7 TAE

Rédk: KIRAFH T AT LERELRTLFLLE, £2AF5G. AL, MES
% 7 &\ e AR AR

QB LB ABARARNG, REHZFHE, TMAETRNF, TEMAF 5G2BuRLLC 47
B3 % F R 5 A3 Mk 7 kit

Lk bR A BT AR 8] KSR, TAEIAT, TEMF 5G/5G-A /£ toB
ATk 5 R 9B AR R, KA URLLC 5 7 @ 494K & A5,

BR: LA ADARGA RS R EN, TERFI LU RKMELNIFL, 2A4E
BHAEAFR, Tk KM E XA SG ke f 5 Tk,

RAABRILE 77 X

WL AR

Pz P ERA P LIBIEA RS HAK P AL

B %% X 15611027718, zhaoxl111@chinaunicom.cn;

WA b ER R Ak KA 21 5P B BE KR, 100031.
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5G URLLC i RZEE e M AR N A# R

FHELL, RKEEL A2F L, REMAL, TAH S, LFH!
(LY EBHEZERLEARANE, Fd 250002; 2.F B#H3hiE15 £ B XA RAE LK
28], Fd 250002; 3.4 K PAABELERAFRAE, FHé& 250002)

B OE: BLARIEEEORME R T 4.0 BEREEEEZ —, Fran (NR) BRI 75
RIEIR (URLLC) M85 SRR, A 5G 026 FA 22 0 2 1A i 21 i f S8 T FAR (G AR BRABE < o 88 FE Fl IO 0 o 2% IR SEE IR
A P SEPERR ) T R, 5G BOR@ETEE, RN AE . JIERMBORRFE, S Baelioy AR 2 e ) R4
PERE R SR R EVLAC, AT AR LT i 2 2 RE FL I 2 RO AR, IZBOR ATl 224 . AT SE . v PROR0 R g i I

A,
XBRiR: AEEHM; 5GURLLC; {KBT%ZE; &A%
FE 4 ZES: TN929.5 XHERFRIRED: A

Research on the application of 5G URLLC technology in smart
grid

LI JIANYUAN?, ZHANG JIAMING?, TIAN JINGSHI!, WEI QINGWEI!, WANG BENLI3, MA
XUEJU?
(1. China Mobile Communications Group Shandong Co., Ltd., Jinan 250002;
2. Shandong Branch of China Mobile Communication Group Design Institute Co., Ltd., Jinan
250002; 3.Shandong Zhongyi Communication Technology Co., Ltd,Jinan 250002)

ABSTRACT: The fifth-generation mobile communication technology network is one of the main choices for
industrial 4.0 communication. The new air port (NR) technology provides support for ultra-high reliability and low latency
(URLLC) services, enabling 5G networks with millisecond end-to-end latency and reducing the probability of
failure.Smart grid to network low latency and high reliability put forward higher requirements, SG technology high
reliability, low delay, wide connection technology characteristics, and "new energy as the main body of new power system"
performance demand highly match, can well meet the needs of smart grid diversity, the technology can promote safe,
reliable, efficient and environmental protection of smart grid construction.

KEY WORDS: Smart grid;5G URLLC; Low Latency; High Reliability.
TV ELR M2 B TR Tl i B A, 5G A AR G RO IEHE = KRt 5 L
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M HIRFI T M4 7oK+ 32, 2 TR SRBESARN, 5G v —AUE Bl E Bk,
5 MG QA AT 56 BoR 5 MR IRG KR

THTXS 45 S AR 55 A PROFE G K AN 28 0l 5 R R M A B, 5G BORAT e (RINEE, [
HEREWIBARRE, SRReloN EARRH R A A RAIEREF R S UL 22T 5G ML &
iR Ao SCRE A AT RER . AR RE . HEREE . RIPE AR, e Rikig,
AT E AR B REYER FE ) SN AR 55 SR BRI . I URBE T 3% U i, B T AR
15 5G AR ARMEE, AR KERBOREFER B, T 7 R REE R s 2
0

ASCIRAEXR T 5D BEPRF AR A TR, AR R ¥ 5G B L M, BFFE 5G URLLC 4%
ARERBEBMAHFIINA, L 5G BRMRAEH R B/ RS, 1T 5G MBALES N R R, Ak 5G
TR BT BB AR AE R AL, Bl 3R R v R G R

1 56 MEEEIT

5G E = KM A B WSS %A (eMBB) | {RIEIRE AT 4EME (URLLC) KA
PLEEME (mMTC) « =ANBPSEe ) TolhlE . FBW . B REFEM . JE AL, AR/VR
EREM R AR T K.

N TSN E R S s MR 75 5K, 5G 28 0T i T o  ROVE S R IR EL A,
51\ SDN/NFV $R2, ARt & 54T e L Mg, JRE M4 — i NFVI E i i, 7
F SDN il 25 S B IR RGP . AL G To i I o S0 4RRLEE 1 D e s, 2% Dhe 2 18K H
BE APIE:ILEE, WHRGEM &S, RiGth. JFb.

2 5G URLLC $F1%

URLLC 7£ 3GPP prEALERE th RN R . S AT SEBOR LS URLLC 5 eMBB HHI =
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ETF 5G+SRV6 WMaEE RR L F X
BERR

FTHREL RV F2, BATe
(1LPBEBEAS R, RN 510627; 2. FEBSEST RE92E, JHSM
510627; 3. P EBLES RAEHANE), J &R M 510627)

W E: PEERGITR X AT CAR 387 A, PAEEE] 213 1L, TAEH (S5G RAmIR Tk
(2021-2023 4£) ) WIRGHRH, (R4St WM&k, BREILEE AR BRI R RS, HEzh 5G M
TR B2 5] 5 . i o) A Gl XA SRR AE I IR, IR AR R X 5 5G HoRRE & IR 5, 372
7T 5G WG B HAR+SRVE IR R XA 5 %, IER) 5G 1A% = HAR+ N LR REIR ARl X mnii A 4%
HREEN IR, ST DR A AR B AR KT, [T D fE 8 T X B AR A BT R R A A

KR 5GIUG: FEEX, KW KBS, sk

NES: TN929.5

Based on 5G+SRV6 to empower the smart upgrade of national

economic development zones

LUO Dong-hong?, LIN Shao-ze?, LONG Ke?
(1. China United Communications Co., Ltd. Guangdong Branch, Guangdong Guangzhou,
510627; 2. China United Communications Co., Ltd. Guangdong Branch, Guangdong

Guangzhou, 510627; 3. China United Communications Co., Ltd. Guangdong Branch,
Guangdong Guangzhou, 510627)

Abstract: At present, the number of State-level Economic and Technology Development Zone has reached 387, and
the output value was 21.3 trillion yuan in China. The MIIT proposed that The digital, networked and intelligent
transformation of traditional industries is an important development trend, and the promotion of 5G applications is an
important engine for the transformation (5G Application "Set Sail" Action Plan (2021-2023)). By analyzing the problems
existing in traditional park management mode, the application scenarios under the integration of smart park and 5G
technology are deeply studied, and proposed smart park networking scheme based on 5G Edge-Cloud + SRV6. The HD
video surveillance of the park uses 5G Edge-Cloud + Al to improve the management efficiency and level of intelligence,

while laying a good foundation for subsequent digital transformation.
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Keywords: 5G Edge-Cloud; smart park; high bandwidth; low latency; HD video surveillance
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Fig.1. The smart park networking scheme based on 5G Edge-Cloud + SRV6

v ARG

TEAHLE X 5G M4 K& MEC A%k =F &, [ X (P 3 4% 720 440 (A VR\AR
IRGE. TR BN BA A Ui & S A e & AR SG I 2% He A0S 82 el X 130 4 =
Fh, il RS AR RIE A, FRE AL G S EE TG, SEIlsia .

2. ML

EERa%® | )) SGEN | ) MECHTMEE )) SGEALE )Y Intemet

v

LE=

»

AINMHEBLRIR HSTNMERIR nSERE

El%2 £F 56 MEC B& =R ARINEAINE
Fig.2. The network topology based on 5G MEC Edge-Cloud technology.

A BB 5G HeufidE, BURATILG AT, i R e X 2 Sm 1y 1] Bl A8
MV, MGk, PRELG TG, B RAET LR 5L, Wi

64 o



2022 T BEEMEZEARAARSIEXE B

WG w BEHEEHRMEE PO RS & w2 EE WA, MEEEE 56 Z0M i
Internet.

3. HERFER

AT OV SEPLH SRv6 L2k 7 AL A

(D SRR - XSS5 2055 48 A FY) A SeEiRe &

(2) BlAry: BIFAHAE, B RAE w4

(3) e ORRE: AR5 FE X5 A S I, Bl DO 55l S g ORRE, AW PTG
A

(4) BEARETAE « Gel DXl 55 I LE PR A 2ms, A A0I55 B AELE 10ms:

3.3 EIFEA

W TEN G P& LR G AU AL Inigsise . 38 A TSR R A R,
P B EAE A M BT UM, 268, PO FEA T FRITEA, B OS2 KAk
i e o

- PRSI SCEE A, KA AR/VR HEEWE Eiv% s, FIRGZ% =it
REJSEHL AR/VR NHRIZAT. JEGE. RILAES], JRR AR/VR [ 5 i S50 g g & A
B, T 5G4 S AR R 2 o RN I I SR v VB G D RE IR B AE SR A 0, b S5 A
AL G, T BRI GIE YT Q3T AL B S AR B -, PRI 2 B 4

2+ 1E AL BEAHTT T, il G kSR 2t it SG W4l Sy [ X i Ao sk B R
F| MEC %= F 6, Hl%GsTE REER AL ST T, S o, 551
DLBEAT R Re S AT I I .

3. MEREXEEFEI7H, XA GRS IR A . KRR RN, 48
ARG BYRG., BITRG . 5B HRGUE NS 2l R R ARG AR, S
B A el X ) R
3.4 NMANME

El%&3 VRARTERHE
Fig.3. VR/AR Immersive Education

e H5 .



W 2022 T EBEMEFEARASIEE

BT 5G MBEHEMN VR, AR SFIES G4, e 2k R TARR A0 B0 i
B, BRACESTHCRIRIZ, PRI, R THE VIR . AR YO B R
IR, (E R R SR S5 B B S R, L 100% = 48T AT GUE L, R4t
L BRI o T B XU SIS L S BRI R EB $R ke sf AB I i
VR/AR S0, HUMRIERE VI, BRARHT KU AR . BEBAR ., Kb, $Rtseik
el

Bk 4 SFEMMEIE&ALIRS

Fig.4. HD video surveillance & Al recognition

BT 56 MG R BEARMEF R RIEAMLE, S DN TERENEE N E T, %
RARTHE R, FBARNOHIWIRIR, $ETH % . R OLIE I,

i‘. o 1 A
EFxzS MRt

Fig.5. Machine vision inspection

T 5G UG R EFENINAS AT I, BEFRIR™ LRAEIF R AT, R B) 5G BRRFRL,
* 66 *



2022 T BEEMFEARAARSIEXE B

SR A B S i R I K

Bl o6 HmMEES
Fig.6. Robotic arm control

I SGHIUME, SEBL 2 R HERE ] SRS g PRk THRI, AU 5G W48 veide SEin [l 4%, B3
R, AR AR AN R AR 2R R s, SR R AR A R

4 LERE

VR/AR JTIRAZE . Sid U LA S5 R el DB H L A= G B X R
RIS IE P28 FRRSR , E AT 3/4G FIZE TCVRIH AL o ACHIA i) P15 ST 5 SO SN A% 7 5 LA
B, TOEERUBAE f s[RI AL 40 i B X OR BN 7, DL 35 20 7 48 el X/ Tl FLR )
MiE—F KR,

B 5GHA % = Je SRV6 BN F T X/ Tk s, 5 bl X /28 7= B A S A (53D
T 5G UG AR TE AR RE, F1 3% P8 28 diig-+ T 0 £+ 5 S 1R 4 R el IX g vl 07 %8, Ik ie R
el DX B 3 AR P SR R RNt A4k

SEZ ik
(1] 25T 5G 30 % 2 BT AR D7 G201 R, T Ao B 1845 .2020..(02):1-4.
[2] WRIZER 5G BOARKE RN BT T[] st e 1815 .2019.(02):1-4.
[3] DGV G505 R Z BT[], B A5 B, £ AR MR i 3R, 2019(3):35-39.

fEEEAN:

1. $HRRE, B, Rk, PEBEE] R4 005, BEE LRI, Mt, TE2RE 5G.
A BiBAT R BANK IR . LR 4 B A B R AR R e P A TAE,

2. RYE, F, WOk, PERBGE] KA NG, AF, EEMF 5G. HhidliaE A K.

0670



W 2022 T EBEMEFEARASIEE

SN RE R SR &

3. RAT, B, Rk, FPEBB REHNE, FAIARM, Mt, TE2AFIP NL&HH XK
A B FFRSET.

2. BMF, F, Rk, YERKEBATHNE, AL, LERF 5G. BB RMEA,
B 6 ER R G T

BANEA: Y E
BRASHE: TR KB 666 5 AEATH E )
w7%: 18620010323

BRAG: linsz10@chinaunicom.cn

e 6



2022 T BEEMEZEARAARSIEXE B

BT 5G T EEXPE) AGV/Zah#lza A
BRREHERFIVTENA

BEUIHE: 2020 4 Tl BB Q1FT A& & TR A 4R AT 1) Tl BB <SGHA LIRS T 6
(No.TC200A00Y)

EmeAz, Eedr, L), F3
(HFRFILXFEFIREEAEHAFER, &F 210014)

W E: Aa5IREmS (AGV) MEEIHLES N DB B G R A Tk A= h i B2 e, Rkl
X SR e M A AP 75 5K H 23 4R T o 10 Sk AE B g Ia g rP AR 1 R, SR T 26T 5G T HIRIM ) AGV/
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R 2 S SR B R N R S A TT ¥ o B, AR E P IABErh AT T AR R L0, R il L Se i & B I8
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KR A5 REimE: BN, BREgERS T HIKKM

HESES: TP274°5 MCRRFRIRAD: A

Design and application of AGV or mobile robot intelligent
operation and maintenance system based on 5G and industrial

internet of things

XIA Pengcheng, CUI Jixuan, MA Chuan, LI Jun
(School of Electronic and Optical Engineering, Nanjing University of Science and Technology,
Nanjing 210014)

ABSTRACT: Automated guided vehicles (AGV) and mobile robots have gradually become important equipments
in warehouse logistics and industrial production, and the demand for monitoring and maintenance of such equipments
increases dramatically. To alleviate such concern, an intelligent operation and maintenance system of AGV or mobile robot
based on 5G and industrial Internet of things is proposed, including the construction of 5G network, the construction of
intelligent operation and maintenance platform, the building of operation and maintenance business application, as well
as the training and optimization methods of fault model based on transfer learning and federated learning. Finally, the

system has been deployed in the practical production environment of the enterprise, and the effectiveness of the proposed
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design has been verified by real data, which is collected, pre-processed, trained from the real operation environment.
KEY WORDS: automatic guided vehicle; mobile robot; intelligent operation and maintenance system; industrial

internet of things.
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A new research and application of flexible robot collaborative

intelligent manufacturing based on industrial 5G

MA Ying Jiao?, LIU Yao Qi?, YUAN Yao?, QIAN Man Li®
(1. Kunshan Sylincom Information Technology Co., Ltd, Kunshan 215300;
2.Zhongke Nanjing Mobile Communication & Computing Innovation Institute, Nanjing 210000;
3. Beijing Sylincom Technology Co., Ltd, Beijing 100086 )

ABSTRACT: Based on the high difficulty of digital information sharing caused by the low networking rate of
equipment in domestic enterprises and the large difference of industrial communication protocols, and the actual situation
that small and medium-sized enterprises have a large demand for flexible production of multiple varieties and small batches,
a flexible robot collaborative intelligent manufacturing system based on industrial 5G is proposed. In this system, the
integration technology of industrial 5G terminal baseband chip and flexible robot is adopted to establish a flexible
intelligent manufacturing line based on industrial 5G; The industrial 5G network with low delay and high reliability and
the cloud industrial control system are used to build the flexible intelligent manufacturing intelligent networking based on
industrial 5G, so as to promote the reform of flexible intelligent manufacturing based on industrial 5G. In addition, this

paper proposes to build a twin control platform based on industrial 5G with OODA paradigm to realize the real-time twin
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control of industrial 5G network and industrial production equipment, so as to provide platform support for networked
collaboration and lean management of industrial intelligent manufacturing.

KEY WORDS: Industrial 5G; Cooperative robot; Digital twins; Flexible intelligent manufacturing
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HRESES: TN929.11 SCHRFRIRED: A

Application of 5G industry virtual private network in remote

control of steel industry

XINGY, XUWJ, Y1 ZY
(China Unicom Co., Ltd. Guangdong Branch, Guangzhou 510627)

ABSTRACT: Based on the demand of remote control in the steel industry and high integration of 5G industry virtual
private network technology, this essay expounds the application solutions of remote control of equipment such as driving,
heat treatment line and coke oven truck in the steel industry, as well as the application of 5G Multi-access Edge Computing,
network slicing and other technologies, introduces several scenes into the production of steel enterprises such as remote
control, video remote monitoring and etc., and creates solutions with demonstration and promotion value, greatly improve
the production efficiency of the steel industry.

KEY WORDS: virtual private network; steel industry; remote control; network slicing;
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China's 5G + industrial Internet development faces five major

challenges
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ABSTRACT: In recent years, with the strong support of national policies and the joint efforts of all parties in the

industrial chain, China's 5G+ industrial Internet has developed vigorously. The integration of 5G and the real economy is
expanding in breadth and depth. 5G + industrial Internet is becoming a new engine to promote the digital transformation
of industrial enterprises. At the same time, it still faces five major challenges, such as difficult cross industry integration,
immature business model, difficult to solve the "neck" problem for the time being, and the shortage of 5G + industrial

Internet talents. In order to meet the challenges, this paper finally puts forward five suggestions on the development of 5G

+ industrial Internet.
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Talking about the trend of Identity Resolution System of

Industrial Internet

CHEN Xiang-ming, ZHAO Fang-mei, SHEN Yue
(China Mobile Group Liaoning Co., Ltd, Shenyang 110179)

ABSTRACT: In recent years, industrial Internet has developed rapidly all over the world. It is an engineering
technology that combines the Internet and the new generation of information technology with industrial systems, and it is
an essential foundation for supporting a new round of global industrial reform. In particular, the Identity Resolution System
is an infrastructure of the industrial Internet, which provides basic data information for industrial Internet. In addition, the
identity resolution system is a low-cost means to help business eliminate "data islands" too. The identification analysis
system is of great significance to optimize the production process, improve business management level and promote
business digital transformation.

KEY WORDS: Industrial Internet; Identity Resolution System; business system architecture;.
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ABSTRACT:The identity resolution system assigns identities to physical objects and virtual objects, and connects
objects through the network. Realizing the interconnection of all things.The development of these systems gradually
exposes various problems, such as system architecture defects and data security. In order to solve these problems, the
traditional identity resolution system could be improved to a decentralized identity system with blockchain technology,

which could eliminate the central node of the network. This paper firstly introduces the challenges of the existing identity
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resolution system. Furthermore, we elaborate the enabling technologies, research status and industrial application of the
decentralized identity system. Finally, the future development of the identity system is concluded and prospected.

KEY WORDS: Identity resolution; blockchain; decentralized; digital identity; industrialization.
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ABSTRACT: Based on the National Expressway Optical Fiber Network constructed and operated by China
Transport Information & Communication Network Technology.Co.Ltd., Industrial Internet Identity Resolution
Comprehensive Type Secondary Node (CTICN) and the related business., this paper puts forward a technical route and
application solutions to solve the problems existing in the construction and operation of Intelligent Expressway Optical
Fiber Network by using industrial internet identity resolution technology. In addition, this paper also briefly analyzes the
technical development direction of intelligent expressway construction and intelligent optical fiber network management.

KEY WORDS: industrial internet; identity resolution; intelligent expressway; optical fiber network
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Research on the status, trends and development strategies of

Industrial Internet Platform

WU Xiaochen?, SHI Hongming?, GUO Jia!
(1. State Grid Digital Technology Holding Co., Ltd., Beijing 100053)

ABSTRACT: Starting from the definition and connotation of the Industrial Internet Platform, this paper first analyzes
the current development status, competition pattern, future trends and existing problems of the Industrial Internet Platform,
and finally puts forward relevant suggestions on the development strategy of the Industrial Internet Platform from three
aspects: Platform positioning, application innovation and business model.

KEY WORDS:Industrial Internet Platform;competition pattern; business mode; development strategy
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Research on model driven visual industrial app integrated

development platform

ZHU Jun, ZHAO Jia, HOU Qing Kun
(1. Software business department of China automotive data (Tianjin) Co., Ltd, Tianjin 300180)

ABSTRACT: Based on the actual situation of the automobile industry in the development of industrial app, this
paper puts forward the integrated development technology and platform of industrial app based on automobile mechanism
model, discusses the design idea and implementation path of the platform, and focuses on the key technologies of the
platform with the compilation, analysis and solution engine of automobile mechanism model, industrial software
integration and adaptation, assembly and release of visual model components as the core, At the same time, the application
cases and implementation effects in the automotive industry are listed.

KEY WORDS: network service model; Industrial app; Industrial app integrated development; Mechanism model;

Model component.
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Mechanism + data fusion modeling method in Digital twin

system for industrial internet

LI Shuo, LIU TianYuan, HUANG Feng, XIE Xin, ZHANG JinYi
(1. Baidu Online Network Technology Co., Ltd, Beijing 100086)

ABSTRACT: The development and prosperity of the Industrial Internet have brought a novel paradigm to the
academic and industrial communities - Data-intensive Scientific Discovery. The modeling method of fusion physics
mechanism and data driven is one of the research hotspots. which can provide efficient and flexible analysis tools for
future Digital twin system. This approach can benefit from both mechanism simulation (interpretability and generalization
ability) and data-driven model (flexibility and learning ability), especially in the deep learning architecture. In this context,
this paper focuses on the mechanism + data fusion method in the digital twin system for Industrial Internet. Firstly, the
basic mathematical principles and modeling methods are established, while the differences between mechanism + data
fusion modeling and traditional models are compared. Then, machine-learning model selection, physics mechanism
constraints, and actual task requirements are introduced in detail, and the recent research progress and development are
summarized. Finally, the actual application scenarios of this method are reported from three perspectives, including design
optimization, manufacturing, and operation maintenance.

KEY WORDS: deep learning; mechanism simulation; data driven; physics-informed neural network; digital twin.
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e — P R GG A Ty R
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e x oW RGN E (A B AARFREE) ¢y FoR T BERAT M Hh AR
B (WY, FoSlE&AELE) o N[y Rl y XA x & 20, R EErEL
PESE TR B, XA TR R — PR SR AR FAR orh g, Bl gk i R kAT A is s
© 142 -



2022 T BEEEMFAASIEXSE A

(3 5] J3 A AR ) e e AR 15 R 1) N-S J7F2 (N-S: Navier-Stokes) + HLR£IZ ] Maxwell
JitEs Geit 1% Boltzmann J7FE . & )% Schrodinger J71E55: 0 R RAESH, Ak
FAERGEIS . TUAT DL SR

— RIS, AT Gy M B CR, RERM LRTTRE, Glan, &0 5% Es
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TR B BT IR R T 2 — o BRI 2 A 2045 25 T oH SR 1 DA S SRV Iy gt
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RIS IR ) D s EERAEE AR TR G B R R R DA AT,
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FE AL I B R A
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FE) B )y 2R,

PINN J5 %72 H AL+ H b & g7 i R R BN A J7 1), R ARSI T2

. 145+



W 2022 T EBEMEFEARASIEE

o6, BYF 2 MU EE T IR R 5 SIHE T R T AR SER (nse 1, HAiTRR T 3= E A
At B 1 E B R G 7T e A E R A RS R T AR, JUHOR A R H TR T AL
[PV B % S HE LY PaddlePaddle FF % [f) Paddle Science.

% 1 Physics-informed Neural Networks #2244

KA TR FRES TRPE S S HESE FERHH T ]
DeepXDE3 Python Tensorflow Brown K% 2020.2
NeuroDiffEqP!] Python Pytorch Harvard K% 2020.2
SciANNI2I Python Keras/Tensorflow MIT 225t 2020.9
ADCMER3! Julia Tensorflow Stanford K2 2020.11
SimNetB4/Modulus! Python Tensorflow Nvidia 2020.12
NeuralPDEB¢! Julia Julia Carnegie-Mellon K% 2021.7
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Paddle Sciencel® Python PaddlePaddle [5)553 2021.12
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2) FEBIHRAAR S, BRI LTS BB TR B RO TG, BRI 7 R AL
FIAR, (L7 BT GRS PR PR, D
T 9 =|[9 @ )
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Hobi: [3 @)ax FRFERAEHT BbR, —RTRR ARG y RBOBTE R
CHIBLR B IR TE 1B S e SRR R PERE AR IR SRR )
YOG O) SR R 9, ,, Fos 9B al A B 5 0
S5 TR 10— B, T DA CEHLIR SO R A B s 2 5 R ), S T B
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KA AL AP SeAR R, e Rh 7 ik B AT 1 Bt e Ak 2E P i B AT 4P 3R, T
SEIIL T b 5 ) R P BN PR o A9 = S @ B A WA B A /] ANSYS . Z2[EH (1) Rolls-Royce
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i E: BT T HBMNZAEE 0 RGN RE P SEREL, 52— Rt o 5 BLHE PR 2 5
T2 W ] SN IR G R B KR R 1 R S S, R SR 1 [ O R B KR R 4R MO R P N 4R e BRI AR
KEYHEE Elasticsearch 1. Elasticsearch F{E#FT AR 5. FIF Elasticsearch 751 & £ K R L1
H, GBI T ERA—E BT, REEE I R BIE R IR R w R R, 8 AR SRR L], I
DT RAFBERETARERRG], RE T B ESE S AR

KGR BUBIRITEG BARPERI R Elasticsearch; Tk FLEKR 224

HmESES: TP311.13 SERERIRES: C

Relational database retrieval optimization strategy based on

industrial Internet security operation center system

TAO Yao-dong, YAO Xiao-fei, JI Sheng-long, HUANG Dong-hua
(1. Information and Communication Branch of Yantai Power Supply Company, Yantai 264001;
2. Informatoin and Communication Branch of Qingdao Power Supply Company, Qingdao
266002)

ABSTRACT: Based on the actual situation in the research and development process of the industrial Internet security
situational awareness system, a strategy for speeding up relational database retrieval is proposed. This strategy can capture
the addition, deletion and modification of relational database in real time, and synchronize the specified fields in the
specified data table of the relational database to the non-relational database Elasticsearch in near real time. All retrieval
conditions are stored in Elasticsearch. Using the advantages of Elasticsearch in the field of massive data retrieval, it

effectively solves the retrieval problem of data tables with too much data in a single table under certain hardware conditions.
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At the same time, by changing the data capture mechanism, unnecessary indexes in the relational database are reduced,
and the performance of database data writing is improved.

KEY WORDS: change data capture; database search; Elasticsearch; industrial internet security
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CDC, BRIASAL B i 3R oK, 38 48 95 & FE B0 R (Extract-Transform-Load, ETL)H )
extracto ] FH Tl JOu Hicths PE B 5B AE « A SCRIH RedHat JFU ¥ Debezium!' 2523 T~ H A& 1)
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1.shared preload_libraries = ‘decoderbufs’
2.wal_level = logical

3.max_wal senders =8

4.max_replication_slots =4

4.1 B R 55 # SR VF ORI IS H S B Bl 10 M IEH R .

st B R AR -

1.Fi & postgres JLVF postgres F I LEASHFEAT & il

2.liL & postgres FUVF postgres F 7 7EAH EALAE A 1IPV4 BB HilE 04
l.local replication postgres trust

2.host  replication postgres 127.0.0.1/32  trust
3.host  replication postgres ::1/128 trust

3.ALE postgres FUVF postgres H A FEAH EALEH IPV6 I E HlE L.

v EIPEE H4 H 3) Kafka FICRAE B

alter table table name REPLICA IDENTITY FULL;
2.2 FELE Kafka

ARICR ¥ Debezium LA, %8 7E Kafka Connect. Kafka Connect /& HA (¥ 2 55,
F T # debezium-connector-postgres 4% #%(LL N f&i#k DCP). ¥ DCP T A i) jar 11,5 #13 kafka
B lib F . F-FBIECE postgres.properties L%+ PostgreSQL.
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23 HUERIY
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e HAZ ARSI R .

public void accept(String cdcMessage) {
PayloadDTO payloadDTO = messageToObject(cdcMessage);
judgeOperation:
if(DELETE){
deleteEsByld(payloadDTO);
return;
}else {

asyncUpsertEs(payloadDTO);

1
s

accept J7AFEIN Kafka @R IV Eidsk, BRI Java TR0 REGAR . RIEHRAE
FHRIAE, PATANFRAEEE R 5 MR, WARYE 88 ID MR Elasticsearch H XS
Bedls . AR NS R ERAE, WA E F B BB, HARBEL WA A A 5065
Elasticsearch R R SEAARXS R, SRR R JEIETY PostgreSQL HR R 1T 5% i 288 J 4= ik &
M. ZJE bR AT N3 Elasticsearch H1o JASRBUIEREMISEIN A, AR I 1 AP E i
155 S0 AT LB 4l N BE
24 HEEE

#5222 Elasticsearch Z )5, IR RS

public Result<List<EventDTO>> queryAlarmList(QueryDTO queryDTO) {

Result<List<EventDTO>> results = ResultUtil.success();
Result<List<LogCdcEvent>> esAlarmEvents = queryEsAlarmList(queryDTO);
List<Long> alarmEventlds = esAlarmEvents.getData().stream()

.map(e -> Long.valueOf(e.getEventld()))

.collect(Collectors.toList());
List<AlarmEvent> pgEvents = alarmEventMapper.selectBatchlds(alarmEventIds);
List<EventDTO> alarmEventDtoList = new ArrayList<>();
fillResultsByPg(alarmEventDtoList, pgEvents);

return result.setData(alarmEventDtoList).setCount(esAlarmEvents.getCount());

}

Elasticsearch W R 775 5 0¢ R A 22 b 8l —— X182, H Elasticsearch 1%
JEMEY R B AT . WS R BUERE, 4581 Elasticsearch R 51 #H TR ZR, SRELEN N K R A%
PSR R 1D, )5, @it 38 ID X /A EHITHERR . KK TRRIEK.
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alter table alarm_event REPLICA IDENTITY FULL;
alter table asset info REPLICA IDENTITY FULL:
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&F 5G SA+MEC £tV E X 2H
MREEHE

AR L, KRB, HERTE 2
(1.9 B 912 BN PG R, db5% 102209:2.% H w12 £ A A FRAE), b7 100033)

i E. ZALLGHE (MEC, Multi-Access Edge Computing) 7£ 5G SA (Standalone) %% T B A& K 4E
KATE EE SV EARE, A TERE X AT 5G SA+MEC RSP . A& B 45 BB A AL BE, [RARIM 2%
IFEERENED, SRAAEMRBENL AR . T MEC 7 5G M4IAZGI N TR % BIMLERAR, I3 Mk
(IR PR LR 28 B8 FI I, EEN . AR%. MEC P& il 2 4 Koo 4 e TR A5 2 I 101 e 5 S [ 10 22 4l »
BEEE SR T 5G MEC £ i e X 2 D00 v I I B o 0L 2 4 A o 6F IR F) 22 4 Bl 47 7 R I SRR 221

FkHEiR: MEC; %4 4M; 5G; MlkEX

FEISES: TN929.5 SCHRFRIRES: A

A Security Scheme of Enterprise park networking based on 5G
SA+MEC

HU Zhaoxuan?, ZHANG Jianmin?!, FENG Xiaoli?
(1. Research Institute of China Telecom Co., Ltd., Beijing 102209, China;
2. China Telecom Co., Ltd., Beijing 100033, China)

ABSTRACT: Multi-access Edge Computing (MEC) on a 5G SA (Standalone) network has the advantages of low
latency, large bandwidth, and high computing power. By using the SG SA+MEC networking, enterprises can realize locally
processing of production and management data, reduce delay and congestion of network, and obtain a better quality of
service. Due to the introducing of technologies like container and virtualization at the edge of 5G network, and exposing
network capability to the applications it carries, MEC faces different security threats in access network, transmission
network, MEC platform, data security, management of operation and maintenance and other aspects. This paper focuses
on the common security threats which 5G SA+MEC networking is up against, corresponding security schemes and typical
cases.

KEY WORDS: MEC; Security; Networking; 5G; Enterprise park.
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Application practice of intelligent security system based on 5G

+ MEC in industry safety production

LIU PY, DU ZJ, CHEN 2Y, ZHAO SC, REN TL, HU MC, YU HD, LINH
(1. COSMOPIat Institute of Industrial Intelligence, Qingdao 266426)

ABSTRACT: Aiming at the problem that the current intelligent video surveillance based on the public cloud cannot
guarantee the privacy of user data and real-time reliability, this paper proposes an intelligent security system based on 5G
+ MEC (Multi-access Edge Computing) by building a 5G virtual private network and combining with MEC technology,
data privacy and low transmission delay are ensured, and finally realized the Al algorithm analysis of security video, which
is effectively used in multiple scenarios such as people-vehicle diversion, labor protection equipment identification,
person-post matching, and electronic fence. In the practice of Haier factory, active early warning of various safety incidents
has been realized, which greatly reduces the labor cost of monitoring personnel and the post-processing cost of security
incidents.

KEY WORDS: Intelligent security system; 5G; edge computing; Al; video analysis.
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Identification method of behaviors in OT security based on

data change rate detection

Pride Ma, Yuan LJ
(1. Beijing Topsec Network Security Technology Co., Ltd, Beijing 100193;)

ABSTRACT: With the continuous integration of IT and OT, the information security problems no longer exist only
in the IT network. Due to its own vulnerability, the OT network has a larger attack surface and wider scope of impact. Due
to various problems such as compatibility, computing resources, and fault tolerance, traditional IT security technology is
not fully suitable for OT security. Therefore, how to build effective OT security system and ensure normal production
process has become the common issue of both automation and information professionals. In this process, some IT security
technologies need to be upgraded and trimmed according to the characteristics of the OT field.

KEY WORDS: Whitelisting techniques; Behavioral analysis; Protect against the risk of exceeding the limit; Data

rate change detection.

It 5 AT L AR AR A BORTE R U R R B R U2, 5 I8 2 A U BB 20 A% G 2 4
BEEENERE, £ SRR EGE B L ERRRI R Z AE . H5HTuondl+ B4 5
Rl B, RO MRS THE BT L A I, M A A R A

* 185



W 2022 T EBEMEFEARASIEE

LT o i+ 44 BB T SR F BOg) i N T2 AR 5 2 2 e Ul ) ROM 5 A . AEX—
RERR Y, S IR SO P B A DS TR BT ), E I i SR A L AR k. AR A AR AR
6 (Rt 5Pl FEgEAT Lo P10, OB R E (3R Bl R E Tk,
b3 75 AT A AN PRI BT VORI DL, M S MU P AURE , HEAE T [ 4 ) B TS )
BRPR T o (HES B I R BV E R R AR 28 ORAFAE IR E FR IR I, ISR IR, HLAE e B 5 IRy 2
Fe FIREJCIRAE R e R RE A P 3A

BN AT, AHERVERRAS . AN AR ST, 8 HARBUE RN, R
M AE R FRAFAE A B HEAT F 500 HL 2 e B R S SRR, R R R TR R 2
7, CLULHA RAC B AR S 1

1 N&RIFG=IRA

SR IPIEENLAEAT AN+ A LB AR SR 2 b, R A GEEE. SRS Tl
HARELGE AR . WREM (Stuxnet) ZEMEARIDIE L o 72, i i g H Ar 5 8% S 8 22
BB, I FH S 08 28 e A A 2R K B HRAE . B NBERAR AN T RS E X A Y (HA-n;
LA+n) , J&Rds &l e 10 PB4 ISR IATIE 2, RETE A BB & I, %
KEEHlRAE. w1 pR:

E 1 &ZXERNFEHEESHE

EaRIAEE, B AR REAR SR (B SE BARBUR 5, BedishfE MERAE i A, o
WE GAREHRES R, IWCAZES, M) WESE il 1 R, sebafl
FEORZAE L RIRIE], RAASE) o B, HETHSAROGETHE, Tkt icdd+B 4

° 186



2022 T BEEEMFAASIEXSE A

AT AT+ I REE R R . B S SRR EE S 2RO N, it
TERGE o

2 BRI
PR IR O T AN R R T B A S LA S G R P S5 B 2 s it )
NE. W2 for:

B2 [ SERuEhliasas

AUVE Y, BEEBUEEE AN, BB AAAE R RE, 2R 5 T EM 5 (it S
IEEEATEE) » KSR EHS NE AN ETRIs T /e — B0 BIBR AR R IR A ARFF A2 —
(ETE 2800 CREE RIR, BUEwT DS W, AFREREERES, Hda2e iR mExEsE 90°
o

a2 AR AR AT U 2R 07 3 AR RN 1) O SR o i 2 D) F, Herb
2 SRR VIL MM o B R W 3 Fs:

secant | .+ Tangent

Change rate —ia,»’f
e
7

t(n)
B3 HIETHRRINEE
* 187 -



W 2022 T EBEMEFEARASIEE

Bk a ARN:
a =arctan( l ) (D
V'(n)

o V() tn)R 2 2k A2,

Vin) —Vin+ 1)
ot —th+ 1)

(2)

HAR AN S HEMRIETH AR o BATHE, SRR B R B A A AT A
W, AERX LR R EE AR o (R EPRES AT, 25 DL RS AR 5 A e
HER, SRAFHIR AT o 75 I A ] B (9 R of R ME ] ™, BRI Ra(n) R
AI S K AN |of "R /M of "EAT 58 SCBEE . R TR UK AR A R 1 5 AR R R
S B I HH R R 9T P9 22 RIBORE X LR IR 3, TH5E o>Ra(n) AR ER . P A BORE DCE+20%
(UMD HIE 7%

3 1&REEAR
3.1 MARERE

e RIS, WA %% (PLC: Programmable Logic Controller) 434 i
il &4t (DCS: Distributed Control System) A4 5 ¥ K45 Wi 451 R4t (SCADA: Supervisory
Control And Data Acquisition) & 4t 55 b A7 22 B R A R R B, B R BF AR, Al
R BAE S — LT R 8 2 A FOREUE B, BT AR SRR LA R A
(Xt G 2x A2 A2 7 AT . IR AL AN 4 R

° 188 -



X& |

t

s

A\

v

A
=

2022 TAF BB FE AR K

B ——— L
3

LB SR

B g T e A S T

LRt T P e R |
B HEF R S TS I R
EE
| TR TP R T |

(HEEREEM)

bogn. L EEE ]

ERHHFMHER HUERMDRRE

* 189 -

B4 HETURENTIZRE



W 2022 T EBEMEFEARASIEE

3.1.1 ERREHES

MRAE 6 RGUEE SRR R, B R TG R R 56 EH, RES5ESER RS
ANEV I 44 ST B D PPHR AR o [R5 FR 38 1 44 SRR AR T A8 A i AR v s ] 5 22 4 il 45 SR A
FRREER R, HMG R E A B AP E R, IR R AR FBAE NIAE. (R REAR R T H iR
e, BRTEHRMES S, NSRRI T A% RE AR,

312 BIRERABITAN

o3 E B AR SO R (Data) #43, GBIK HARNTIC R . R R B M J5 R 32
FET 4 ) U I o 1 R 08 o R AR R A2, 5 DU s i 28 T AR AT IO B S B, U5 A A 2
BRBr, FE B R AT X, IR, S AT 5 BT A R AR R AR
WEERE D). Hoh, WEAT AT — DRI, @id 54, XA CiEs @ . Bl Modbus
TCP Afl: MM MEHRSC (3) BF, v RURYEHFRC 71, WAlHIES.

[01][00][00][00][00][06][01][03][00][00][00][0A] (3)

01/02/03/04 BLHUEIE. 05/06/15/16 N5 NERAE LLAE N HIE S5 A, S G im Mg hilfE S
PR, 0T A B BAEAR AT IR, RN 78 K0 o Fa il 2 G U i) 2l R e
CHRTRIB > i 2% RG> FERR U5 WP B8 1, WIZE ATk RIa] 3 5)

BN R A A b o Hr, AR R 2 B T S B, DLAF AR RAEAE, X T & AR AR
HE 01X 23 B A B UG 6 % 1 B A SR U )L R AEACRR o T3 BLAR ST (3D 9,
[00][001[00][0OATMIARFE 1 17 il (X} G o 25 A7 Bt 5 P B o it o 27 A7 3% Huhik (RO PR ), 9% 52
BT Rl v 1 s o

58 =0 U B AR, 1% S S AR R T SRR b, R A A7 A S ) B S AT X
AR HHE P 255 47 B B X TR AT 4 T

3.1.3  EBURTLEMN S

B AR A AN SRR I 75 R B ZEAN 7R EE A BAT N o i B A 2 il i iR
T CHPRIER SIS FE AT I, 38 AN TERE I 0 A U7 I 3 it , 47 0 M D 72 2 DLBR
A5 1 55 % o 7 QS D SR EN 22 AR 13 SOB S ROL o oW I #2 A SE BB e A v S % M,
TERU S B AR, 35l 5 AR A DX TR AT BB L, CRAL R BIME T H e SO, xR
R B RESE I, DR O A B AT BRI, 0l 10 2% (R EE SO RS 43 Bl
HUE N AT R AT, X IR, BB AT, RN T 2%, WAHE
FE SRR AT IR A RS, R RG] o A BUREAS AR Ak SR AF A BRI 3, R 2
AL R ILIE G FOIRZS, AT e B0 4 TR s s &, IEEERIE A AR
IR CITESRTIPUN

TR AR EEE, 9 BRAIE R SR S5 R G B, BRI, T AN R N 2

* 190 -



2022 T BEEMEZEARAARSIEXE B

ATARBNSRAIE . £ S HRAE P AR )y T B AR R AR A R A R R e 8] DX [ Y, B A R AFAE
B SO AUE (I S HAEAT N, XTLEARSRI 3-5 IRKEHRAENZ, BAMERRmE, Ml 5
W, RIS GREEVEIEIE D FE B 2 st B R AR, Rz FA 2 B 2-3 Ik
RZEBR I S HRAE IR, Hoo SH#AE N BRI EE R B 3-5 0 .
32 [ F#RIMEER

FERAR RS AR, 28 IE R A A A R T A0 R BN S B R AR, nT DA ARy HAE
FA 05 T B SR ERAR M B AR, T2 U 55 B 4% i A 85 o 5 R AR (K R AT T o i
EEEMERWNHE, SHEREEZEN=I.: O THRERERRA, ZdREEEET
4~20mA HUR, DAL RYAF. RRHELISEYIEA BT RN, EE MO I, BT AR A
WIOBE R, DERBARNFHVEEN . @3 TH0E AR EE N, Zd R R T RIK
P2 (RS485/RS232 45) MlfE, #RAEAET ML T Level2 ERIMHRME AL, 2l PRl PR
M. @K IR AR SN, Zd R R BT ORI, St )i A, H
HANRATT ST Leveld JZZUMIREEEAE Goh, 2l FRUmH RO 8457, 78 24 7 [ P 42 1) 451
b, B RS, Level3 HEAE NSRRI, BIASE S5, il
VEHz s 77 2 AT . FEBHEEHIZATI A, ARG s S SRR B AT, SEds
Yty R, BIERSE. BeaSkaiml, RAEETABD CEred R, Sl
FEMA RS o PRIETT DU, B A8 A A AR B 5 RS AT Level2 4% Levell JZ 4% ],
2 R8BI [E 42 ] A T ia i R AR IR SR A SRR B S AT RN M S R o ] 5 BT

Leveld
To IT network
Scheduling Scheduling MES/APC/II II
ENS OPS Front
g
Level3 | | E | | E | I E
—
BB
ENS OPS Convergence switch Access Switch
; ;
Level2
BEA B A
B B S:iit S:ii:
Access Switch
Levell

IIIIII Controller

g Sensor&Actuator
LevelO

B 5 HIETERENZENRKRE

553

191 -



W 2022 T EBEMEFEARASIEE

HORREFTE Level 1.5 RGBS A, DABHRT R IIUAR (5 B, AHadlid i,
FESERR IR, Bbl RS, 7E Level .5 1 5 & UM A BRI MG KR, % T/
TSR UL IE 79, ORI, TR A 4 2 BT 1, KR T R e % | —
AT, SRS BB, AR P AR A, B%H 6.

Leveld
To IT network

Scheduling Scheduling MES/APC/II 1L
ENS OPS Front

Love3 C 1B |—...—|
) |

= B
=:o:: B
ENS OPS Convergence switch Access Switch
CIRCR 1N
H H /

Level2
Access Sw&h FEEE
Levell
Controller
@ ~  Sensor&Actuator
Level0 -élﬂ

Elo HIEE LRGN IEN RRE

4 1R

H T Bl AR A I 42 1) TSR S 22 AT O CUAE 2R AT B 5 Bl AR AL A
BORR TS 5 PAR AR B SR BRI AR TP B 5 R 18 e AR R A BRI 5 R S
WL E BN GRIE RS MBIR, WE 7 R

192 -



2022 T BEEMEZEARAARSIEXE B

FHLEFIFE & TAE  ARPIE
o -
$ii &7 7 i
* BrE m ES # #x 2t i L=k
in in & LSt H o] q it HiEst  fb Ldd 1E
sdfghi ModbusTep  sdfg A 10 IRiEEE 10 MIEERZAS 0 SR padRRRLE
L EIABCD EOER R Rk
55 . . e I IHER
& 7

SR HRAE AR B 37 50l 35 SRR AN T 2 24000 il B E LR S TN, B LB E R A 7
il 5 ERA AR R Bt B KU 520, U] 8 s

iR LA @ HLEEHIN SRl
fLIUESE asdfg
ESEy s g
WER mam
RESHE o
s 70
witst  mweek v 8| 105~ 2
8

SERCA L EAE R » A AR A AT AR W 5 e B a] A0 o MU AR A 5 T3 Vo0 ke
Y R R FR R e AR A AR BEAT AR L HE RS

5 57

BT BAE AR FR PRI RE T B AE AN 78 24 BT ) AURE B2 R AEAT NI A2 A A2 5 4%
ARIISLE T AR AR ONLEAS B2 i) Bl b, SR G BB IIRe % 2 Mae ) SIME, X2 & 2Rl
FL XEERRAE . SR BVENERAT NBHTIRE A RE . HAER TR TR R, R
FH S 1) 77 2R 178 78 1 AU

b Lol S5 %E, 2 R WAERE K RS It XL T A E AR
Gy, M ME R SR R i SR T e 2R HARAN R —MZH,, Ay, medsE, HmE
AR AT DL IR R P B sebr ok, M P AR, ST

193 -



W 2022 T EBEMEFEARASIEE

S 30k

(1] #VE, SEIL, HiF% B E s b E S BRI R[], 7 9% 511, 2020..

2] 58, BRE, Bl TVsh REE B2y R[Cl 5 32 RaEETHEN 7 2%
RIS CEE. 2017..

[3] PR, BT A. Tl W4 15 B 22 4 gl 5 i 95 v 2 i 5t 7 (0], THENLRLE,
2012(S2):3..

[4] TR, THERGBEEAT NI M2 215 Bk, 2018(6):1.

[5] HE, FIOK. BAREIPIHE RSB SLII]. THENL TR S0, 2011, 32(7):5..

[6] Fkig, skieZR, FLR5. —MET AY AR RN LEREITASTINER RS,
CN112383514A[P]. 2021..

[7] 45, KH, KELAE. ETEHENNAREY A4 REERSD]. itEN 242,
2010(10):3..

[8] RAGHT. —FhEHE A5 P L AR BT 7715 B R 480, CN108183890A[P]. 2018..

[9] mBRFF. FT Modbus WM TAVIEH] RGHUE B 24 L P R G kit 5L [D]. 7H%
HL TR R

fEE BN
BF: RAGASER T LERNFET LY, 2E2RF ARS8 2 AMBRIAR
B LS T, (TLERMAS L RS ELNENRaEh (RAT) ) FFERARR, % SM
A7k vg PR E R R .
BHA: LAFLA, FEKT EMBA, RaZAHERAI LR, TEMATE: KFhHE

)

A, W%gh, T ERER AR,
A8t ARG ILERN A HALE, KOIKFRELL. WHRN %, TLERN
SAFHHAR. TLARN LGP EERIKAMESE S BOHR

194+



2022 T BEEMEZEARAARSIEXE B

Bh 70 $R &% 17 SE IR % Fh A G
T b B Bx 3 AR 8 55 AL B2 A

AL

(TARBLF AR A TR 8) R B AR, B K ET 050035)

OB WEATARERE R RO R, B G REREE T 55 YO AR ST . S Ilpak i R R H
Fis I T LI 4 AR S RA T AR FE AL B B AR A &, o T BB SR R 5
PRSI R SRS . R R BERERE R, RRURRIE . BT AN — AR BRI, T SEBLAN
YA A RO BRI RS B T REAE M T B3 H7, X Bh A0 rp R Bk e bR s IR A kA 7 I v R R
R AAEEZ .

KA AT TR TLHER ;BRI W B R

HEIEDHES: TP29 SCRRARIRAD:

Research and application of industrial Internet technology

to help steel industry achieve carbon neutrality

YANG Dongliang
(Dept. of HBIS Digital Technology Co.,Ltd, 050035, China)

ABSTRACT: The current mode of steel industry is high energy consumption and large carbon emission, with the
weak ability of comprehensive energy consumption control and pollution emission monitoring. In order to achieve the
goal of carbon neutrality and emission peak, it is urgently needed to use industrial Internet technology to promote the low-
carbon transformation of steel industry. Establishing a digital platform for low-carbon steel-making to deeply integrate the
key technologies of the industrial Internet with the steel manufacturing scenario. By constructing a management paradigm
integrating process control, energy consumption management, energy scheduling and carbon balance optimization, high-
precision carbon emission measurement, energy consumption monitoring, early warning and analysis in the whole process
of steel production can be realized, which is important to help achieve the goal of carbon neutrality and emission peak as
well as the high-quality development of the steel industry.

KEY WORDS: steel industry; industrial Internet; carbon neutrality and emission peak
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Digital technology enables the biomedical industry to achieve

new development

Abstract: Digital technology enables the biomedical industry in drug research and development, medical imaging,
auxiliary screening and diagnosis, and clinical, New developments are being made in the main directions of treatment
decision-making, digital clinical trials, digital production, brain science and health management Based on the technical
framework system of digital transformation of biomedical industry, this paper combines the digital transformation of
biomedical enterprises in China .It also puts forward some suggestions on the digital transformation of biomedical industry.

Key words: Digital transformation, Medical diagnosis and treatment, Drug Discovery
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