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Introduction

Industrial automation is entering a new era of the Industrial Internet.
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The paradigm of automation systems is shifting from the ISA-95 pyramid
to the end-edge-cloud orchestrated architecture.

*Dai, Nishi, Vyatkin, Huang, Shi and Guan, /EEE Industrial Electronics Magazine, 2019. o)
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 Facilitate agile connectivity, real-time control, and data optimization

* Enable intelligent applications at both the cloud and field levels

* Ensure tight security, and protect privacy

* Optimized use of sensing, communication, computation, and storage resources
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OWENERIRE vs. EHMEBRERE?

Edge estimator (MTC AP) = Remote estimator (MTC gateway) = () Sensor (MTC device)
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Algorithm 1 : Calculation of LCCIS I(£2(s))

Input: Q(s), F
Output: 1(€(s))

1

AU%Q(S) 1 1

2: Calculate A; = {a € Aj_1 : Ri(a) N A;—1 # 0}
3¢
4: else 1 + 7+ 1 and Back to Step 2

if A;, == A;,_; then I(£)(s)) < A; and Break

Algorithm 2 : Calculation of constrained reach-
able set R(«g)

Input: Ro(ag)
Output: R(ap)

L

R(ag) < 0, k + 1

Calculate Ri(a0) = (Uaery_1(ao)R1(a)) \ R(ao)
R(Czo) — R(CL’()) U Ry (OJ(})

if Ry (ap) == 0 then Break

else k + k + 1 and Back to Step 2
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Algorithm 3 : Construction of optimal input se-
quence u”

Illput: G[@], k= (Sj{?‘ Ri(ﬂf[]}a § = ]_’ SR
Output: u*

1:

T

o

10:
11:

12:
13
14:
15:
16:
17:

Compute strongly connected components of G[®] as
G[VI] — (Vh&,m), E— 1,--' . 8
for i + 1 to sdo
Initial (|V;]| + 1) x |V;| arrays H; and I; with oo
H;[0,a;] + 0,05 € Vi is a source vertex in G[V;]
for k + 1 tD|V| do
for 6%, € V; do
HI- [k,a] + minge seyee, Hilk — 1,0]
+w(§}’.¢, o)
Li[k,a] « b*, b* is the minimizer in
Line 7
Solve (18) and get €, af + 5b s
L ¢ argmin;_, €;
Create an array c* of size |V,| + 1 with ¢*[|V,|] «
b v,
for k «+ |V,| to 1 do c*[k — 1] + I, [k,c*[k]]
Initialize an integer array A of size N + 1 with 0
for k « 0to |V,| do b, i + c*[k]
if A[b, 1] = 0 then A[b, ;] + k
else ¢ + A[b, 1|, ¥ «+ k — 1 and Break

: < i ; ]
A simple minimum-mean cycle is C* {5L L] ;
c*[p+1] c*[¢] gc[e]
S N

18:
19:
2():
21

e
23:
24:

25:

26:
AT

28:

if ag € C* then
¢ + 0, & [k] « ¢*[k], and go to Line 28

else ¢ + argmin!_,{Ri(ap) NC* # 0}
Create an array t* of size ¢ + 1 with t*]0] + aq
and t*[¢] + a, 8% € Re(ap)NC*
fork+—c¢—-—1tol do

[k] — a, (‘J_irlo.,‘r = Rk(t‘l[]}, t*[k + 1] LS Rl(éﬁu}

The trajectnr} before enter C* is T* =
{Jt [n‘ t [1] t [c, 1]}
The length cnf C* is E —yPp—p+1
Create an array ¢ of size [ + 1
Rearrange the element of C* as C* =

& (0] &*[1) l —a i
(o 0, - 0y el = el = (]
An optimal input sequence is u* = {u*(k) : k € N}
with
I}i“iﬁ.:]._f"g'k+l]ﬂ k=0,---,¢—1;

u*(k) € § Uz k—(c+50),2* (b—(s+i0)+1» K=<+,
g G~ 1.5 6N

where U, p,, U, 4 are defined in (15) and (16), respec-
tively
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Algorithm 1 : Construction of optimal input sequences -

Input: Constrained STG §,, weighted STG G, ,initial-state—— NS IRIASIEIZE] 5 = N o, J 1
profile 3y = &%/ L1
Output: Optimal input sequences u* = {u*(k) : k € N}
1: Find the simple minimum-mean cycle in G, as ¢*
2: Find the shortest path from v,, to ¢* by proceeding
breadth-first search on G, as P = {v,,., s Va, . Bt
where {vy, : i =0, ,uu}Nec* =0, ¢ ={v, : j =

v

S  PRYEERDEIR

U., ,fzg}
3: Set
u*(k:) = H*—’H.H m.+z(gl) k=0, 341 —1; g %@L)\ﬂ;
M, oy br_eiersn (G2), k= 1€ J :f--(f-) + L2 IRESESH

where t(e) =1y +€(ta+1), e €N, a,, 1 =b,,41 = by,
I, ,(-), I, ;(-) are defined in (15) and (17), respectively

SRS EXSIEREG R, B&EUE o = .



Plant 1 Plant 2
C ol_| dA°'A0 o0 o Q o o(Ro o ) .
L 9 9 L Factory Floor [ | |7ﬂﬂ:§éf§%ﬁ|}$
— —— =
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, /‘ 1 ’ o =
******* e | R 01 02
2 ¢ e = 2
: = FHREGIER
Access Point (Remote Controller)
0 1 2 2 — 1 —-04 1
17 —05 03’ 72
B WCSHBEEK:
T{EX: {0,1,2}
—MControl Agent, Fg/>State Agent =R 1=095 ,=09
Wi 10, 10, ,0 =222 B (RUE_ DA EEE KRR IR TR
)iﬁle‘Jc\él\]% 1 | 1 y 2 { 1111 | 1211 ) — 01112} 1 = 0.28, 2 — 0.10

29



mSHEEREEE { =1 )= , HF

{1 =1 1 1 2 = 2,202} =0.15
Ay = 031 031010 010030 0300.15 o.q?g—;ﬂl/v
4 4 V4 6 _
A; = 013 013027 027013 013025 0251
4 V4 7 6 o
{l =1 1 .1 .2 = 222}=025

B RUEWCSIEREERRIMASEIREE 1, 1, o MIARIES:

Q ={000, 001, 002, 010, 012, 020, 112, 120, 122, 200, 201, 20,2}

30



)

u 7]”*225&4*&»5?%% 2.

314<@ 22.6 214- 22.6

, EINE

MAS*EE!

\ 7 BINEIIR =
32.6
e @)
B SUEHRFS: 0 =1, =0, =1 ailk+ 1) =w(l),i=1,-
Bi(k +1) = {, X7
m g% 0, 0, ,0 - 1, ,1,,1 -
222 - 100 -/ 002 - 002 -
{, =1 41 ,1 , 2 }% 0.15 0.10 0.31 0.31
{, =1, ,1 , 2 k 0.25 0.27 0.13 0.13

X Bj (k)
Xear(k),i=1,-,n

AR
(USSR
ZE(K!

31



Average of the states

200 32 ‘
|z11 (k)| under u* —o—u
180 - |z12 (k)| under u* |+ — — w(ce)
|zo (k)| under u* f U
160 . 30 — — w(cs)
140 .
28 -
120 *
-
w
8
100 - e N R S S S S W S W ,
EP 26 - f
80 - . &
>
<
60 - *
24
40 - 1
20 . 55| ]
_________ —O——o——o—e—6a-—9g o o o o
0 ks
_20 | | 1 1 1 1 | | | 20 1 | 1 | 1
0 5 10 15 20 25 30 35 40 45 50 0 50 100 150 200 250 300

Iteration time k

B (RIEWCSHREESR
m SCIREIRAI AU EY

Iteration time k

B RIMURBETHSANR LIRS
B THSHIEEIIR MR T RAVEIR  fFEIINE

32



) Bt BRI KR Es—EE

OSSP N ERISEEE

R T AR TSRS R EER!

B RERAZHE, MASIIERK
B RERFREERAAEESRIE, BHARRESE
B PREHEESEN, KBRS "TIER"

GEH o o
iy CI ilia Qi Tl

SHEtME
‘ S :
BEITEIRE SO PLC/PACIEHIRE

B=iH B=+i
| ZIEEHF /\ ZEEHEF /\

EaeRALE S (& /Rka8 miTRE o iz bilh
@B R - N
RN, 1EE T _— |
RaZIRFNE

33



)

ORBIFSTR—SIE:

Al

D S |

e EEE

8 i /

TAktRH

=

(B

1508

a

—>

T—
CANopen
WaEs: YIEInRz|

Ethen\et/IP

@ EtherCAT <
ooooooooooooooo

PAKR : IPHBHERE]

WirelessHART
@ ZigBee @g‘-\o

WIRELESS

FoML: |IPibibRA

IHEIRE

7. ISR

HEER, BER%. K

EHiReE

EX KN

I/OBiE. IF<SAMEE,
RFFEXKN. BiEE

ZEWER R R R

RANR S

FhESIE

IR, BER, WE,
SHE RS, MRLE

il

[ I8 3 e

sem| | B
g =

RENEE

]

IHERE
EREE

L
AR

EHIRE

v

O ¥ 3 S & 74

IR T 25 RE

IR FREICBEERESIIE,

15

JHR—ANEEHE(E

IR EREES MRS

o'

RE

@ ®

openSession

=LIEY=T;{m

34



)

OiESEER—IEN, EFER—ER, SHERFA—EE, TSEKEG

SREREHR—EA SIEEHRER shigikRsi—sR

TERERK
4

+Hd
i

IEC 61131-3/C/C++

FRiptEsl

£
AR o
3 ]
5 WEER  IzEm - S f
E3
= WARS e
2 mmem  Teem B SRBIGE— L
@ = = ESIE
% AL -
= £ e |
1 = .,
# i | v fi — ]
. EERESENET B MakefE Sz T () ., (@) ., (@)
s % = 8 o % oo o “Lﬂ
B ARSI L T f=ileg LSRR
TSR T = 0 14758 femse

2Rk E R - T H-EFR S RASEE—IMERE, RSB REFESMEMER

35



o

& TSR RS R iz ik 2.0

o 4

A ——— >
H#—CiIESNE
P
C
' e masters & ®0A0 - \
' A ) N
1 N
1 S N
=11
b SHRELAR AN
Templates Jo Templates S N
E{ I NC 1 (QIJ[ )_ irg £| NC 1 (owl( )_ .
Program AI Ice > Program Bob
11” 3” 41|,| 42{ o HI,I 13“ 41 A 42()___
i' | 1( ) 123= I 2.2: ;b 41 = g% ﬂ' } 2v1( ) 123= } z.2= } 41 f—
AM 2() 31() 4,1M_ 3.1” 32[] 3v1H 4 A

-2
-2
-2

5 WebiRiz

R, BREES
FIEC 6113-3, Python

6MiRIZIES

-2
-2

FREIEZ RBLGREA

5X64, ARM 2fp4h18s3

FgEs—EE

-2

55 ARRSHR

36



) ERRIE: EHARMEENAETRS

. S, BIEEEF
e ERIEF

\
I

/-

i |

- BITRSSH—EE
- IT-OTiZFRES
- ZREEF—ETREMN

T
o E‘ -
- . B -
g .
. I [

IMEEES, 11 THERE, SPMIES

37






S
d.b

‘(2023
Eab)

EilR
({EL=F%R)

PRFIEST

M g—
<@
e
i -
A\

(IS FR)

=i
(EIEMELR)

39



5359 !

s FELE !

iwin.sjtu.edu.cn



