2019 4F 12 H
37 EE M

Journal of Northwestern Polytechnical University

Podb Tk K2 % Dec. 2019

Vol.37 No.6

https://doi.org/10.1051/ jnwpu/20193761238

BETE£EEERKGENEF
RENT RWESH

' ARHR

Z T4 E

b

(1P T R 3 SRk, BRPY P22 7100725 2. 380405 K% THEERE IR 22 R0 #H4k)5, N2L 3G1)

 OE RS T L3E ) R K (software defined control system,SDCS) , & 52 — P 2K T 4-3% 18 #F
0y Ao RAEH B £ B4 AR SR ML § A B 442 )45 (virtual control tasks, VCTs)
N ERE WM T LT E e ke A L RE ML EMA R LA R8T, @it
MAETEAST EE A EDIZSES Ao B0 23 ST R, VAR 3T A2 09 B A2 4] &
R ReAERE AR, BB X R R F B SN R IR F, AT T W R ] AL 6 B g
XAWMEEAZARSHSHRGFra, IRTZFREARNBALLE NS0 HH X545, ™

4R R — AT EPATIR RS, Lk 426

B NI ABRS SRS X AR T H AL

8 R EMA TR, %G /£ MATLAB/Simulink P37 T AN, B RB R T HIF LT AMRA

A A,

x #
FESES V273 MEAFRAERD: A

Sk 2 H a5 5 AR R G AL ARBAS |
GG TR BT A R R g, R A
AN R G I LEAEAL AR P WA B A T Ak 2
i B AL A S e A A 4 AT FH U5 5 0
AT AR il 455 1% o B 805 5 58 BUAH 1 1Y) 5
1 il as RPAT R GIE 5 LB BT A%
g i g 22 B30 5 Tl 3047 S ZR B Tolk LUK i1 7
A A R BRI AR A A T R G
X i 5 b TGS R AR I T
HR A8 RS R bR R 1 46 0 T IR SR k%
T AS, (BRI TLREEENER RS T,
RGNS L% 52 B R A IR K, TE RF %
e EE S AR DA AE XY [ 2, I B 7R i R g fdi
SUN e S B R A NI AW e N B e
TR RGBT Tl R VST U

WS N TOK To 2 I 28 AR 2 i g FHAE 3236 R 40
DU A XA R G A e 0y LR ) dt, =

¥ #5 B 25:2018-12-07

TR AR A2 A2 AR B R 5 A2 H] B B BRI 20 S X &
X EHS:1000-2758(2019)06-1238-10

Hh G2k W 25 4k 35 1 2R 5t (wireless networked control
systems, WNCS) /&3 JLAFE 5T #1405, WNCS Hi 4%
T PR T e S T 05 2 R 0 T2k I 2% A T IE A
BT REWNBFE MW LG TS, RSG5 T
T8 AN, R LSRG, b4
PR R TE 2 TR sl e 7 ol P e s v e 40 0 32 4
TR TE B F AR 25 4 ) 2R el ok Y U 5 )
AT WNCS AT 5¢ 5 24 f T e Jo 2k M 45
(O AE RS | 25 A S AR 1 X - 5 1) R ek RE A S
It HA T T T e 42 1 Z 8 08 0 38 15 s LA
R RGEOR, HI2 WNCS H, o4 M 25 iy
T A IE A5 A B PR 8 5 4T 55, A 7K R
RGEE S5 55 HORBTE A A 1 BT,
BE A 125 1) R G U AN A2 Z P A S T BV R T B
HERAL RS R A R T A o T R ek Re
WA KK E, WNCS R0 i 5 5 i 1 fig
AW RGEMERE R T EE R S5 OF HAE ik

EEWH : HEARPIAREE (91641101) PUIL Tl R 2RI AR [ (57) Vis: SOTRA1HT S50 10 H % )
PEBEI T FLER (1987—) , PUAL Tk RAE bR SR | 32 2 A s o



%6

SEIGERR , 45 < BT Al AR O B0 R SCPE ) 2R 8 KO RSB o i

- 1239 -

55 1 2 TR A0 BT I T S B
TR A e 2 B MR B 2R G O 2 i 1R RE AR,
BV, B SBREARER TIE,

HE T ICL W25 1 3 A s R s O 81T R A
P IR RGNERER R B 07 0], ASCHRH T —Ff
HET IR A i o A & S ATr
SR B U BREUIAE T 55 50, TR M 45
TR R R SRR 55, R BT Bl 2
ANTALS G AR TE L M 2 171 i BT T
F5 RICE M 455 a5 Las AT a0 A AR 55 1043
Bo AT SPITHE S D AU R,
PETH T AT R A AT SR R Y R R T
55 HATH SRR WO T RE , LA X Jo 2k M 26 45 i 1
TE BT T R GERSE . im0 T ARSI
P B Xt R GEPERE M R W AT 1 B A, I
BT B RGBT A ST T RIE

1 HREEXEH RGN

B AR ) 2R 55 (SDCS ) J2: Bifl 4 0 2538 1 %
AR TN AR SE SEHAR T 1 % Ji 1
$RH R, B 1 0 SDCS #il R G M AR, B 4k
HEPA D JCER M 45, 15 T 5 PUAT fe R L & o 2ad
hee, HAL TR M A b T flodd B A5 4 R
R B A BEAS A PR BTG /)N | b P R
ST, I EANTME AR R , (A A SO A A il
TR MPEREFI 2 DL B T PR IIE ; B Jo 2l {5 3%
ARV R, JFCA A AR MR 4 T, £ S
M, SEARAS T R BT R G s i f i B i Ay
i S A ) T RIIE

[0 fRetion

[
B 8 XER R G4

PEi R G E AR 6 IS B AR 45
il B AT R GG 55, AR TR R 25 Th BT A )
BT 5 L B A AU AT 55 5 SCHET B X TR
28 o i R b PRAT RO RIAE 55 e I o A
JE  HEIP AT M A A Eh . AT B
B ML T RASHEF G20
1.1 EHESEIML

FE T B 2R T 55 20 A 7E TCL 2 115
SO T B RGAETUE 55 I 2 TS5 %0
FEFR N IE 55 AU, 3 e M B TR 55 B
PR 455 (virtual control task , VCT) ,

Pl 22 938 H R AR OGB4 T B gt A7t LA
i 2 G # F Y MATLAB/ Simulink {4 T
B ), —Ffr &y B 7 AT 55 KE AL O R G R 5
P R B RN 2 AT R GE(MATLAB/ Simulink H1
subsystem B | BT RGE W VE A —4 VCT, %K
R T BB 42 1) 28 G0 il AR A 8 R IR 2 ) AN [
B R AR OV T B B AT R AR S R
BAVE - B TR R G, 7T AT RS 21 5 A
KRG,

12 ZEFAEER

S5 SN BEAS TR R 2% rp Y AUFT VET
DA I RE . SCEET- R T RE th S R A
#% ( support platform manager, SPM) 5¢ i, Kl 2 &
SPM 2544, B0 a5 L B A Hb#RAE R B (local oper-
ating system, LOS) 547 5 F 4¢ 42 il D HE JC 3¢ Y 7 b
1155 (local tasks, LT) A WS 2 A<15 5514 VCT,

I

LOS/node 1| LOS/node2 |-+ LOS/node i
{ ] ! ] ] ] ] ] ]
!CTI VCT,- VCTm‘ \_/CT] VCTg [ VCTy [VCT||[VCT,~| VCTy,
I XHF AT |

B2 SO GE B

SPM Wi JC 4k 26 15 R VCT (1) CPU N 755
GEUR A FARAS  ARE FE IRl IR S 4 VT 519
S BB E R SPM B 173 FRAESS 2 A5 R4
PR, SPM ANERREHE— 55 1Y i, HoAE R L
T TC LR 2 Hh %) T AT

2 RFZBITHENSE

R T X TGRSR VCT #EATHAR R, 51 A



- 1240 - ode Tk ok

W37 4%

2 DR S5 48 , SPM 38 3 (SPM description table,
SPMDT) #1715 &5 4% 1 2 (nodes control table, NCT)
SPMDT X ok 4 i35 s AH OGRS LA S VCT AR
BHEFT AR, A4 B A5 50 B8R RS B DL 2
VT VEJ#EFELE T 5 LOS b3z 17 I 0 95 5 ok 47
BLNCT A5 VCT 5 METT f BB OC R LA S To 4k
W 24545 s Z T BRI R R R

oLk W28 BN T S5 #A SPMDT F1 NCT (4
Mg 0y, 38 3k JE A ) B A BT A Y A5 SPMDT Al
NCT fRFF—3, VCT 1 37 SR8 15 a5 R 2 42
WCEHE b B — B R F Z AT A0 VCT 1
BB LA T — VCOT JTAES A, A3 315 2 A 7 1)
T VCT FIrE 5 s AR
21 ZHETFEEERZRFRSITAR

¥ VCT #4745, i /E VCT,,VCT,, -,
VCT,, FIAZES Syer = {Syer, »Sver, > Syen, |, HoP
JCHESE VCT WS Wik ver,, VerT,,,, -+, VCT, Z
[ HA MR WX LA VOT SR Syep HH—A
JLE, A TERZRM VCT 1, 84 VCT X Sy e
P —AICER, ST IR Sy, IIRATE R KI5 %
SVCT/_+I J<j<k-1;%£4S,,. = {node, ,node, -+,
node,, | fRFRITCL M 2% BT A P BT MR,
A VCT TR B + 1 A5, Hob 1 AN e R
VCT B FET5 880, B A1 miER VOT BYA LY A,

FIAWM YR 5 TR RGBT

1) VCT, 95 g E s o, Hh i e {1,2,
,m} ,j e { 1,2,---,n}

1, node; & VCT, iy ET5 8%

b {0, oA

2) VCT, ik s sr s st of  Hdhi e (1,2,
,m} ,]' e { 1,2,--',n}

, 1, node, J& VCT, )£ 5 1
v {0, HoAh

3) Syer, PATAERE 7 Mo j e 11,2, k)

. :1, TR W% S\, C2PUT

" o, mAEIEE Az Sver, MAAT

PN ey RN L LI ) U N TRy EAI (& G o

1) A4~ VCT B3] 1 A~ F35 05 B A4k 1y
M oVie {1,2,--,m! Je 11,2, ,n}

(1)

o+ yf,]. =1
2) BrA A RBCRRTR A TR VT B
T S A RO R T RE T A VCT 1%k

%7 vi € %172"..’m} 7.].e {172’...”1}

m  n

X 2 =n

i=1 =1

m n

DI
Uiyj/n

3) REGEITFHE AR S\ HI%E B, H 2 o
INTJ 8 Sy 2 HEFATT B o KT 10 S0y 2

HEARIAT, HH Syep IEAEAT, Y, j e {1,k
Z}si =j
2 su=0

22 VT 5% AHEMEER

7 SRR (B £ T ) 5 VCT B TR s
REANTH 2R (Huan fuasad w45 ) i 8 VT 5
TS G R BEAT VOT IT R, TR S Ve 45
VCT Y 32745 RIS 3617 5 2 Al

1) VCT, 3455 .24 VCT, 15 2R B R
Tok: TAER, LI T IEEE 802.11 MMUK*45 Jorh
TR L g ] 4z B TP bk TH AL TP M-
B/ NIRRT S A SO AT AL, VT, 5 S
BB 2R ), SPM 247 AT 3 B 1 o0 A, BEFR Tl
& VCT, SAT 2 1T S TR AT R (TR
TAERAEN 23 9) e M, K e 1,2,
n AR TP Mk TR BN , BEH M, TP Mk /N Y
TRIEY VT, E95 8, 25 WY 5 (5 VCT B B
KR ) 5k,

2) VCT, B 3EY 5. 24 VCT, By& T JUR
W el MR BE AN 6 I R B, SPM HE 4T ] 3 B 1 4y
e, S AT AT VCT, 95 528, T B AR ) Y 75 =X
MAZHE S PRI A 7824 VCT, AT 2,

AT ST R 04 A o a5 A7 A S st s
155 15 PAT , b G AR BT A5 % s 1) R e P B 1Y
REFE, A5 5 B 58 3 il 2 o A 2R,
AT 55128 REXT VT MR, A HGEh R 4 ol
PATEE TS5 %

(2)

(3)



%6

SEIGERR , 45 < BT Al AR O B0 R SCPE ) 2R 8 KO RSB o i

- 1241 -

23 AIEBTAEME
N TR VCT, AT IER Y ri e, T 2R T =
PR SHEAT AT, o O A IR T SR AR g
1) 75 4 node, TR IR cpu, Hrfi e {1,
2,-m},je {1,2,-- n}
1, VCT, £ node, i217HJ ) CPU fdi 1%
cpu] = { TR0 B
0, HAth
2) 58 node, fEAEBTIRAS R m) , Hohi € (1,2,
ceom)yje [1,2,,n)
1, VCT, 7£ node, i1 7H ) A7 5 F %
TR A
0, HAh
AEER T AR R A T AR A
1) THRREIRER  FZ 1y A b CPU i
5 VCT, fE1 sE R B A7 Y CPU R Z K T
o5 B AT R HIES M
node, e M;™, Yepu, = (4)
2) AR EOR AT AN A R
VCT, 7E75 SUE 384T P A 3 2 R T
— R BE R R S M
node, € M", Vml = (5)
VCT, (AT R 4 M, o ik 2 DYk
MO SIS B M, =M™ N M5 T ERS T R
(R, AR BR T 25 PR s, H T & VCT 19
ET R AT XS AR LT AR
REIZAT 1 A~ VCT, 5 T0Zk W26 rpo1s o5 bl T 5 S Bl R
S8 I PRI VAT R 2 DR YT SR, Bl R 2R
ZAE(4) FI(5) ,—A VOT Al iZ 3 %5 —4 VCT 1Y
AT A, DRI R LR BT,
SDCS 7EiB 4T3 #2 h, VOT 54 g 45 1 2% 1 6
2 I 2 PTG R AN 2 T SR TR E 1
AR 2R G0 S AR S Sh A 2, Rt T e ot
7 a5 R T RO S AR ] S O AN R LR
KAz VCT IEFE I 78 Ryl B 15 s B, G SR 29 42 [ At ]
1B %7 AT A SR s N A, S R R G
AR R A E T S ECE W, RE TSR BT,
RITFRNAT RGBT /2502
TR X VCT iR r %, R CL M 4
AT S 2 PR ] 2R AT 3R GRS Wi B 43 A, LA
REARXHE S RS, VOT I8 5 af gt ke
B 1 SRR 70 i 3 g e A T e DO 8% e 0 A

J—
m, =

AN RS, D Pl 2R G0 I W s A7 IF R LA i 1
RESRAL T — AT AR T 5

3 VCT RS

3.1 MRS

AT BE T LA RGEAAT B, 1 5 R AR B Bl
MR m Sk VCT 8, B # v, i VCT
FITAETT s Bt R 0, W S RUNTE RGEIE R 1B 1T R
H AT A A — AN 5 Dk kb e 3h U
Bk iEAE S VCT 188 & A N Z0 AR S5, J5 AR I,
J5 0 58 B R i R SRR L st ], IR 2 ok

d(t)=—-Re(t—t,) +Re(t —t,) (6)
di(t) dy(t)

K, e(t) ABEREEL, e, A VCT IERB IR %1 1,
9 VCT iR 5e i 20, WA ¢, > ¢y

&l 3 LT SDCS WY S s #5s il 3 5o 4% id6 pR AR AE
FE FC VCT,,, - VOT, B 56 3R, 45400 28 1y
FRAT e & Z B A M SC R VCT, ML EDE
Elrh B — PR . 4 VOT, 115 ik R 5k
Vi(s)o BT VCT BIEBAEAEL T sk i A Jr ik
ok wp 2, VCT iEF8 1452 i w] LUA AR J7 35 bk 4 2
POERSLITIMbE- A I

NCT.,
1 VCTI " : VCTm y

VCT,

LF |

B3 T SDCS B it il R Ge A% i3 bR AAE K]

HESL VOT iE R R 9 55 R sl ik R 5, 70 A

2 FFLHE
L1 HAPERR B VCT E AT, Rk

VCT, KT, Hd i+ 1 <h<j, WZE304tshin & 4
FIis S R G AL 1B pR B

Y(s)
Dypp(s) = D(s) =
Vi = sV, o P
L=V e Voo (Vi e 4 V) oo eV, - F - P
(7)
A
VCT, VCT, —{VCT |
tVéT.

K4 HAMMEXRR VCT LR FRER 3 15



<1242 - odb Tk ko o R 537 4
45 Laplace ZMHEH, RETE d,(1) FHIRRS Ml RGPS R 22, 1B B8 S VE X 2R &t i g g

By th
1imy1(t) Zlijgs *Dypp - Dy =-R
ARG dy(¢) FIEaESH A
*D,=R-Dy, (9)
M RGPS d T FREH 1
limy () = limy, (¢) + limy,(¢) =

* Dy (8)

limy,(¢) = lir{)ls * Doy

(=R+R) D, =0 (10)

A TG L S d TR 0,
PRS- ERE X 3R G 1Y 52 e 3 B H T 5 I 3 Y i
Wt B kAR Z VT BIEF i, 28k
A2 VCT it B, 251 28 e i it 25 1E RS
G 5 (7)) ATAR I SC R 1Y VCT KA AT,
AL PER AT BAE — AR AR, 7 P 55 i s b
ANGER WS, i ER ke T RATEHE
# VCT,

o2 HARMXRERN VCT RAETK, ik
VCT, BT, Hid kb < i W24k shin & 5 fr
TN, BT R GRS R ik pR Ik

Dyap(s) = ;Ez)) =
Vip oo Voo (Vi #oe V) wve e Vo P
1-V - Vie (Vi o+ V) -V, - F-P
(11)
.,
B Iy B A B
K5 BARMCRR VT LR 3 1E

HYE Laplace ZMHE B, RGTE d,(1) THRE
LR}

1imy1(t) = ILYEIS * Dy Dy == R - Dy, (12)
RGUE d, (1) T HIFEAS
1imyz<t) = llj}s *Dywp * Dy =R - Dy, (13)
W R GEAEYE B d F AR A
limy () = limy,(¢) + limy,(2) =
(=R+R) Dy, =0 (14)
AT TR0 2, 7EH 8 & TR s LY 0,

55X R 55 O 1 AR [R5 FHAR R 23 B
2k > i B, AT A 4518

W R 5T, e S d %Wﬁﬁﬁ T, R7gfadm
o0, X Tk R G, RGETFEATEIL D) d B, A5

Eﬁﬂﬂi%ﬂxﬁ&?ﬁizkﬁzaﬁu VCT i % A,
2500 EEEX VOT FE 97 SR AT IE N, VCT
a@%ﬁ%aﬂzm, FH T A8 Y A B AN K 6 L i
THERY VT i 8 , WEHGT #% o B X4 R ge ke
BIREILT A M,
32 ZhMRED R
H1 (6) AT45, VCT R B AR R4 3l d (1) J2&
IR 55, Rhei A 755, B0 1 d(e) ||, A
B, B TR AR IE WX S, AR5 0 325
%TXTPE%ENJXT% XFFRCE XS 42, AT n A &S 3R
ARG rERE , B RS EN, AT LLR

é?:ﬁb

Kl 3 frs RGNS E S d (1) S
T RYZERZS I B v, (¢) A
Iy I, <SR- /At~ [ G(jo) |, (15)
A, ROWIER A EMTZ] VOT L {E, A D9 VCT
IR RFEEIS ], G, AR s 1 pR 8, B (7) XY
D (s ) #i(11) —EE/JDNAD( )o HI ya(0) |l . e
VCT i S 45 2 G i i > i B R0 8l
EH]

ya(1) = G, (1) *d(t) (16)
ny
v 1= [ 6 -md(ndr| (1)
4 Cauchy-Schwarz ANZEF
Iyll(t)|$J [Tet-ndr| [ @) =
J fmez(l -71)dr J dez(’r)dr =
l6w) 11~ [[ Redr (18)
R Parseval 2B ' W15
Ly() 1< [6,(jw) |, R ./(t, = ¢))
(19)
R
Iy () | . <SR- VA - | G(jw) ||, (20)
LRI,

T WA RS, H%fﬂ?’*\iﬁ (e &E¥0
WAMLB R E N G, (s) = %Zﬂjﬁu/\ﬁiﬁﬁ/ﬂﬂ(

ES, RESHMAN 0,%%%!@%?&7@ 0, B
A B 6,Gw) o, | 6Go) |5 % T Gd(s) -



%6

BN, 55 . FE T Sl B 0B S FR 0 BT SRR AT - 1243 -
Gd(-s) T & V1 222 % M 0 8 3R, Gd(s) - o
Gd(-s) HEE VM P IS s == il g | e po B
D i

1 1 1
1 = 1 + — | - . =
6l s /}13(3 5) -5s+1 S5s+1
5

/10

10
21 RNRFASEWEIT, R G5 07 255, 1
1, 5, ARFEAR S LA, 107 ORI

(21)

®1 HBIER
R A Yano R+ VAt | G,(jo) |,
0.5 0.04 0.004 0.031 6
5 0.04 0.039 8 0316
0.5 0.4 0.038 4 0.1
0.5 10 0.4323 0.5

AR ISR AR A R — B, B
KT VCT LA R T 2 58 8l A1k B2 Wi 19 73 B 2 1E
A

4 RESH

AATER X B 5T BT SRR R ST 55 AT
X R G MR R 52 R AT 0 ELAFSE . £ HX Siemens
SMPT-1000 finFAK (A H0 Ak 130 88 42 il [ R HE A 7 1)
BT ARIESCHR 177, e SRl oy
4502.13
GP(S) = 2 e
1 632.7s* + 80.491 65 + 1
AP E A ¥ R G0 T A P A RIS PID 45
Hil AT, W E 6 B A PID #5§i #% 19 Simulink
BRI PID F g e A IR A, 51— I8 8
i, (il PID 42 il 5 7™ A 1 D) g XL TE J) , A S g 4 ol
a1 pRAEICH

(22)

T, T,
Cs)=K, +— + Ty (23)
S S

+ T,

3T MATLAB/Simulink PID Tuner T. 234745
il 4R SHCEE  RHZE N Pade IR 4E B PR 5 54T
AL, AR B 2 3 8 S8 0 R

K, =4.62x107*,T =7.293 x 10°°,

T, =6.973 x 107°,T, = 3.016,

H

K6 I PID 5 H1#% Simulink #5575

RS ERMEHAR I E 7 Fr,4 A4 VCT 1Y
e 386 PRSI 53 0
VCT, :Ge('s) =G,(s) + Gi'eedl)ack(s)

VCT2:GP|om(3) = GC(S) (Kp + le
V()

VCT3:CDom(3) = Ge<3)TdS s+ T,

VCT4 : Gcoul( $ ) = GPI()ut< $ ) + GD()UI( S>

-
N
e R R L L Py PP
_RB U —
+
sum 1 sum 2
system 1 system 2
a) VCT, b) VCT,
-—
PI# eyt
e D 1 L)
Dt |,
system 3 system 4
c) VCT, d) VCT,

Bl 7 K 6 i PID il g i) g 4k

PEERRA VOT WS 3] 2 A5 5, — e E 15
ST AME R L RGBSR TR AN 2
WE 10 18, Horp 2 A SR s R L B8
TR R TSk W 45 W1 AR F NS5 A S VOT 5715 1 B
SRR 8 I 9 BFERER VCT gy, AR

/

\
G .

(4 1 pa () vermatig
e (1) VOt deint
K8 WILAMEIFN K VCT 537 Mg 6 &

.ﬁl‘ﬂﬂﬁ)ﬁ



. 1244 - wode Tk K

¥

W37 4%

133

\_/

LA | s () ver st
o (7) VTR

@i (X ma

519 VCT, i )5 Mg 44l VCT 5795 Sl ¢ &

BT AT FER RO R R AR (A RS M 4 2l
Mk ) o B9 Jias g VT, 19 3749 o5 H i b i
KNG IR IS M I ENASH S VT 5755 i Al
SRR AL TR AT A , HEUE VOT 5795 51 1 B
KR,

BEXTE 8 BT/ VOT 55 JCLR W 2% 7 45 1 4 o gk
BRI N — AP BRAS 5 A5, BE 500
BIN—AHHIBrER G A BT (22) SUAY B R 4
R (23) i M FEH &%, ti T SDCS #9204
R A AR EAFAERZ DR R L I

A3 VBT X B AU YT s ) R e AR SO
(1) SDCS HEATXF LA E A4 . FR e H e [ 4 & 10
JIi 2 P il QR EAS T R A s ol & B,
HIRER 43, SDCS 44 il 28 55 11488 ] 2 AR 6K, 1H
5 HABDEI SRS RGN ZEERN, N
Pl 2 G i A R, 2 Rl O 3SR PR TR Y
P AR A5 S S B, MO T HLAA RO FE I S
il &40, SDCS 4l RGE T VCT [H] 2R I JC 26 W 4%
WG A —A /N SE 1], 1] 254k SDCS 5 il
BN RG D AT R @ N = M I o0 R R i

WE A SE 8t FARRN , A o6y
ST R G EA S 8 7E 2 000 s B %],
B OFEHTY s B 45T R GE AR O I SR AR
R i sl A 4a i1 a5, RGN an il 11 PR &
X =2 000 s W Z1 &MY BRI A, RGBT
T SR YD B VR R G e N AR R

WEHASE 8 i EAHIF, 7 2 000 s B Z,
SDCS &l ZGEM VCT, Frfe 05 5 & ks, 5 8h
VCT WiE#% , 2GR inE 12 fizs, VCT, Wi sl
VEG | B 22 G i e 2 19 38 30 B /N T B 04
9 A A ) R e A Oy s T s YD s VS R 1Y
F G e N B

- BHHA - REEY — RELH
sool - BDFER ARG ool — ML go0l— VCT,iEH
f_ — SDCS RZ#fH
55 !
o 400 5400 . 400
~ 550700 g E
200 %200 8 500
Yo—
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000
Bt /s 1] /s W /s
& 10 SDCS 5HFA .ol Bl 11 RG7E2 000 s BFZ A B 12 SDCS #= il REEHE 2 000 s B %1%
IS R Gk T L I U4 £ O3 R 114 28 295 0 1o H VCT, iE B SIVERT £ G0 g

ek A 5K 8 H i BRI, 7E 2 000 s B %1,
SDCS &l ZEEM VCT, Frfe 95 5 & ARk, 5 8h
VCT (iR, RGN A& 13 fizs, VCT, (iR h
YEB L 11 22 Gt e 17 14 sh /N B A O 45 i
ST R G i S I S E S R R 5%
gy W R AR 9% B, R F VET, BIE R B RS R 1 &R

235 i 4 e 7 IR B

Kl 14 FE 15 3518 7E ¢ =2 000 s B %], VCT,
M VCT, ZAETHEMES R BA TR ahfE kA&
B VCT % thoxd teiEl, WTRAE Y, VT, BT
SRR B RO e Sl 9 R 22 /T VCT, kA
IERE BRI 5807 R S R, FR 26 3 5404,



%56 14 TN, 45 T Sl B P SUHR ) ZR 8 BT A R A - 1245 -
TR A A2 VT g B, 48] 22 e i O 25 1E FESSR S5 IS —E,
HORAS T | W JE 5 [ 2R e i o R R 8 sl
600} — RAKIER — RAEH 15t — RKIER
— VCT, aT#% 025 02f My — VCTZ;‘&@ 8 l — VCT;&@
400 151 L
E & |Oz 0002 01%: | |
8 |
. T
0 . . , , -0.15 . . , -15 . . . \
1000 2000 3000 4000 0 1 000 3000 4000 0 1000 2000 3000 4000
WA /s WA /s W /s
& 13 SDCS il REEAE 2 000 s B Z) Kl 14 VCT, kAT BEhER B 15 VCT, KA T ahiemnt

KA VCT, iR shfERT R G i

e IR TR LT RS HERETR AR AN 3k 2
B, e i i A B 2% 1R 25 Y0, 3 2 AT A,
FERZ 45 Y0 A F T 0 IR T U 4 A 4 4 Y A
SDCS il &2 G H VCT, Ml VCT, KA TEHIX 3 Flik
S, 5 RGIE R B AT A E, TR ] ) A (]
FRITE S [) P 72 A B A /)N, 3 96 T o 17 7 90 £t 28 £k
BK, AL, VCT WS B F 32 22 52 e 4 1) 3R G2
HE D) 0 P R R

F2 R RGIAEAEIEIRT L

res BSS 2k LT IS U R E D ST T LR T <<

/s /s /s /%
REIEH 56.5 182 124 4.99
Oy
48.7 231.4 125.1 17.42
JeRoIEs &2y
VCT, /% 56.7 205 124 8.67
VCT, iT% 51.7 222.6 124 14.35

1 b3 (5 ELAG A AT A5, AR SCHR HE 1 SDCS F4:
ARG AR 5 BA RO S R 5L
— B AT 2 VCT 5735 fU OC R B2 T
Az VOT SERB I, X453 28 Gt it o 252 Wi 45070, AN
Al VCT (3T # S X 28 G 4 w10z fr) 52 ) 3= 22

SEH

VCT, A%

VCT, %

Wk TR s K AR 2, BIral & VCT A9 e,
TR BEE W T — RGO VOT BRI T, N Y
FRETT S A T ICEE 5 24, A2 R G A B i
AT AN BT, P st (RN T2
PeFIZ VOT IEH AT I dan i

5 & it

ARG T —Fh T IO M 2% 1) o3 A X &R
48, REAUEPIT R (B FE) REEGFUEF 1Y
R 3 1 A B TO 4 W 48 4 52 ok o A s il
R R G TS5, W B T 55 Rl R 4
PEHIAE 55 5775 S ) ) BRI G 3R 2l A R B R o2k
P 265 T )R TR T o R SR RE, AT T AR S
R X il R G AR S SRR 2

FEXTASCR T %, FIH MATLAB/Simulink
A T BT 05 A5 D LA SRR IR R R IE
WIBTTH, RGEEAT RAFH SRR A RE  AHXTF
AR OEETT s T R G, G4 6 4% & A il
BF, SDCS B 5 A 0 45 1l it BT, F AT A A S0
T 7 S0 BRI AT 55 70 A A2 T 28 h 3 A1)
(R, =4 50 e 45 42 i) R et R 9 XU 2 43~ A 7 TG
LML I R G H A BRI RRE T

[1] AL-DABBAGH A W, CHEN T. Design Considerations for Wireless Networked Control Systems[ J]. IEEE Trans on Industrial

Electronics, 2016, 63(9) : 5547-5557

[2] PARK P, ERGEN S C, FISCHIONE C, et al. Wireless Network Design for Control Systems; a Survey[J]. IEEE Communica-



- 1246 - odb Tk ko o R 537 4

tion Surveys and Tutorials, 2018, 20(2) ; 978-1013

[3] HATTORI S, KOBAYASHI K, OKADA H. ON-OFF Error Control Coding Scheme for Minimizing Tracking Error in Wireless
Feedback Control Systems[ J]. IEEE Trans on Industrial Informatics, 2015, 11(6); 1411-1421

(4] AR, B4 T B ThRuEm 2 Mg BB A E Lk R G UL M Al [0 ] 5 5PK, 2015, 30(4) : 691-697
REN Wen, XU Bugong. Distributed Wireless Networked Control for Nonlinear System Based on Standard Neural Network Model
[J]. Control and Decision, 2015, 30(4) : 691-697 (in Chinese)

[51 FRIE. o3 A A 280 PR ST R 7EL TR E[ D). KA AR, 2016
SUN Chengxu. Research on the Online Application State Partition Migration for Distributed Controller[ D ]. Changchun, Jilin U-
niversity, 2016 (in Chinese)

[6] HAUPT A, TOGNETTI E, BAUCHSPIESS A, et al. Control Design in a Distributed WNCS using Energy Optimal Scheduled
Medium Access[ C] //53rd IEEE Conference on Decision and Control, Los Angeles, 2014

[7] PAJIC M, MANGHARAM R. Embedded Virtual Machines for Robust Wireless Control and Actuation[ C] // 16th IEEE Real-
Time and Embedded Technology and Application Symposium, Stockholm, 2010

[8] HAWF, TRR, WKl —FhIod e Mz 2 A p AR BESE [V ], 7 515 B2, 2007, 29(5) ¢ 1220-1223
DONG Lei, YU Hongyi, ZHANG Xia. A Fully Connected Clustering Based Sleeping Algorithm for Sensor Networks[ J]. Journal
of Electronics & Information Technology, 2007, 29(5) : 1220-1223 (iin Chinese)

[9] DHILLON H S, HUANG H, VISWANATHAN H. Wide-Area Wireless Communication Challenges for the Internet of Things[ J].
IEEE Communications Magazine, 2017, 55(2) : 168-174

[10] MOCCI J, QUINTAVALLA M, TRESTINO C, et al. A Multi-Platform CPU-Based Architecture for Cost-Effective Adaptive Op-
tics Systems[ J ]. IEEE Trans on Industrial Informatics, 2018, 14(10) ; 4431-4439

[11] AYAZ M, DIN M A, BAIG I, et al. Wireless Sensor’s Civil Applications, Prototypes and Future Integration Possibilities; a Re-
view[ J]. IEEE Sensors Journal, 2017, 18(1): 4-30

[12] WANG Y W, WU J C, CHANG G H, et al. Embedded Development of Water Jet Propulsion System Based on Matlab and MDK
[ C] // 10th International Symposium on Computational Intelligence and Design, Hangzhou, 2017

[13] HYL R, WAGNEROVA R. Fast Development of Controller with Simulink Coder[ C] //18th International Carpathian Control Con-
ference, Sinaia, 2017

[14] KUMAR A R. Smart Network Access for 802.11 Based Internet of Things[ C] // International Conference on Control Instrumenta-
tion Communication and Computational Technologies, Kumaracoil, 2015

[15] FAJINGBESI F E, MIDI N S, KHAN S. Analytical Investigation of Step-Square Wave in Time and Frequency Domain Using
Transform Equations[ C] // International Technical Postgraduate Conference, Kuala Lumpur, 2017

[ 16] CASAGRANDE D, KRAJEWSKI W, VIARO U. 1.2 - Optimal Fopdt Models of High-Order Transfer Functions[ J]. Asian Journal
of Control, 2017, 19(2) :428-437

[17] ELEB, FV. Wl 53 QAU ik S )], AT A sk A3, 2010, 37(9) : 21-24
WANG Weihe, WANG Ping. Identification Method and Application of Second-Order Plus Time Delay Model[ J]. Control and In-
struments in Chemical Industry, 2010, 37(9): 21-24 (in Chinese)



%5 6 1 SEIGERR , 45 < BT Al AR O B0 R SCPE ) 2R 8 KO RSB o i - 1247 -

Fully Connected Clustering Based Software Defined Control
System and Node Failure Analysis

. . 1,2 . 1 . 1 1 1
JI Xiaoxiang *“, LI Jianghong , REN Jiao', WU Yafeng , WANG Ke
1.School of Power and Energy, Northwestern Polytechnical University, Xi’an 710072, China;

2.Faculty of Engineering, University of Waterloo, Waterloo, Ontario N2L 3G1, Canada

Abstract; This paper proposes a Software Defined Control System ( SDCS) , which is a fully distributed controller
scheme based on a fully connected cluster. The characteristic of SDCS is that the control task is virtualized into mul-
tiple Virtual Control Tasks ( VCTs) and distributed on nodes with capabilities of computing and memory in the wire-
less network, there is no core node in the control system. The topologies of the wireless networks are inherently un-
stable, through constructing a Set of Migratable Nodes (SMN) , a dynamic mapping relationship between VCTs and
nodes to cope with the impact of potential network node failures on the function and performance of the control sys-
tem is established. By equating the mapping relationship adjustment process to an external square wave pulse dis-
turbance, the stability of the system under changing the mapping relationship is analyzed. In the scheme, the wire-
less network itself acts as a dynamic distributed controller, instead of using a particular core node to execute the
control task, the distributed design of the controller and the dynamic mapping relationship above enhance the flexi-
bility and the reliability of the control system. The digital simulation analysis is carried out in the MATLAB/Simu-

link environment, the results demonstrate the availability and effectiveness of the proposed scheme.

Keywords: software defined control system; fully connected cluster; distributed controller; virtual control tasks;

dynamic mapping relationship
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