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Abstract - Recently, NCS(Networked Control System)
is widely used in distributed control system design.
The insertion of the network in the feedback control
loop makes the analysis and design of NCS
complex. Especially, the network-induced delay can
vary the system stability and even destabilizes the
entire control system. This paper deals with the
stability analysis method of NCS. Also, we analyze
the influence of sampling period and network-
induced delay on power plant stability.
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A7 Az E B4R 43 HAHE AojAjxdE A
o EFstn FusA AHAI e ArIZE 5929, ofd
utel Aojd EAEE dFRAI e 23E /MK
HtE A2"E Alosly] AsiMe olE AT U=
U AHNES A4S dF, Aol F AUSE B4 Ao
Al ~#l(Distributed Control System) F&o] "aoln,
zZtzte] AAEE Ao - 2N AF¢ 4F FE(Y - 24,
AHAR 5)E AAgeR AT F Ue FAFwo]
o739, #Ha, odd FAWYPeR CAN(Controller
Area Network), Ethernet, ControlNet ¥ ™3 Y E
H3AE o]&dl= NCS(Networked Control System)ol
gt d7oh gids Agda A1) ~(3).

NCSE 4% AFAF sty TIA 28 (Node) o2
2Fsa, o)& MEAZ WA GAAA AoiAe HE=
A2 EYA FRAAE Bl THEEE she oA,
71E AojFA Ado] AHEEY Point-to-Point 4
e wisl AojAlxavle] widE A FaAld, EHE
g3A 71& N2de] 8L S F4ANE BT ol
Alzdl {2 - BE 58 Selatd vee 59 FEE iz
azy, FHAAE B3 dolEE MEse MEAIE
HEFL Aol =ystar, WEHI AAA I (Network-
Induced Dclay)olvt dlole]d4 @&/ (Data Transmission
Error)598 WESA B24A4E AdAz=" HARAA
F¥ o2 woddlof dode @S X A (1),(2).

2 =FM e NCS AAA 713 $44dca ajsjord
YEHZ QAL @E HFZ AoAlagde AFEE
HHEg § e HHE AuEn, o|F FrdHs] drjRe
24 gdd Bastdt. 1 23, 4FY F719 A A ATt

W dEAEY ¢FAdG L =Adeoz Jehldon,
HEHSA AdARte] AA Alxd b ze] nixe Q%S
48 28dMe NCSY HEAQ] Fzet ofd W@
NFERE WEY + e 2UE A9En, 3FHCAAME 3H
WA dele wAAE 2dE REsH, & 439
Alggol e Hggony MENZ AFAZL ©BE
SAAZ] T g EAaA

2. NCS(Networked Control System)
2.1 NCS =¥
g 2L APAEA Alade A},

x(t)= Ax(t) + Bu(t)

v{t)= Cx(1) (1)
q714, x(e ®"' e R y)e R

m~l

ol W, A AadE AFFATE Aol7le e,
u(kh) =~ Kx(kh), k=0,1,2,- (2)

A(1). (2)9] A2ga} Ho)7jg o] &3l NCSE 74 E
A% BFHE, VESA, 44, 2232 53X (Actuator) &
Egste A4 A2"e (2 1D 2o Yehd £ Utk

e Actuator 1 Sensor #1 |, .. .
H {ZOH : DJA) \ /v (Holder : A/D) H
" _ 3 eant [T Meamerwz 1.
(zoW:o/A) | {Continuous) H (Holder : A/D) H
..... Actuator #r / Sensar #m | ...,
(ZOH : D/A) (Holder : A/D)
Network Medium ?

H Controller H .- o
....... . «+— Continuous Signal
i {Discrete) € Discrete Syrai

Y 1. ¥vbERl NCS 2Y
Fig 1. A typical NCS modei

At & NCS R & MEY FFQ o FoxE
AA AAY HZzELS FHEZY->AM(A/D)—
HEJZ(ADAIZE)—o)dA 7 - EAI(ADAIR) >
FERA(D/A)-ERELEA e M2 ded &
AT 7M., kA AEY Tl AMFE o)itAle}7],
oA} A1 RE FEFZA Alelo] MEHA ADA Lol
e e o2 EEsn, TUE AQHe Addd e
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u(th)2 EHHA(D, 1 <h),
x()= Ax(t)+ Bu(t), telkh+7z,, (k+ Dh+ )

y(t)= Cx(t)
u(t*)=—Kx{t—g), te{kh+ ., k=0,1,2,-) (3)

AB)elM a7t e we, & AEF FUFT
FAEA JHEAe Adddel AL nE VTR
2ebAle FAAE AxgdS vekdie, ol golgdEs
Y8 (2¥ 28 2o

(1) R BOI=o K2R Boigr=iol
TR AR DESH Rt A
3 L
Plant ufkis}
Input w(k-2)h)
Tis L

*1h " e+
h ) )
M nem asz 72 | wemaszza |

a9 2. HESADR QNS a2 AoiyEe] golydx
Fig 2. Timing diagram for the control input
with network-induced delay

weha], o] Ae}7]t HMIENZ AAXNE D@ A
Azele olgsh Tol EEE 4 ATH1).(2).(4).
x((k+Dh) = Ax(kh)+ By(r)u(kh)
+ B, (g)u((k—Dh)
y(kh) = C x(kh) (4)

_ _ b5
71, A—e Bo(zk)zfo e ™ Bds

- h
Bl(rk)=fh_re"‘s Bds

2.2 YiEQ3 xgiAzio| opE YT Ty

Ay elA (k+ 1A Adedge x((k+Dhol 9F&
oA e ks JeiE x(kh), kA4 AL u(kn),
a3z YEYR ANtz s Rrldoz Jehd
(k-1)A Aoigd w((k—-DE FAEE ¢ & Ao
%, ded Nagd JEdaE 28224 u((k—Dh)
ol o B9 eat o] WA AHY o,
olE 9 Aavle AugEd THANA JelE,

*((k+Dh) = A(g) x(kh) (5)

A~ By(r)K

- Bi(n)
AN, AL )= i
-K : 0

X(khy=[ x"(kh) i u" ((k—Dh)]"

WEAR A YFF e G nE AU
ANz ABHeZ A(5)E HUABY oA zdom
TEE 5 UTH11.(2). dA71M, HBABEE oAz
A 22H8 (Asymptotically Stable)@ "aFRZJE
Azggde] nggel 2% 999 el g FdolEE,
4(5)2 E®E NCS7} H2938 Zazrzae 33
Ao ng3ke] 2% 294 el ejop @t

3. grHAsS 22
2 =84 NCS8 dF=LME 3 43T o
EYEE FrleAraA Hede B UFR A2y
A€ o] A2 Feojn, ol TAAFI P
AP = FHo| F2 AMFHE FERA 2ds FHSU(S),

29 3. BU1gAEsY EEA
Fig 3. Block diagram of a synchronous generator

(2% PN e $7) BEeAZ WE, A0 FNASE
WE AT, JAE E0adY WE, 11 4T.E
A7A £03aUY WEL Uen, /(1+sTe)¥ Guk
tholg] 28 oi&7] RRolth ge BERMS U A
$R4 Hejel d¥s zde Pyl sl Zz dygus
x"()=[do, 48 4%y 4v,], AIYE u(t) =av,, I
) =dT,,, 282 A2 2Y y()=dw, & 48T ¥,
483 AAE AH Besd HFHeT 4 (6)F Re
oA e 78 4 9ot
x(t)= A x(t) + Bult) + F&,(t)

y{t) = Cx(t) (6)
_Ky K, Ky
2H ZH 2H
A7, A= @o 0 0 0
0 KKy 1 KsGe
T, T; Ts
0 Xs K __1
Tx Tr Tr

B=[0 0 l{% ]T, F=[5g 00 O}T.

3
C=[1 0 0 0]

4. MEgold
ol st £ TAAEELE nAHA(5).
LT HT ey
oY 03
G0
jo.15 j0.93
£,
P
Q- Eg

a9 4, TN dF4d DA Rd
Fig 4. Power system model connected with a infinite bus
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(28 e FERM dZdg grhddrle Aszdas,
3739 A(6)es Y 43R E 7€ + An, 4249
e e FREA(S, pp.843)9) MBS F3
Z28% ol g5t FHsw,

0 —0.14 —0.13 0 0
A=|376.99 0 0 0 B=| 0
0 —0.2 —0.48 —27.42|" 27.42|"
0 —5.31 19.67 —50.00 0
0.14
F= 8 C=[100 0]
0

Ak ol B¥H #AAT FH (pole)® 0.39%j7.77,
-17.77, -33.49 cl2&, #3394 FHE de 2AF @
Axggdd & F ik o BUR 2HASTS
AZI7E A8 BEARE B8 HREZ Alagle IHE
0.1, 0.2, 0.25, 0.35)9 ¢ ddez WA=
H(2)9 o)A 715 At .

AdM 7 EAAF RdFH} o) UA71E NCSE 7Y
¥, AA Ax=dY P = H3E ARl & 2A:
obf ¥ et
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Fig 5. Stability region of power system

(¥ 5YllA xFe AEY F7], yFL AGALE Uehug,
*2 HAE FEo A MNidey AT BERHE
FYolct. 714, A oA oA e HEY F7)7t
HETFE A2d 450 FAHATY, NCSolAe 2458
FA7 VR AL A A$dor & doly 3 gEy
F71 o AGAZY vzt 7187 W Eo] AA A AH]e
dFAGo] EED ALL ¢ & Aok

(18 6)2 ¥EF 3] h=0.2[sec], &) =10, ts[2,3)
T8 4TE A7eAE o, vEYA NAALE F7
AlZ1EA] ofo] ME WAAFY FHHUHE VeI Aot}
ol ZRE, AR Zto] F7t gl wEl Al A=)o] 9ol i
L 4 AR R dY BgAES e AL 29
F denm, AdA o] (2¥ 5l EAE Bt dgol

58 Z¥(F. r20.193[sec]), 44 2¥E LA 5o
A Al2gjo] BAAEE A & Arh
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IY 6. MEHZ A g SAASY &9
Fig 6. Power system outputs due to
network-induced delay
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£ =idME NCS9 3 5g #gste 4de 49
Ha, o8 F/hddy] @71 Ra2d 2do Hgsigo.
a2 A3, (23 5% Zol 4 MEY F7)9 AAAIT
oA AA Ao AP =rt BAHE 9 54Hez
Tadem, EHI QAL g Axge] 2Hsgs
EAsth &%, 2 =89 d748E 44 SHAES
CAN(Controller Area Network)® 22 HEHAE 3
Aol A, AA A2y H53E7 € HPE B4
A getuA o},
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