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Spectrum Allocation and Power Control Based on Harmony Search Algorithm in Cognitive Radio Network
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Abstract Aiming at the problem of the power control and spectrum allocation processes generating interference with
each other in cognitive radio network, we proposed a power control and spectrum allocation algorithm based on harmony
search in cognition radio network, With the comprehensive analysis of the conditions of various constraints and influence
in the processes of spectrum allocation and power control, system model which joints power control and spectrum allo-
cation is established. Coding scheme of harmony search algorithm was designed based on the characteristics of system
model ,and the algorithm chose the method of multi-objective optimizations to deal with model in complex constraints by
giving feasible solutions appropriate priority weights. Simulation experiments show that the algorithm can solve the
spectrum allocation and power control problems very well in cognitive radio network.

Keywords Cognitive radio network(CRN) , Multi-objective optimization, Spectrum allocation, Power control, Harmony

Vol. 42 No. 11A

search

1 38§

TR ISR E R CL B MR, MELL
B2 I R R AN AU R R o P 7 SR B3 K, AR SE B TR A
K. WATA R TR AE R FRCR, & A BUE BT
U5, LAWE RN H 283 K RSB F 45 ZAEHENY 8 FEH B9
ME RS EEMFE R, BCARATLEME R BN EZEEA,
AN TELR B, (Cognitive Radio, CR) $% RAE i —F B 34 2 = A
BHREA RN TR 2R E NN EE R ZRED, CR
AL, 5 ABRANAEE B P (Secondary User, SUD,
T 1 Bh A B R BRI R, S BRI M R s s b AT DA )
FARISFIG 2R, @R H P AR SU MERTh & JAH 7 X F L
2% o BRPE SR T B Sk Bt S %t £ 7 (Primary User, PUD &Y
T4, AT LIRSS EE

Erxt CRN Hp B 450 (8] 88, B N Ah 225 EAT T REF 5.
CERC3 3R A P BRI A9 A W R R BE B E R — b

Bl 4% CRN gl /e 5] B8 it 5 A PR 3 I, DA R Ak
S ECRCR A BAR, R T —F R THIRE Q5
AU AT S, (HICER(3 DB Z X AR R P 2 [ (53 1%
Ras T 0 22 5 0075 8 BEXTIX AP OO, SCIRL4 13 A4E
L M e 2 R RS [V U A P A A Btk A7 B A R AR AR B R
R T —MEEHEE QRS BEd it AR RS
PR EMBERRSE, W ERFEFO T RGN R, BUS
TR RS S EREE R . (B R R BRI X R 4
fEEosEng . SCERCS 18T % CRN W 4tiR EEFilfS TR LS HOR
R PRI, 32t — P o A ST R B 0k Fg i e o R
a1l i) R A Sy o E 4 ) BE YR 23S (R, SE B T /M
RGN RIEFER BAT . HA RS EEEENEE. HiL, A
23 TT IR eI 2 BL S 2 P R IR A 2T A P TR
. SCERLS 125 B T P TR W4T 4R s Ll D H P
ERBANE, BB T —FETESEANIREH SEE
SrECE YL, SCI T I RMPUE R B CRRL7IETH S

AXZER ARSI H (71272144) , M AR HRITH (2013KP084) ¥ B .
B (1991—), B B4, FERFSE A 1 iAok s M £% 8 B8 3k, E-mail yjsongd412@126. com; B BI(1969—), B .+ . H &, &
BHSEH 17 R 5 A oAb 38 3547 1/0, P2P FIIAH1 o4k B 4% , E-mail: zengbiqing0528@163. com; ARARA(1991—), 5, B+ 4, EEH R F M A%

BEBER .,
o 258



R, BN — R ETSENM BRI R ZTR
EBERAGELBARE/MASH A BREHR S, TR T AF
A R A S L

CRN H33% 4> BL AT SR 4] R R SR LR R AL R, 1%
S B T B R AR AL T PR AR X 28 e R R R v . A9
#& (Harmony Search, HS) B 2 —FHi ¢ 0 R E BB E
B, BB USRS N AT 2R £ Biriiihsa
PRI DL B A 6 TR SE RS0, A0l 3 CRN P %
BRSSO EM SRS ERREEA BB T —HETH
PR IAN L B PR3 1 BE A D BRI R Bk, i
HAER DT B R AR A B HOLE R B L S MEE T,
PR B RS

2 REEE

FEFT OFDM WHAFITCZ M4, Ha & —4 E Mg
— A RR%, 8 1 FIR. EREEHREERIEREREN,
& ENERHP(PUD FI—ANFEH PR (0BS), EH P 288
WRAPHEE. B EEWERE, RKNEESLZMMRAP
(SUs) FI— YR P 235 (sBS) , [ FH BB CR £ AR B9 3Ea4%
M. BMRAPEE—femXE EHENTHEE. KA
FRAFAGERSER FRBRASGREXRBKA PR
(sBS), KHAIPEIEEZREFAPEEEENEAPEE
MEFAERAPHRBREER. B XXY ¥R pE
MAEMAERHFMK ASRAF. EHP m DEEHE
P BEBEBRTIAT R I, KA EB/MEREE
FORARIFEFHE n FREERAN gvn. KEWHREKY
ERE R p™

B 1 ETF OFDMA FyiAMTCLE R %

G R OFMA #Hl AR EET R N A HGEE, 8
MEEMFEER w, BEREHE D HIFSNE 2 s,

1 vee nk ‘e n vee N
i S

f frw f+@-Dw f+nw f+nw f+(n, -Dw
B2 REHIETHENR

BT REEF R RN E, FEEFURE 0 ERH %22
Sk B 3 A E AR A oA P RS T80, RIAT R P i 2 3
APWFH. RS mXHRE P e ERGEE 2 TR
FRH:

Ing=n_+% lw :

1%, = puT, L;ﬂ:_;w (S“‘T}‘%)de W
K, BWHP E FREERS n. IERF m FHEE
$E, T, y OFDM Sz &3 .

Hefelith, PR AP EXF R m HREE m 8T8
A RINA

It lw
Bow=p T ] 7 Ly @

v

"k*"mié lew

He, p FRKAF R FERFE L EEINE.
BRiRKA P BTN T EHEATEER, 88
BERMBE SR, EXKAF R AETEE ERNESRE
F# L (SINR) '
H,,= B (3)
P(Nowt 2 IF5,,)
Hep N, AR ST EES T 0 MQAM 4l T 1 SINR 2
#,T=—In(5BER) /1. 5,BER Y{&i# I fiR a0 |
RBEFLA KA b FERMEE n BT 8RX DB KB
B H R R R
Ri..,=wloge (14 pp,.He,n) 4
BREMEERE—HAPSH BRRAPERER
WRARE AR TH . A< X EEHIASHE 2 B B iR E
B K4k CRN 2400 B3, BIRXALETA A R KBt 5
PR Z M, CRN A i 43 4> B Fn oy 38 45 ) (6] B AT 7 01k
R

K N
manZ:l glak,,,Rk,,, ( 5 )
subject to;Cl:R;,,=2Ri", ¥ k€K

K N
CZ :kzl Zlak,,,lfﬁ,mél,';“" . V mGM

[

M=

N
C3: 2 L annprn<p™

k=1

X

C4: 2, <1, ¥nEN
C5: prn =0, ¥ nE N, VREK

3 ETMEERNMILSEMNThEEGTH

3.1 MEIQIZERLRT

I FE-MEE R R Mg — MR A P #HE, /E R
FAXT R 5 E N L B U 4 5 21T A, AE AR SRR X 1R
ERSHITREH TR, ERAPREREER #RE X 0
TRABAER, TR E B H B ER, #aE X WER
MECEED, BRI TR s AR, R R ERRS. 5o,
R PG E 2B B9 Rl B AT IR P S 234 B, A
BB AFEERE 2 PG BT R X WTRRA N Xi=
(X192 523 5% s Za )y i =<by pi) v by RANMBIH | HECHWRAP
R (R R BETEEA DL, KIMBE, RR KA SRS .
WHF b ZERE LERR p #1781,

B g FEE iEAZ e HM 4

Il

2

HM=| ~

HMS
(& ph (kb pb> {ky pa) FH
| G oph (B p3) (B: p2y  F(D)
(REMS pHMS 'y (REMS pIMS ) oo (pIMS pHMSy p(pHMS )

3.2 ARFMHLE
BT CRN B33 0 B0 7 2 20 2 o 1) R 29 TR AR A4 80
B3 ERRNBE AR FERSHOATTH. WRE R
BAGT R g AR AT S B S B 1R 4R
H18. HUASTRAS BARUACT B Ab B TR A1, IR ok
R LTRALAL (R AL B B AR BREGHAT AL - ) TR B B 4 B
+ 259 o



FReREL f(x:) s D) B AR AR E A AT 178 Bk o).

B RO MG, R 6 HARRECR

Flao =D ulog, (14 p —— L, 6

" D(Nowt 20 L)

B4 &4 2 L i B AR T 47 B (Infeasibility De-
gree.IFD);/\ﬁﬁ Aﬁmxi‘ﬁ‘lﬁ’] :F %Fﬂﬁﬂf’f}‘ﬁ#
T ARVFFEAFFEICIZE.

HIE BB R o FIARRITERE (1) HX &4 4
AR R 22 E B SE 7 A

O(x;)= i[min {0, g-(r-)}:|2+ ﬁ: [hk ()] )

F}}Q’Ji%# C1.C2 1 C3 %EU#’%;?FE MR AR

2= Zwogz(l+p 4~—)—er" (8)

F(NO"W+ E I[S

N
o) =T — glff’,m (9

g ()= Po — %p (10)

HT HM %EI@&IHE%TAHJ;%—AF SEHEA
H P RO R AR R C4 R, [R, kAP
E RN BRI R AR T, BEad BT
R BLER AR KM C5 IFIL, S BFHH . FHitk
RAAITRE B D) h

K M
D(x;) :k%)][min{oygﬁ ()} P +’ ;l[min{oyg’z” (x)} P+

[min{0, gs (x:)} ]* b
E XA T??J‘Flb“c]{ﬁjb Doric :
Doie =~ (L(D(r))/HMS (12)

Hep,1/t ﬁl&k[ﬁ?~%%ﬁﬁﬂ’ﬂi&ﬁ,t o T, ZB4E T,
TEREAUTT SR BT B A AT AT B B EBOK , Bk LR R A
AT AR T Bk REIRE, B A BRI, BEEN
AT AT R E S 45/ TR AR B I B B/ Y
RAATHE BE 5 TR AR W
3.3 EHEWTHRNEFE

FEREERERSE P, LRSS Sl —E R T
Tk, MATATEAATR . E TR KHT BT 47E B
BT LA R o s 35 6 Sk O R X e T PR AT 47 B et ]
Frm e KM AR AE R R, O T S PRl 88, IR TE F BT i
R R LR &S T AN AT AT N T (A0 B R B
Xu‘ﬂiﬂiﬂﬁlﬁ?@liﬂ@ﬂ%ﬁﬁ,ﬁii%‘:ﬁliﬁ:

Q%))

wlx,)=

(oD, THMS
Horfn, gy HM AR R F A HFEE w IERT.
HALANFE B LA -

1
(w— Dn,+HMS

3.4 HEAXHMSRERE

IR 1 BESHRL.

BB BKE N, FIFEICIZE R/ HMS, Mg iLF
WRAE HMCR, B ik URE K, H M B HR PAR, K
R GRBIREE K bw , WRBEL K bw, , BN THIHHIE
BT MEILRE T, 28 x =k po) WEBHERLF 438
Comin » Brmex JF0L posin » P 1 RSB RN IR

.« 260 -

wlx,) = (14)

HW 2 FFEICIZE HM AR .
BB E XA AR A MK Q6 LS 7= 4
HMS #5157 , [FIR8 B M R E AT BE AN B R R 5E .
ki = ko T rand O X Cepin — Rnax ) (15)
5= Prin 1and O X (Prin ™ Proax) (16)
B3 AR,
THELE HM P AT AT E R S, FEFE BRI
. BREEENNARELT .
fori=1to N
if randO<HMCR
xPev =t (% (13) R AO BRI EREHE R
if rand()<{PAR
if 43 <M RERRIER G E
XY ==pf +rand() X bw;
else
XMW =kI+ rand() X bw;
end if
end if
else
if i < BRRNNEN B
P = poun Frand O X (Prin = Prax)
else
xW =k . Frand () X (Kpin — Kmax)
end if
end if
end for
HH 4 R BRRERATITE.
6 M ADIFEFH AR B bR R ERATITE.,
WS BHROASEICLE.
MR AT R T BIE, &35 4 WA WE™= 4 1
A B BRREEES R TSI e RENE N 8
Xof A H R eR B SR T R A B A0S ) B R R
FitfZERREMF '], RZ, &3,
A6 IR IR &AM
FIW MR R EAR ARG R TREREKENRKE K,
o, M A EREREPHE 3.

4 {HFEXE

REIEE A RE, 7E Matlab2012 Pi#fT i £ 58. #%
FEEMEHHE IANEAP KEDIEBREN 20mW, EF &
KFWAFELLmW, 3SmW ] FEHLEUE , CRN 2 {F i 5 8 H
FAHEE . B MEEMEE w=50kHz, FETMEREH A
MEPS No=10""W, B RISE BER=107", REPFER
WASHA 4, OFDM £ 5 A T,=107%s, BRIRRMEHRA
P EE B YRR G 500m Y30 BN EATE B/ ME R B R 3
EFERTEL0. IMb/s,0. SMb/s ] AN 4 , R B3k 09 B KT
M N 50mW,

4.1 HiESHUAHE

AT BEIEWHEICICEEEME HMCR, HRHE
HEE PAR K AIATHRIUEE w, 70 3 % A RIBUE R B 2t
.

& E CRN HFHEIT I 10 7] FIMEE , 7R R P 45 T BRI
WE 5 A, B3 FE 4 45 8R THEMSICICEERE



Wi HMCR BUR RME B, B 047 BE b /N AR BT 47 B AN
RrtemERZ IS EERIREAN B, B3 BxR
HMCR BEU K RE R 8 3k R AT FREE R, 24 HMCR B
0.95 F10. 98 I}, WL R BI AT AT A EREK BB FH
HMCR B 0.8 f1 0. 9 &f, &% & 4, HMCR B KER,
B SEERER, BEZEARBRK (5% HMCR=

R
o
016
F —— HMCR=080
ouf | —— HMCR=090
7 —— HMCR=095 ot
oxzh | - HMCR=098 4 [r“
[
= ool L 35 !
piad 01 Lo} 2 3 il ‘]!
= 008 25 ] |[
e A $ o0
006 = il
oo 15t ~~~HMCR=080
i i - HMCR=090
il —- HMCR=085,
002 ost i | HMCR=098
oLt 1
0 50

700 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
HRKE

BRAK
® 3 REfTERLELR B4 BE e R F b
Bl 5 FIE 6 43 B T /E B R PAR BUARIE
B, FIFE T FE h B/ NS BT AT BE AU P AR S R 2 RIS
BB, T, PAR /N, ATT4TE T B
Bl .7 PAR=0. 2 B, BIL A B R BRI P 848 155
BB, R %R PAR=0. 2 fE A& R MR,

1 ‘ ........... PAR=0.1 5
een e PAR=02 45
08 PAR=03
L ——PAR=04 4
071 35,
‘ *
moeh ¥
Eosfhl 25
B ol
el e #® 2
o3l 71 b ®is
02 | 1
|
01 Ll 05 —— PAR=04
N
0635 160 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500

M5 ARuATEALIEA 6 B AT L E

7 B8R TG AT A E R B TITRME w4
FIBUE 1.5.2.5.3. 5 8, R BRI A A BB E R R Z
R R FR .

R
“%0" 50 100 150 200 250 300 350 400 450 500
HRAHK

7 ARFTEE T R R g

AL ZERIRR AR AL AT AT AR AL R, BRRIST 4677 4
ARTTATHE R O BRI4R A » 7E X R P ITAZ R 9 T AT AR T 3
KEBUERT , B 4R87 A T 8 2% B Rl 8 HIRE KB ARE
A, ok e S B b L [ B SR T B A R R R A B XL
L% w=1. 5 {ENR R ITHRAE.

4.2 HikMEEE :

N T — B EMAERRE LR, BUCRN PEEH
A 10K P EC 5 i, Sl EEE: GA TR,

8 FnfE 9 4rFlWaR Y HSEZM GA BRI
ML BFATITEMKA P ERERZ NN ELESE. 5
W, HS Bk e T A0 A7 % f9 B b, B8, R AT AT BETE

0.98 B, e HMCR=0. 95 {E #7042 E R B4

49 WA BB T HER 0, 7018 F B Rt B 72 rh i SR
18 F GA Bk, HEAR IFNMER.

%105

1

14 l """" GA 5
12 45 1t
! { g 4 2
& ogf! »
[ | R, 35
& osf *

3
04

ozt] 5
L

I
|
f
1 |
"1 1
i |
|
ol Ll
50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
HREAK BRI

B8 ARFTEEMAFL G €t gt Lol AT

4,3 WMEHESHEER/ XARENXR

524 RE B A5 TE ORI P SO B . 9F S
GA B¥EVHTHES . 1810 AR 11 45U 7T A P & g
WSz fE CRN HEEEE XK AP H B AR,
FER 10 #,CRN HfaHL oA 5 MR P EE B 10 2 20
BB, 7R/ 11 9 REE RO 15 B R P UL 5 3 15
KR EUE . HS(MAX)F GAIMAX) A BIRRMEEREDE
R ERTE 20 YR H BUS BRI PR R 2 A,
HS(AVG) 1 GAAVG) SilFER M REEMREEE
T 20 WIREE P RS B EXR P R R Z A,

x10° x10%

8

6
= g3
: . o GAl
s AE I S e HS(MAX)
% 7 /A//”a *, AN e HHAVG)
- o o 3
Flad /ﬂ /;A" s 3 \
w5 S ® N
&= O] Ak #, NN
s5¢ o/ - HSMAD RN
Y '/ o g}s\( &\i\c;()) N . \K
sh e "
o GAAVG) N
45 0 \\“;54‘._
0 11 12 13 14 15 16 17 18 19 20 5 6 7 8 9 10 11 12 13 14 15
fa % KHAP&

1o wRFHR s Bl (FEHCe 158t

B 10 s AT LA R R P A i 2 2 RS T 0 o
i N, Hemia g i, B 11 8n, WA SRR
Z B E BSOS T B E A, K P BON 13 B IR R
WRZ AN 0. FEEEEEE WP 53 b, HS Bl
SO B GA BiAW UK R KB, BB R HS B 34
MBMT GABE,

HRIE  ASCEE CRN i 4 Bl A Th 3 9 i Al B gk
B R A P IR Z AR BRI R ABMENL T &
A P S R P BT TR R R P R E R
TR B FIRT, LUK A R 48 T ok A P B gk B K B 4 i i R
ZHR bR, B REEAEL EIT RS MRS H . 5
I, 32 H—Fp CRN R TFRIE RIS A RERE
B, BEMNIESSET. DRBAXNFEEEN P HRER
WS FEITRBOT R, BUEE TRARFT BN WY
TR, N T MR, 2)RBALERFTEL
AL AR B R AR &R R R T PR3,
BN TATE BB ERE I TR, HELTRFTAA
TR R BRI 1E MRS E , AT 58 47 s 1 A T 47 A G
b Rk, BE, B fELR. T EARES
BB EGERE, B R B M (B RF KA P Bt
BB IL , -5 G B B AT X b, 7R i WSO AR R B
HERFER T BUS T B4 8 FRE R, R A3 T CRN
RS S BCRI S R sl . F— B E AR E RS
B s LA B AR Ay A T 2B R TR R B MR RE

o 261 -



2 % x o

[1] Mitola J, Maguire G Q J. Cognitive radio; making software ra-
dios more personal[]]. Personal Communications, IEEE, 1999,
6(4):13-18

[2] Tragos E Z, Zeadally S, Fragkiadakis A G, et al. Spectrum As-
signment in Cognitive Radio Networks: A Comprehensive Sur-
vey [ ] 1. Communications Surveys &. Tutorials, IEEE, 2013,
15(3):1108-1135

[3] Wang W,Liu X. List-coloring based channel allocation for open-
spectrum wireless networks[ C] / IEEE Vehicular Technology
Conference. IEEE, 1999,2005,1;690-694

[4] Zheng H, Peng C. Collaboration and fairness in opportunistic
spectrum access[ C]J // 2005 IEEE International Conference on
Communications, 2005(ICC 2005). IEEE, 2005,5:3132-3136

[5] #%BE,WREE ANTREREHTERESERE L] 8
47,2014(4) ;124-129

(6] FEAN, ZEMEE, BRI, 5. ARIRL R M A 3 T2 A AL i o 22
BHSEESR] R, 2013,41(1):62-67

[7] Ni Q, Zarakovitis C C. Nash bargaining game theoretic schedu-
ling for joint channel and power allocation in cognitive radio sys-

tems[J]. IEEE Journal on Selected Areas in Communications,

2012,30(1).70-81

(8] KPR, WaL B, SRE0E, & M REBRRENTREH
BIELT]. =5 SR, 2014, 31(1) 5765

[9] Geem ZW,Kim ] V,Loganathan G. A New Heuristic Optimiza-
tion Algorithm; Harmony Search[]J]. SIMULATION, 2001,
76(2).60-68

[10] Goldsmith A J,Chua S G. Variable-rate variable-power MQAM
for fading channels[J]. IEEE Transactions on Communications,
1997,45(10):1218-1230

[11] Chen Y, Lei Q, Yuan X. Resource allocation based on dynamic
hybrid overlay/underlay for heterogeneous services of cognitive
radio networks[ J]. Wireless Personal Communications, 2014,
79(3).1647-1664

[12] Zhao Z.Peng Z,Zheng S, et al. Cognitive radio spectrum alloca-
tion using evolutionary algorithms[]]. IEEE Transactions on
Wireless Communications, 2009,8(9) ;4421-4425

(13] s, 5 2200, 534, 5. OFDMA A% 548 I 4% o i 15 3 38
R MHEE N ST ] T EPLREE, 2015,42(3):85-90

[14] Del Ser J, Matinmikko M, Gil-Lopez S, et al. A novel harmony
search based spectrum allocation technique for cognitive radio
networks[C] // 2010 7th International Symposium on Wireless
Communication Systems(ISWCS), IEEE, 2010:233-237

(L#BE 252 7)

TR &G, B RA LMs WFREH TS
B H. FHEERSROREITE. U B RTHESE,
I T B A BT L-K {Z 0R; X LK 2 Rk 2. DR A
BATAT A AT ) KRS AM B R A B AR AR ;
KK A G HE ML IR MR FHERY Jensen B AR ER,
AR TARAS B AR A RS AR i 2 IX 8] (9 AR 43 FE [R] 4K
#i, L B EE T RA# R Wirtinger A%, &5,
P BB IR T A SO B A Rk R AR 7.

2 £ X m

[17 Hespanha ] P,Naghshtabrizi P, Xu Yong-gang. A survey of re-
cent results in networked control systems[ ] . Proceedings of the
1IEEE, 2007,95(1):138-172

(2] B4, AW, 2558, 5. — IR Fe il FR 0 b (0 Bef S8 ) REL T
I HHEHRE, 2014,41(6A) :303-305

[3] Yan Huai-cheng, Yan Sheng, Zhang Hao, et al. An overview of
networked control of complex dynamic systems[ ]]. Mathemati-
cal Problems in Engineering,2014,2014;1-10

[4] Huo Zhi-hong, Zheng Yuan, Xu Chang. A robust fault-tolerant
control strategy for networked control systems[]]. Journal of
Networked and Computer Applications,2011,34(2),708-714

(5] Z%5, HIAme, sk B, % BT T-SERMMBIMNNGEH R AE
B Ho R H) ] RE TR SE TR, 2010,32(6) . 1292
1298

[6] LiWei,Cao Hui-chao, Wan jun. Robust fault-tolerant control for
uncertain NCS based on dynamic output feedback[ C]J // Procee-
dings of the 3rd International Conference on Measuring Techno-
logy and Mechatronics Automation. Shanghai, China, 2011, 3.
179-186

. 262 -

[71 Zhang Yu-quan, Zhong Qiu-hai, Wang Yan, et al. Fault-tolerant
design for MIMO networked control systems with communica-
tion constraints[ C // Proceedings of the Chinese Control and
Decision Conference. Yantai, China, 2008,1380-1384

[8] Feng Jian, Wang Shen-quan. Reliable fuzzy control for a class of
nonlinear networked control systems with time delay[J]. Acta
Automatica Sinica,2012,38(7):1091-1099

(97 ZE, WG BT T-S ERIE R B R M AL 5 5 R R
Ho- &R ERT ] #H 55, 2010,25(4) :598-605

[10] Wang Hui-jiao,Zhou Bo, Lim Cheng-chew, et al. Hs fault-toler-
ant control of networked control systems with actuator failures
[J1. IET Control Theory and Applications, 2014,12(8),1127-
1136

{11] Peng Chen, Fei Min-Rui, Tian En-gang. Networked control for a
class of T-S fuzzy systems with stochastic sensor faults[ ],
Fuzzy Sets and Systems,2013,212:62-77

[12] Z=4, BFT, AT, 5. BT 88 AR JE R M NCS B8
BABRITU] REEESM,2014,26(11):2668-2674

[13] Seuret A, Gouaisbaut F. On use of the Wirtinger inequalities for
time-delay systems[ C]// Proceedings of the 10th IFAC, Boston,
United states,2012,10;260-265

[14] e HMEHM. TR REAPITHEMZ R T AEEEMS
MBSk BB S5 A 2014, 31(7) :955-961

[15] Seuret A,Gouaisbaut F. Wirtinger-based integral inequality: Ap-
plication to time-delay systems[]J]. Automatica, 2013,49(9).
2860-2866

[16] EH. dektk NCS BB TR (D] M. 2 MET X
ZHAR TR SEE THEYE,2013:44-46

[17] Wang You-vi, Xie Li-hua, De Souza C E. Robust control of un-
certain nonlinear systems[J]. Systems and Control Letters,
1992,19(2):139-149



