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DESIGN AND ANALYSIS FOR WIRELESS
NETWORKED CONTROL SYSTEMS BASED ON
DYNAMIC CHANNEL SELECTION

ABSTRACT

In recent years, wireless networked control systems (WNCSs) have been a
research focus owing to a series of advantages such as low cost, high flexibility and
easy maintenance, and have been intensively applied in industrial control systems,
smart homes, wise information technology of the med systems and other fields. In
WNCSs, multiple users share communication networks with limited resources. If the
communication network resources used by WNCSs can be saved under the premise of
ensuring reliable performance, the resource allocation of the shared communication
networks and the performance improvement of the shared users can be effectively
optimized. Related issues have become one of the hotspots in current research.

This thesis studies the problem of communication resource saving in WNCSs,
and proposes new network resource scheduling strategies based on the dynamic
channel selection. The strategies select the data transmission channel dynamically
based on the transmission requirement of control systems in real time, and finally save
a lot of network channel resources on the premise of ensuring the performance of the
control systems. The main work of this thesis is as follows:

(1) A dynamic channel selection strategy based on estimator is designed for the
WNCSs without disturbance and the communication networks are shared with other
users, which can save a lot of network channel resources while ensuring the
performance of the undisturbed WNCSs. The implementation of this strategy consists
of control signal estimator, channel selector and controller. The control signal
estimator estimates real-time actuator data based on the known data to help select the
channel. The channel selector performs channel selection based on the difference
between the control signal estimation and the current state. Finally, sufficient
conditions to ensure the closed-loop systems being asymptotic stability are given and
the effectiveness of the proposed strategy is verified numerically.

(2) An improved dynamic channel selection strategy based on estimator is
designed for the WNCSs with disturbance and the communication networks are
shared with other users. The proposed strategy can save a lot of network channel
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resources while ensuring the performance of the disturbed WNCSs. The
implementation of this strategy also consists of control signal estimator, channel
selector and controller. The realization of the estimator introduces the idea of bounded
recursion to ensure that the control signal estimation error is bounded under the
bounded disturbance. Also, sufficient conditions to ensure the systems being
uniformly ultimate bounded are given and the effectiveness of the proposed strategy is
verified numerically.

KEY WORDS: wireless network control systems, resources scheduling, dynamic
channel selection, control signal estimator
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Figure 1-1. The structure diagram of wireless networked control systems
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Figure 1-2. State transition diagrams of Markov chains
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B e LT (K) AT ERAE K B 205 b P 2 A5 5, T(k) A HIE S Al
TFERATHE, 6(k) =U(k)—T(k) AR %, e(k)=u(k)—T(k) J4% I 38 4E B
FERIE 5 A PAT 48 B HIE 5 2 2%,

FRIRERAE K+ LIS 21, AT USSR B K+ 1 2 LU 0 A RS Hdl . E
H 5 Sl T2 W AL R v RE R BRI B R, S BUE S i EVE 1S A
AT S K I 2 SEBRAE T RIFEHME S U(k) o« 9 1 MRRX — A, 7R A% IR I 1
THERE ST RS T (k) . 55 “8EARKNE, AREFITRIEEER
RACAEA S s, A5 EH WA AR I & Jovk B HIE S A as . Bk,
A B GINA A B BB TR, BT A TH SR REORIE 1A AR INBh F IS
SR EA R T IIAT ak), RE-DESH:

x(k +1) = Ax(k) + Bu (k) + Ew(k) (3-4)
i g AR BOE B 2 5 7T AAS 2
BU (k) = x(k +1) — Ax(k) — Ew(k) (3-5)

1M 1 2 G R A] 5 x(k) = Ax(k —1) + BO(k —1) + Ew(k -1) , Htk R Gi— 4
AN I
Bu (k) = x(k +1) — A’x(k —1) — ABT (k —1) — AEw(k —1) — Ew(k) (3-6)
NTHEFOK) BFRER, BIHEMKCeR™", 1615 CB NIEA B4R . X
(3-6) Zc £ I [F] N 3R LAKE R C A -
CBU(k) = Cx(k +1) —CA*x(k —1) —CABU (k —1) —CAEw(k —1) —CEw(k)  (3-7)
BT CB k7 S fE, DRkt =0(3-7) Wiz [Rlis 2 LA (CB) ™ mI 45
(k) = (CB)™Cx(k +1) - (CB) *CA’x(k —1) — (CB) “CABu (k —1) (3-8)
—(CB)CAEW(k —1) — (CB) “CEw(k)
5E X
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A=-(CB)'CAB
B=(CB)'C
n(k -1) = x(k +1) — Ax(k —1)
v(k —1) = AEw(k —1) + Ew(k)
FRE(3-8) itk oy T 2
a(k) = Aa(k —1)+ Br(k —1) - Bv(k —1) (3-10)
EXY(K)=x(k+1)— Ax(k), C=B, HR(B-4)AHE:
(k) = Ca(k) + Ew(k) (3-11)
657 A (3-10)F1 X (3-11) Al 5 4n FHE K
a(k) = AT(k —1) + Br(k —1) - Bv(k —1)
{y(k) = Cu(k) + Ew(k)
SRIG, Xtal(3-12) Beitin T ftiit-28:
a(k) = At(k—1)+Bn(k —1) + K_(¥(k) —CAt (k -1) -CBrn(k -1))  (3-13)
Ho, KONhTHasas, HoRM G HER 3-3 4, Wil tskRmEhlES
fili Tt 88 AT DLORUEAS TR 22 6(k) A 5, FARIEII L 3.3 il vH & K il -
3.2.2 ¥
WA R G T W WA H 75 B ROE s RS OB d 5 . M5 — =
FRABL, B HIE 5 BE NG T EM AL T R, BT 3 0mR H Z 0 R+
i, B

(3-9)

(3-12)

100 :{ u(k) AT T K (3-14)

a(k-1) PATERARBEE] R | Edh
H T B WO R ] AR S 5 B RE AR AL AR I AE
PRI, AR B R 1 RS B i -
u(k) = Kx(k) (3-15)
B R R GRS H
X(k +1) = Ax(k) + Bu (k) + Ew(k)
= AX(k) + Bu(k) — Bu(k) + Bu (k) + Ew(k) (3-16)
= (A+BK)x(k) — Be(k) + Ew(k)
2 A G0 A a0 BB -
w(k)| < o,
le(k)|| < o,

K, o, o, WEREM. TR HIRE RS BIR K 4 RGBS
ARarE. HAEENRE, AT EEWK)| <o, BTFHERRE-2)T LU

(3-17)
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B, 1 e(k) Ay dE il # AR B AR S 5 AT BAT # SE BRAE A  EE AE S e 2=
le(k)|| < o, & 238 £ T I8 F R AARALE
3.2.3 [FiEIRZFRNIT

P ZR G AN [F) I 260 T 5008 45 4 1) 75 SR A AR RN 456 RaPERER
ZES, ¥EH RS T R EAE R BT Ik R G rERe R — PR, L, RS
T FH R [ A5 00 () B 328 B A 35 415 0 DU B I A% . 1 3% i R Gk ReAE ]
P2 VG, RGN HORE AL 5 1) 7 SRAERTK . Bk, RAGHE TE R AT 9115 18
[F) o 34 45 3% A5 T8 DL 1T 48 B0 22 S B o A T A A R AN 1 9% 2 ) i —
AMEIEIEEES, W 3-1 s, RIPAGES] R0 BER i 2o te, M sk
G BRI S 1E

TR BB A IRE), Ale®)| <o, B, ATLAB T3 R G0k
E o ARG B AN B TT A A5 0 0 B AR SR SR AR R L . AR 45 1) 2 14
THER 7 BB AT N, PAT 2o R AU B A, SRR AR, RIE(3-14).

513 3-1 58 X oy AMTHRZE k-1 I LS, e (k) =u(k)—T(k—1) ki
iR ZE, (k) =u(k) —a(k —1) A k B2 AR S HNE 5 5 HATE k-1 Z)
o s ) 22 o dad b A T A5 T )3 R <

le, (k)| < o, —oe (k1) 6(k)=1
{”es (k)||= o, —0,(k-1) 6(k)=0 (3-18)
Hrp
1 MR RGEH R EE
ot = 3-19
0 {0 FHIER R G PR A 3 4 (3 (3-19)

AT AR IR AR le(K)| < o, JA
TER: i mEgek), e (k) Aé(k) iT A3
g(k) =u(k)-a(k-1)
=u(k)-a(k-D+0u(k-1)-u(k-1) (3-20)
—e (k) +é(k -1)
ek-D| <0y ZOK) =11, A:
le®)] = e (k) +&(k —D)| < e, (k)] + |6k —D)| < o, (3-21)
Hok)y=00, AR RFEMHEZRFFEESLR, HXEGL1)TMA
a(k)=u(k), |lek)|=0, IEHE.
W 3-1: AT EE IR 55 A R, 8 7R AL B i i
X E-18)MMFEVIHININ,  BhAS LR BAT 35 o S B8 FH IR 515 5 iR 2 AR A AE 4R

T
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RN . 4 e, (0] <o, —o,(k—D B, TS RAEREIE. R2, %
P 364 (2 P AR

3.3 fhit 2Kk
R 3-1: —MNEULRE TR K AT DGE g i e S 2
min  Tr{N} (3-22)
"
-1 PA Q
* -M 0 |<0
* * _—N
M-gl<0 (3-23)
a <1

Hef, P=1-KC, Q=[PB K.E]|, M N AHHIEEHE.
EB: fiitinzEek) =uk)-a(k), H(3-13)LAT1E:
8(k) = A (k —1)+Bn(k -1)

. (3-24)
+K_ (§(k) - CAl (k —1) —CBn(k —1)) - T (k)
¥ 30(E-12) RN AT 13
8(k) = Au(k-D +Br(k-1)— Au(k —1) - Br(k —1) + Br(k -1)
+K_(CAu(k 1)+ CBv(k —1) + Ew(k) — CAl (k -1)) (3.25)

= Aé(k —1) + Bv(k —1) + K_ (Ew(k) - CBv(k —1) - CAé(k 1))
= (I —K,C)Aé(k 1) + (I —K_C)Bv(k —1) + K, Ew(k)
& X E(k—1) = col{v(k —1), w(k)}, Dfht2s B4l 1R 2 0(3-25) if Ltk — 5
5T R
é(k) = PAE(k —1) +Q&(k —1) (3-26)
€ LU HERESHL:
J(k) =€" (k)é(k)—€" (k —D)Mé(k —1) —&T (k —)NE(k —1) (3-27)
#:0(3-26) RN 2] EATFTLAG 2
J(k)=€"(k-D)A"PTPA&(k 1) +£T (k—1)Q"Q&(k 1)
+6" (k—D)ATPTQ&(k —1) + &£T (k —1)Q" PAé(k —1) (3-28)
—&"(k—1)Mé(k -1) - & (k —1)N&(k -1)
5 PR A
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J(k)z{é(k—l)} {ATPTPA—M ATPTQ Hé(k—l)} (3-20)
£k * QQ-NJlek-D
@ﬁwFPEFM S;ﬁjwﬁﬁﬁ%%ﬂu%ﬁﬁ@mW%%*
AR, MITTUEE () <0, HILH:
67 (K)B(K) <6 (k—D)Mé(k —1) + &™ (k ~)NE(k —1) (3-30)

3T 7 (3-23) P A AN BE AR AT AR BN A, M) <a > b, A A
FEFEM W KFHEE. 456 EATRIG 2.

& (K)B(K) < o, 6 (k —1)e(k —1) + & (k ~L)N&(k —1)

& (K)B(K) < 0,267 (k= 2)8(k —2) + o, & (k —2)NE(K —2) + & (k ~1)N £(k —1)

(3-31)
Rp

&7 (K)8(k) < o, 6" (0)6(0) + IiaL"fT (K—x—D)NE(K —x —1) (3-32)
ERE-23) T B ZAAER a <LATHL lime* =0, AT lImET (K)6(k)

AR
PR ET (K -DNE(K ~1) < Ay, (EK-DET (K-D)TH{N}, HFLLA:

€' (K)é(k) < aLéT (k-Dék -1+ 4, (S(k ~DET(k-1)Tr{N} (3-33)

ECRI UL T, 70(3-33) A5 U AT LA 1 J2 A AN 20 67 (K)B(K) 19 Lo 2

wmﬁ;%é(k)Ha%ﬂ&“féifri%%é(oﬁu?ﬁﬁﬂ%%5(0) W), . Sk=D 5
E (R ER b HE S AT DA R ﬁ@2$¢m%:AT£ﬁapdﬁiﬁ 1

THRESWIIRIRZ T K. T UL EHRE, ST DUEE HME Tr{N} ki /ME
ieZe BFE, NG THE I an m DB e B 3-1 fh A L DAk 1) R AT o

3.4 IR RERSTE 1 St A HI 23 K AR

AR ] BT PR AS S it il A A e ME AT IE B . RS HAE W 2 BT, JRgs
T e X
BN 3-1: WIRSHEEAIAIRAS % FFERTAIT (%) » 15
x(K)eS, Vk=T(x,) (3-34)
WIFR RS0 (3-1)FE AL H N FR I R s 1) R R 4R S i — B 4 5t (UUB).
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EH 3-2: AEIEBEO<a<IIEHIIEEE K, WA —AIE E X PR
U N AN R AL

=, . . .
~B"P(A+BK) B'PB-xl, * 1, (335)
E'P(A+BK) -E'PB  E'PE-xl, *

0 0 0 Ba
Hr
=, = (A+BK) P(A+BK)—(1-a - ;)P 536

B, ., =K0. +K,00— Ky (0b+07)
o, 1 R mYgERAIERE . W R SBE(3-1)7F IEBCS Hlg R i & — A e
iE B 5E F R x(k) g E(P.y (o +0,7) o sE A U K R
V(K) = X (K)Px(k) » T AV (K) =V (K +1) =V (K) . AV (K) <—aV (k) , 7775
AV (K) + @V (K) = X (K +1)Px(k +1) - X" (k)Px(K)
X (K)(A+BK)" P(A+BK)X (k) + x" (K)(A+ BK) PBe(K)
X" (K)PX(K)+ X" (K)(A-+ BK)T PEW(K) + W' (K)ET PEW(K) (3-37)
1" (k)BT PBe(k) —e” (k)BT PEW(K) + W' (K)ET P(A+ BK)
W' (K)EPBe(k)—e" (k)BT P(A+ BK)x(K)

EXnK) =[x () e'(k) w(k) 1], R(3-37)afEIm R

7 ()P(K) <O (3-38)
/\EFI
(A+BK)P(A+BK)-(l-a)P  * X x
_ T T * *
o BTP(A+ BK) B"PB (339
ETP(A+BK) _E'PB E'PE *
0 0 0 0
SR (3-2) U 0 (K] < o, T F R R
0 0O 0 |
0 0O 0
T (k k)<0 3-40
AL P (% (3-40)
000 -0,
0 0O 0 |
ol 1YY w0 (3-41)
T8 00 o |7
000 -7
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xe&(P,y* (o, +0.%)) BEHS -

0
0

o O T
o O o

0
0
n' (k) 0 n(k)=0 (3-42)

0
0 0 0 —*(c2+0?)
#il S-Procedure, #547(3-40). 3 (3-41). = (3-42)F1:X(3-38)n] 15 #{(3-35)

/ﬁ\:ﬁ\’ %FE X(k +1) € §(P172(O-e2 +Gw2)) ’ X(k) € g(P’yZ(O-eZ +O—W2)) Eq‘r%m"

17" (k)Pn(k) <0 (3-43)
Hrp
(A+BK)"P(A+BK) * *
_RT T * *
- BT P(A+BK) B TPB T (344)
E"P(A+BK) _E'PB E'PE *
0 0 0 o0
x(k) e &(P,y* (0, +7,2)) AT 5 N:
P 0O 0
0 00 0
T(k k) >0 3-45
n' (k) 0o 0 0 0 n(k) (3-45)

0 0 0 y*(c2+0?)
L S-Procedure, 454 3X(3-40). 3 (3-41). X (3-44) 1= (3-45)nI 15

(A+BK)" P(A+BK)—7,P * * *
BP(A+ BK) B"PB—x,l, * *

; - o <0 (3-46)
E"P(A+BK) E'PB E'PE-&I, *
0 0 0 ®,,

i, @,,=rx0?+K,0.+ (i, -0y’ (62 +07) « TEEFNY K, =1-K, i, X (3-35)
fL % 7 2N (3-46) . A Bt 5K (3-35) B AT R UE 4 x(k) e £(P, (0% +0,%)) B,
x(k+)e&(P,y* (o +0,7))

2 x(K) g £(P, 7% (0,7 +0,7)) B,V (K) i R TE 5 AV (k) <oV (k) - DRIER
110 LAA3 B 5 TAE B AR S x(0) ¢ (P, y2 (0. +0,7) » 2 k>T(x(0)) i,
x(k)e&(P,y* (0" +0,%))» Hh

T(x(0) = log y“ (o, +I(;;21—_Izg§ X' (0)Px(0)

ik, RGmA BT IE. Ik,

(3-47)
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R 4 A5 i 2 R SR A
EHE 3-3: AEFHO<a<l, y, EEEVHRMNKG-18)LHK T, X7
EIEEMEESeR™, 28>0, x>0, 0<x,<l-a, PG eR™,

G, eR™", GeR™" i1 F AR ML

—(-a-x.)(G] +G,-S) * ok ke x ]
0 _GzT _G2 +i |m * * * *
K
0 0 K, x*
. . . | o, + <0 (3-48)
AG, +BG ~BG, E 0 - =
0 0 0 I — .
K0, |

T AR 22 48 (3-1)i# 3T IEBCS $KUSAE E(P,y2 (02 +02)) h R & — A Ak
Eo H, Q,,=x,02—Kky’ (o) +0?) » FHEEERIEMP =57, il
NK=GG*.

UEBA: % 2(3-35) AT M IR EF /R (b AT 15 T 2

—(l-a-x,)P * * * * * ]
0 _Kll * * * *
0 0 -l * x
0 0 0 xo.-ry(cl+ol) * * <0 (3-49)
A+BK -B E 0 -p* *
0 0 0 I 0 - L >
Klo-e n

X X(3-49) 2 A4 e fAERE diag{G[ , G; , 1, 1, 1,,, 1, } 1 diag{G,,G,, I, 1, 1,, 1.}

—(l-a-k,)G/ PG, * * * * * ]
0 -GG, * * * *
0 0 5, * * *
0 0 0  wou—ky’(on—-07) * = |<0
AG, + BKG, ~BG, E 0 —pt x
0 0 0 | 0o -1 ~
L kiCe |
(3-50)
FRA T A%ER:
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k(1 -G) («'1-G)>0

(3-51)
(P'-G)'P(P'-G)>0
SGIBNNEEN R S e - ATIEC P
T T -1
kGG>2G +G—-«x"'l (3-52)

G'PG>G"+G-P!
¥ K (3-52) 1R N3 (3-50), E X S=P", G=KG,, AJ75X(3-48) . iF

VE3-2: TEREIA(G-40) P AT ~(L- - x,)(G] +G,—S) o MRS %
SCHRISTIAT A1, T B i T 5 B 2 i, 007 — X 160 P LA — 2 00 0 0 8 2
B, SR 5 R 0 o 2 SR RS 2 R (3-48) AR B W AT R . BLAT: Ak, 0
[0, 1-a] WM T, Sk N B, 50 (3-48) L VA A A

X (LMD , MW afLUEH MATLAB 1 LMI T EfEx H T k. ETix
— BV, AIDLREE N R A

B 3-1: SRfE(3-48)

WlkGth: A BHN, wEi=0, j=0, x=0.

1 HWri<N, BOLPATEIR 2, BNHAT2 5.

2 FIkr(3-48) e A M, RALAT VIR 3, HIPAT IR 4.
3 RMFFEFES MLt =tr(S), Ky =ky, j=j+1s

4 B, =k, +QL-a)/N, i=i+1,

5 & k=k+1, #FDIR 1,

iﬁbl“:[j: j* :arg mln(tj) ’ K3 = K3’j* o

IEBCS EARVRFE AN FLI: 4-2 i

By 3-2: IEBCS 0%

Witatk: Eita k=0, o,=0.03, 0,=06, o¢=0001, »*=0.04 . j@ifEH
3-1 /3 2Md it ge it K o J8d e B 3-3 15 2 sl 28 K o

1 JEId W 2% xC(3-13) 15 H K — 1A ZI$AAT 28 BT A8 FH 4= 1S 5 .

2 I A 0 U 0 30 (3-18) 348 3T 115 T AR i R GRS X(K) S

3 HIRAE R B RIEHIE 5 ukK) , KIEAPATE.

4 PATRRIEEE ML HRE S UK) .

5 PTG BOB 4 H B TR &

6 % k=k+1, HFDE 1.

41



AN PN T e VA7

35 HEMHE

FE AR F F BUE 5 BT RIGUEATHE IEBCS RIS A RchE. R,
AT IEBCS SIS 5 LQR 4% il 1 SCHR[64] SRIG H#E4T % EL o
ZREMT R5120,
x(k +1) = Ax(k) + Bu(k) + Ew(k)

Her, R

1.0018 0.01 -0.01
A= ,B= ,E=B
0.36 1.0018 —0.184

AGMYIERE x, =[-2 -1], RFEEHAMT =001%. 0,=03, 0,=06,
a=0001, »*=0.04, o(k)=0,sin(0.02kr). %EHFEC=[5 1]. RHETH
3-1 AR A Az (5 S At h SR i a5 9 K =[2.2873  5.7182]. it E 2 3-3
H] LA BRSSO R K =[3.4473  5.1797]

05 ——1; of LQR
—————— x1 of [64]
1 of IEBCS

2 .05
8
N&

-1F -

600 800 1000 1200
15
-2 L L L 1 1
0 200 400 600 800 1000 1200
I [) /2
B 3-2 X HiEE

Figure 3-2. The X, trajectory diagram

AAS ARG e EE A RELE FIEEXN 0.4 1, JTHEERWE 3-2
2 3-4 Fr R 3-2 M| 3-3 HRGAE LTI T, LQR Mg, CHA[64]
SIS IEBCS Mg T HIHLR . 7 LAE H =M SRS A REORUE R FL i 25— 2
A RE, (HIERAT A EE ] UK B LQR SIS NI SCRR[64] e B 28 mT LAORALE ]
HRG A B F e, (ERIIREESE BT i IEBCS 5k, K 3-
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4 NPTt A A TEERE, A DUE HAZAG TR EREAT RIS S0 R D REAL T 3R
fras Pl s E S, R TR ZEA S

1 T T T T T
—— x5 of LQR
0.8 —————— x5 of [64] 7
i - - = = 2, of IEBCS
06 i -
[
04 b4 1
\ .\‘\
, 02F )
%‘ \ =N o, -
£ . A h \
£ R Y WALV RN 9
&

T2t 1
04} .
06| d .
-0.8 | \/ ) i

1000 1200
-1 1 1 1 1 1
0 200 400 600 800 1000 1200
I 8]/
B 3-3 X, FirHE
Figure 3-3. The X, trajectory diagram
2 T T T T T
- EYEE S
1k —— i B E |
0 -

i -1 )

4\@

E

i 2 I

&f‘_

’H< -3 i

4 02} ._ i
0 »
sl 0.2 4 V= 1
0.4 : : :
295 300 305 310 315 320
_6 Il 1 1 1 1
0 200 400 600 800 1000 1200

k/step

B 3-4 TR ERESATE

Figure 3-4. The diagram of the control signal estimation
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RGURE

0.5

1.5

-2

2F

-6

-8

———1; of LQR

———— z1 of [64]
x1 of IEBCS
1 1 1 1 1
200 400 600 800 1000
I [8]/28
B35 X HiEE

Figure 3-5. The X, trajectory diagram

1200

——— 5 of LQR
————— xy of [64] / 7
- = = = x5 of IEBCS hd
1000 1200
200 400 600 800 1000
I} )2
B 3-6 X, HHHE

Figure 3-6. The X, trajectory diagram
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- — AR
1L —— it |
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El ]
'
N

s il

e
oy
N

SFRR

4 0.2 red M v 14
O L
_5 -02 Ju—--- _

-0.4
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k/step

B 37 PATAE A KRS S AT

Figure 3-7.  The diagram of the control signal estimation

i — B E G A RGEH T B E A T EEE)y 0.8 MiF. £
AT, LQR SRl SCHR[64] RIS AT BT 1IEBCS Mg 1) R A HNT
W 3-5 1 3-6 filin. AFHEIA 3-5 58 3-6 T4, LQR EHI5KIKE %% FE&
TERAIE R R G R E M, HSCHR[64] RIS AL A & T $2 IEBCS g it & #
D48 % G AR 50 45 08 7 CRUE S ] R GefoE R 4 e 7 BRI 2. & 3-7
RNFT BTl T A A TR RO A . PTOUE W, BT R A T 48 BRAR A Hh I R A IS 5
54, HAREfTHRZEA T

[FIRE, SCHR[64]5ENE A A 2 T IEBCS SRR E{RIEISH R ke LI
o FRATEE— 20 LU P A SR S IS R L. AR EE T R
A 0.2, 0.4, 0.6 F1 0.8, AHIIET 100 K, EEHCN 120025, BEHER
efS 8 I RBUR T8, JF RS 3-1.

R 3-1 FHE WNCSs HIEFFS B IREOT L

Table 3-1. Comparison of non-contention channel usage times of disturbed WNCSs

e EEMHRE EZEFEN02  EEFN4  EEFNE6 EBFENOS

IEBCSH % 106.79 129.19 179.64 240.62
SCHR[64] 5 1 1013.99 1020.94 1022.91 1037.60

WEEE 3-1 W LUKIL, EARZEEART, Frit IEBCS HgHIAREF (5 1E
FIRBOZAR T SCHR[64] s o tHUE R WL, BTN RS, AT T
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IEBCS Mg At % /£ SRIUE T I R GAs € RN 198 2 i IE R IR (R
&, SCHR[641 SRS FF AR BT XS AFE SR BN A T LR X 4 A I il R et A7 Ab 2, DR e
FEFEPAFIE AL BT s T A B T 1EBCS %M. 5Ahnss &Pk, Sk
[64] M AN 25 18 S 545 T8 P 8 5 i i, 1117 A4S 25 BT i S R I %5 & 17 S A5 dE A
I S8 AR EE Rl (A, AT PTHE IEBCS MG HCR AL -

3.6 RE /G
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