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State Estimation and Control for Stochastic Systems with Relays

Abstract

With the development of network communication technology,
wireless communication networks have been deeply integrated with
traditional control systems, giving rise to networked control systems that
are widely applied in aerospace, the Internet of Things (IoT), and
intelligent transportation. Unlike conventional point-to-point transmission,
signals in such systems are transmitted among key components, including
sensors, controllers, filters, and actuators, via a shared wireless network.
The introduction of wireless communication not only enhances system
flexibility but also significantly reduces deployment costs, making
networked control systems a focal point of research.

Despite the advantages of low cost and high flexibility, limited
network communication resources pose significant challenges to system
analysis and synthesis. For instance, during wireless transmission,
measurement signals inevitably experience path loss, greatly restricting
the transmission range. Wireless relay technology, an emerging
communication technique that amplifies and forwards attenuated signals
by introducing relay nodes between the signal source and the receiver,
effectively extends network coverage and improves transmission
reliability.

This paper focuses on state estimation and control problems for
stochastic systems based on wireless relay technology, with particular
emphasis on control and filtering issues in amplify-and-forward

full-duplex relay and continuous relay networks. Novel mathematical
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models are constructed to describe the signal transmission mechanisms in
these relay networks while considering the effects of inter-relay
interference and self-interference. Leveraging Lyapunov stability theory,
convex optimization techniques, and matrix inequality methods, we
develop corresponding control and state estimation algorithms for
stochastic networked systems with wireless relay technology. Specifically,
the main contributions of this paper are as follows:

First, we investigate the ultimate boundedness control problem of
stochastic uncertain systems in continuous relay networks. During signal
transmission, two relay nodes capable of switching between reception and
transmission modes are introduced to facilitate data exchange between
sensors and controllers. Auxiliary variables are incorporated to
characterize the switching properties of the relay network, and an
augmented system approach is employed to effectively mitigate
inter-relay interference. To ensure system stability, a dynamic output
feedback controller incorporating switching parameters is designed, and
the corresponding gain matrix is obtained by solving a constrained
optimization problem.

Second, we study the receding horizon filtering problem for
discrete-time systems affected by amplify-and-forward full-duplex relays.
In this scenario, signals are transmitted over fading channels and relayed
to remote filters via full-duplex relay nodes. To alleviate signal fading
and self-interference, a novel filter structure is proposed, which integrates
the statistical properties of channel coefficients with historical filter
outputs. By solving two specific least-squares optimization problems, the
optimal state estimation is derived, and the ultimate boundedness of
errors between the relay and the remote filter is analyzed in a stochastic
sense.

Wang Ye (System Sciences)
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Supervised by Prof. Liu Hongjian
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R, =x, ~Fie{l, 2,34},
MRQ2)H— S, =TUA, b
T=[r" 17 0 o], A=[A 0 0 0].
VR 2.2 AU THIBNAR Ry, EERER IEL P ARV IR YIE T

—AME T AR IR (2-9). T340, MIERTT RGU(Q2-12) K BRI L h 4k vh 1
Hgk [ LS .

TN 2100 EFXHT RA(2-12), WRAFER, 0<x<IFS>01FF A
AHIIEE @, KIRAS @, T 2 1 F ASE PR -

Elllg, I} <ix'Bl| @, I} + 5,020, (2-13)

MIFR R G8(2-12) /2 BT 18 HUR & A S, HEAHH#R ER S .

FEAT o, EEN H AR BT BhAH R 2 (2-10) 151 R4 (2-12)
T 2 T T SR BE AR B -

D) AAEIELL P AR FINE 7S 9, I, 34 A E RA(2-12) 23 T 1R B A
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2) Billg, |} RAWIHEN | RF FBIE Wb 55 4, K, F1B, {67

Z SR

R 2.3: (HA 3R, AR, (RS RO A 2 T8 AR BRI
AR . AR RE AR 85 2 18], R BSR4 R LIRS I B A5 S R &
PR A% o I I L R AR A B, RTAROR M9 D To 2 A% i A B AR AR AR SR D A 1Y
SO, RS AR B AR AR T e . SR, AR IS 4K SRS B A R SR Y
ARV RO, (BAEFEA R) i ANE R 258 0 B RE - DAL, AR 3 14
HA H BRI PRE

22 FEHER

AN F, B SRR R A G RIS R Q- 12) & FINTE
ookt WG, JEILRIE— AL AR BIPEALIEE, 15 22 45 (2-10) A3 2 HE P

G2 2187 3T BAESERRIEEM, N, SH LK VY <IT 15
MV, MRAFEF o> 01307 1-SOS" >0 Mir, HAO—IEEHFE,
WAE

(M+ MNVS)OM+NVS) < MO -68"'S) " M+ ' NNT.  (2-14)

5l 3 2208, XA RE G e R™, HAeHR BN IEZ R E E e R™ Al

F e R™ §i453 1 i i 201 AL
-0 | Jor =)
G=EGF=| " |GF=|_|, (2-15)
E, 0

Ko, E, eR™AE,cR"™", O=diaglo,....0,}» o RAMHG HAZH 5
fti.
BIBE 2.308; HFIBRAERE G e ™, WFAF R R A& HHIIAERE Q, -

Q0
QIZET|:01 s

1

}E:E{ QE,+EIQE,, (2-16)
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Hor B, E, Bk Q-15)E, Q! e R™ AIQ2 e RU™0-m [ IEskile, MAF7EdE

FRHMEQ, M1 GQ, =Q,G .

B 2.1 BESEHASMBSEME A, B K, (t=0,1)  WHEAEIES oA

0<p<1, IEERFEQR O 5Tk AR AL

{o”[ I:TQ}
>0,
* Q
@11 (I)12 (I)13 (D14
t t t t
* 07 0 0
O = *t 1 <0,
@; 0
*k %k % _Q

7N I:':'
I-p)2 0 D
D' = [_( _*p) } D = I:MTQ o' AT 0], O =| * oI
B * *

1,=[M, N, o’ =[(X)Ya X))yQ X)ya], A=[A 0],

-Q 0 0
ol =| * —a 0| or-Fyo X -[Jox (o],
* * Q)

-[Jo.x; Jox|, x’=[Jo.x; o], X'=[Jo,x’ 0],
TR (2-12) BN A =2 38 7 I 24 T
UEBA: s — NS RZ KAV, = o] Qp, , #E—P 1153
R ZESIT:
AV, =BV, o=V,

Mt =y, 0, THRE-12)FX(2-19)15 2
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ENy

BV =B{[(M,+E,+) %, X)¢(+(N+zl/, 3]

i=1

«Q[(#,+ 5, + )9 ]- 00}

MN

4
Z 7% ,/.’th)(oé’ + (N

i=1

_ _ 4 4 ‘
= B{[[(M, +E,) QUM + £,) + 3.0,(X) QX! ~Qlp,
i=1
+37 (NTQN, + ZHZ.(Yt’ ) QYHS, (2-20)
i=1

+ol (M, +Z,) QN9+ 9/ N'Q(M, +X,)p,

2 _ 2 ) )
ol O 0.x) QY3 + 37D 6,(Y) QX))p, |

i=1 i=1

=B{1®h, - pV,+3'0©8},

/\I:P
T 11 12
r aqrl & R
h(,z[(o[ 19/] , ,:{ " @fz}’
p— —_— = \ 1 N : / ‘
B = (M, +,) QM +T,) - (1= p)2+ Y 6,(X)) X,
i=1
p— — = AT 2 i i
®F = (M, +5,) OF, + Y (X)) QY
i=1
2
®” = N/ON, + > 6,(Y) Q¥ -6.
i=1
VEREF

4 —_— _—
O, =0 +(M,+TU N QM,+TU,A)+ ) (X)) QX], (2-21)

i=1

AJ RLE— 20 A (2-14) M50(2-17) 75 2

D, <O +M/( Q' -l T")'M,+0o'ATA+D (X)) QX (2-22)

FIFEF R ¥ 51 HE, T AR(2-18)M (22232 D, <0 . E i, AlHE— Mk
(2-20)F1 K (2-22) 15 2
E{AV,} <E{-pV, +8/0©8,} =—pB{V,} +m, (2-23)
S m = (@7} L7 :[VZ g BTk, T hs-23) R
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1
PPN (+1 E{V
T p) v
1 P
= E,, -BV D+ ——FE,
Ty BBV B
<
S
Xf 2(2-24) B P2 [A] s SR AR 73
1 1 m
E{V,}-E{V,} < -—1—,
(I-p) W= ((1—/3) )P

FRT HE— B HE S5
B} <(I-p) B, -—)+2
PP

XFE, ATA350

(I=p)
@ B

Efllg, I}y <
AN -

BOK, BN ARGEQR-12) 8L 2 VEREZOR M 2 1 2t

(2-24)

(2-25)

(2-26)

(2-27)

SEH 2.2: WHEMIERO<p<l, MEFEEEHEQ), Q, Q,, Q,,

Q,, 0,M10,, ki, BAK (=0,1) , %% o> 0T HmE AL

KT
0-Q<0,
{o”[ I:TQ}
>0,
* Q
o' oF o
. *  ®? 0 0
CD[: ! <0, = 0,],
* * Cij
* * * ]
/\I:F‘

Q =diag{Q2,,Q,,Q,,Q }, ©=diag{®,,0,},

Q, = E[QIE, + EIQ]E,, & = |M

t

o?AT 0},
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0 0 0 0
o 0.0 00 P X! 903G
0 -K, 0 0 0
0 -K, 0 0
‘M'Q,+BGT M'Q,-4 7S'Q, (-)T5,S'Q, ]
-BG" A 0 0
V- 0 —77413 0 (I-)TQ,
f 0 -7,K, t7,Q, 0 ’
N'Q, N'Q, tzR'Q, (I-t)m,R'Q,
i 0 0 tQ, (I -1)Q,

W™ RA Q2RI T REH M HH, BY|n, |'}HRE A 580 3085 A
1= p o TN E S RT3 I SR AR T I ) 220 3R AR 1) A3
Minimize tr{®OW} (2-31)

HAEE R (2-28)-20(2-30) T
FERXFMENL T, F2H] 45 (2-10) 3G &5 AT 4 it

4=0,4", K, =Q;'K, B, =FO'(Q))"'OF"B/. (2-32)

ER: ¥ Q= diag{Q,,Q,,Q,,Q,} f10 = diag{®,,0,} LA (2-18)H 1] H %4

F|
B .12 « 147
o o ©° o,
o= * @7 0 0 |cgs-0,1 (2-33)
* * (Dt33 0
* * * -0
Horr
0 0 0 0
12 - 14 0 0 0 0
(ON :‘:Mt G_IAT 0j|, ®;, = r .
0 -K'Q, 0 0
0 -K'Q, 0 0
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M'Q,+B'GTQ, M'Q,-A'Q, tzS'Q, (-0)TS'Q,]
-B/G'Q, A4'Q, 0 0

M= 0 -7T,K'Q, 0 (-7,
0 -7,K'Q, 17T, Q, 0

N'Q, N'Q, tTR'Q, (I-t)TR'Q,

i 0 0 tQ, -1Q, |

T AERE G R PITEREAERE, 7R SR 25 SRR O, (545 T 2

GQ! = QG (2-34)
WSCRR[TAT S, JE 25 S M Q) T P
Q- FO'Q!OFT. (2-35)

4 A=A'Q,, K =K'Q,MB =80, LLHENESH5 M =M
O, = o, SRJE, W EEHRQ-29MHK(2-30)5 2 (Q2-17) MK (2-18). I,
At —0 BB 2-1 R BIAE ) RGBT & H FH.

Aok, K (©2-12)F150(2-26) AT %1

E{|l7, I} = B{p/ Qp,} <B{V} < (l—p)fE{Vm%. (2-36)

T L4, EIL)LT&?%%%E{M||2}E<Ji$ﬁiﬁiﬁo HH, RN

T BSI Ah B O A 23 )5 8] s EAHE

VERE 2.4: b, LN TRESE AR IO R & 4 (L) R AT T R
AR, 15T -1 R, i TR RHIE N L R SR R0 %
fF 7ERETE 2-2 sPEAHH T AR B g, I} BOMTHE b B ) S0 28 SR AT A2,

T 2 SR i 425 i) 2 4 2 0 FL A48 0 75 220 F 21 Matlab 20 Yalmip T 5 46 i
“solvesdp” BRI,

23 BUESLBIRENGE

FEAS o, R P B  ASh A e i S AR ] SN 1 DC A AR s 2 ] o
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PAIGHIE P42 H B3 ) SLIE A 28 . DC ] I R AL H A A Ja sl e o 2 45 v 40K ) 2%
Rl A5 S AR A 12 1 45
DC el A AL ) Bh A4 2 7] e 38 2 T

JO) +bO(1) = ki(D),

. . (2-37)
ci(l)+ei(l) = (1) — k(1)
Hrp o) 2 I ZIMALE, i()2BIRBET, jRRNEREIRE, b REERE

foR LA, o Rl e 20 HUBRTHIER,  v(7) T2 B ML HAR H I .
A E() =[0) 6) i) Fely=v(l), TTHRQ-37)%E RT3

c)=T,8()+Te(l), (2-38)
o
ol
F,z 0 - - | F2: 0 .
L
o K e
C C |

(B8 H F (1) 7 A5 RBE AL L30T T AR A 2 1 7
(l): (le)a l/ Sl<l/+1a

Hrl, (0=0,1,2,..0 ZRHENZHEHL0=1,<],<---<I,<---Flim, [ =0
A I BRAL T 255 R G0(2-38)HEAT B HILA , AT 45 21 i i 2 AR 18] R 4 -

., =ME +Ge, (2-39)

E=E(1), ,= (), M=1+Th,
G=(h1+é1“,h2)1“2, h=1,, -1,

% b =0.0091[Nms] , k =0.0147[Vs | rad] , ¢ =0.1764[H], j =0.0026[kgm’],
e=0.00074[Q M h=0.12[s]. )5, "THESHEM MG H
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1 0.12 0 0
M=|10 058 068 |, G=|0.2109|.
0 -0.01 09995 0.68

WA, GAFIHRRAIFERE .
% 18 T L AR B i O S BN E PR C A A IR 3 A5 51k AR 7S RS2, 2

— 5 N(2-39) 15 2 NI Zh TR :

$ =M +X))E, +Ge, + NG,

/\I:F‘
0.1 0.1 0.02 —0.01 02 -0.2 001
N=|-03|, T=|-08 002 00l |,A=| 00 01 0 |,
0.2 02 0 002 -0.02 0 0.02
0.08sin(/) 0 0
8, ~ N(0,0.0003), U, = 0 0.06 cos(?) 0
0 0 0.02cos’(£)

Fih, RGN IR T AR

100 0.02
¢ =0 1 0lg+|-001|9,.
0 0 1 ~0.03

BT ES PR L, RN ETE R BIR N S H 7, =0.8 (i=1,2,3,4),
0,=0.09, 6,=02, 6,=0.001F16,=0.05. {5IEMEF ¢ &FB8HE =LA

BN AR R HRA NI 2 0.0011 « 53456, ZHp WRENp=0.1.
BT 4 ENSEL AR S s

0.9770  —0.0384 —0.1458] 0.9748 —0.0408 —0.1475
A4,=|-0.0904 0.3406 04417 |, A,=|-0.0934 03490 04497 |,
=0.0145 -0.1746  0.7918 | -0.0168 -0.1652 0.7900
0.0048 0.0561 0.0121] 0.0163 0.0646 0.0178
K,=10.0242 0.1542 0.0305 |, K,=(0.0265 0.1693 0.0443 |,
0.0108 0.0510 0.0437 | 0.0107 0.0588 0.0526

B,=[0.0507 —0.0183 —-1.2650], B,=[0.0473 —0.0129 -1.2709].
W DC AR FHLIIRIGRIE N &, =[-0.8 0.3 0.61" - B 2-3- 2-5 45 T KT
DC RN B R Bk, B 2-3 41 7T RHULE 0(0) i EEE R .
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AR, PRSI RS BUE AR FBLIRIRES . RIS, e K 2-4 A1 2-5
REFFRIR SR . K, RS Sl s b 4k LA, i 2 ) s ae
AR A% ] DC Al I L PIRES o

Ll L

Open-loop state
ST |=emam= Closed-loop state

100 150
Time (£)
K 2-3 K& 0(0) BB
09r T T

Open-loop state | |
Closed-loop state|

0 50 100 150
Time (£)

B 2-4 CIRZS O(0) HIE
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“ = QOpen-loop state
o5F N = Closed-loop state|
1
1

0 50 100 150
Time (£)

&l 2-4 R i(0) BYELIZE

24 XERL

FEARTE R, S BAES AN I BENLAN E R TT 1 H R & FEE
fil] il AL A 5 8 IS Fp kAR R R, SRAD T PR AN A AR 02 TR D)
Herp kT fL LA B A% RS AR ] 28 2 1B BOME SR . L oI NHBAR &, ik T
AR DR o BEAh, SR T MR RS R, T AR AR gk TR
ZRIE TP N T HAOR B S RGN A S RE T, WiE T BA VIS Esh &5
SR A, B SKRARLQ AR I LA E 1 P R S SRR . e, IR
BIIGAIE 1 P4 H 42 S0 A Rk
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FI3E ETIERERENTPYRRENEIRR

fEAR T, R AR KA L4k (FF-FDR) B8N 7] R4t
RENIER R . Oy 1 IARAS 5K AR, FF-FDR AR A 1045 5 14T
ORI R e m R vh a5 o SR 10, T I B R AR RE 77, W 4%
HRES IR E SRS IES, W EE T (SD o BbAh, R 7 g4
R kETT %, HpE SRS BT RE AL T 8% < AE DR S A TR AT TR
AR AR 5B MR 75 I RE I« AR 28 (1) H ARo2 T4 XS FF-FDR ATES N 8] 2 58 1R 30
AGTHES, DURDO P AE B AT 2K B TR . SR 1 1B IR SIS A 45 4
I8 T HEVERASIEA B T ISR w3t P2l 1R SR, B ORAL TR
G R X ERERA TN &)a, WP SLBIIE 1 i iR s i
e A R

3.1 [aj@RfEik
3.1.1 M EEAE RS

FEART T, 5 8 LA Stk B U 7] R 4t -

X, =Ax, +w,
v, =Cx, +v,, (3-1)

X, =Xy,
H, x eR" Bk ZRFIIRE, y, e R” 2 A& BT 5000 &5,
w, e W Ry, e VR 73 IR RN RGBS MRS, 4 CRAH
&R SRR, X, 2 CHPIGEIRE, X, WHVERANES.
FEAL S8 R SN, I8 H AR B AL AR I &y, W] DA B AR i 2 8

Wk, TER ALk > NI %Ik ( N+ RE R DK . RIS S m
LS (3} yer B AN RGDRE BN T, TR A0 D A 1

BERGREI B 5, -
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)’eZ—N\k = argmin/J/, /? ()2Z—N\k )> (3-2)

R = AR, k=N <i<k,
B =CE, (3-3)

—_— _ A Ak —_—k _
XN = AXn_gp-1> %o = Xp >

E¢ﬂﬁhw=ﬂﬁwfz4W+§wmﬁgw,maw%~4mﬁé%%m
R

FE KRRt TR PR S RERO RN, (238 ST SRR P
G, B BT B B T R 550, RGBT, §
SO B IG5 B, (i BT AR TR B T A (5, AT
S5 e e D S W (SR(3-2)RI(3-3)) FUA Ak . [, ASER ] 7 FE-FDR
SRHCAIEE 5 B8

3.1.2 ER-FHEEAENT HLrzs

AN P U AOAG U R R 3-1 Frs . BUKI S, AR A SRl e
518 L — € &5 T2 p, K& A y, fE%125 FF-FDR. — HIRWHIE S m, ,
FF-FDR i@ & VE A vH et Kk AL #E . 285, FF-FDR REVEMTHE R 5y,
CMER TR p, Fox Einim ittt &t . 2SR M2Z, T FF-FDR [ 2478
WA R ERAE, FF-FDR 4RSI B 2 B fiiE 5, i AE 8 Tls, -

SI

—ﬁ;<7
Sk
| T
=0y Al k|k (‘ﬁ) Zk
(e Y *"ﬂf—»
Sensor | deE
Relay Estimator

& 3-1 3T FF-FDR iR SR e
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MR A XU T Fh gk s AR AL, A4k BEREBRUSCR BRI 115 5, AR
W B2 e RAE S ARE T (SD B2, Kk, Hrgky s s m
S5 HCLUTF AN A 1) ARG B A EE R E S 2) kA
PPN RS TE IR A B T3 R SCER[351 /71, 7% FF-FDR #2205 21 ) ] &
%?@*ﬁﬁﬂ?:
m, = \/pishsr,kyk +s8,+ ‘9sr,ko (3-4)
Soh, &, €N, CR RS, N, 5 MRS, AL
MEERMEYEES S MWSCHR[39TAT A, ([EIESHT @ BA:
hsr,k ~ ds_r}//ZN(Osr ’ ﬂ-sr )’
Hr, y>0RRBEIFER T, d, LRGSR RE S, o, Mr, >0

e QRIS
Fik, MASCHR[40TH A9 TE, AR XU L gk ae i) B TP h

e =P Py + Sy k>0, (3-5)

b p AR 2L 1A FE-FDR F ZeMEfGihasmdith, 3., eN, cR"H 5

fEiEmgEs, N R—MEARNES, h,, ~d "N, ,r,)RnhakE-iE e
EEERE, d, 2P Ak MIER A 2 RIER RS, o, M, >0 =2 CAIH 4.

T 3 TR KA, FE-FDR 0 &R 1E 5 m, 232 3 LURT AT

S5y, . I, MACH K, FF-FDR i 100 LS 5 17 e

PRI o AEXFPEOL T, F(3-2)MN(3-3)% H 1AL G IR B 3808 ik FR A A
WG FEARTET, KR BT RS T 3 25 fif (R 2L T FF-FDR 1R BIHEIE B

) @,
3.1.3 EF FF-FDR HEanisER

FRR, KR Ak AR MBS R GRS IS B AR . AERE AN L
k>2N+1 10 Z0 ko R B P 4k 85 32 52 20 I0AE 5 {m} g _yaiery » JE AT AG TE

Gt b wvereey FURZS 3, OB E,_, 13 51 FF-FDR & 5 G4 45 B0 508 £ 11
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€ unaian » N TIEFUX— BAR, 8 56BN 1 7R SR e v
AR 3.1 (R k> 2N+ 120, MRS S m )y ey, » SERTHOME T

it weren, T E AU T 45 SRR (e POPIRZS A {6 s

G = argmin} (&), (3-6)
15
681+1|k Aévnk N<i<k,
\/p_s sr y1|k + \/;hrryi—ﬂi—] > (3_7)
Vir = Cé\k’
Ek—N = Aék—N—I\k—l’
7N I:':‘
R R _ k
jkl(é:k_zv\k) =&l gk—le —&n ”2 + Z |lm, — nﬁé\k ||2 )
i=k—N
h.o=d 7% ,h =d "0,
e — M EMIEEL.
FiAk, UEREAR VIR BOE W T
i = A[’iv)?o, N<i<2N, 58)
JA’,|, = CAN§ ~Nli*
VERE 3.1: BIHATALE, RATCEE T =% EEM 3 4520 T FF-FDR %

EEIRIEIE . SAEGTEMI A SO S S A L LR PR
1) S A B R TR SV (5 T, TR T A
fofbEYE: 2) AT R E TSR, iR 4 iR A (&
FH 6 T F Hh O B ISR AT R, AT T R

B2 F oK FF-FDR £ {5, R S 0 I8 . s B e B ke 81 g
R 2, TR R

J;rhre kyk\k 8o (3-9)
Hog, RAGEWRE, h, 4k 0855 E KB HLUEE R 006 2

by ~d " N(o,,7,) s d, >0 R AEBRIED 52 W HIBEES, o, Flz, >0 R CH
G
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XT30S R G0(3-1) R Bk T 4 R IRt F -
WGRE 3.2: (EWR k22N +THINZ], BT {2}, oo, WX R TIHFZ

LR AL R A B S AR Al T %,y -

k
jkz(fek_le) =¢ || J’ek_N\k _fk_N ”2 + Z ”ZI _2,‘\1( ”2: (3'10)
i=k—N
it
X = AXy, k=N <i<k,
hreclxz\k H (3'11)

X,y = Axkaf,‘kfj,
Horhe> 0 REEIHEL h, =d 0,1 C,=\p C.
FEN, VITHERBE N
Xy =AT"X,, NSi<2N.
A% F () 6 B AR B AR 2 AR I B T (&) T R N
FF-FDR M)A R G0 R BTHRSIBIER AR, IRt — 28 70t et (RIR Sl g i
w R

3.2 BREhiER R AR
3.2.1 %%} FF-FDR BYE N8 2218 11

B30 TS () on, » BRI 5, ) yerse, SRS
W E 31 M AR T

Eei =0 &+, FIM ~h b, \[p, FT V), (3-12)
Hr
My C, A
M= w2 S, - 9’”3"‘*” :
m, c. A" Vktie-t

OS = €I+Eif;Tf;’ Cv :\/;SC
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WEBH: M (3-7)rT %0

Sl =t 1= (M, ~h, FE b D, Vi)
imk-N (3-13)

x (M, - Erfsé\k—le - }Trr \/p_rj/\k,j).
FEIXFPE OL T a %, Ak il @ (3-6)F1(3-7) I fiE A
ajkj (ék—N\k) £ z T T 7 £
— = = 2 k—=Nlk ~ Sk-N Zth; Mk - hsr‘/c; k—Nlk
2E . (G v —Siw)t ( Sk (3-14)

_}Z,.j\)k—J):O-
BJa, A ULEENRG-14)55)203-12), 5IHAHE.

3.2.2 ISR GRURENIEIEK BRI

BIE 3.2 WD (2} oy I RLCG-DIRA WL (5 7T
FERSRRCEF

)%k—N\k = Or_] (X, y + }_lre‘ETZk ), (3-15)

b

. F=| T |0 =d+h.FF,.

HEBH: M (3-10)R] %0

z |lz; — éi\k ”2 =(Z, - E’ef;')’ek—N\k)T (2, - Eef;’)’ek—N\k)' (3-16)

i=k—N

XKE, TGy RS BT S0 R -

aJ, kz ()Ack—N\k )

- = 26(X;_yp — Xy )~ 2h, F (2, ~ }_lref;)%ka\k )- (3-17)
axk—N|k
NHE:
S g AN AT HEIGAS). 3.
XNk

Zt, ©4 N FF-FDR Mzh& RS0 E&vF TR SHIRIE R A . 79 3 E X
FF-FDR M0 25 REMIEBARZE R,y =Xy — S M ey =X,y — %y, T
HG-1), RG-12)FKE-15)52
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Cen = 0;1 (gAé/k—N—I tEW v~ }_’sr}—sTH Fyw, — }er;T 7flsr:k"l,?sxk—zv

sr.k
7 T — 7 Ta 7 Ta
- hsrf; Hsr,kvk - hsr’;c; lgrr,k—l - hsrf; 195}’,1{ (3_1 8)
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