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A fast detection method of FDI attack signal based on distributed fusion

SHEN Jia-hui, WENG Pin-di, CHEN Bo', YU Li

(1. College of Information Science and Engineering, Zhejiang University of Technology, Hangzhou 310023, China;
2. Institute of Cyberspace Security, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: This paper studies the alarm response of false data injection attack in cyber-physical system under limited
bandwidth constraints. Firstly, the false data injected in the actuator is modeled as unknown inputs, and the local residual
generators are designed by the given H, performance index to generate the residual signals approaching the attack signal.
Subsequently, in order to improve the alarm response, all the residual signals are quantized and then sent to the detection
center under the distributed fusion framework, the optimization objective is designed and then the distributed fusion
criterion are derived by solving a convex optimization problem in terms of linear matrix inequalities. Comparing with the
detection method by single sensor, the detection threshold based on the distributed fusion method is more accurate, thus
the alarm response is more effective and the detection time is sharply reduced. Finally, an illustrative example is used to
show the effectiveness of the proposed algorithm.
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SEIL B AE 5 A8 1 He 550 2 T Lyapunov B8 075
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RV R G R IR SRR Y R R B TR 9E A2 BRI
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o3 A R A 1) CPSs BU et A I i @3 A 52 5w R L4
e ) T SCHR (11 R e U0 i R A% BT TV, I
THREHEIE T AT 250 FDI M5 5 MR ZE (5 5,20 %
FEXTHEAL T AR 15 5, B Ho oA 2R A 78 DU ) oK
il 38 Ak R — AN AR AR I R, 3 TSR LML 7 VR v
fil A AR, $R TR 2245 5 10 Hoo 1 RE; 3) R 20 A1 30
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z(k+1) = A(k)x(k) + B(k)u(k) + E(k)w(k). (1)

Hr:z(k) € RPERRGRE M &, u(k) € RPER
REEEHEN, wk) € 1[0,m] TR RGEZ 2 16
BH AR, A(K) B(k)s E(k) R 44501 528
FERE. 43T #5857 FDLSCH I, Sebrda il (s 5N
a(k) = u(k) + a(k),
Hrra(k) € 1[0, m) Fnfe A AR M FDIEGHE
IR E N AME AR R SRR A HEAT S U
I, EA s (k) € R™ @B
yi(k) = H;(k)z(k) + Dy, (k)w(k), i =1,2,...,N.

(2)
BTN T U AR 22 7= A 48
ri(k) = Vi(k)xa(k),
Xi(k) = yi(k +1) — Hy(k + 1) A(k)2 (k) —
H;(k + 1)B(k)u(k), 3)

Zi(k+1) =
A(k)i:(k) + B(k)u(k) + Li(k)xi (k).
Horb SRR R V; (k) R Ly (k) RoRBR Z 7= A ds FF it
I3 S R B, 7 (k) KRR ZE(E 5. 8 X

§(k) 2 [a(k), WT(k), wT(k + 1)),

7i(k) £ ri(k) — a(k),

ei(k) 2 x(k) — @:(k).
HFL )~ Q) EIL W FiRERS:

{eiuc +1) = A (k)es (k) + Bi(k)E(k),
7i(k) = Ci(k)ei(k) + Di(k)E(K).

“4)

Hrp
Ci(k) = Hi(k + 1) A(k),
Dai (k) = Hz(k + I)B(k)7

Ai(k) = A(k) — Li(k)Ci (),

Bi(k) =

[B(k) — Li(k)Da,(k), Ba(k) — Li(k)Da, (k)],
Zi(k) = Vi(k)Ci(k),

Di(k) = [Vi(k)Dq, (k) — I, Vi(k) Dq, (k)],

Dy, (k) = [Hy(k+ 1)E(k), Dy, (k + 1)],

By(k) = [E(k),0].

A B T H AR B AR V() La(k)
(73 G5 (4) 97 5 MR e, 3 ELTE TR 40 T,
U HREIHIN ey > 0,525 (5 5 55 FDLIGH 3 5
BB 525 7 () W 2 81 H oo ME G R
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73 (K|l 2 N
E i 5 - s : :
el Ueamn ) <2 ©) Dy (k) = [Dn(k)»Z;Wz(k)Vz(k)Ddi(k)},

B 2G5 (k) 40 38 TR 25 1 4 =4k, BT I8
TUHT B 52 R, Rl o0 A BE BRI B BR E AL KT 3L
PiA5 B FEIRXPRIB BT, A SCRHUN #5043 AN [
EUWRENRERAEGIIRRA

= {+u? :ul = pPug,p=1,+1,42,.. .} U

{4uo} U{0},0 < pij < 1,uf > 0. (6)
ﬁﬂiﬂ:piﬁ%fr%%ﬁmvr,( ) 5 5B IE AL I A AR
X5y = +z%?,o < &y < LT B R AL
B (pig W), 6;]» DNy GEEREE R ERSE
K. IR 8 RoR A

1 y
ij 2] <v< ij.
Yoo Ty, S S T o5,
¢i;(v) = 0, v =0; @)
—qi;(—v), v <0.

E X EWRZE A(k) 2 diag{ A (k), Ap(k), . ..,
A (k)Y | A (k)| < 6y, W RlE RO US B 5R 2245
5H
g, (k) = (I 4 Ai(k))ri(k). )]
?ﬂ?ﬁ%%?ﬁ%%?ﬂ@ﬁ%iﬂﬁ%ﬁ,iﬁiﬂﬁﬁﬂ%#o <
ﬁnZW ) = THIREBUE Wi (k), 4455
?ﬁﬁlﬂ/\fiﬁﬁﬁﬁﬁfnﬁrw( E V|

T (k) = Z Wi (k)rq, (k). )

ST RE B (k) £ colfer (k), ea(h), ..
en(k)} BREIRE o (k) 2 7g, (k) — a(k), 2T (4)-
(8)%[1(9) T AL R E RS
{n(k +1) = Ay Bn) + By,
Folk) = Gy (kn(k) + Dy (R)E(R)

Hor
Ay (k) = diag{A;(k), Az (k), ..., An(k)},
B, (k) = col{ By(k), Bz(k), ..., Bn(k)},
Cy(k) = Cy(k) + Cs(k),
D, (k) = Dy(k) + Ds(k),
Cy(k) =
Wi(R)V1(R)CL(R), . ... WN (K)VN (K)Cn (K)],
Cs(k) = [Cs,(k), Cs, (), . .., Csy (k)]
Cs. (k) = Wi(k)Ai (k) Vi(k)Ci(k),

n

D3(4) = 3 Wb Vi) Da ) — I
Ds(k) = [Ds(k), Ds* (k)]

D5 (k) = 3 Wik)Ai(k)Vi(k) Da, (K),

Dy* (k) = Z Wi(k)A;(k)Vi(k)Da, (k).

il 5 L#??)yf%{njﬁﬂz (k) Ja, BRZE A B B
KT VRAl R AL T (K):
1w 3
Jik) = D rE w0} i =01, N,

i=0
(1D
FH L HAS U B AE T s 79

Jeni = sup Ji(k), i=0,1,..., N. (12)
a(k)=0

T Bt 55 HIEAE J; (k) 2 T ke
Yo @5 IR RSB 8N J; (k) < Jyn. AR F]
Bk, Ji(k) = Jops B, iR Bk s, Horbri = 008
Rl o U B o I, FEAR SRR E X BB MR ZE (S S
{10 Ji ¥ ok T

AR SCELfR P 1) R X AT A% 18 52 FDL U
T [ CPSs, & 56 Wik 3 28 FE [ V; (k) M L, (k) FF3R A
EEMRERG S r, (k) K A IR ZERF(10)1E
Y5 E I Hoo TEREFERR N, UL RS BE W, (), iRl &
LI 752 A T T e O T

F1 RERES S XA A R A
SCHEAT FDIBGE Rar il i) S5 R U, b5 B iR 9 7245
SEMITERETE bRy T, — I m R 1R 22 R4 (10) 1
PLi B 1. R ZE VAN IS AR, AR B — AN
LTS5, 3 K PG 00 8] A 2 e ARG 3ok 2, 3t /N 11
o W) ) T 2 384 IR A R 5 A R A T vk
FREE, 38 3 A AR A v 0 B T, A e i 75 V5 R 8
FE A 5] PR 58] L3 VR DU) I 345 S AR it 90 A 00 ) 41
T 1 T TR

2 FELFR
FEVETHE 227 4 2% (3) H K 28 1 V; (k) 0 Ly (k)
T, 78 ST AR
Ki(k) + 2:(k)Z; 1 (k)92 (K),
Ci(k)Qi(k)CE(k)V,E (k) + Da, (k) (—1+

Fz(k) =
(k) =
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Vi(k)Da, (k)T + Dy, (k) D, (k)V" (),
K;(k) = Ci(k)Qi(k)C} (k) + Dg,(k) Dy, (k)+

Dy, (k)Dg, (k),
;(k) = Ba(k) Dy, (k)V;" (k) + B(k)(Vi(k) Da, (k) —

D" + AR)Qi(k)CF (k)V/" (k),
Zi(k) = Ci(k)Qi(k) A" (k) + Do, (k) B" (k)+

Da, (k) By (k).

SIEB1UMY HXHRZE R G 4), %

vi > 0 RHIUERE IMBFERE Q; (0) > 0,24 HAL X447
TERIFE Q; (K), A5 2%

Qi(k +1) = A;(k)Qi(k)AT (k) + Bil +
Bi(k)B{ (k) + Gi(k) =7 (k)G (k),
Zi(k) >0 (13)
JROL. Ho
Zi(k) = —Ci(k)Qi(k)C;' (k) — Di(k) Dy (k) + 71,
Gi(k) = Ai(k)Qi(k)C (k) + Bi(k) D] (k).

MR 2 R G (4) B 7 fa Bka e, I HAEZS € Ho T fE
FebR T, BRI 28 HENE V; (k) F0 Ly (k) 23 BN

Vi(k) = Dy (k)(Ci(k)Qi (k)T (k)+
D, (k) Dy, (k) + Da,(k)Dg, (k) ™", (14)
Li(k) = (Zi(k) + (k)= (k)W (k)17 (R).
(15)
HEB] & X Lyapunov P
Ji(k) = e (k) Py(k)es(k), (16)
Hort Py (k) AXIFRIEEHFERE. 24
Ji(k) =
Tk 1) — (k) + € (R)er (k) — 2T (R)ECR) (1)

NBGE RS, IR ZE R G (4) 177 15 B E B &2 Hoo TE
REFEARD). AR5 Schur #h g BN R e VE A AF 54 T

AL (R)Pi(k + 1) A; (k) + CFf (k) Ci(k)—

Pi(k) + AT (k) A3 (k) Ay, (k) < 0. (18)
Hr: Ay, (k) = 421 — BFY(k)P(k + 1)Bi(k) —
DF (k)D;(k) > 0, Ay, (k) = AT (k)P;(k + 1) Bi(k) +
ClH(k)D (k)

EFJLiJi[ ; ]ﬂﬁfﬁT,EXﬁ?Tﬁ(ei( )75( ) &7 (k)
10 £ P Pl S5, R 25 22 8] 2 om 5008 (4), WA AE T 1 £
BE ST T 2 N AR A

SEH AL > 0.

(T(ei(0),&(k)), 7i(k)) = ((e:(0),&(k)), T*7i(k)).
BH ERWFCR, M EE T T PPRS 2 8] 7 fE20
EFRHZAERE R 48, 1820 (16) ~ (18) P15 A AE(E IR E
HIEQ; (k) = Pi(m + 1 — k) {43

Ai(k)Qi(k)AT (k) + Bi(k) B (k)+

Gi(k)EZ7 (k)G (k) = Qi(k+1) <0 (19)
K Zi(k) > 0RO, MARYE T AT+ Ju 80 261, 1
ERG G BT E. @il g NE B8, A%
(19) &4 T 20 (13) Riccati A F2. BR T s i, ¥ 2 F B
iR 22 SR 111 510 V; (k) 1SR AR, B T =, (k) w)
"

Zi(k) = %> = Vi(k)Ci(k) Qs (k)CT (k)i (k)—
(Vi(k)Dq, (k) — I)(Vi (k) Da, (k) — 1) =
Vi(k)Da,(k)Dg (k)Vi" (k),

A WAERE 25 (k) N Vi(k) B Ik Bk 8. b Q, (k) B
A (13) fi#1S, I BB Z) 280, 7245 € W Ho TR
Febr B, BRI TRZE S S ri (k) B ER A B AR e
SO AR RS M 4e 50 m = 0(k), >R
max{0" (k) Z; (k)0 (k)}. (20)
Aa(GT(k)Ei(k)ﬂ(k))/ (V' (k
— 0" (k)V;
D, (k )DT

(Vi
)

(k)
(k)
62( 07 (k)Z:(k)0(k))/O(V," (k)O(k))* =
— (Ci(k)Q;(K)Ci (k) + Dy, (k)Dy (k)+
Dy, (k)Dy (k)" <0, (22)

W= (14) M ARAL H b (20) B AR AR, £ 5% et L (k)
SR A, i B A AR B AR min{ 0T (B)Qi(k + 1)0(k)}, 25
L, 4 96T (k)Qi(k + 1)0(k))/O(LT (k)8(k)) = 0,
SR R AR L (k) AR (15). O

2 AT TR 2 A AR AR SO (11 e A
JE AR (FDF) AR 2. T SCR (11 AR EE 5
AR T 0] A TR R £ K L P 3 2 R, T AT
i FDI Bt I AR VR I B 5048, 1% FDF ik A4
?*ﬁ‘iﬂﬂﬁhﬁ%ﬁiﬁ%FDIlﬁlfﬁ STl 5

SIEE2 12 g iE YAERSEMEAH . EME, K
HFET < I, X RTRRIE & 56 B, o AT = IR 2 H.
WMo ] — EXET > 0, W R AR 8T

(A+ HFE)X(A+ HFE)" <
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AX ' —aETE) AT 4o tHHT.  (23) Qk+1) >
R P A AR W iR U 2 B s, 1k — 2Dt Ay ()Q(k) Ay (k)+
R HE DU, A 15 g, (R) KT £ (k) A LT I A1 ROR. 25 B, (k)BE (k) + G, (k)71 (k)GE(k),  (26)

HH LA IR, 8 SR AR R
W (k) = [Wy(k), Wa(k), . ..
O(k) =1 + Oy (k),
Cal(k) = Q(K)(CY (k)T (k)4
C¥ (k) = diag{Vi(k)C1(k), . ..,
A = diag{edy, 0, ...,e05},
5; = diag{8;1, iz .., 0iz},

, W ()],

Vn(k)Cn(R)},

Da(k) = (D4 (k)" 4,

DY(k) = col{ DY (k), Dy (k), ..., DY (k)},

DY (k) = [Vi(k)Da, (k), Vi(k) Da, ()],
Iy = Ay (k)Q(k)Cyy (k) + By (k) Dy (k)
II, = Ay (k)Q(k)(Ca(k))™ + By (k)(D4 (k)"

QL(k) =
I (k)(=Ov (k) — aW (k)W (k) IT{ (k)+

a” Iy (k) 115 (k).

B 250 o il ik 22 7= A8 4 10 B 0 38 20 0 P
Vi(k) 1 Ly (), B4 19 22 2R 55 (10) 1 Hoo P BETE 7y
KATUEFEFE Q(0), T A AL Rl A AL EE Wi (k) B BA R Y
Ak ] A 5 -

o<wW; (k)gII,I})IBE, Ov(k)<0 TT{QV(]C)};
(el WT(k) 0 0 0
£ —0) CRQE) Dyk) 0
st | * * —-Q(k) 0 Ca(k)| <O,
* * * —I Da(k)
* * * * —el
N
> Wik) =1
i=1

(24)
Horpr: Q (k) i3 T 2 HER 15
Qk) = BI + Ay (k — 1)Q(k — 1) AT (k — 1)+
B,(k=1)B)(k—1)+60r(k—1). (25
ERR TSI H L, BEXT 4 E I Ho TERETR B,
M HACHAEQ(K) > 01T

He:5(k) = —Cy(k)Q(K)C; (k) — Dy (k) Dy (k) +
VI > 0,Gy(k) = A, (k)Q(K)C,y (k) + By (k)Dj ().
U fil 5 % 22 R G (10) 3575 $8 ok e I Hwh 2 Hoo
RE. 0L T 28 45 K V; (k) 0 L (k) B SR AR, BT 00 Bib &
BUE W, (k) FIIEHER, & SURAL B bR H

max{¢" (1) Z(k)p(k)}, 27)
HoA (k) NAT B E Q500 & BT AR E
) A 78, A DL IR I SR g — vk B i) R 3R A5 B A b
B W, (k) 1 2R 238 2 7R X P B0, 51 N R
Ov (k) < 0,481F T 51| 2 At AL
Cy(k)Q(k)C,) (k) + Dy (k) D (k) < ¥°I + Oy (k).

(28)

T RARAL B BE 27) %0 T min{¢T (k)O(k)p(k)},
HO(k) = 2 + Oy (k) > 0. B IEE 5 R O (k), 47
TEAREES

¢" (k)O(k)(k) < Amax{d(k)d" (k) }Tr{O(k)},

(29)
e REARAG B BR 27) F A A min Tr{O(k)}. H T v
5245 EAE, min Tr{O(k)} ZM T min Tr {Oy (k) }. 1
## Schur #p 5 #1221 5 (28) S0 T

—0(k) Cy(k)Q(k) Dy(k)

«  —QK& 0 |<o0. (30
* * —1I
VE R Cyy (k) A1 Dy (k) b A7AE X B AL 51N A B E
zﬁéﬂ%wyfAﬁng(mFgug<1m%
ij
0 Cs5(k)Q(k) Ds(k) W (k)
0 0 0o | = Fa(k)Z (k).
0 0 0
€1y
Hrp
Z(k) = [0, ACX(k)Q(k), ADK(k)],
A = diag{d1,d2,...,0n},
Fa, =diag{Fa,,,Fa,,--.,Fa,},
Fa(k) =diag{Fa,,,Fa,, .-, Fay}

M4 S-procedure!®!, & W (k) = col{W(k),0,0}, N
A5 BO) L HA S A bR e > 045 T 51
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ANE R step2: F X (14) A1 (15) 3R Y389 28 56 BE V; (k)
—O(k) Cy(k)Q(k) D, (k) Li(k).
* —Q(k) 0 | +e2%k)Z(k)+ step 3: %%ﬁ(zatm‘zﬁﬁtaa%ﬁmiﬁﬁivv( ).
. . 7 step 4: A 20 (11) #1(12), i81d 50 X Monte Carlo
SEBG SR 15 R A S I A
e W (k)WT(k) < 0. (32)

F FH Schur b 5| 3, ¢ /2 e 47 Fe diag{ [, [, I, 1,1} ¥4
Bk BT 4 e 1 o AN 4 X P Al e 1 T, e 23R A5 AR
k. 17) L (24).

FAI, SR AR AR ) (24) HIF, SR 45 8 T A2 A%
FF26) 1 IEE 5 FE Q (k). BT A, (k) KA, 5 )5 5%
ZP SR I R B, BSINIERE B > 0)5, 67
BB R R G, (k) E71 (k)G (k). ¥ G (k) J&
AW

Gy(k) = Ay(k)Q(R)C,

A,(
A, (K)QUR)(Ca (k)T Fa (k)W (k) +
B,(

) ) (B) + By (k) Dy (k) +
)
J(DLA(k) Falk)W? (k) =
)

(K
(k) + (k) FA(K)W™ (k). (33)

AEER28) AT —Oy (k) < Z(k), &5 #2175
@J B RKM a  T+ W (k)0 (k)W (k) IIEH
o, B FHIAE AL

Gy(K)E7H (k)G (k) <

(k)G (k) < Op(k) =
a M Iy (k) Iy (k) + 11 (k) (=B (k) -

= Gy (k)oy!

aW (k)W (k)T (k), (34)

Hr Oy (k) @i K ig e 8 (24) 1521, S56A 5
R (26) 5 (34), H 51 N IEH £ 8, W Q(k) H Riccati /7
FE(25) 3. O

A3 BAIREE TR EAEH LR S
PERE M FEAR. v TR ARG 5 R Z (5 5 M &
A SCIE 5N R FFE BE Oy (k), ¥ 86 BCE W, (k)
1) 36 B ) % A4 o LML 21 o7 A0 A Tl 738, 5 3 i
Matlab LMI T B 41 (1 “minex” 880K fif. £ = AR
16 B 5 min Tr{Oy (k) } AL T LA A2 R G0 T
/N H o TR BE TR AR, TR L AR 2215 5 Ho T BE R 42
FEHCR T2 15 B i 3R 45 B 42 (1 Oy (k), RS 15
Tr{Ov (k)} B/,

FET OB LA E B 1, Ve AR RS Rl & s
For W B SE LA R

i1 AT oA RS 1 FDLEGE A S el

step 1: e HUIE 24K/ B FIFERE Q(0).

step 5: M X Q) i+ R E R ZAE T ri(k), A
H ) THE AN 25 ZEAE 5 g, (K).

step 6: I (1) THE ry, (k) FIVPAL K%L

step7: 2 Jo(k) = Jyno I, A B B 45 5 9 K
HTUE; 2 Jo(k) < Jino B, BEFE 2 step 2 4R 221817

3 iEER

FRE A2 ALK R A2 3 A s R 48, H br
B R b H AL AN ROR, E X ARGRE &

z(k) £ col{S,(k), V. (k),S,(k), V,(k)}. HH: S, (k)
LS, (k) 4 58 B ks T X RO Y B 16 67 B AL AR,

Ve (k) TV, (k) 53 590 o2 FLd 2. 24 P 145 5 g B o

I, HARFE BB H LA IR 28 [ L 4 3R
1 f(k)0 0 0
01 0 0 F(k)
k+1) = k k
)= - sk + |7 7| e+
00 0 1 (k)

a(k)] + [0.4,0.2,0.2,0.1)Tw(k).
He R F(k) = 0.9 + 0.1sink; J Wi 4% il {5
Su(k) = [0,0.01,0,—0.01]z(k); &4t T [0, 200] it
Z 18 57 (M S w (k) = 0.25u(k)sin(1.5u(k)), u(k) €
[—1,1] 7] fH Matlab ¥ rand BRI %025 BR. G833 4% Jk R
SR I H ARz B0, % LI A3

(0507 0 0] [0.2]
Hy(k) = , Dy (k) = ;
[0 0 0906 0.3
(0908 0 0] [0.2]
Hy (k) = , Dy, (k) = ;
[0 0 0.50.1] 0.4
[0 02 0 0.2] [0.3]
Hj(k) = , Dy, (k) = .
08 0 0.8 0 0.3
AT FlA A4S I B fﬁﬁ%i&% =7 =086 =

B = 0.01,%)111.%‘%5[@?@1( ) = 0.11,Q(0) = 0.11,
TR i R R 7 7 A AR A T R E .

A 811 = do1 = 031 = 0.2,7E [0, 200] B | 4, BUA
MFDIX 15 5 a(k) = 0.04sin(k/15). 7£ B 1+, 52
25 N FDLYUHHE 5 AU, 4 Al Gk 215 55
5. ] L2 % A IS, Bl SRR Bk 22 AE T
TEN B 55 AT BT (R8I e
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TRAE F: BT oA Xakb- 09 FDI 3L 13 5 Besg 4 77 ok 3265

0.06 e TR EAE G 1 (k) — W5 T a(k)
0.04 = s

0.02

-0.02 1
-0.04 1

BREAE T (k) MBLEAS S a(k)

2I0 6IO 160 1;10 léO
k/step
1 KHES alk) FREES ry, (k) F3TE
A3 ENEE R E R NS, = 0.3, AR
R HH R A PRI 3, 1 B R A Iy 2R 4 0 52 P W 75
WENwE) = 0.75u(k)sin(1.5u(k)). ¥ R G HEZ M
FDI Y /5 5 EN

0.05, 100 < k < 200;
a(k) = (35)

0, otherwise.
PATHIE LA ZE R An K 2 . B2 ih s gk 2R b
ZEAE T vy, (k) X5 B PEAl of 250 it 28, 1 28 2 7s k
)L, LA A 00 B ) DL 1. e b A R, 4 B A SR
B Z2 A5 5 BRI 7 =X, Fl A A A B g I e
FE. AEASE R A2, SR R S i i A 1 A4k, 24
TR FN 6,5 = 0.3, % B A B S48 T W3R 1,
YEAFEE D N6 = ba1 = 0.2,03; = 0.3, #H
N7 (R AL EE 48 43 591 0.460 1, 0.427 6, 0.112 3, B AL
VT A Al U B 0% A7 RO T 500 458 2 /0 (1 38 3 45
KB, DT TRl RS0 m] S

0.03

0.02 1
S
0.01p
0 I 1 I
0 50 100 150 200
k/step
(b) JEHRI &S 2
003 I Ju(k) """ J/u
0.02 1
S [ A NG
~ s b
0.01} Iﬁﬁﬁ’%\;

0 50 100 150 200
k/step

(d) AR

&2 FDIXEM

0.03
o 0.02¢
=
b{
0.01f
0 I I 1
0 50 100 150 200
k/step
(a) JRbRrEE 1
0.03
0.02
S
<
0.01¢f
0 1 I I
0 50 100 150 200
k/step
(c) JRHATINAR3
#z1 DEEESKEN
2% 5 MEBME O RE IR /s
JEEAIEET 0.3 03026 0.0219 34
JEEAIMEE2 0.3 0.3305 0.0245 42
JEEAIMEES 0.3 03669  0.0224 32
FlE A B * * 0.0164 14

4 & @

ASCHE ST T 4 55 2% FR R CPSs ) FDI B e A i ]
L ST 4R 08 Hoo TERRTR AR, 25 tH T R ik 22 77
A 2% AR J0 3 2 B 1 L R A S, IR RS T RE R
I AE 5 R ZEAS 5 3R R 2R T 0 A &
(ARSI 75 7%, Bt R A AL E SR TR 05 5 I bi i sl g
73, HAEFRZEVEAS P BRI 146 I R G I T
T B R E S BIIG AR T TR A R
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