H 2 %
ACTA AUTOMATICA SINICA

FATH F 10 H
2021 4 10 H

Vol. 47, No. 10
October, 2021

FHER ARG 7T\ B1E N BT 4 BA ER BRI

HE& ZAE S RE® FEER BeRT #ET
B OF PR T PRSI R B S A SR A 2R G I A S A BRI R A4 6 T v SRR R G R BE AR AT A
PRBEE, ST AN RS (30 ) B AT DA SE A AN TR BRE & 1A i L 7 SRR 00 2 i ) [ B DR 455 S 2 20 A SE L P[] 32 3.
18 T AT AR AE TR R R 0T 2 A0 BR B 5 A R R RSN A 1008 15 0 S AR U4 5 22 R R R IR IS DL,
S5 5 UL A AR A A o) B OR R A ) B Ve BT T 58 A A AR B T A g A BR R 1) D, SRR T X T
iy N b FUE 5 AE Fh A G A T R B R AR DA R IR AR g A B 45 4 SR 5 B A R Lyapunov BUSIER] T
FEAT IR FM IS N SR SR R G0 00 ARG E M. 3 i B 07 0% B 25 SR A e REAT T 30k
KR RMERERL, WA PNERES, 0 An SN, EE R, A R )
IR W&, BAM, BEE, ZEAR, BeR, EE. FAERERS A0 2 58 N 22 AR, B 3k,
2021, 47(10): 2386—2401
DOI 10.16383/j.aas.c200185

Distributed Adaptive Time-varying Output Formation

Tracking for Heterogeneous Swarm Systems
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Abstract A control method is proposed to solve time-varying output formation tracking problems of heterogen-
eous high-order swarm systems in this paper. The agents in swarm systems are classified into the leader and the fol-
lower. The dynamics of all agents can be different with each other. Outputs of the followers keep time-varying form-
ation while tracking the leader’s output to realize cooperative movement. With the existence of leader’s known or
unknown input, leader’s and followers’ disturbances and switching directed topologies, distributed time-varying out-
put formation tracking control protocols without any global information such as the upper boundness of the lead-
er’s input, the eigenvalue information of the Laplacian matrix associated with the communication topologies and
the time-varying formation function are designed base on the observer theory, adaptive control theory and sliding
mode control theory. The closed-loop stability of heterogeneous swarm systems with switching directed topologies is
proven by Lyapunov theory. Finally, the effectiveness of the obtained theoretical results is verified by numerical
simulation.
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Fig.1  The illustration of cooperative flight strategy for

manned and unmanned aerial vehicles
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Fig.2  The illustration of hunting target by air-ground

collaboration
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tion tracking for swarm systems
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S\minzmig{;\fﬂn,ﬂ:O, 1,2 } €min = mln{eﬁ,g =2,
3,0 ,1+N,5:0,1,2,. } @7~ U A BEELT
IEHHL

XV (t) KT

1+N

Va(£)=2 > min (15(t)—17)

1+N
Va(t) =2 emin (Ug(t)—0) wi || HI Py (

wh || Bf Py (8)]], (19)

B, (20)

BT wll, < 6 lldally < X0 6@ <X 792 ()

PBlfg ||BTP791 ||]_ ) 7g 1( )PBlfk ||BT
Pryga(t Hl Vg1 () PHLfo(t) = || HT Py (t ||1 Yg.1(1)
PH, fi(t) < |[|[H{ Pyga(t)||,, HH g,k € {2,3,- -+, 1+

N}, L TR R
—257(0) (B L8 @ (PB)) F(1) <

1+N

- 2émin Z ng(t)w§1|’BirP7g71(t)||l (21)
g=2

~257(0) ((E°L50()) @ (PHY)) £(1) <

1+N
- 2émin Z Ug(t)w51||HgP79)1(t)||1 (22)
g=2

=250 ((B7L5) @ (PB)) 4 (1) <
1+N
2(X + X)@max Z w§1HBIP'Yg,1(t)H1 (23)

~25"(0) ((E°15) @ (PHY)) (1) <

1+N

2X max Z wleHIP’YQ»l(t)Hl (24)
g=2

HoP e =max{el, g=2,3,--- ,1+N,3=0,1,2,--- }.
g5 (16) ~ (24), FIREBE® KP) ¢ « 71



S 47 %

2392 =l 3
s e +x)é . XE \
’D ‘{Wj/%(ﬁ > 1118.)( , ’F] > (X 7X) max , U > X7 max , 9._1,:

min €min €min

WRYE 51 HE 2 Al fE
V(t) <A(t) (B @ (PAL + ATP — P?))4(t) (25)

R C(t) = Va(t) + Va(t) + Va(t) , RIEHIL 1+
P8R 3, W (25) E— BN
V() <—7"(t) (B @ (0P)) A(t) <
o (V(t) - (Dgo (26)

Sak—L A (26) 7T

V(t) < etV (1) + 6 / eIt=9)c(s)ds  (27)

A RGEBIETRIME t = 5 R, IR 8 > 1,
M e 5 2 1 BT %0

Vits) = C(ts) < Anan(BP/EP1) (V(E5) - C(15))

Hor 15 0 tp BIAEARIR, HETT AT 45
V(ts) <aVits) + (1 —<)((ts) (29)

it (27) A1 (29) WIAR
V(t) <e 0(t—ts) (ClV(tE) +(1- §1)C(t5)> +

0 / t e 009 (s)ds (30)
A AR 20 (26) AT A H

.
V(tg) Se—@(t;—tﬂfl)v(tﬂil)_’_a/ﬁ efe(t*S)C(S)dS
tg—1

(31)
D AR U5 5 7 AT 13
V(t) < Pe U=tV (1) + V() (32)
Horp
t) =< 0 / 0t=5)¢ (5)ds+
e (1 — )¢ () +

123
gf_le e 013 ¢ (5)ds+
ty

of eI (1 —)C(tg) + -+
ty
S e 019 ¢ (s)ds+

tg—1

e 0i—te)(1 — a)¢(t5)+

¢
9/ e =) ¢(s)ds
tp

BLXF V(1) BEAT MM, BT C(t) = Va(t) + Va(t)+
Va(t) R IES R B, T AN AS £ i B ok Bl 2R
(A i s oy E R AR S T AR

V(t) =e~?0=0¢(t) — of e 01 (1g)

o
gf@/ C(s)e 009 ds—
to

ty
19 ((s)e U 9ds — . —

9/2

to

§19/ C —O(t s)ds

—0(t s)

/ ((s)e 909 ds (33)

to

P LU PR O
1) BV C(t) A T, Moy (t)~ ng(t) s vg(t) 3
WS BIFEAAG BRAE, BT @g(£) ~ 1y (8) ~ g (£) T,
limy 00y () =0, limy_oong(t) =0, limy_0o04(t) =
0, 3 Al DL Hilimy o0y, 1 (8) =0, B TH(t) =
(LY @ I,,)&(t), Ly AR HEE, A8 im0 @y
(t)=0.

2) RV C(t) R TTHT, Moy (2) « my(t)~ vg(t) 2
S ANRTEI, B limy 0oy, 1 (8) # 0, lim;_o0C >
0, limoo V() > ¢(t). MEMRERMZ, W lim 0o
(>0, @iaHr=R (32) F (33) AN

V() < ofe 00 (V(tg) = C(to) +C(1)  (34)

H o t—ty=t—tg+tg—tg_1+--- >
t —tg + Bamin H Ingy — Oamn < 011 lim; o,V (t) <
), ¥, Fﬁuttﬁziﬁﬁﬁij.

CRAMMIT R R, () AR, /Y
limy00ig,1(t) =0, Iﬁtﬁz\%ﬁfwwﬁw%‘% (8c) ~ (8i)
RS

o3 A SO 25 (8)

, = [R3(), R3(®), - ALy (O
SHTAIE h(t) = Lih(t) Hii& Lyapunov ¥y

RT(t)R(t) = A" (1) (L§> LEh(t)  (36)
Hrteltg tper) (B=0,1,---). X V(t) KRFA5
V() = —2uh"(Dh(t) = —2uV () <0 (37)
A1

<
—
~+
G

Il
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V(t) = e 21—tV (14) (38)

KN RGEEHANE t = t5 KR, MR
B>1, WHGIHE 1 A

V(t) < Aman (((£5)'£8) /(257 25871)) V(t5)

(39)
BEM AT 43
V(ts) < aV(ty) (40)
f X (38) AT LAHEH
Vi(ty)=e 2tV (tg_y) (41)
[F) B 3z FH 3% 5 7 m] 45
V(t) < ge 0V (1) (42)

AR Ing, — 2 Cmin < ORAN t —tog >t — tg+
Boumin P | lim; 0oV ( ) =0, %’ﬁl\ﬂ: llmt*)oo ( ) =0,
DRl b3 A OO0 25 (87) Al (8k) 2L SLIT).

R ORUEBAEREHI 28 (8m) ~ (8q) MITEH T 57
Vo BETE 2R 40 R S B L P A g A PR B2 . O 4 ) 2%
(8m) ~ (8q) FRAZ (1) H AT

@y (t) = (Ag + ByK}) y(t) + ByK 21 1(t)—
Bykig(t)Ugfq(t) + By K )@ g 4(t)+
ByK g1 (t)+
Bgdg(t) - Bng-,l (Agmoy(t) — Toy(t)) —

BgKglwg (t) (43)
L by(t) = ay(t) - Ryx1(t), HAfF
i’g(t) = (Ag + BgKgl) by (t)+

wy(t) —

(4g + BgK;) Ryx1(t)—
Rg (Aliﬂl(t) + Bl’ul(t) + Bldl(t)) +
Bgkg(6)Ug fq(t)+

B, Klwq o)+ Bngjg,l(t) + Bydy(t)—

BgK%m(t) -

ByBy1 (Agwoy(t) — ©o,(t)) +

Agag(t) — To,(t) (44)
AL 1 HPER 6 A5 (12) vl %0

_BQBQJ (Agoy(t) — woy(t)) + Agmog(t) — oy(t) = (;

—~

HEM R (44) AL

by(t) = (Ag + ByK}) by(t)+
(Ag + ByK,) Ry (t)—
Ry (A1 (t) + Biui(t) + Bidq (1)) +
ByKZd11(t)—
Byrig(t) Uy f(t) + ByK &g 4(t)+
ByK2%,1(t) + Bydy(t) (46)
RIEEE 2 R (3)s (4) AL 1 IR
A K2 =8, — K}R, ¥ (46) #E—ALT
by(t) = (Ag + ByK}) by(t) — BeUg(us(t)+

dy (1)) = Byrig(t)Uq £ (t) + By K &g 4(t)+

ByK &g 1(t)+

Bydy(t) + By K &1 1(t) (47)
Z &N Lyapunov B%4:

V,(t) = b1 (H)Qqby (1) + jgmg(w —R? (48)

L, g =23, 1+ N, & 9 SELHIE# 5.
UxﬂﬁWﬁﬁ&1m$95m%

Vy(t) = =2b)(£)by () + Ay (2) (49)

g

|

\

~

Ag(t) = = 26y (1) Qg ByU, (ur (1) + di (t)+
“g(t)fg(t))
2 (“g(t) —K HUTBTQT(% g(t) —

Ryg 1 (1))]], + 2b; (t)wy (1)

w,(t)—

wy() :QngKgljg,g(t) + QngKgQi'g,l(t)‘F
Qng‘ig(t) + QngKgQil,l(t)

/?\A gq4(t) = Sgn(U;B"gng(fBg(t) - “?g(t) _ARgxl
(1)), by(t) =@y (t) — (1) — Ry (2), by(t)=by(t)-
b(t) , HEMTATAG by (t) = @9,4(t) — Ry(@g,1(t) + 11
) . BN limy ey o(t) =0, limy ooy 1(t) =0,
limy ooy 1 (t) =0, limoody(t) =0 , 43 H7 AT 51
lim;00by (1) = 0, 24 T limy_, 00y, (1) = by (t) , [FIRT
AT LIS B limy s sowy (t) = 0, limy—oo fy (1) = €4(t)
MEHUE B8R RO R R >y + x BT RAHE
lim A, (1) < lim (= 2(r — x = 0)||U; ByQgbs ()] +

2b, (t)wy(t)) (50)

R AN SE AT
2b, (t)wq (1) < by ()b (t) + wg (t)wy (t) (51)
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ST AR ilg(t) =Wy (ﬁg(t) - h(t)) +
Jim Ay(8) < Jim (<2 (5~ x ) [V} BLQI, (0], + o
8 (i o .
b (1)b (1) (52) Z: whe (ha(®) ~hi)) (54
PR SRR ATUE B W, (¢) 0 F k. 3 D =K (&, () — o (1) + K28, 1 ()—
7, (6) R, 5 b 7T 5 1imt—>oo‘79(t) S 0. FEM ug(t) g (Zg.4(t) — woy(t)) ) G &g.1(1) |
Rk (49) (52) T4 kg (H)Uq fo(t) + vg(t) — dy(t) (54j)

lim V,(t)

t—o00

= lim (= by (t)by(t) —2(F—x —X) ||

Uy BgQgby(1)]|,) <0 (53)

Rl V, () 22 50, o3 Al (48) mrn, s
V(1) A G, W limy_eo V, (£) = 0 , 3 77 AR 4 50
(53) ATKN, limy_,0oby (t) = 0, FE—PATLIHEH lim, o C,
(zy(t) — wy(t) — Rgz1(t) =0 . XK Cyooy(t) =
2y (hy() s limysochy(t) = h(t), CyR, = Cv, T
A1 limy o (y4(t) — 24 (R(1) —y1(t)) = 0 . RIFE
X1 ATEN, SRR R G RE NS AR A 0 Fh A D) e SR A
T SIS S-S () IS A e A PR

NGB FERFBNEHEERIL AR T

EKIESE Rk kPN s IR NI e NN
Xf R4 A AR SR HARIIE O, ) 0k R e
g €42,3,--+ 1+ N} Bt fn F il il
Tg,q(t) =Agy.q(t) + Byug(t)+

2.2

Hy (yg(t) — Cyeg g(t)) + Bydy(t) (54a)

dy(t) = Hy (y,(t) — Cyrg o ()

ig,l (t)=A1Z41(t) —pq(t) Pyg,1(t) =1y (t)Blfg (t)
(54c)

(54b)

Yo (1) =wgy (&g, (1) — a1 (1)) +
14N

Z wgk (g1 (t) —Xp1(t))  (54d)
k=2

fo(t) = sgn (B] Py4.1(t)) (54e)
Gg(t) = gy 1 (£) PPyg1 () (54f)
ig(t) = pgwhy || BT Pyg.1 (1)), (54g)

~ . 4N X
(uhg(t) —wph(t) = ) wfkhw))
1+N =

Z wgk

k=2

i‘g(t) =

(54h)

Fo(t) = sgn (Uy BiQy (Z4.4(t) — () — Rydg 1 (1))
(54k)

fig(t) = UgHU;BATng (jg,g(t)—wg(t)_Rgig,l(t))Hl
(54m)

V(1) = —By1 (Agy(t) — og(t)) (54h)

He, 588 RRIE ARFFAL. 56
W(8) XFLbar#r e, 2 (54d) R RS
4R A R, Mk (8d) 7RI &A1 S AR 5
S B A SRASE B THE, &R iR
VAN 7 P Jo DR A 22 8005 38 RO b o N2 R AN AT 12
TR, oy i 4505 2 g A B A A T 4
HORESE R, BRI TRZEREA R fe 08 RIS
ARG B MR, 3R (54e) MHELF R (8c),
FPXFAG R H BRI A8 A TR ZE TS AR M
T —vg (t)Hy fy(t) . 75 BEULH A2, BRI h(t) N E
A RRIE IR T35 4RSS B I PR 2 TR 428 () )
A ) B, PP (54) PRI AAR E S AU R
P E. ARERENZ, JASE R
RENAR T BETH, ARAE (1) AT, A0S 2 R
SR NN N B0 BRI 2 SR T AR R AR AT
AFIHN, PR AT LA 21 R 41 e 2

E 2. 0 TAE R4 8 1A FAYIERIRES, sk
HE R G0 BRI R A 3 PR (54), 845 4
B/ INERB TR AR In 61 — Oaimin < O Ingo — 2pucumin <
0, FIR2E (12) B, WS HER RGBTSR
EECENIES IS SRR EE S AL PN A )
H IS 24 A R

W T3 H P (8) A1 (54) Y LB AR FAILAE
PREE #5640 S FOR A BRI T v F, R e B
2 MUE AR FE 2Rl B 1, AR EE . HAFS RA
sgn(-) AT A, PR (8) Al (54) K FHIE =il 77
VORI B AT A BN T 3 1 R K4 h A
T EREEF E B 1R EN AN X LB R G, PRk
BRI G L IRAFAE. BRI B (8) A (54) #E4T
Bk, S 0k [16] FREEM T, B R AES:
1) 5 BRI H ¢4 (t) ~ €4(t) ~ g (t) AEFE I B (8) AW
(54) H £, (6)« Folt)~ Fo(t), BETAEES B Ey N 77 4
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BN B SR AR A, Be BE AR I b 00 1) v A ) 8
RILA.
N BIPFYg,l(t)
t) = —
) = BT Py t)], + 6,

(55)

_ H1TP7g71(t) _
||H1TP’79,1(t)H1 + 0

ég(t) (56)

_ UngQ; (@g,q(t) —m4(t) — Rgig,1)
[UTBIQT (:i:g,g(t)—wg(t>—Rg@g,1>Hl+?g |
57

cy(t)

Hort, O,y v By~ 0, FBIMIIE AL

IR 1. W RAE I HI P (8) R ()

AONCAOE <&t FAGNFAGNF AGRRUEZ CE S
HHE AR GERAEAE RN T 2 1R i I 2 20 BABR 27
RZE (B XN [lyg(t) — 24 (h(1) — 3 (D)) & Bk
BHIM.

IS 2. WRLEEHII L (54) HFRA é,(t)

eq(t) ~ cg(t) REFEH £5(6) Fo(t)~ fo(t), WIFHHILE
FE RGN AE AR RN 0338 1) i 4 T 728 s A BRI
RE (XA |yg(t) — 24 (h(1)) — 31 ()], ) =&
ZH T

FRERRSIR RN, ASCng R HES 1 AR 2 19
UEBA IR, SRR S AT A S AR ST E 1 BA R
Bk [16] FE B 2 HEATHE U, RS 1 AR 2
AL limy— o0 |y (t) — 24 (R() —91(t)]l, <Oy , Oy
50, 0y~ 0y WIEEUH 5% BT EIUE 241K 0, + 9, ~
By T ||y, () — 24 (R(2) — ya ()|, ICSE] O BT EL
ANEA FEIXTE) P, DA AL SRR R 75 3K

A PP (8) AT (54) Hh HK i ¥ B4
Jiik, A HT EE R (8g) ~ (8i)- (8p)~ (54f). (54g)-
(54m) ATEN, HIEMIEEE 0g(t) ~ ng(t)~ vg(t) T rg(t)
LB K, R HE N (8g) ~ (8i)-
(8p)~ (54f) (54g)~ (54m) B INhn T LK

Pg(t) =g(t) = 0g(t) =0, |lvga()ll, <71

(1) =0, b, (1)]| <7

(58)

Forb 7y o 7 AR 2 B B 75 K 328 A 7 AN 88/
[ IESE, AT 5 (55) ~ (57) 10, « 8, 0, T
HEEL, DA G 5 M SR B 2R 40 11 1 06 3 ik v B
HH A A G AR B 2 2 3ok K. Sz B b SR [16] H R
T 5P B & SR BTt 5, R DU R e
Y8 i I v B T AR g AR B R 2R I K RO
PR P 45 B AR SO SR [16] 3 — 2B A

E 4. B30 (1) AT, ASCHT TR AR RE RS
% 8 LR B (W UL BC AR B, (A SRR AN 30 1% 2

s 3, BRI B SRS WA (7a)s (7h)-
(8a)~ (8b) LA (54a). (54b) &% ik [30] HIWFSE
AR, FL G5 AL AR OGS T . 0 SRAR Y FE R VT BC 4 3
B LU 25 VT TG 2% R A 6 55 B 0 A2 4 [ SR PRI
X T AR Bh PR SR A 2 AR AR B AR AL, AT
IRIE B KA [ 25 3k [32-33] Witk mE
Fe A gE i BELE UL 2. REFR R, MEHR
GG R R IR AR, B 7RI ES (Ta).
(7b). (8a)~ (8b) LA K (54a). (54b) AT Ltk sk, 43
A5 A 28 (8¢) ~ (81). (54c) ~ (5dg) LA K45 4%
(8m) ~ (8q)- (54j) ~ (54n) B HEAT — & (et
Bl AR 2 FE AT BN, B (1) B
@;(t) = Az (t) + Bywi(t) + Did;(t)
{ yi(t) = Cix;(t)

W43 A5 SRA I 2% (8c) ~ (8i)~ (54c) ~ (54g) LA
J 2% (8m) ~ (8q)~ (54j) ~ (54n) H 75 ELHE gt
XEANCECHRE) Dyd, (t) RITEARAMEIT, IE AL AR VRS
Wk, J5E it — I RAHCH AL

5. ARSCHRAE B4R 5 v B R R I 1
AR SO AT R AN TR AL a0 R G
R [E R AR, BT A & e A B G AR R (1 3 /) 2 48
B A; = Ae R, Bj=Bec R, C;=C ¢
RPX™ | AT DUBGAIE AR 15 2 REBE ROL, BRI R, = T,
Ug=1In Sy =0mxn, FBICHR [2-4], [6], [8],
[11-14], [17], [20—21] WF R [FIR R GEAE AL 0] LG
VER M RGO HE]. FLR, A SO RAERE R
GBS ANE R PR M L, T SCHER [10-12)
Fp 2 FE I JE R4 AN E 52 SR [17) W RS R
NI LA R STk [4-9], [13], [15-16], [18-19)], [21-22]
SR F A 1A P ] E S5 DL AT LB VR a4 4 )
bR, FIR, A SO LI AR B R 405 2 pE A
SEAAECMBCR ISR, 5 A ERbE
EAER AL W IE DL, 10 SCHR [16], [19]H0F 50 450
SEAGFAEN I T MR E AN sl 5
BB AT A AR A SO 9T 1] R R 8. B, AR SO
AR 25 BN R BT TE T 23 A ORI %, 3 1 A5 B AR 2
A BRI BN 2 A A 5, STk [2-22] w1 s A5 4 A
BB AT B AR A SO AR g A A R A 2, (h(2))
RS

3 BEME

T e 1 AE R 2 /Y FE EEXOAE T 405 Y
FEHA S CRATT Bk A AR FIAS T it 1, Xt
JSL PR (8) AN ML (54) FOMI &% L7
EAPAELEVE SR, R R I b BRI G
WIS BB R 5 W] 4%, X T ER BB 2 75 RE S S ILX
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AT 1 B AR 2 BABR B A B T, 25 R Uy=Us=1, Uy =Us=Us=Ur; =0
%rﬂaﬁi, AESIESERE 1 AUEHE 2 1, ARG Hi—Hy—Hy—[s 210 32|
PR TR D R 42 i B (8) A1 (54) HIAH A1 2 $8 43 K B f -
FH R RE BT 32, 360 BB (8) 1 (54) i 1= Hy=Hy =16
N (8g) ~ (8i)s (8p)~ (54f) ~ (54g). (54m) 1 Hy=Hy=[6 12", H = H;=38
R (58) LR, BUE SRR RGOA T AV A, Hy = Hy — 4 Hy = Hy — 4
S g 1 ATRH (2 AE A2 B8 b6 — 010
FE LA T HE) B 6 ANIRBEE, SIS HFFEN 1, o
BABEERR SN 2 ~ 7, A B AR AR (1) B Py =g =0y =10, g=2,3,-- T, p=3
P AR e R
K 1.4277 0.6168 0.0843
0 1 0 0 =1, P=| 0.6168 1.7842 0.6446
A= 0 0 L |, Bi=|0 0.0843 0.6446 1.9148
| 0.0l —0.03 —0.03 1
LT Ky=Ky=[-8 —12 —6 |
C, = 0] Ki=K'=[-4 —4]
0
. Ki=K;=-2 K;=K;=1[799 1199 5.99 |
01 0 0
Ay=As=|0 0 1],32233:[0] Ei=Ki=[4 4 1], Ki=K{=[2 1 0]
00 0 1
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ERE Qy = Qs = | 24688 4.1875 0.2891
Cy—Cy— | 0 ] 0.1250 0.2891 0.2148
0
: @i=0s = [ 3:;2 093?25 ] P Qo =0Qr=05
A4:A5= 8 (]j:|,B4:BSZ[?:| _ _
L 3271:3371:[0 0 1 ]
1 T
Cy=Cs = { . } . _ 01 0
Byo = Bsy—=
2,2 3,2 ll 0 0]
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WP XOY FHEs), £ ARG S | VBiz=Bs2=| |
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FIfd R d], BT & RERTE OX BhAN OY Bl 5 1) L F A HH I A e A BR B AT 1 556 B B AH %
PIRIGIRASTE (=8, 8) B ALIZEHY, AREILBNTE (0,1) SR

rHBELIE L, T 2 A 1E H BRI, 43 R
BRI (7), HAa =01, @) = —0.1cos(t), R
Bl 2 R A i (8), 8T 2 JE & 1F B ARKT,
BT H R AR AR E N uf =05, =
—2cos(t) , FRFEE RGP (54), HHEFE 1
PLI R (58), PR (7). (8) A1 (54) H I H A 2
g e

Ry=Rs=1I5, Sy=S3=[ —0.01 —0.03 —0.03 ]

1
R4=R5=|:0 (1) 8:|,S4=SE,:[O 0 1]

Rs=Rr=[1 0 0],8=S=[01 0]
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