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Abstract

Abstract

In Multi-agent Systems (MAS), agents can accomplish complex tasks that cannot be
completed by a single agent through coordination and cooperation among agents. Therefore,
the coordination and control of MAS have been applied to many fields, such as mobile robots,
sensor networks, and satellite formations. Consensus problem is a fundamental issue in MAS
control, which refers to the use of local information by agents to achieve global control and
ultimately make the state variables of the agents tend to consensus. The assumptions for this
problem usually include the stability of agents, the fixed topology of the network, and the
reliability of network communication.

For multi-agent systems with periodic motion characteristics, Iterative Learning Control
(ILC) has gradually been applied to multi-agent systems performing repetitive tracking tasks
due to its inherent repetition mechanism. By using the input-output information of the
previous trials of the system, it continuously corrects and updates the current trail of control
input signals, and can finally achieve complete tracking of the reference trajectory in a finite
time. In practical industrial processes, it is often not necessary to track the complete reference
trajectory, but only to track the given target value at specific times. This tracking control
problem is called point-to-point tracking problem. Since point-to-point tracking tasks relax
the requirements for tracking, it greatly improves the freedom of design. Therefore, this paper
studies the point-to-point iterative learning control of multi-agent systems and its performance
optimization while ensuring tracking accuracy and improving the overall performance of the
system.

The main research contents and innovations include:

1. A distributed point-to-point iterative learning control method is designed for linear
discrete multi-agent systems with periodic motion characteristics under a fixed topology
structure, and its sufficient and necessary condition for convergence is provided. Due to the
existence of factors such as equipment aging and measurement deviation in practical
applications, there are deviations between the actual system model and the nominal system
model. Therefore, the robustness analysis under model uncertainty is further discussed.
Finally, the effectiveness and rationality of the proposed method are verified through
simulation results.

2. A centralized norm-optimal point-to-point iterative learning control method is
proposed by combining optimization theory with iterative learning control for the
point-to-point tracking problem of multi-agent systems. Its sufficient and necessary condition
for convergence is provided, and the robustness analysis of the system under model
uncertainty is further discussed. As the proposed algorithm is a centralized control form, there
are many restrictions. To address this, the Alternating Direction Method of Multipliers
(ADMM) is used to achieve a distributed solution for centralized control. On this basis, the
robustness of the approach is analyzed. Finally, the effectiveness and rationality of the
proposed method are verified through simulation results.

3. For the point-to-point iterative learning control problem of multi-agent systems, when



Abstract

the tracking time instants in the point-to-point tracking task are different, the system output
trajectory and the corresponding system input energy are also different. Therefore, by treating
tracking time instants as variables and using coordinate descent method, a point-to-point
iterative learning control method with optimized tracking time instants is designed, which
searches for the optimal tracking time instants iteratively in order to further reduce the energy
loss of the system. Its sufficient condition for convergence is provided, and the robustness
analysis of the system under model uncertainty is further discussed. Finally, the effectiveness
and rationality of the proposed method are verified through simulation results.

Keywords: iterative learning control; multi-agent systems; point-to-point tracking
problem; energy optimization
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TS, MEZIBEARZNAZE., Fit, RE G E B, H2& NG5 AT
7 L AT 55

(3) 43 4i 242 il (Distributed Control)

orAn AR A T o B A AR b s i) 2 8] B — Pl il S50, e sl R4t
[ P SR ANPAT AL BB 2 APt 2%, I s ) 25 2 [R)od I Je A g AT PR Az ], 4541
S 2-2(c) R fERXRFEIT, S EHEZ MEA — W EEME, L
SERC— TS, RIS R AT DU I A P 7S A R AT S

gE BRIk, s A aEhl g g, F R 8D, AT LR EEA RGN AT SR R,
[t AT DR A s i S 1 8. DR, E 2 B Rtk R i S4hlrh, A A0
A 5 1 5 B AL
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2.3 XBFH MFTIE
22 ¥ 77 63112 (Alternating Direction Method of Multipliers, ADMM)i& 1 TR fift 7>

ARG IR R, @I R RE, RN R IFRE RN AR R R N 2R
NS AR Gy S RIE R R R . R T e SE T ADMM J7ERI N A, ¥ ADMM J5i:
VER—F oA XA 53, 34T U

min > 1,(x)

st. xi_—Eiz:O, i=1...,S
Hob f () BROEE, x RRIHAR, 2=[7 .. [ RAKSRER, E RS
5 AR g 2 (Rl B R . AR R R R E SN R EE T8, R
A 5 4 R AR B L O R AN 2-3 .

2-3 WUN KA
Fe) 3 3 e 0 R T e B T R B
L, (Xpyeeos Xy 2, 1) :Z( fo(x)+ ' (% - Eiz)+§||xi -~ Eiz||2j
351(¥) ADMM J5 41 F .

Xi9+l =arg mln( fi (Xi)+(ﬂig)T (Xi _ Ei23)+§“xi - EﬂSHZJ

X

zw:argzmm((ﬂf)T(xfﬂ_Eiz)+§\
ﬂi9+l :IuiS +p(xi‘9+1_ Ei29+l)

W EiR = DD IR, EEEEREARRAELRN, RIHRZUNEL
HARA % ADMM JHE USSR 73 A v L0, RSO 2 A4

2
Xi.9+l _ EIZH ]
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BOE W RIR

24 KE/NG
REANGE TSP E B 2 R RGN G SRR, 2
REfA R G H WAZ R 5 DL R A TT 1A ik, NIRERMmT st 1 B e LAl



AN EE N e e VA8

EZE SHAZERERGERNR/RERE T

31 5§

LR, 2Rk RGBS LS N USRS 72 o8E, FHEUR T
VPt . BIE AT AL, 3 AR ) P i v 22 3 Re A 3R 40— BOME 1) AT 9 R SR 5
N, HHRKZHERRIELLRGLSI8ST8] Fr i s a4 H RGeH, & Rk 2 8 )
BRRIE S RAZIRGI R, BECER RS, K& S [a] 45 i 2 25 W 45 1815 17 ok
BRI . SEEILAA R, o P 8 S 1 32 ) SR A SR o FH PP 28 5 s B,
PARAE L] 5 B[R] 1F] B 3 RIEFRIUE S, XA AT DR M ZS B S R 7.t TS baid il b
TEERR &2 MEMZEEER, RGEFFEAFENE, BSEPRE RAEBA SR
ROATAT 25, 1K SRR o8 1 1T R 2 S BUlds RGU0E SERBRig 4T Hp AN AT B0 A AT
N, TG R R SR e PR . FEHIREE N, At E, K& Hr e R a]
oy
3.2 B
32.1 RGHRR

L8RS TR R B 2 R R R, £ S AN A R A J %k
IR e AR R G Ak
{Xi,k (t+1) = Ax, () +Bu, ,(t) (31)

Yir (1) =Cix;, (1)
Hi1<i<SFIRNEBI N, keNERRIEHIK, te[0,N]FRR ST I
BT ARERFERZ], N RRRFERAEG x, O eR, U, () eR", v, () eR 72375458
i R REARLESE K LRI PIRS & G S DLARIHEES. A,B, Caal i M EEe
W RASHIEE, FHEAMNY4EE. RFEGLHMBTLIR A
Y () = ici A7Bu,, (o) +CAX,, (0) (3.2)

NERIIE RGeS AT, TEHECB 20, X, (0) FRAREE i AN BEARTESE k HILIK
I I AR B o BB B REAREAS R I WT AR RSB AR [F], B X (0) = %, AN
— M, BB X, =00 BN ILC RAEEMAIAT Bt e ), P AT DURH 38 AR

RGATIRTIF R v R . S RE )ALt i Hiek 245, WTH
TP R -

Yik =Gl
Yik = [yi,k(l)T1 Yik (Z)T ----- Yik (N)T]T eR"™ (3.3)
Uy =[U, @7 U, @, (N-D)T] e R™

12



B RS B R G AR ST B

Hot, U ARSI BRI A S SRMAE S, G e R™™ JyXd BLR U
W, H A2 -

[ CB, 0 0 0
CAB  CB 0o - 0
G=|C Acz B, C/AB CB; 0 (3.4)
_Ci AN . Bi Ci AN - Bi Ci AN - Bi e Ci Bi |

e LR B RA M MIEHE = r()",r(2)",..., rmeeRNﬁ%%%ﬁﬂﬁ
ERAFH R . S E RN SN 0, RGH AR Ge/k 2 Hlbric -
1,2,...,S. fEEERIGEE, RAARAN R AR DB N G0T 8 & R IUE 2
FIX A AERE P =diag { pyy,..., Pes | RFIR, py =1FRIREE T MR BE A AT LB 3 A3 2 e
RHUE R, py =0 MFRRAIT . HARE GetE R Be AL e b REUE B, W 4E (5
WS 3-1 frs .

K 3-1 @ 5 hai
3.2.2 RN RERERES I — B &

FEAR SN 2 B eI RGUSACE 22, RS2 Bk Z R R34k, HAATIR
N REATT BRI S HILE R, B e U — iR 2N

§i,k :Zaij(yj,k_yi,k)+ pii(r_yi,k) (3.5)
Hefr, A =(a;) e R NIHINE G IIABIRHEFE
FEX 3.1 (ZHEBEMRRSE ILC Fkiih D : N s ARG 5 o, T8
IE, EHSEIME— R E U, BRI RGN — Bk iR &, WeskE] 0, TBARH R
S tHEIE Y, R ZAEAT BRI ) FE [, N N ERER 22 S %5k, B

Uik = f (ui,k'é:i,k)
limuy,, =u;,lim&, =0,limy,, =r
' k—o0 77 k—o0 =7

k—0

(3.6)
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TR 3.1 AN ERERSERR IR EARE AT LLE SO e =1 -y, » [ERARIEM 28I

ey, RAFRANRGER AT LEESRISZIRE S, Frboa TR g Aokd, JF
ANBERF SEPRAERER R 22 €, | AF P A BT Hh R DR 22 SR T

FE RO RUREAE ST, R ZAER E I (A PR R R se oc i i pg A BRI ], X 58 %
ST v FFARE > I BATIREA L 2, IR SEN ILC BTl BAARZ R, N TR
i ILC Wit B RIE L, ASCHR T AR 28 BetR 2R 40 miont R A2 I ilHESE . 3E X
M AR S AL B EREZN TR 9t =1, M, Wl A2 LR 264

O<t <t,<...<t, <N (3.7)
GBI O = (g,,) e R™M, HAAEITA LUE XN:
_ 0Ix|’ﬂ¢ta
¢“ﬂ_{..ﬂ=t (3.8)

LR @, W MBS SHEAL Iy B S miE . £NB.3) A, TS
A REVR 1 6 R GEBl 10T

Vi =Glu;
Vo = [V @) Yo ) o, Vi (6T ] € R™ (3.9)
Uy =[U )T U, @ U (N-D)T ] e R™
Hr, GP =0G,, yf AT MERAN SN S ES . SO RS HEPL rP RN T
S r PERELE), W PR

P =[rt)" r) ... rt,)" | eR™ (3.10)
R AR B — B IR E N
ka = iaij (yj'p,k - yiF,)k)+ Pii (rp - yil,)k) (3.11)

EX 32 (2% %%%%5ﬁ5u5§%&ﬁ@ ). BFX RN RURSE(3.9), WfEA
IG5 u,, HTEIE, EHSEIME— A Y, BRI RGN RO S —
MR 7 & B 0, JS HH LR 0T s H BT P e AAEAT PR AN TS BB L, N P SR
FEER XSS ENLE P, Rl

Uy = T (uivk,ajif’k)
limu;, = =u;, lim&fh =0, limyf, =r°

VERE 3.2 MR 3.1 #EAT AN AR U B, BB R AR SR ) RO R ER R ZE e = 1P -y
WA m— B R 7 &8 A il 8 (3.12) BE it o A iR 22 BE B I

NTETHETRABER D, B RGETSHRS MR EeA, F5EiRa0x — A&
BEATE Lo F UYL RPES 73 E A2 B AR RGBAA ISR N . RO Rl
SOTEE 1) RO R R IR DL RS N R R R PR R R 2

14
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B RS B R G AR ST B

m=(wy4wfw4wyy (3.13)
T

PO R, B8 TR RGENE L, JF B RN A S H
HH%EHL%EME, XN RRY, =GP,

3.3 AR AN REVERTT
BE0 2 B T RGN SRR T 55, AR — FE T BRI F IR0 A% 1LC F )
CAPS
uwﬂ=uw+ymef§i (3.14)
Sy, i ot

Bk 3.1 A st A ILC Hvk

YHE RGSHGERE A, B,,C,, A SN S HHE rP, CEIREE AU IR AL =1 M,
PR R L, XS AFERE P, $EmIERS p,, ORI ILC BARIREK -
Initialization: W&k =0

=

2: repeat

3: wKEk=k+1

4 oA 3 ILC 3 HI535(3.14) b U,
Rtz slsA, o 2 5IE T R R R

until kK=K,

return AEANERERIRACERITA Y,

)]

~N O

PERE 3.3 5t XM SR PR RR R L f (u,, ) =[] Afu, BATRA, T

u%ﬁ%ﬁﬁvmﬂwdzigiﬁﬂmﬁmﬂT&O%Z%?ﬁEF%%ﬁﬁﬁwC

A

T L AR,y =,y — 20V, F (U ) B, X SEHEAT (T, 7050 T HI304(3.04).

SEH 3.1 X T #R251(3.9), AR AN RFEVEGEE 3.1), LUR R E R
PR RRAL :

N |

||(|IMS —GP(Y®I,, )(GP)T((L+ P)®I,, ))_1 >1< imE? =0 (3.15)
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Hrr, Y=diag (7,75 ) o Y2 FIRFAFRT, HHEE 3.1 A2 i) 52 bR SO AR ER
i (EP ) i8] 0.

UERH: ARAEIRE 3.2 WP AR S bR fON R ER R 72 e 1U5E X, W LUK B REAR R4 )
ROV R B R 2 (3.1) Hi IR Ty

i?k :Zau (e k ejpk)+ pu ik (316)
j=1
H 1 AT LTS 2]
&P = ((L+ P)®I,, )Ekp (3.17)

Hep, g {(glf’k)T,(g;k)T ..... (g;k)TTO W2 R (BAT) S ILC Bl (3.14), ATLLE
EH IR N

Ui =U, +(Y®1,,)(G°) ((L+P)®1, )E? (3.18)
DRI I 22 8 i Ak 2R G AR 00T R A HH I02E Dy
Y2 =Y +GP(Y®1,,)(G) ((L+P)®l,,)E (3.19)

m
I RE A K+ 1L HEIR I AR S R R 22, D i R@E st
Ekp+l =R° _Ykgl

:(IIMS—Gp(Y®ImN)(Gp)T((L+P)®I,M))Ekp (3.20)
2 HE
IE2][ <[t —G° (Y®1,4)(G%) (L+PY® 1, )|[E?] (3.21)
e, /37 o kRt
lus ~G°(Y®1,,)(G") ((L+P)®1, )| <1 (3.22)

ﬁnS'E%EME( ws =G (X®1,)(G°) ((L+P) @1y, ) iRty W

IE

s —G" (Y®1,,)(G°) (L+P)®1,,) (I,MS —G"(T®1,,)(6") (L+P)®1, ))_l

<

(I,MS -G (r®1,,)(c*) (L+P)®l, ))_1

SN s i Z X 6 & S 0

|(|IMS —GP(Y®1,,)(G?) ((L+P)®1, ))_l
.

AL 25 A (3. 23) AT o A UIE BH 2l ot S by, (B Y e DA 254

>1 (3.23)
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B RS B R G AR ST B

|@MS_Gp(r®|m)@3gT«L+P)®|m)yls1 (3.24)
JH It 5 #(3.20) 45
Ef=Omy4?(Y®Lmﬂpr«L+HCHM»4E& (3.25)
CIPRE
HEkp - Ekp—lu :|(IIMS -G? (Y® I )(Gp)T ((L"‘ P)® Y ))_l(Ekpu - Ekp)
) (3.26)
S(IMS—GP(Y®IWJ(prK(L+P)®IM))|hEﬂf_E£H
1 3X(3.26)@ 1L VA gk AT LA 2
-t renaerf (womon Tl
<|E%—E?|

== p P_EP
AR [EL -EY| 2 [Er -]

>0. FTEL, AN RIS (3.23) I, SRR A R0 R ER
72 B Bl k UM A EL, EEE

R 3.4 BRI I 2RI A S TE R SIS A (3.22) FE AN P2 A%, RURFEIR 21 10
T BUEEANH L A RSO, RGTIRBEE ORIENSL, BrbLt— B FEH 78 43
Z ST R AR E A L E
3.4 BT

H T BB AR R 2. WEwMZESRE, REMHMAEFENHEN, RIsE
BRI RGETL G, HhrAR RGBT G A7 72, X BERIAUR B s R T RE 2 T B R 4
TESEBRIAT PN E T AT A, AT i e R i A e PEBRAR Bt FE B e bS5 ]
W, RS R T AT Do (B SRR I R SRR AL G, A SR [47] 70 1 SR HE A H
K

G =G (I +4,) (3.28)

Horp R ENFERE A, e R™™ FORBEAUAH @ E, JF HIH R |A | <1. @i kB RE o T Ll
13 2SR A6 AU SRR R R A ), =GPu,, » HHGP =0G, . NISLFRINZE %
REVR R GURE R mkT R U S NG R T AR WY =GPU, , MR RS
M GP = diag (G, G}.....G! ) «

SEH 3.2 0T HA R AT E M R 50(3.28), i /A 2kt s VA (B 3.0),
AR 7857 02 ) R OSSR A R

(lIMS—Gp(lmm+A)(1r®|mN)(c;F’)T((|_+F>)c>|,M))_1

>1c>|[im E’=0 (3.29)
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Hrp, A=diag(A,A,,...,Ag) o AR FIRSKAERT, HEIE 3.1 A B SERR AN PR
i 2% (E7 ) et o,
EBH: H550E 3.1 N BISEBR RGMALG, o, AT LUK R H i N b A
U =U, +(Y®1,,)(G") ((L+P)®1,,)E/ (3.30)
BER, SEBRIIZ B REMR RGBT SR ZE EP = RP —Y,”, (RS Br R G0 A HEAA s 0] 55
i IR

Y2 =V2 6P (Y®l1,,)(G") ((L+P)®l,,)ES (3.31)

I FE RS K + 1 HLIR I R SEBR R G0 x) S ERER R 22, #E— 2D R s ik
Ek';l:(llMS—GP(Y®|mN)(Gp)T((L+ P)®I,, ))Ek" (3.32)
IEZ<[1ws —G* (Y®1,,)(G%) (L+P)® 1, )[[E]] (3.33)

TR, 537 7m0 SeRt
s =G (Ins +A)(Y®1,,)(G?) (L+P)®1,,)
BT R BRI P IR [F] e B 3.1, AT LIS 2 70 73 L B S RIS 25 11(3.29), IEEE.
3.5 MIEEGR 54

RESIEAR T A Um0 m ILC AR RTAT I, DAEAA IS AT R SRS AR

ABUC A 5 B0 5, B & HAE 2 fh BPERE. W&l 3-2 Fras, B5RS AR Jo AMLSEERIIL
& H—AEMR RS WA TN LG Sl (50 LS — & T b v L2

<1 (3.34)

K 3-2 #5189 AR T AN &
BATANBHEREIAU, 5 7 3 EREE 2 ERRAEC, A% s BeRom i B R

¥
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BN RS RS A ST

2(s) _ Ky
U,(s) s*+2cm,8*+a?s

i B8 T A B R0 B SRAU T 2%, o il B S8k, =775.3207, @, = 4.5994,5 =0.7218 .
Rk, ARSI 2 B b s B s A AL

0 1 0 z 0
0 0 1 Z\(+ 0
0 -21.1544 —6.6396 || Z| |16401.4442

B R R AT AL, JF HIRERAE I T, =0.1s , IR AR TEANAI B HORES
S (AR R AR ] DL R T

(3.35)

U

= (3.36)

z

z
y

1 0.0970 0.0040 2.3108
A=|0 09156 0.0705|,B=|65.3999|,C=[1 0 O] (3.37)
0 -1.4923 0.4473 1.1570

AR, BEENEANBPIEERAT 0, Ry, =0, BAIRE(V).
45 E RGN IREHERIES A AT AT =10s N, BN =100, AL z il iR
75 MR R(M =5), Hif g iSB L ikEN
rP=[17,-4,-6,3]" (3.38)
A AR(m), JF HERERIN R E N
t, =5,t, =25,t, =45,t, =65,t, =85 (3.39)
AL AFD(S)o
T NHLZ 8] (A5 S0 A 25 A 3-3 Frar, R BE IS rP g g 58 0 (140
THE R

&l 3-3 T ANUEEHh 4G 1
H1 ] 3-3 s e AWUEE 45T PR, R 9508 1A 2 BITEAHLAT A
ERERR B OIS FH B aEE 0 IfE R, BIXI MRS P =diag {1,1,0,0} . [AII thr] LIFFE]TC
ML [EE IR IR G BOR S PR R, RoRun R
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0 00
0 00
-1 -1 2
-1 0 0

B Brf oA 2R 5 ILC BE (R 3.1) N T IR B HIAE S5, 79 B0 BA R 3
%y, =1.4x107°,y,=1.6x10"°, 5, =7.2x107, 7, =1.8x10°° , K JL33E47 80 ik 56, Bl k =80 -

L= (3.40)

o O o

[EEN

AT B R, AT A3 3 (IlMS—GF’(Y®ImN)<Gp)T((L+ P)®I,, ))l =6.6772>1,
T e T4 (3.23). AT LA F I,MS—G"(Y®ImN)(Gp)T((L+P)®I,M) =22194>1, If

AN AL R SR (3.22) 0 AL, A7 b BHZMEVERE 3.4 1A TS, MFeartEmscfE ik, 2t
— D HES H H TS 0 b B WCSRAT

K 3-4 211 3-7 45 T ARG 4 AN BRI AHE AR S S DL, AT AR
PO T ABLIEARZE 2R 80 LIk, FASCHIS . RAEEEIHIh4EEH 3-3, 25 1 DA
PLAIES 2 STENNUIFASZ HAh T AHLEISENT, EATIE SORIER G %58 0 4T 5
REA, P58 1A EANLAIES 2 S TEANLEEE SRS 1, EAHER R A F 2
R BCEE P2 98 7, v, BROASTRTTTG 53 20H o

8

(=2}
T

I
T

I, y (m)

i

O it tiZHHil®
4| —o—st

—8—4th

6 F |—<+9th

—*%—80th

AT

0 1 2 3 4 5 6 7 8 9 10

BRERH 1], (s)
Bl 3-4 5 1 ANTE A KL e
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He=w AR B RGN A 2] P

2T AL UL, y (m)

-2
O it tiZ B Hil®
4| —o—Ist
—8—4th
-6 | |—<+9th
—*%—80th
8 . ‘ . ‘

0 1 2 3 4 5 6 7 8 9 10

BREEI 1A, t(s)
Kl 3-5 2 2 ST AL H AL

O it tiZEHil®

3T AN AL, y (m)

4 | —o—Ist
—8—4th

B | |—<—09th ]
—+—80th

8 . . . . . . .
0 1 2 3 4 5 6 7 8 9 10

BRERRS ], t (s)
Kl3-6 % 3 A TE AL iz

O it ki Bl

HANTo A UL, y (m)

4T | ——Ist 1
—8—4th

6} |—<—oth |
—+—80th

0 1 2 3 4 5 6 7 8 9 10

FREZISE], t(s)
Kl 3-7 55 4 AT A\ KL B

N T B RGN ARG R, Kl 3-8 4t T RS 4 NI ANLBEIEAHE N
IR ER R Z VB AR i 2. th 128 1 AR ABUANER 2 JE AWLAT BAE RIS Z 5L )
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FER, WS TH 1 ALY 2 NTEARUCESCEEE B BT 58 3 N ANLAER
4 4T AL

= = HINEAN
2 - = 2T
RN - = TN
\ \\ - = B4 AN
v .
8 \
N
W w
- I\ 12N
2 6 W W
L W AN Y
AN
A\Y
AN
4 A\ RN
AN N
N < A
\ ~
2 AN ~ \\\\
ST o S o
ST o <
= ~~—‘.‘_—_— i S
o ‘ ‘ ‘ ; :
0 10 20 30 40 50 60 70 80

W REL, k
Kl 3-8 IHIEAHL AR TE AMLER B IR 22 122 1L

CLEREPTRSAE 3.1 M BIRsFR R G0 T RIEE R, (ESEPrfi i al G A7 AR AN
e, RE|A,|=05571, |A,|=0.3847, |A,|=0.0481, |A,[=0.2404, It HiHi & & s
ek 1(3.29), 73 JAE &l 3-9 I 3-12 45 T R 4 DI ANLEEIEACHE R AL K
ot ATLLER], HE RS AEAE RN E VR, (ER AW S RIECRAT T, Sk
3.1 VHARBENS PRIE R GEAEAT BRAL A BRER P 5 ZEERER A RBE AL B, AT AR B T T
FIRRA e B

8

(=2}
T

O it Bl
4| —o—Ist

—8—4th

-6 | |—<9th

—*%—80th

FANTLEAMEH T, y (m)

0o 1 2 3 4 5 6 7 8 9 10
FREZISE], t(s)
Bl 3-9 BN R AR 1 AN To AL Lk
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= AT B R R G RO B A 2] P

8 . . . .
—~ 6
E
> 4
=)
5 2
H
& o
=
< 2
R || o warrzsune
<§ 4T | ——Ist ]
tp& —8—4th
6 |—<—oth ,
——80th
A , ‘ , ‘ . ‘ . ‘ ‘

0 1 2 3 4 5

6 7
BRERIS ], t(s)
3-10 FABIAHAE 1L T 58 2 Ao AW LA Bl

(=2}

IN

N

o

3T AN AL, y (m)

-2
O it tiZEHil®

4| —o—Ist
—8—4th

6 |—<09th i,
—*%—80th

0 1 2 3 4 5 6 7 8 9 10

PRERISIA], t(s)
3-11 BRI E LT 55 3 AN To AbLU H A

(=2}

IN

N

o

HANTo A UL, y (m)

-2
O it ki Bl

4T | ——Ist 1
—8—4th

6 |—<—oth i,
—*%—80th

0 1 2 3 4 5 7 8 9 10

6
PRERISTA], t(s)
3-12 BREARIANHE LT 5 4 A To A b H A0

~n



PLEAB AR SRR TS, AW RSB —FEHNE.
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