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Abstract

The cooperative control of heterogeneous multi-agents has received widespread
attention from researchers in recent years. As a most basic form of collaborative control,
the formation control of heterogeneous multi-agents serves a necessary role for
completing some structured operations and advanced collaborative tasks. In this paper,
a distributed control method is designed for the formation control problem of a
heterogeneous system. This heterogeneous system consists of a group of nonholonomic
Unmanned Ground Vehicles(UGVs) and an Unmanned Aerial Vehicle(UAV). The
UGVs form the flat formation on the ground, and the UAV acts as the leader of the
formation, controlling the geometric center of the formation. The real Laplace-Matrix
based controller serves as the main controller. While by adding a gradient descending
controller based on the cost function and a controller based on the leader-follower, the
formation self-avoidance collision, the formation size control and the formation
absolute position control are satisfied. At the same time, the controller does not require
the existence of a centralized controller. Any single agent relies on the perception
obtained by its own perception system to move independently. The paper focuses on
the design, calculation, and proof of convergence of the control algorithm. The article
gives a way to calculate the control matrix using convex optimization. Agents are
capable of completing the tasks of formation generation and formation maneuver. A
multi-agent simulation platform based on MATLAB and GAZEBO is designed to test
the control algorithm. With the help of the TurtleBot3 physical robot platform and the
motion capture system OPiTrack, physical verification and analysis were carried out.
Keywords: formation control; distributed control; multi-agent control; gradient

descending control; convex optimization;
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§ CP{F:q") (2-14)
RIE AR (2-10) X (2-14) 7 LR E]
¢ =Span{Ey, E;,q", ¢} = P{F": q"} (2-15)

i 1IEH 7 &
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WL SEAR AR S (ieit)

REER L KNG THEUARNRENHFRADX, HHERwEK
LT | P HAT AT BRF A THER A ERT. 24 THFEERRWAET
RN 1) R R R R R

24 SHAEFHERR

i 25 FiR, HLT —AAHRNBIHRESEE. REHEREES
HEAPERTE . TSR BN AT 8% BE T % A4
SEBHEZ NS, BES BRI EE S, BBE LS RETENERRIT
A AL T B HE S

EEALHEES, REANMEREY, AR TR IS AR R,
BRI E R RS B, R BIE LB BE A RIS
EREq PRIREERG, AEATE LT EERA, S PEELTEELE
5, BRI T R % A A HA,

Wi B, BRI IE B A BT R R, AR R B
BLAERE, AR SR E [, w TR TR EH [, w,] . E
fojs, BAREAEHBASEHEA R RERE. £ 73 EEHE B
otk AT K, TR T 8 2 S R IR 3 55 A S A B A B 8 78
—EWE, EEAMHREY, BRNFHAANSES, B SR AT EAA
AR AR LA R TR RS, XS % R A 52 07 R o
RAnfE R, %8 kA 7 R BB R AT . 4 X BRI R AT LR
TR,
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S 2 B e B ERE BT VAR A

_____________________________

[ v L s
ooy (R RN emmimmn L O wy
KRR | g8 [ L[ masERg
HABREE ggfj% . — TRERERE |

|

EEEDEEXR) - o—ooe- Lo

‘\ ) A I'

s | N

Z T ! 1
O pETER ] EREHE PV /', UGV

EaEe | maane

AAls pom . >mﬁ%ﬁ§ N

Lo RES ) RETREHE fyw, | I

L P! viw, I

\ g I
43 i B 5 B — ) GEBIEGER | |

REAE e~~~ - - - = A o
SoEEgt T T T T T T T T TS s

Bl 2.5 ZRB\ I 42 sl R s 2 TR

AXERETAMEZE R T EERER, 2 5 TRNBEAEET
P F Hm T B HATHR, R4 P EAEH R LR E R HiT
B,
2.4.1 FET 5= 8 A7 B3 H K e

RAE 2.3 F A HBHEMEINEE X 1 LR ER 1, Z[24]89 8 %, LUK
A LA M5 BT Y BB R = B EME AR = 8], TR — N EE B ST o, /A K (2-16)
Fiow, R 8 e 1E H KRB AT 18], XA Z &M = 8 I A&
Bk Ao Lz E .

6(§) =0 (2-16)

ERENTURE RS Z 0 EH—HE(E E,, q°, @} T Z B b0, 5 TNA
HEKTA RN L BERELRS, AHWTENL:
RN 2: A3 — AN ERINF* =< q*,G >, * T q" B EF LGB i 4 %
BE, EXEAME Fo: RVSRY, Hxf N EETRA € RZVEVAE I T
A E X
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/_Zj:tlAlj Aqj o Aqy
A — | AZ] : _:Zj#:ZAZj . A?N (2_17)
\ Ayr Ay —2j=nAnn
HFAGNERNI=1,...,N;j =1,...,N, #i2a TH:
_ al-]- _bl]
Ay = <bi,- a;j )
Subject to:

RABLLEE X, FTLLE AR AR T .
(1 HMEE—TZHR A0,
(2) A NI,
(3) FHMEAWBEEHNATETE, WEMEAYFEREE,
(4 MNTHEEEZENTFERA;, #HE Aj=a EHLFTENEANER,
TEARAZE 2 Fgit 3 Ao RAME FoEE A Ker(o) 5 A E ¢
MK A
B2 HEN 2L HHNENEL TFo, £o(q) = 0,0(q") = 0,llo # 2
¢ < Ker(o) (2-19)
EH: REE X 209HER (LD RNTEATUUEZEAE, = 0, AE, =0, B4 %
R — HEME RS ENZ T, A& MEEEE C Ker(o),
883 NTRIF =<q,6> —MHwEN 2 WA oMz 8 #H E
WTX%, YHCHRMRA.
Ker(o) = {c1E1 + ¢,E3 + c3q* + c4q*: €4, Cp, C3,C4 € R} (2-20)
ZE A E[24]F 4 B A SO A B R
i 2 Akl 3 R BRI AR SRR T AR L= E, X4 H
TR EA T, RIES R 2403, HTHELGWHERIF =<
q’,G >, FTUMRIEREGRE| — AW in @ L 2 T A, Xvq € &# R
Ag = 0 (2-21)
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534 % B AR DM S T AL
el NAMEREERW ARG T, X TH AT T 26 Falorm:

v.
ylorm — (w‘i) = R(6) Xjer, Aij(qi — q;), i = 1, ..., (2-22)

__( cos(6;) sin(6;) S ke i ST
RO = (S5 contor) 0N F AT HIBE L qu 0,5 FIH B R

i R AR A THALER R,
Lyform = oft, HHIMANF, BRI ENAE B RIS L Y-

Yier, Aij(qi—qj) = 0,i=1,..,n (2-23)

BERERNE, BTEN2HER (4 WEE, IRERARTRASSE

ATk, BERMBOREEWE 2.6 frn. X —EERMEA RN T RS A X IEH
RAET B4R . MR I AR 2 AR R I B B 47 B LR AR B

2.6 % il 3 2
242 ETHME F AT B E T E

P T A A A, T — R T B AR R EE
BHRRBAMN AR, BT EME A NS HNE RN, LAEEHNAEHE
AR, RNEEES ARG TR EER B A, T AT REE AR
BT DU $4 3 — A T 5 2 4 A AL

B AR AR E A, R AT RE AR T 2 . AR
F U R HEIEN = [Ey, Ey, @, @) 547 5 S5 448

UsvT = N ,[0,Q] = U, E#Q e RN (2-24)
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WHL KA AR R ST (i)

oA = QTAQHIBE G HHTA 0 B E#MRNW T, EiEAL
SB[ AW TR E MR B AR B AR AR . = X AT F 4 b 9] AR

A = argmax(Apin(A)) (2-25)
aij,bij
KR T
AN =0
{Aij =0,ifG(L,j)) =0 (2-26)
Amax(A) < ¢y

SRR Y 1 17 BRED 7T 48 B4 T A
243 ETHETHRNER K%

2.42 P ENTE | B AR A B AR R T R AT R At B ey, I XRERAE
BN E R ERIAATDL, W EIRR P — BRI R A R #H B R, F
B, b3k B SF AR R B AT RE 4 1) 4F B A 9] AL

AH B — A TR B B B T T AR R R 7 SR i A 5O\ DLAT R
WEEE A X ENRNEH, REME TR ER R, WELF KR WERL
BN ERWHERESE, NP ARRN. REEFEFOER, RONFITHEET
B AR B 2K

(dreal_ddes)2

fcost(drealr ddes) = dreal
0 , else

Hbdeq B TNETWEGEEREER, Mdes kLN ERREER. d KX
FEHE, Ydeq € [dges — dp, +0) BT, RNMBHNEN T, ZRMN BT EE A
KA e & E 2.7 (a) (0)Frore

dreal > ddes - dt (2_27)

(a)

01 02 03 04 05 06 07 08 08 1
distance/m

B 2.7 (a) RAeRBoRE R (b) A0 bk it 2k ]
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S 2 B e B ERE BT VAR A

AR B H R e TR

(1D LYEEaRAEATHERER, RNK 0, BNREGEFLTHE
REREYIE o) S s

(2) LFHEEEREIENT L EBER, R0 K #4615 38 8 B8 /N T
MK, Ldeq = OB, fooq = +00

(3) EBNdWARBLEERERLMCERANEF.

FIFE ER R EH, RAVE A T8 s Rig RO B3

£ = Vi feost (dff, A (2-28)
Mok (2-27) 5aR (2-28) W44, RNERI W TEH £

djeost  gjeost
=R [ ]

B THEHE ST EHES 6, RIVEE T BRARG T EATEN
B )5 A1 0 A (2-30) BT 5 % Krorm 5 Keose A 1 0 2 4545 3 52 58 28 LU T AR
TR 2.

(2-29)

u; = Kform ) u{orm + Keost * u;:OSt (2-30)

djt djt
u; = KformR(e) ZjeEiAij(‘Ii - qj) + KcostR(g) [% %] (2'31)

244 PR HEHE

WL 242 FA 243 TR ERI R, T& T ZRERIT IR ER, UK
A e 18] 8 G A B B RAE . BV im0 K (2-27) B9 R B8 BB 1 I I T RE IR R G
EIR T, A ELE#HTRAEL AT ENME, AT TR G JLFF
I B, KT ARG AT E . KW AGF T LR B AR
MEHWENNEGR., BRENUEGE, UERBENMRNF ONCE, UK
WMIBIR . ERERNE, IIANFNMAREZLE, ERFEOeELE Bt TR
GRS AR A R, BT AR E R KA T AR R
RAREIR L. TN TR E B RERAS, EEEER A E T B 6 20958
L, AT HAFHERE, SINANMAFEHF T EE A ANBK KATET
MG -IREE A B, Rt AR S 2 1 | Fyeader,

T8 4 B\ P R A P BN B AN B M O BARIN B = & o AR i
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TSN A ]

ul_eader — {KRi(ei)(qdes - qreal)/”qdes - qreal”' ”qdes - qreal” >1 (2_32)
' KRi (ei)(qdes - qreal)' else

HFR(0) A M T % F W03 ML iR A AT, K A EFE 3, T qaes ™ qrea N
R AR R e L B A SRR E

LR, WS EE AR R AL E qees IR F . AV A T4
P By A R, Hox L a s o i = #0

u; = ulform + ul_cost + u%eader (2_33)

2.4.5 BRI F R R KN
F1# 3 T MK
Yier, Aij(qi—qj) = 0,i=1,..,n (2-34)
EXHRAAR, ZARELESE R TA R,
AT R AR G REM, RAVEAFHEERREBAFBRTHN.
B, RETIE 3, REMMEA T URMKES B LR FHERTON. Hk, o

Fasdl g, 8T ETHEME, uost Guleaderyy (ain 0, 3 T B k]
RSN, TE M B R R SO R e AT,
. o , ] cos(0;,)] — _ [—sin(6;)
RAEAR (1) FriE 28 N EHEE, A, [mwa’m‘[wxa)’
G = [y TFR A 2N E BT ES 4T

= h;v;
q; = i (2_35)
h; = h; o

% FNAE R, 3 q = [T qo7, ., qu 1T N A B0k R SR A 7 2 7T LU
TR X
q = Hv )
Hob KB [ H A0 KB U 40 B & w1 oy BT 4L R B 0 S5 R 4B T
#&%u{“mé’ﬂ%)‘(:

uform = R,(0) ¥jer, Aij(qi — q,) i =1, ..,m (2-37)
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S 2 B e B ERE BT VAR A

BT UEEE Hule™ = [u, T, u,T, ..., u, T2 LT

orm __ v — _HAq
u™ = () = (Cag) (2-38)
AAK (36) AR (38) , TULG B 4% il RS89 b kA8 A A2
q=—HHTAq
{h - AATAq (:39)

HTHE2241ETHRE, KA ITHWESEEAYFERER, BRitwm THA
B2 R R R B
V(g.t) = 5q"Aq =0 (2-40)
ARV TR R t AT K T A 2
V(q,t) = q"Aq = —q"AHHT Aq = —(H"Aq)"(H"Aq) = —||HT Aq|* < 0,(39)
WIBEE A BEXT Aq" = 0,Blvg* A Z A AWM —MRE R, AT —4
q#*q,
V(q,t) = —|IH"Aqll? (2-41)
M Aq+q FAEEARZENL, AQq+#0. B ETEMEHTD R Y HRIERE, F
WEZEERNZAFEZHNE. £ LA UFEE: X TEENWEEtq = q°,
wV(gt) = —lIH"AqI* T E% T %,
LR, T bR WS A ek R, RXﬁW%0='ﬂmﬁﬁ
FRLERRHER TR
(1 V(g t)hIEZ.
(2) V(g t)h .

(3 thm V(q,t) =

(4) XNTHEBHWSEEAEq*q, #AV(qt) = —||HT Aq|* FEE T E.
W3 REUL=ZFMHFR, RATUME, ZEFE 2L RHETHEEN,
TE% B E 3WiEHA.
5# 3 T HanN:

Yier, Aj(@i—q;) = 0,i=1,..,n (2-42)
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WL SEAR AR S (ieit)
RXHRALR (FRLRAX (2-18) ), ZAREERESE R TH KL,
EH: B EnREZ%S5F R a Tk, B

ZjEEiAij (qai - qaj) =0,i=1,..,n (2-43)
Mo FEEZBEER b HEEO, IR
b:=R(@)a+c (2-44)

HPRO) N &AM, ce RV = [c, 0T AT H54 5 a 0, ¥ x
W, by T, RE. ALESFERDT,

2 Ajj (qbi — q”j) = Z Ajj (R(H)qal. +c—R(O)q"; + C)

JEE; JEE;
= Yjes, AR(O) (4%, — 0% ) (2-45)
AR ABIE MR (4) , 4o
Ajj = ay - B (2-46)

HEPEHEMEME H—HE A4,

z Ajj (qbi — qu) = 2 A;;R(6) (qai —q%; )

JEE; JEE;
= Z ajj - EjR(6) (qai —q°; )
JEE;
= z ajj - R(O)E;; (qai —q%; )
JEE;
= R(0) z ajj - Ey (qai —q%; )
JEE;
= R(0) Z Aij (qai - qaj )
JEE;
=0 (2-47)
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3 RHMEERERAY RMBELENHFREE LR
31 EFERItE#AE

AT EENBHRAEZYF 6wy ##EMXIT, 585 MATLAB F & £# %
R B R 4 LR E T ROS #y GAZEBO 17 A-F & # AT H AN E. Lk, X T
LA ZEALE A LR SRR R G #AT R F AT

MATLAB & — B AWEIEAE, EAGAMMAFITHRE. 2L T
ERITTRTHZHEZAEGRBANT R GEEL, UBAFEH. 286
KAGETEGANEZEEN S, BREEER, HHAEASRFR, EERANHE
ARME TR RREER, HETESF 9. £/ MATLAB F T R#HAHE
%2 mobile-robotics-simulation-toolbox & — 4~ % & gk fF R f[ AL-F &, BA 7
MAUTHEREEZEE, F—EBHNBEATERNEZGERR. ZTFTEETH
BAMENTT AR ESR, URFEHREMER, R4 T WFRIES &/
BEH L LN ETE. FEFIH MATLAB M & it 6k, % T & a3
MAELRETZT, ERERMEENIEGE, w31 R, EXZTEL
AM#ATEHEGHRNEM L, HARITNEREEHTTWINRIEAFE.
31 (b)) PHEEEBERKEERE, TEXREFANHEMLE, HFEEF R
HE e AR T LR ERIEA HE, F R B E &R R T & R Z 5 oy

8 . r T ' v T v
(a) & ( b) Multi-Robot Visualization
6 X% x 1
x x 6
4 X
x 4
s L
* 2
0
0
-2
-2
x
4 -4
x
6 x -6
8 . . . L L L " 8 . L . R . . . ;
-8 6 4 2 0 2 4 6 8 -8 -6 4 2 0 2 4 6 8

B 3.1 (a) B\ B A% (b) KT MTALAB I Z BRI EF &
T RBNENENFES LY, RANEFEEELT ROS B1ER %
B GAZEBO fF BT & F#HATHESL T . b T &AW £ & 84K L4/ % Turtlebot3
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WHL KA AR R ST (i)

AT ROS #1FE R RAATER W/NE, #EH ROS &1 A% Ly GAZEBO
FETOHGEARERRFELZYNZRYE, ANRE T RENEAK. TH
BHENBRNLERERRNTEF 4T,

AR 1 #9554t %t mobile-robotics-simulation-toolbox T £ 45 # Ji& 2 X 75
HATT MY BR. BRENHELEFZRBA T HN, R XTHAL, B X
EHEE, RO EARNSIEIDE 4 MR, wE 3@ R, AP 84T
EZHNFAED, BREA RS, TERWHLRATRACEXTHT, £
K, BIERET MATLAB ) CVX A %, THEHBLWERHL. BAX,
AHBESNEAGER, FEEANEANERCEMGHE, HHATTHRA
Flaf#E R E LA NART, LR E LR e AT (8, & Bk 1A B9 & 38
REXR, B hRBENEREAFXENTERGE. X5 @I HETTERE
P& o R 448 AT R A o
GAZEBO i EF& & —# ¥ T ROS NAEARERGWEZHFTER S,
GAZEBO A A##RMT T EWF R EMTAESE, EHIEERE, Zo Y
BN EH GAZEBO X £ Z Ik R A= HHATHE, ¥ ARNEHE
Al B R BB R G EHEFR, AT FERINER G ERT L,
AT RVIZ, BiItATFRTHANATAMAESR, ZEFAZY R FRERFER. 0
B 31 (b) FHRARANERGFEF WA ERHETEET

32 LM FERITEHE

BEEHELT SR FEALTEI2HiF, T6LE BB RENMER
(S ES LS
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— it a e = e = =

1
— ROS Master — 2RIER

] ! ERAK
............. |
BEPEEES ,
B E O N OPiTrack
ol \
¢ | \
485 ... ... |
o BREITERE A EEREGE U V
[Pl s = o | [ T ! o
i ROS Node : - ENIRH R *
R ' """""" ! .-
Ul ROEE — BETRENE b -
1 v ! wiw, |
HEXHIBEE ‘\\Eéﬁﬁﬂ s ASEEEITF e ,,' TurtleBot3 Burger
T 27ttty 7"
A %%‘Eﬁif__________________________l_

B 3.2 ISl T & il R i
AR F EZA4# A TurtleBot3 Burger 2 L AHLIE 4 & gEAR/MK., w0l 3.3 Fior,
TurtleBot3 Burger 2 —#% ¥ T ROS L& ABETFEH NI ZHANEA. X —F
FRANEANBGERENT, MEABEERE, FAGEGRETRIRITE,
TurtleBot3 Burger [ it #i/ £ ## (£ & &5, @4 2T, 360 EHOLESR. REEK
GNEF. HFENEARAEENYESH Ik 31 FHR,

3.3 TurtleBot3 Burger HL2s A

2 3.1 TurtleBot3 Burger f 5 B4 2 %

oINS PN (Bl G o A2
138mm

0.22 m/s 2. 84rad/s 178mm lkg 105mm
192mm

AT FEEZR AT, EH T ERHR R % OPiTrack & RAH & AR B E

Rz . OPiTrack sifFH R A5 2 —BELIMILHERE (I ERNNLF R
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WL SEAR AR S (ieit)

G, REEHHAREREG L. EERANE T ARSI AL EL S, 24
FRAT RS B B B SR SRR T A R SRR AR R S R AR R
HERRE, TURAWEREZLREE, BERWESHEEHELNRIELT.

ENRGHEREEARELSEREA WA R R T ROS #1FRHHAT,
£ PC £JF )5 ROS MASTER 7 &, f A REEMXENF T R, LT RE
RBEBREENERERZTNERER, AREE LR N H A AEH AR,
¥aekfz AMERNENERANBHERE R, HENME AN ROS 7
BEERIMERGERENERANGFALERIAWATEREAETBRALE
R

33 LBRIEEER A,

ATEN 24T REWERA LS A EGFEFEREZYFE LHTRIES 5
Mo RATE £ EET ROS 89 GAZEBO F & F X RITHE E#HAT T ERIE, 4
MTHERNNT R, HE RN BEURHE RN NRERR ., Lk, HAK
ZEEEEXTHERERAGN YT E LT T RIEA N, &5 & ZH &
W B R IR AT T 1 An 47 o
3.3.01 BHRIE X IR
(1) EHLREMLENRATY K

ERSHENAGET, SRERKENMBLEAL EF HomME. vk
M E R RGN EE —FEL LB A THELR., wE 34 i, H6
NERNEHRNEHRRRRMBLERTN — L E L BLHIN A —UR &
KON HHEE R Im IERTTY .
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S 2 B e B ERE BT VAR A

B34 (a) GAZEBO s AEREMABNMIIGHIE (b) RVIZ ABRERRBNGIE . s
DU B R . B 0 BRI I B PR AR 2 BRSPSk
. TTLT 7 eI A RN A B Bl s (1 8

BN LIRINF =< q*,G >H T =X
RX—ANHFBZAVNERARRA, WEREAHLZ R ETUE A:
q* =[1,0053/2,-05,—3/2,-1,0,-05,v3/2,05,—3/2] . (3-1)
BlEt, X —ANERLE®R 3 WRINEEBEG, RAIEZFT st En K,
B SE BTN SRR RAT R R IEL. ZEREGCH
TEEWER, i EEEENR (3-2) FR:

11 1 0 0 1
/11_1 1 O(A
111110
G |o 1 1 1 1 1L (3-2)
V)o 1 11_1/
100 1 1 1

K 3.5

o
funi{]
[aYay

POERR R B A IR AR BE MR 10 L2 s 1 B RE A B A7 2 B ]

27



WL SEAR AR S (ieit)

B, PR REVR AT AREAT A LIS
ERET RN E B FRAF =< q",6>/5, HNRE 24 FHdmw=E
EEETEFR, BATEEATFNERERA e RPN, T HR, YHE%
N RN & g o, WINE Az ey @ X R wEGH K, AA
242 T B MU A EFARTHE. RE\EAKX (2-25) 0 (2-26) , &
RO T EX AT E . REARAER.
Amin(Optimal Value) = 6.3
RERER AN 12 MREEWE 3L R, o UEHEMAENER A WFEE
AR, HEH/DNEIEREA 6.3, H P 8y AT AL X B oy AR = 8] 4 2
P (8], A ] B A 8 G A B A 0L G BA XY B B 4R AT 1o BT 4L AR B S R
FE Iy O B3 40 U 35T A R B9 71 A4 BE AR 2 A T REHEAT A R A
R 3.1 LARHERE A1 12 NMRHIEE

0 6.3 461.5
0 6.3 461.5
0 98.2 1000
0 98.2 1000

T EEB AW RS 32 Fice WEFFAUFY, RETEHERLNE®
WX EIAEES R N O T, XESENMEERI I FRERE,
£ 32 MR A

242.6 0 -173 | -100 | -52 | 90.12 0 0 0 0 -17.2 | 9.942
0 2426 | 100.1 | -173 | -90.1 | -52 0 0 0 0 -994 | -17.2
-173 | 100.1 | 173.3 0 -0 -100 0 0 0 0 0 0
-100 | -173 0 173.3 | 100.1 -0 0 0 0 0 0 0
-52 1 -90.1 -0 | 1001 | 152.7 0 -160 | 92.13 | 58.93 | -102 0
90.12 | -52 | -100 -0 0 152.7 | -92.1 | -160 | 102.1 | 58.93 0 0

0 0 0 0 -160 | -92.1 | 599.4 0 -370 | 2135 | -70.1 | -121
0 0 0 0 9213 | -160 0 5994 | -213 | -370 | 1214 | -70.1
0 0 0 58.93 | 102.1 | -370 | -213 | 310.8 0 -0 | 1114
0 0 0 0 -102 | 58.93 | 213.5 | -370 0 3108 | -111 -0
-17.2 | -9.94 0 0 0 0 -70.1 | 1214 -0 -111 | 87.29 0
9942 | -17.2 0 0 0 0 -121 | -70.1 | 1114 -0 0 87.29
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kRN B B R E B EwE 3.6 Ao, AT AR EHEwE
3.7 Fir.

(a) (b)

K 3.6 (a) GAZEBO " i P\ 5 I T i BA S5 B8 BEARA, B n = B (b) RVIZ HTE R,
BN G I e BnE K. WTUERO OSSO hES . IXEH T8 ferkgmiA
[ T i o

x pos of formation y pos of formation

—~
[0)]
~—
o
—
~—
[N}
P
SR

0 5 10 15 20 25 30 35 40
time/sec

B 3.7 (a) JiBAE MR BERAILE x T R SEhrfr EAURA B . K AURSEPRfLE, M
MERARIMENE. (b)) M DEBERNLE v B LR SEPafr BTN E . SRAAR
LR E, TREAARRENE.

ME 3T FTUEY, BN RIAAAREFNREIRRA RS E . mAEEA
YA BE RN R AT HO S T B B £ AL P A BB RBAK 1 AT R
KIS HEANRINATE, HHAE ST FAUEH 1S3 SFRAEELA
PP mE. REE ST (b) LR, FAELETESTECRANHERN
MEEHZEA, EHEGERTRANT RRE. BNMRINY RTEF, B
AT U B| DA, R A B E R .
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WHL KA AR R ST (i)

NT-LETEELRARNERE &, ¥ B Lok (L EH 2 R KK
®EZR . WA R AR M RS AL, A SO RO R R R A R AR
ol ey ja] 7
(2)  FEALAR LS E B % AT

TR, RATET R REALA LS G F oy 4 AT & 24T 17 F 52 Ja An -4,
EFUBRARERENAALRRERKEL TR,

FEALRB B A LR 1wk 3.8 Fror. HRERARB ML ERA, MIRARE
BRB AR R FTAERANREACERUITHENMLE.

AL AL 46 1 B B 250 2 w0 ] 3.9, 18 3.10 FroR . &7 RE AR AR e B M AL B AR B 3
T, RN RE SRR AN TY R FIA, KK 3.10 + ¥ DLE 47 61K 2 £ 20s
A, BRK2 EFEAIERTRLA, SERNMERE LA, #HETRERZIL
BEeR 2 TR T REEAE . B 3.10 Fron ey ek 2 B9 AT A0, AL
TABEREFOHETRENS S 7

0 5 10 15 20 25 30 -15

time/sec

B 3.8 (a) GAZEBO H/NEREMAImBAIWIGEALE (b)) RVIZ H7NE BEAR Y DA AL &
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