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Fig. 5: adjacnet matrix and incident matrix of undirected graph

Fig. 6: adjacent matrix and incident matrix of digraph
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0000 (adjacent matrix) 0000 (incident matrix)
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Fig. 7: adjacent matrix and incident matrix of weighted graph
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z=al (10)

000.000 22 {2, ,2,}7000,12{1,---,137000.000 a0000 collective decision 00O .
000,00 w; O

wi =Y ag(x;(t) — zi(t)) (11)

JEN;

0000 consensus 10 0000000000000 2. 00000000000O00O0OOOOOO

di= Y aij(w(t) — @i(1)) (12)

JEN;
0o00.0 (12)0000000000 LOO0O00O0O0O0U0oOoOoOoUooOoooooo.
t=—Lx (13)

000000000000 LOO 4000000000, oooooooooog (block diagram) 0000
Fig8OOODOOODDO.

Collective System

Input bias control|| P(sy 0 - 0 output
b+ u o psy - of Y=X

0 0 0 Pis)

M
L=

Consensus Feedback

Fig. 8: block diagram of consensus problem



0000000000000 0000000o0obO0nbd consensus00000O0O0O0O0O0O. consensus
O0000000000000000 (rendezvous)(Fig.9), 0 000 00O (flocking)(Fig.10),agreement 0 0 0 O O
ooooooa.

v S AN
e, VP AN AN AN
A ¥ < A Y? RN
> Vﬁ& A
D‘- - A
Fig. 9: rendezvous Fig. 10: flocking

3.2 UJUooong

00000000 (13) 0000000000000 oo0o00oooO00L0. 00O oooUoooooOoO
(LaSalle’s invariant principle) 000 000000. 0000000000000 0OOO0OO0OOOOOOOOO
000000000 (quadratic form) 0000 .

Vz) = %xTLm (14)

gobogboboobbobodaboobobobobbaooo

V(o) = gaTLo =5 3 ala; 20 (15)

O00.0 (15000000000 SOS(Sum of Square) 100000000000, 000O0O0OO0OOOOOO
000000 V(z)=32"Le 0000 (semi-positive definite) 00 0000000. 000 V(z)=32"L200
000000 (lyapunov function) 00 0000000000000 O0O0OO. 00000000 O0OOOOOO

0Oo0oo0oooo
: 1
V(z) = 5(:'vTLx + 2T L)
=—2'LTL2 <0 (16)

000. 0000000000 V(z)0000000000 (semi-negative definite) 00000000, V(z) O
00000000000000000000000

L1=0 (17)

O0000O00. 0000000000000 0000000D (econsensus000)0000000. O00O00ODO
gbooooooobog.

oboooooobooooobobooooboooboooDo.

oboooooobooon

&= f(x) (18)

000 f:D— R"0 0O locally Lipschitz 0 000 00. 000000000000000000000000
oooooooooa ).

00 3.1 0000000000 (LaSalle’s invariant principle)
QCcDOO0O000 (18)0000 positively invariant 0 00000 (compact) 000 (set)D00000. OO
V:D—>RODDOOOODO (differentiable) 000 (function) 000,000 V<000OOOOO0OO. ED QO



DV(m)zODDDDDDDDDDDDD.DD MO pOOOOOOOOOOOOOO.OOOQOOOOOO
0000 1800 (solution)0 t—oco0 MODODDO.

0o0ooo0oooooooooUonD QME0VOODOOODOOOO. O0O00O00OO00O0O consensus 0O
goooooooono.

0,0000 (13)0000. 0000 (13)0 (18)000000 f(z)=-L:000000000,00000
f:R*—= R*000, {0 locally Lipschitz(O O globally Lipschitz) 00 O0O0OO0O0O0. 00 QOOO0OOOO
oooo.

Q& {z|V(z) <c} c€[0 ) (19)

000, V(x)00 (14)0000000000.000,000000 Q0 positively invariant 00000000
00000000000000000.00,Q0000000000 (00 (bounded) 0000 (close set)) 0O
0000000000.000 (16)00 V(z) 00000000000 Q0 potively invariant 0 0000000
0.0000 E000D00O0O0O0O00.

E={z|lz € Q,V(z) =0} (20)

V(z)O0O (16)00000. 000 MODOO0O0,000000 EODD positively invariant 0 00 M = E O
00.000QO0000000000 (13)000 E0DD0000O0O0.00000,0 (19000000
00000000000,0000000000,00000000000000. 0000000000000
0000.000 E0D000z=01000000000000000.

00 V(z)=0000000000.0000 (16)00

V(z)=0= —a2'LTLe =0
—(Lz)T(Lz) = 0

god.goon

V(z)=0= Lz = (21)
000,000000000000 (5),(7),17)00

V(z)=0=z=al (22)

goboooogooo. [I[I[ID,V(JC):O[I[I[I[I[ID r=c0l1000,000000000000 z2=a100
000000000. 000000000 (8) 000 (11) 0000000000 consensus 100000000
goo.

OO0 [2000o00ooooooood

1. 000000000 LOOOoOoooo

2. 00000000000 (12)0000 (equilibrium point) 00 (10) 00000

gboooboboooboooboooboboobooooobo,0booob0ooboobooboboobooboOo.obooooon
000000000 30000, 00000o00oooo.



3.3 consensus O OO0OO0O

0000000000000 (8)oooo,00 (1)OODoOoOOoOoOOUOO0OO0OO consensus1000000O0O
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ooo.

gbo1l102000000000000,000 2000 agent00000O0. O00000300000000
gboobooobooboobooboooobobooobooobo 3sbobooobg.



simulatoin graph 1

., ., L Q
VoV Vy Vg Vs \ vV, oV
Vi3 -1 0 -1 -1 Vil 1 -1/3 0
Val-1 3 -1 0 -1 Val-1/3 1 -3
Vil -1 3 -1 -1 Vil 0 -1/3 1
V-1 0 -1 3 -1 Vg|-1/3 0 -1/3
vil-1 -1 -1 -1 4] v -1/4 -1/4 -1/4
vy v . sL
4
simulation graph 2
- \.-'] \"2 \:"3 Vy WV 5 V] \'2 \’3
Vifr 0 0 0 -1 Vil 1 0 0
Valo 1 0 0 -1 Vil 0 1 0
vilo 0 1 0 -1 Vil 0 0 1
vyl 0 0 1 -1 "R 0 0
vs[-1 -1 -1 -1 4] vs|-1/4 -1/4 -1/4
simulation graph 3
V3 , v v
SV V3 V3 Vg Vs
Vif2 1 0 0 -1
Val-1 2 -1 0 -1
Vil0 -1 2 0 -1
Vg0 0 0 0 0
Vel-1 =1 =1 0 3
V_,1
Fig. 11: simulation graph
Ud,dagent 0 (initialstate)DDDDDDDDDDD
21(0) =95  22(0) =525  a3(0)=—-20 x4(0)=3  25(0) =225

Oagent 000000000 Ave(z(0)) 00000000

71(0) + 22(0) 4+ 23(0) 4+ 24(0) + 25(0)
5
9545252043 +225

5

Ave(z(0))

=0

v, Vs

-1/3 -1/3

0 -1/3

-1/3 -1/3

1 -1/3
1/4 1

(47)
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0o00.000,0 (13)00000000000000 o000 ODOOO00OOO00Dn. 0000010000 2

000,00 agent 0000000000000 WAve(z(0) O

odo1
dlxl(O) + doxo (0) + d3£3(0) + dyxy (O) + dsxs (0)
WA 0)) =
vel=(0)) di+da+ds + dy + dy
3 95+3%525+3x (~20)+3x 344 x 2.25
B 3+3+3+3+4
=0.14
ooo 2
WAve(m(O)) _ dizy (0) + d2l‘2(0) + d3x3(0) + d4x4(0) + d5l‘5(0)

dy+dy +d3 +ds+ds
1x954+1x525+1x(=20)+1x3+4x225
B 1+14+1+1+4

=0.84
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00 (convergence) DO . 000, 0 (30) 000000 (close system) 0000000000, 0000000

oooooo.

000O0 (13)00 (30)000000000000000000000000. 000,000 300000
00 (degree) 0 00000 (node) 00000000 (30)0000000000000000000. Fig.120
Simulink 0000000 (block diagram), 130 00000000000 (result) 000 .
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Fig. 12: simulation model

average consensus(simulation graph 1) weighted-average consensus(simulation graph 1)
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average consensus(simulation graph 2) weighted-average consensus(simulation graph 3)
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average consensus(simulation graph 3)

‘‘‘‘‘‘

Fig. 13: simulatoin result
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0000 agent 00O0D0OODOOODOOOOODODOOODOOOO.OOO,00010000 20000000
00obooboobO. FigllOODODODOUOOOOD 2000 00000DO0DODOO. average consensus [ 00O 0O
0000000000000 0O0O0bOCOO00O0O0ODoO. 000 consensusJO000O00O0ODOOODOOODOOODO
200000000000000000000DO0ODOOOD [2. 0000000000 0OO0O0OOODOOOOD
consensus U0 O O0O0O0O0O0O0ODO0O0O0OO. 000300000000 00O0O0O agent00OoooonooonO
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0 O weighted-average consensus D0 00000000 O00O0O. DOO 10000000 20000 average
consensus 000000000 OOOOOO.OO,0001000020000000000000000.0
0 0O, weighted-average consensus 0 D 00000 10000 200000000000000000000OO0O
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