consensusJ UJ 0 OO O

Property of Consenssus Problem

goooo gogo og
oo 18obos50150

1 0000

J00d,00000000 consensus0 0 O0000O0. D000 consensusd 000000, consensus [ 000
00000000000, 0000000000.000,00 simulation0000000000 (agent0O000O
0)00o00o0oooOoooooooooao.

2 comnsensus 00000
O00000,000000 consensusJO0O0O0O0OOOOO0OA

000000 (dynamics)
J'?i = U4 (1)

O00000 agent 00000 0O0OOO0. 000 2, e ROOO (state) D00, u; € ROOO (input) 000. OO
000 (graph)G = (V,E)0000. 000 V={1,---,n} 00000 (vertexset) 000, E = {(i,) € Vx V}
0000 (edgeset)y DOO. A= (a;;) 0000 GOOOOO (adjacency matrix) 00 0. OO agenti 000
(nighborhood) DO OO0 OO O0OO (definition) OO .

Nié{jGV:aij#O} (2)
000000000000 (undirected graph) 00 O (fixed), 0O (connected) 0O O0OOODOO.
consensus 00000000 agent 000 2; 00000000 (convergence) 10 O0OOODOO. 00O
T, =a Vi
z=al (3)

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)) (4)
JEN;
OO00O0O consensus D0 O0O0Q0QOQO0OQOOOOOOOO [1}.DDDDDDDDDDDDDDDDDD
g =y ai(w;(t) — 2i(t)) (5)
JEN;
gogd. Od (5)DDDDDDDDDD LO0000000o0oooooooooooooo.
t=—Lx (6)

000000000000 LODO 400000000 0. ooooooooooo (block diagram) 0000
Figl1OOOOOODODO.



Collective System

Input bias control|| P(sy 0 - 0 output
b+ u o psy - o0f Y=X

0 0 0 Pis)

1
L=

Consensus Feedback

Fig. 1: block diagram of consensus problem

21 000000

00000000 (6000000000000 000000OD0O0O00D. O000000000 (potential
function) 000000000000 O00OOO (graph laplacian) 00000 (quadratic form) 0000 .

V(z) = %xTLm (7)

gbooooboboobobooooboooooaon

1 1
V(l‘) = El'TL.’E = 5 Z aij(xj - LUZ‘)Z (8)
(i,9)€EE

O00.0(()O000ooooond SOS(Sum of Square) 0000000000 O0O. 000000000 OOOO
0000 V(z) = 327Le 0000 (semi-positive definite) 00 0000000. 0000000000 (potential
function) 0 O00OOOOOOODO

Viz) = %(:’vTLx + 2T Li)
=-—2'LTL2 <0 (9)

000. 0000000000 V(z)0000000000 (semi-negative definite) 10000000, V(z) O
00000000000000000000000

L1=0 (10)

O0000000.0000000000000 (LaSalle’s invariant principle) D00 O consensus D 000000
oo.

2.2 consensus O OO0OO0O

00 consensus00000000O00O0O. consensus 00 O (collective decision 0000 0)00000O (close
system)(6) 0000000000000 O0O0OOOOOO.00O0OOOOO

y= Zmz =17z (11)



O0000000000. 0000000000000 00000000 (6)C00OD0. 00, consensus 0000
0000 z=l000000 (11)00000O00O0OO0OO

Y= 1Tx(0) =1Ta = na (13)

000000000.000n0000 agent00000, 2(0)0 agent00 000 (initial state) D00 0. O (13)
UaoaO0O00O0OO

1 1 &
=-1"z=-) g 14
« - T ni:lx(O) (14)

00,0 agent 0000000000 consensus 100000000 0OODO. O0DO0OD0OO agent0O0OQOQ04Q
0000 consensus 000000000 average consensus O OO [1].

3 consensusU O UO0O0O0O0OOOOOONO

00000,001J0000000000000O00O0O00O0. 000,00 [1)0000000 (undirected
graph) 00 00000,00000 (balanced graph) 0000000000000 O0OOO0OOOOOOOOO
O0000D0.00000o0oo0o0o0o0ooUo0oO0ooD,00Uo000o0o0oooDo0oooon.

consensus 1000000000000, 000000000 (graph laplacian) 0000 (eigenvalue) 00O
O000O0O0. O0O0O0O0O0OO0O0O0O00O (Hermitian matrix)(DO0O0OO0OO0000O (symmetric matrix)) 0000
(eigenvalue) 0000000000 OOCOODO. OOO0OODOODOODODOOOOOOOOO (DOOOOO)OOD
(Courant-Fischer theorem) 0 000000 [3],2].

00 3.1 000000000000 (@OUO00D0O)00 (Courant-Fischer theorem)
0000000 AeCc™™@ 0000000 AeR¥™™)000O0OOO0OOOO M >X>---A,0000.00
ug,0bobooddooobobobodguoo.boboog

M= min maz,cqz? Ax 15
dimS<k—1 zes (15)

oo0o.ooo,Scenoo ScRY)0ooooooo.

00000000 200000 (Hermitian adjoint) 000, 00 x0000000000 270270000
0000. 00000000000000000 2027 00000000. 000,00000000000
goboobooboboobooboobooboobooon.

7 Az (16)

min
zluy,||z|]=1

0000 X0 2000000000 (second minimum eigenvalue), w, 0 10000000 (minimum eigenvalue)
0000000000 (eigenvector) D0O0. 000000 0O000OODO0OO0OOOOOOOOOOOOOOO
goboboboobooobooobg.

4 consensus[l 0000

00000 consensus 0000000000 0OO0O. OO, consensus 00000 agentd Dynamics 00 OO
agent 000 00000ODO00OOOOOOODOO.

ddgd, average consensus OO0 . DOO0OOO



O00000,000,00000 (closed system) O

T =—Lzx

(19)

ooooo0o.000,0 (19)000000000000000000,0,0000000000 (error function)

good.

d=x—al

(20)

000 00 (14)000000000000 agent00000000O0 (average) 00O . OO [/1jOOS00O0O

O disagreement vector 00 0000 . 00O disagreement vector 00000000,

d=d—al
=1
god. oo
Lol =all =0
gd
T =—Lx

i—dl=—Lz+Lal  (&l=0)
§=-Ls

goooo.oodés00OO0OODODODODODODODODODO.

175 =12 - o171
=172 —172(0)
=0

o000 (11),(12)0000,0 agent 0000000000 OOOOOOODOO.

000000000000000 (lyapunov function) 00 0 O .
V(6) =675
goobooooood

V(o) =6T5
= —26TL§

O00.0000 (16)oo0d

Ao(L)= min 6TLS
SLuq||8]|=1

o 8
= 5l 076

(23)

(24)

(25)

(27)

O00. 000000000000 (graph laplacian) 000000 (minimum eigenvalue) 0 000000000

O (eigenvector) O

L1=0

(28)



gbo,100o0. 000

Slu; < 176=0 (29)
O00. 0000 (28)pooooo
. 6TLs . O0TLS
Ao(L) = min “emsm = min <57
(30)
goo. d (24)DD,1T5DDDD[ID[IDDDDDD
6TLo
)\2(L) < W
Ao(L)0T LS < 6T LS (31)
000000000UOoO0.0ooo (26)oooooo
V(0) = —20TL5 < —2X\y(L)676 = —2X2(L)V (32)
ooo0.ooo,
V(6) < —2X(L)V
=V =676 = [|6])5 < [|5(0)[|5e~ ="
= (|82 < [|6(0)[|pe =" (33)

gbOo. bobOg,0000000 20000000000 consensus 000000000000 0OO0OOO
oo.

5 00000000 (simulation))
0000000000 consensus 00000000000 (simulation) 0 Simulink0 000 .

5.1 0Od0gg
00000000 (stmuletin) D000000000000000O. 00000000 O0O000O0OO (Dynamics)
gboo s00 aegent0000OO000CODO.

00,000000 (Greph)O 300000000000000000 (simulation)0000. O00O00O Fig.2
goo.



simulatoin graph 1
V2 V3 L
VioVo V3 Vg Vs

000 (eigenvalue)

Vif3 -1 0 -1 -1 A =0 Ao =3
Val-1 3 -1 0 -1 B
vilo -1 3 -1 -1 A3 =3 A =25
Vgl-1 0 -1 3 -1
Vel-1 -1 =1 -1 4 As =5

Vl V,l - -

simulation graph 2

V) Vy V3 Vg Vs 000 (eigenvalue)

Vif1 0 0 o -1] A — Ao = 1
Valo 1 0 0 -1 1=0 A2 = -
vifo 0 1 0 -1 — —
0 0 0 1 -1 As =1 A =1
Vs -1 =1 -1 -1 4] )\5 =5

simulation graph 3
VY s 000 (eigenvalue)

if 2 -

Vl-1 2 -1 0 -1 A =-0.3 A2 =0
vifo -1 2 0 -1 _ _
vifo 0o 0 0 o Ag = Ay =33
vs[-1 -1 -1 0 3 s = 4

Fig. 2: simulation graph

o000 2000000000000, 000 2000 wentOODDODODOO. O0O0OODO sO0O0ODOOO
gboooooboobooooboboobooboobooobo sooobooboon.
00,0 agent 00000 (initial state) 00000000000

21(0) =155  a5(0)=5.25  23(0)=-20  a4(0)=—15  x5(0) =8.25 (35)

0 agent0 00000000 Ave(x(0) 00000000

21(0) + 22(0) + x3(0) + 24(0) 4+ 25(0)
5
15.5+5.25 —20+ —15+ 8.25

5
—_12 (36)

Ave(z(0)) =

O000. D000, average consensus 10000000 —1.20000000000000. Fig.30 SimulinkO
000000 (block diagram), 4000000000000 (result) DO00. 0000 agent000000000
0000, 000 disagreement vectord 2-norm 00 (33) 0 upper bound 00000000,



F——»
: Integrator2
Scope
|—— >
Integrator
{12 outl
[N — ]
Oy -
o 2-nomm generator int Integratord Quet
EE—
Outt Integrator!
upper bound generator | e
Integratord

Fig. 3: simulation model
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