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Introduction

B What is Synchronization ? (which is my research’s basis.)
- Position Synchronization
- Velocity Synchronization

B What is Human interaction ?
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W Theorem

Proof | Proof
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B Proof
- Position Synchronization
- Velocity Synchronization
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What is Synchronization ?
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B Convergence at
the same velocity

It expresses motion of swarm. ‘
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Human Interaction
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syn- o> o
chronization position
or velocity
Human —>0->
position
or velocity
Human
Interaction
Human Agent
B get agents position or B agents have connected graph
velocity information B synchronous control law works
B commandable to some agents
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Human interaction enables the control
using agent information.

Situation: Position
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Agents
B A human send a velocity A
command to some agents ;
2
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Human
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B A human can get agents
position data.

Desired Position n

Situation : Velocity
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Agents

B A human send avelocity
command to some agents

Human
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B A human can get agents
velocity information

Desired Position ﬂ




Settings
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Assumption
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Notation . Graph Structure : T
nagents: Ay, .An command vector : E = [eq -+ €] Assumption| | 5/ anced and strongly connected = 'L=0
position: ¢ = [q1 -+ ¢a]” -
g € RI*? ¢ = { - (commandebie) Assumption) | Desired values: . rp = cpll
desired value 1, € R"X2 (position) 0 (Not oommandaple) same values with all agents P
in human brain: o command from human: vy € R'*?2 b
"r, € R™*2 (velocity)  m: number of commandable agents ’ uman : — R
u — .ag Resrgrtenl passive from input to output S =Ty
Position Control Velocity Control ;
(Only position control) Miyazawa's presentation
= — Lq Human :
Agent . ) when agents stay desired value, = vy=0&q—rp=0
G=—Lg+ Lv+ Evy Assumption IV | iman don't command to them .
P's;?::m when human don’'t command to agents,
J Desired position 1" Desired velocity T they stay desired value.
Human v (Only velocity control)
Velocity command: Vg v}-\m;a;g:ents don’'t move
A tion V — " =
- . lim (g — o) SR at desired velocity, human change ar Fre =g 70
Control Objective tllglo(q —7p) A (g — Ty his command
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Control Law and Theorem Outline of Proof : Position Synchronization
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Vd v =—Lq 0= —Lg,
Human —> g=—-Lg+ Lv+ Evg Gy = —Lg, + Lv + Evg
what to feedback ? V=V +8<0.
Energy func. “ i T ,
Passivity V =3¢ q¢ +3v'v (Agents energy)
& T ;
Position Control Velocity Control Ssty (Human's energy)
b=—1Lg ‘ Var=0= ¢, =4, =0
Dynamics . . (1)
Gg=—Lg+ Lv+ Evg step1 | LV + Bra) =0= Lv+ Eva=0
& B Assumption 11 : s<7ly
2B (q-r,) U )
Feedback to human Thecer)lgrofgravityof Thegverageof Lasale Lo+ Evg=0= ¢, =0
position error of velocity error of .
commandable agent commandable agent Step2| ® Contraposition: ¢, # 0= Lv+ Evg # 0
Consider the dynamical system described by (1) with the B AssumptionlV: vy =0« qg—rp =0
feedback to human (2) or (3) . . . . .
Theorem Then under assumption I~V the system is globally stable and y U ={(ar,4) | Vau =0} M ={(g¢r,4r) | ¢ = ¢ = 0}.

the agents output synchronize at the desired value.
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B |asdleinvariance principle
TokyoIniitutecl Technology

Proof (1): Position Synchronization
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In the system (1), replace ¢ with ¢y = g — 7p
= —Lg = —Lg,

g=—-Lg+ Lv+ Evyq Gy = —Lg, + Lv + Evy

Define a positive definite Lyapunov function for the system.

V= ,-Er,l;‘."q,. + ,-Er'rr'
The derivative of this function along trajectories of the system is given by
V=- g7 Ly, + q7 Lv + g7 Evg — v7 Ly,

= —q" Lg, + g  Evy
Consider the human system that have Ssatisfy the condition § < 7y (Assumption I11)
and whose input 7 is _ET% .
The derivative of the total energy including the human system energy is
Var=V+58= g’ Lg, < 0.
Thus the system is globally stable and all signals are bounded.
Consider theset [ = {(g,.d,) | Vo = 0}.
The maximum invariant setin U is A = {(g.,q-) | g» = g = 0}.
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Proof (1): Position Synchronization
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Consider theset I/ = {(g,.4,) | Vanr = 0}.
The maximum invariant setinU is M = {(g..q.) | ¢ = ¢ = 0}.
When V,;; = ()
Lg. =0= Lg. =0
Then Lg- = L{Lv+ Evyg) =10
Assumethat ¢, = el then Sr(via.) = vld, = Zllvall® = 0
where m is the number of commandable agents, n is the number of agents.
v¥g,. = 0 iscontrary to the assumption 111, v 4, < 0 (ahuman is passive).
So gy # cll.Hence L{Lv + Euvy) = 0= Lo+ Evyg =10,
Next we show that Lv + Evg = 0= ¢q, =0,
To prove above equation, we show a contraposition ¢, # 0 = Lv + Euvg # 0.

Here, assume Lv + Evg = 0 and multiply 17 from left sidewhen g, # 0.
1"Lv+ 1"Evy =0 L 1TEw =0 comeg=0

Then, ¢, = 0 from assumption 1V, but thisis contradictory to ¢, % 0.

Therefore the assumption L + fuy = () iswrong.

Hence q, # 0 = Lv + Eug #0. . Lv+ Evy=0=g, =0

From the above, the maximum invariant setin U is M = {(g,.qr) | @+ = gr = 0}.

Using Lasalle's Invariance Principle, the agents output synchronize at desired position.




Outline of Proof : Velocity Synchronization
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Vall:V+S§0-

Energy func. V=2(4—1,)T(d—7r0) + 347 L%q (Agents energy)
vity S <7y (Human's energy)

Vau=0= ¢, —1, =0
Evg=0

Srpil B Achievement of velocity synchronization: Lg = 0

Lasdle a=r
Step2| W AssumptionV: gr #E= 7y =1y 7= 0
B Contradiction: E¢y =0

U={(q,4) | Vau=0}. M={(q,4) | ¢—r,=0}.

B |asdleinvariance principle
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Proof (1): Velocity Synchronization
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Define a positive definite Lyapunov function for the system.
V= 1,(:; - r‘,.)"'{(j- e i;q-rf,zq
The derivative of this function along trajectories of the system is given by
V= (j—r.)"(~Lj+ Lv 4+ Fig) + ¢" L*u
= (=1, )" Eig—= (4 —=r,)"(=Li - L%) + g7 L%
=(G=r,) Eiy— g7 L
Consider the human system that have Ssatisfy the condition & < 7 (Assumption 1)
and whoseinput 7 is — E*(§ —r,)
The derivative of total energy including the human system energy is
Vae=V+8=-¢"Lij<0.
When ¢7 L = 0, L = 0. This means that the velocity of each agent synchronize.

Consider theset [ = {(g,q) | Van = 0}.
The maximum invariant setinUis M = {(q.q) | § — r, = 0}.
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Proof (2): Velocity Synchronization

Consider theset U = {(g,4) | Van = 0}.
The maximuminvariant setinUis M = {(g,q) | § — r, = 0}.
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From L = 0, relative position of each agent don’t change. So,
Lg = const, Fvy = const,
Thuswe get Fiy = 0.
Assume § = 1, # 0, 04 # 0 fromAssumption V. Thatis iy # 0.
However, this contradict the above equation iy = ().
Under AssumptionV, § = 1.

From the above, the maximum invariant setinU is M = {(q.q) | § — r, = 0}.

Using Lasalle's Invariance Principle, the agents output synchronize at desired velocity.
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