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Problem

Distributed Control Design

= Plant a collection of agents

m Specification desired collective behavior

m Objective individual strategy synthesis;
optimal andnonblocking
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System architectures
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System architectures

synchronized through shared events
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Small-scale systems

Optimal & Nonblocking

= Assumption monolithic supervisor computable



Small-scale systems

é

Optimal & Nonblocking

= Assumption monolithic supervisor computable

m Question Can we design a localization algorithm that
preserves optimality and nonblockingness?



Supervisor reduction

Plant:G = (Y, 3, n, yo, ;)
SupervisorSUP = (X, X, &, xg, X,,)

Find a reduced supervis®M = (1,3, x, g, I,,) S.t.
(1) control equivalence:
L(G) N L(SIM) = L(SUP)
L.,(G) N L,(SIM) =L, (SUP)
(2) state reduction (desirable in practice):
1] < | X]



Supervisor reduction (cont’'d)

m Disablement information
E: X — Pwr(X)
r— {0 € X|&(x,0)!}
D: X — Puwr(X,)
r— {0 € X.|-¢&(x,0)! &
(ds € ¥X9)|&(xo, 5) = x & n(yo, so)!]}
= Marking information
M:X = {0,1}
M(z)=1Iiff x € X,
T:X —{0,1}
T(x)=11ff (ds € ¥*)&(xg,s) =2 & n(yo, s) € Yy



Supervisor reduction (cont’'d)

m Control consistency relatioR C X x X
(x,2") € R iff
() E(x)NnD(x")=0=FE(x")ND(z)
(i) T(x)=T(z") = M(x) = M(z')
m LetC ={X; C X|i € I} be acover on X.
C Is acontrol covenf
(i) (Viel)(Vre,2' € X;) (z,2) € R
(i) (Viel)(Vo e X)(Tjel)|(Vx e X;)é(x,0)! =
6(337 O) S XJ

Further, IfC I1s apartition on X,
thenC Is acontrol congruence
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Supervisor reduction (cont’'d)

m Construct an induced genera®iM = (1,3, k, i, I,,)
() i€ Istxye X,
(i) I, =4iellX;NX, #0}
(i) x:1IxX—I(pfn) withk(i,o) =7 if
(FJzr € X;)é(x,0) € X; & (Vo' € X;)|€(2,0)! =
5(33’7 0) S Xj]

m Result SIM is a reduced supervisor.
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Localization — structural analysis

SUpPErvisor
e state set X
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Localization — structural analysis

SUpPErvisor
e state set X

e control information wrt o

e control information wrt 3

localzation

agentl agent2
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e control information wrt o
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e control consistency relation on X
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Localization — structural analysis

e control information wrt o

1

SUpervisor 0 (_zlf)ntrol consistency relation on X
e state set X transition consistency
e control information wrt « 1
e control information wrt e control cover on X

localzation

agentl agent2
(@) (B)
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Localization — structural analysis

e control information wrt o

1

SUpErvisor e control consistency relation on X
_I_
e state set X transition consistency
e control information wrt « 1
. . e control cover on X
e control information wrt 3

localzation

agentl agent2
(@) (B)

e Induced transition structure
19



Localization — algorithmic implementation

Our algorithm provably

m decomposes monolithic supervisor to local controller

m preserves optimality and nonblockingness;

= has time-complexity o) (n),
wheren Is the state size of monolithic supervisor.

13



Large-scale systems

m Problem state space explosion,
monolithic supervisor not feasibly computable
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Large-scale systems

m Problem state space explosion,
monolithic supervisor not feasibly computable

= Approach modular supervisory contral localization

Localization

Optimal & Nonblocking
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Solution

A decompositionaggregation procedure
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Solution

A decompositiorraggregation procedure

supervisor4 E

|agent] agent2 agent3 |agent4 agentH |




Solution

A decompositionaggregationprocedure

abstractionl reduced sup3 abstraction?
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Solution

A decompositionaggregation procedure
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Example 1: Automated Guided Vehicles
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Example 1: Automated Guided Vehicles
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Example 1: Automated Guided Vehicles
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Example 1: Automated Guided Vehicles
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Example 1: Automated Guided Vehicles

IPS1 'Zl AGV1
| 1IPS2 i) WS2
AGV3 ﬁ >
AGVA ]
WS1 o E;AGVQ
“ £ WS3
AGV CPS
. Localization ...
supervisor -~ controller] controller?
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Example 2: Production Cell
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Example 2: Production Cell
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Example 2: Production Cell
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Example 2: Production Cell
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Example 2: Production Cell
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Example 2: Production Cell

crane

' LOAD
v sensor]

ADD [ ]| UNLOAD | elevating
stock |- - feed belt |7 = rotary table

stock_add stock_add

crane_load crane_load
fb_unload fb_unload

stock




Example 2: Production Cell

Collision iff
(1) press is not at bottom
& (2) arm2 is not of length 0

& (3) rotary base is at 35 deg

ress_ascend  press_ascend

arm?2_80 arm?2_80
ro_.to.35 ro_to_.35

Lt Lt

arm2_0
)_35 I’O_—9O IO_35

arm?2_0
ro_-90

ro_to_-90
arm2 80 v

ro_to._-

%

press_ascen
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Architectural comparison

m Distributed vs. decentralized:

synchronized through shared events

coordinator

@ controller?) (controller3 upervisor?
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Distributed Decentralized



Architectural comparison

m Distributed vs. decentralized:

synchronized through shared events

coordinator

Distributed Decentralized

m Key factors:state size, computing load, observation
scope

m Key Issuescost-benefit tradeoffs, system robustness

criteria for architectural choice
21



Comparison 1
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Comparison 1
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Comparison 2
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Comparison 2
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Comparison 3
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Comparison 3
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Conclusions

m Language-based model:

supervisor localization algorithm
(small-scale systems)

decomposition-aggregation procedure
(large-scale systems)

m State-based modedtate tree structure (STS),
efficient monolithic supervisor synthesis

STS-based supervisor localization algorithm
(small-scale systems)

m Trade-offshetween decentralized control and distribu
control
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Future work

m STS-based supervisor localization algorithmsviery
(1) large-scalesystems

m Extensivequantitative trade-offbetween decentralized
control and distributed control

= Application tofault tolerancevia localized controller
redundancy

= Application tocollective behavioof many agents:
formation control

27



The Distributed Control Principle

m ANYTHING YOU CAN DO
GLOBALLY, YOU CAN DO
LOCALLY!

= JL & & A fi#,
W &R I8 Al !
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