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Portland State University ®

SESSION on “Intelli gent” Control

Generall y, the human desi gner of the
control s ystem has lots of work to do
before turnin g (remainder of ) the
design task over to our “intelli gent”
(aka: Neural Networks? ) controller.
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Portland State University ®

We here ASSUME that man y design
decisions have alread y been made:

€.g.

. need for reinforcement learning approach
(due to absence of certain otherwise needed
iInformation)

. representation of plant (state?) variables/
measurables

. criterion function (re. “desired” qualities)

. basic architecture of controller neural
network

IJCNN ‘98 - Anchorage 3of 17



Portland State University ®

Context (re. Reinforcement Learnin Q):

Adaptive Critic Desi gn (ACD)

A methodolo gy for ada ptivel y designing an
(approximatel y) optimal controller for a
given plant accordin g to a stated criterion.

We use a NN as the controller [actionNN ],

and another NN [criticNN ] to u pdate
(assist Iin the desi gn of) the controller.

‘Plant” Isre presented via state vector R (t).
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Portland State University ®

Context:

The ACD method entalils the user definin g

a (primary) utilit y function U(t) for the
specific a pplication, and then maximizin ¢
a new utilit y function (Bellman E gn.):

(1) = OZO VU (t + k)
k=0

[We note:  J(t) = U(t) +yJ(t+1)
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Context: Family of Ada ptive Critic Desi gns

The criticNN a pproximates either J(tpr
gradient of J(t)wrt state vector R(t) [JJ(R)]

“*Heuristic Dynamic Pro grammin g (HDP)
CriticNN approximates J(1)

<*Dual Heuristic Pro grammin g (DHP)
CriticNN approximates [J(R) = A

“*Generalized Dual HeuristicProgramming  cowp)
CriticNN approximates J(tand UJ(R)

“*Action Dependent ....
CriticNN also inputs  u(tand outputs  [1J(u)
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Computin g Schema for discussin ¢
Strate gles
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Weights in actionNN are u pdated with ob jective of
maximizin g J(t):

AWij (t) = lcoefe v J( )J(t)
) ¢ 9

where ow; oV Z 0u (D I ow; (t)uk(t)
0

and auk(t)J(t) 6uk(t) ()+6uk( )J(t+ 1)

and

0 _ ) 0
auk(t)J(Hl) - SglaRS(t+1)J(t+1) ou (1) Reltr )

call thisterm A(t+1) (to be out put of critic )
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CriticNN out putis A

For trainin g criticNN, “desired out put”is A°
(cf. Eqgqn. (6) in paper)

Paraphrase of E qn. (6) [cf. EqQn. (7) in paper]:

a
)\S° (t) = [~Ultility]+ S (~Utility] <[~Action] )
n I
+ vy ([~Critic(t+1)] « [~Plant])
k=1
nga -
Yy Oy ([~Critic(t+1)] » [-Plant]s [~Action]) ]
k=19 =1 L
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Strate gies to solve E gn. (6) [and (7)]
Strate gy 1. Straight application of the e quation.

Strate gy 2. Basic 2-sta ge process [“fli p/flop™].
[e.g., Santiago/Werbos, Prokhorov/Wunsch]

Durin g stage 1, train criticNN, not actionNN;
Durin g stage 2, train actionNN, not criticNN.

Strate gy 3. Modified 1st sta ge of 2-sta ge process.
While train criticNN durin g stage 1, keep
parameters constant in module that

calculates critic’'s desired out  put A°(R).
Then ad just wel ghts all at once at end of
stage 1.
Strate gy 4. Single-stage process, usin ¢
modifications introduced in Strate gy 3.
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Computin g Schema for discussin @
Strate gies
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Recap re. criticNN:
Performs ma pping: A(R)
Desired out put for trainin g purposes: A°(R)
Solution (not known ) of Bellman e quation: A(R)

Learn process: A(R) isto conver geto A°(R);

A°(R) is to conver ge to AMR).
.e., A(R) A (R) AM(R)

[The better the criticNN “solves” the Bellman e gn.,
the better the actionNN will a pproximate an
optimal controller.]
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Portland State University

Step Responses to 7.5 °© pole dis placement

6-1-1 controller step respanse for 7.5 deg displacement
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Step Responses to 1.5m cart dis placement

6-1-1 Controller

6-1-1 controller step response for 1 5m displacement
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u Portland State University u

Step Responses of
6-1-1 Controller, 1Im pole

[Trained w/ max +_ 10°]
[ No explicit X trainin  g]

Trained: 7.5 °displ.

Tested: 38 °displ. Tested: -6.6m displ.
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