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Motivation, Purpose, Ideological line

- )
LI O Intro:
Motivation |.
To design several simple general algorithms
for control of class of mechatronic systems

(e.g. robotic tools) influenced by uncertain
neighborhood interactions both of known

Outline:
Intro
FPDS{C
and unknown source.
Model o
Motivation Il.
ImPD To understand fundaments of software tools
developed in our department.
Tuning
Starting informational sources:
Exmpl design and algorithms of adaptive LQ Control >> Josef Bohm
fully probabilistic theory used in control design >> Miroslav Karny
Concl.
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—

IU O Intro: Motivation, Purpose, Ideological line
Outline: Block representation of system and its neighborhood
real system o
' ntrO process measurement
_ ! 1 disturbance disturbapce
no;se 160
FPDC
Model xC |56
controller _______________________________________
|l‘l‘b§PD +~ feedback
diagram of closed-loo
Tuning 9 P
Main purpose:
Exmpl ) :
To test the different control strategies (LQ Control strategy
C | designed by probabilistic theory is one of them) for selection
ONCL. | of suitable control for mechatronic and robotic applications.
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O Intro: Motivation, Purpose, ldeological line

Outline:

Intro

FPD{C
Model
ImPD
TUning
Exmpl

Concl.

Theory >> Practice

Theory: Fully Probabilistic Design (FPD) of Control

e general case:
J=J(pdf,'pdf) pdf, pdf min.J “pdf
N y , 0 P \ ,

pdf

>> criterion + model >> minimization >> opt. control

¢ specific case:
>> FPD of Control leads to standard LQ Control, i.e. FPD

gives new interpretation to LQ Control e.g. a possibility
to on-line "fine-tune” or "retune” LQ Controller in view

of uncertain neighborhood interactions.

Practice (practical use):
special algorithms for specific FPD need not be designed;

standard LQ Control algorithms can be utilized,
due to probabilistic interpretation, with specific tuning.
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® FPDIC: Fully Probabilistic Design of Control
f(X) j .

S(X)

FPDIC
Model
ImPD

TuUning
Exmpl

Concl.

(/1) = {h{ ’;((XX)J} = [ h{

Criterion:
E
Kullback-Leibler divergence (KL-divergence) measures

proximity of real and ideal distributions of closed-loop
e joint pdf representing the real closed-loop behavior:
} f(x;)

f(xk+N s Ui n_19Xpin—1o Upin—ns "5 Uy Xk)

T /0%, ) £ |5, )

ff(X): IfN -
) { 1_+_[ If(xj X, u; ) If(uj—l 1 X;1)

assuming

f(X)= fN
assuming =
Jj=k+1
e joint pdf representing the ideal closed-loop behavior:
f(xk+N9 LFSSVISED YEVETY NSVIC PARREY 7% Xk)
} J(x,)
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§ =— 0

lUT ® FPDC: Fully Probabilistic Design of Control

Task specification:

Outline:
Intro Cf @ lx Db e argmin DS )
WACTINE TED R
FPDNC Minimization procedure in brief:
k+N

Model min D(full'fy) = min E sz =

VIO TR T T TN AT
mFD dynamic Pre ogrammne

TuUning = min {E(Zk+1)+“‘ min {E(zk+N_1)+ min {E(zkw)}}o--}
h

{f(uk|xk )} {f(uk+N—2’Xk+N—2) {f(uk+N—1|Xk+N—l)}
Exmpl
P FOGIX ) [ X)L,
z,=In = j" partial loss
Concl. f(X |X]19 ]1) f(u]1|le)

> Optimal control pdf
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® FPDC: Fully Probabilistic Design of Control

1

Optimal control pdf

-0 (u. . ,X,
If(u a1X)e (u]_l X]_l)
yx) -
where factors 6 and y are defined as follows:
ARy ] ix

Outline:
Of(uj—l |Xj—l) —
y(x ) f(x; |u,_, X, )

Intro
FPDC
Model
e | S =[G ) h{
Tuning ~ o, ,x )
Y )= Ix e T
Exmpl
The factors are expressed recursively.
They are set up on the basis of minimization procedure.
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IU ©® Model: Probabilistic model representation
| )’ | )’
Outline: . (u,,07)=N (1,,7,): f(»)= e 7 = e
T »y o, \2m 27y,
Intro | ARX
model: Zb u,_ Z—Za Vi te,, e, ~N(0,r)
FPDC State- Space ﬂy
model: x,,, =Ax, +Bu, +e_, e, ~AN (0,R)
Model _
¥ =Cx,
ImPD =CAx,, +CBu, + Ce, . e, ~N(0,r,)=N (0,CRC")
Hr-“
‘Lly e)’k
TuUning u, | K 0 0 - 0] 1] 0] 0
Exmpl X, = :Z/l_k_f_n_tll A= r_O____:::::__Q___i_ ''''' Q_ '''''''''''''''''''''' 9‘ _'_i B= C= 0 e, = ,0". e
Ve ben_al_an b, 1 o
Concl. 0 0p 0
| Vicnir 0 T 00 0 0] [0} 0] 0
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O ImPD: Implementation of Probabilistic Design
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\UT
. 1
Outline: (% ]x,,)= Flulx,)e
Imo{PD y(x,)
Intro = y(x,) = fee( £ T X ), ' Gy %)), 8 (X )
evaluation:
FPDY{C L SGx, ) = fee £ x0T X)), 7(x)
Model | o par of the real controlled system state behavior: SX u, %, ) =
ImPD + system state-space model: u,= Cu, = CAx, + CBu,_,
e pdf of the ideal controlled system state behavior: 'f (X |lu, X, ) ="
Tuning +j" user ideal (i.e. desired values): 7y, = Clu = 'u = w,
e pdf of the ideal controlled system input behavior: f(u._ |x._)="--
Exmpl paf y [ A j-1 | j—1)
+ value of system inputideal: ‘u, | =y, =u;_,
i pdf of the optimal (designed) controlled system input behavior:
Of (u,| x,) = *++, u,

Concl.
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e_;(cxkﬂ - C;UX)T ry_l (ka+1 o C,UX)

O ImPC: Implementation of Probabilistic Design

1

e pdf of the real controlled system output behavior:

Outline:
Intro

FPDC
Model
ImPD
Tuning
Exmpl

Concl.

If(cxkﬂ |, X)) =
e pdf of the ideal controlled system input behavior:

1
S |x,) =
e 27w'r,
mp pdf of the optimal (designed) controlled system input behavior:
k+N+1
_% Or-"{u, +kX, — Z kwj w.— k u,_ }2
[ This result
is equivalent

2rr,
T
8_;(ka+l - Wk+1) ry (ka+1 o Wk+1)

1

f(CXkH | U, Xk) =
e pdf of the ideal controlled system output behavior:

2zr,
T _
_%(uk N ”k—l) Ve 1 (uk _uk—l)

1

j=k+1

to standard
| LQ Control.

<

e
Note:

1

0]
13
u
k+N+1

2

j=k+1

Of(uk |Xk) =
= —-kXx,+ 2 kijj+ ku,_

o
uk
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Case specification, in which the on-line tuning is desirable:

ic Design of LQ Control with On-Line Parameter Tuning

n-line Fully Probabilistic Tuning of C.

measurement

Outline:
Intro

FPDC
Model
Im¥PD
Tuning
Exmpl

Concl.

© Tuning: O
Real control of real system in real environment (i.e. real condi-
tions causing interference occurred randomly in control process).

disturbance

real system
process
disturbance

« feedback
- standard LQC
o w'l,
- (0,=lUr,.0,=2
o> _r—-wwﬁ__

1
;)

w
LQC

-- FPD of LQC

gl
LA
j fﬂt (Qy:;:LaQu:/lz
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© Tuning: On-line Fully Probabilistic Tuning of C.
~u, ) O, (u;—u,.))
L)

where r, or practically 7,

Quadratic criterion used in LQ Control design:

EE e (e
T
j+1) Qy (yj+1 - j+1)+(uj
Y
¢,, which is very changeable = filtration 7,

Outline:
k+N
Intro | /=Y (.,
j=k
standard LQC (Q,=!/r,,, 0,= 1), FPD of LQC (0

contribution of r, tor,

Ty
u

1 5=
’;J;)Qu ﬂ‘

time instant i

K+l

FPDC
Model suitable filter -
- exponential forgetting:
ImPD _ A (1-9) 7, |
ry1 = (1 - ¢) i
Tuning r};; :¢f7;;i—1 +(1_¢)fy;
l:2, ..,k %(l_@,ﬁyk
Exmpl ‘ \a—
r=0-9)D ¢ 7
i=1 !
Concl. :
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O Exmpl: Application examples

Outline:

Intro

FPD{C
Model
ImPD
Tuning
Exmpl

Concl.

] SimAdaptLOCdemo

Fie Edit View Simulation Format Tools

Help

NEEHS| BR[|

L

= oo

INorrnaI L”@Iﬁlli@ﬁ@

SETTINGS

{ double click for change )
Contreller Parameters: N = 10, (u = 50, incr = 1

bHum 1

Transfer Function Model:
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O Exmpl: Application examples

Outline:

Intro

FPDC
Model
ImPD
Tuning
Exmpl
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standard LQC (0, = 1/13,,0, 0,=A)
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ncl.: Conclusion

ral concluding comments

Seve

Outline:

on drawbacks:

- difficult derivation caused by complicated notation
(a lot of different parameters/factors in complicated expressions)

- difficult initial parameter/factor determination
(various methods of mathematical-physical identification/analysis

- assumption of specific distributions of the closed-loop variables,

Intro
FPDC
Model are needed)
ImPD which enables this design to be computed, is a limiting factor
on benefits:
Tuning - enable designer to use detailed closed-loop description
- fully probabilistic interpretation of LQ Control parameters
Exmpl enabling users to self-fine-tune or retune these parameters
- potential use of parameter fine-tuning or retuning
in advanced Generalized Predictive Control strategy
END

Concl.
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