UNIVERSITAT (‘
DELISISSEBNU RG TU Delft

opEﬂ-M.i'lﬂdEd Technische Universiteit Delft

Application of Mean Variance
Mapping Optimization (MVMO) to
Solve OPF Problems

Istvan Erlich JF)Sé L Rueda
University Duisburg-Essen Delft University of Technology
Duisburg - Germany Delft — Netherlands
istvan.erlich@uni-due.de j.l.ruedatorres@tudelft.nl

@is O 9 IEEE



Rationale behind MVMO ’

Initialize algorithm and optimization problem parameters
Normalize optimization variables in vector x to range [0, 1]

!

Fitness evaluation by using de-normalized variables

O Introduced by I. Erlich (University Duisburg-
Essen, Germany ) in 2010

O Internal search range of all variables

restricted to [O, 1]. ermination criteria satisfied?

O Solution archive: knowledge base for

guiding the searching direction. Fill/update solution archive
(store n-best population

L Mapping function: Applied for mutating the v
offspring on the basis of the mean and ~ Single parent assignment
. . . The first ranked solution Xy IS Chosen as parent
variance of the n-best population attained
so far. v

Single offspring generation

Selection: Select m (m<D) dimensions of Xpeg

Mutation: Apply the mapping function for
selected m dimensions
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The hybrid variant: MVMO-SH

Initialize algorithm parameters

i=0

Generation and normalization of initial population

A 4

[[k=1

<
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Fitness evaluation Local search

Fill/Update individual archive

v

Classification of good and bad particles
and parent selection

Bad particle? Offspring
generation
- Ty~ - -"-—7"-""""""5"-"7=-"-""- |
Single parent crossover Multi-parent crossover based
based on local best on a subset of good particles

Mutation through mapping of m selected
dimensions based on local mean and variance




MVMO-SH: launching local search '

Local search performed according to

rand <y, (1)

where
Y.s : local search probability, e.g. v,5=15/100/D

D: Problem dimension

Different methods can be used:

» Classical: Interior-Point Method (IPM)
» Heuristic: Hill climbing, evolutionary strategies
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MVMO-SH: solution archive )
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MVMO-SH: parent selection .

All particles ranked according to their individual best

Bad particles

Global Random Last First Global
Best P Good Good Bad P, Worst

parent _ . best best best
X%oarent:XEJest X =Xre + /5 (XGB —X[G
7 < —parent
Xj , Si,di Xk —XE ,Sk,dk

Selection of m dimensions out of D
for mutation via mapping function
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MVMO-SH: selection of dimensions for mutation

11
Method O, quadratic progressive | Two different strategies are
10 Seeu Method L, linear | available:
5 | s N CS o Method QD, quadratic degressive '
S ~
2 3 - > = a) The full range
= \ .
g N N . corresponds with the
e 7 A N N number of mutated
S 1 S N\ i —
2 6 - s | b - - variables, e.g. m =7
n o !
2 g c | > = -
2 ‘g | \ N b) The number of mutated
S 4 - - S S - variables estimated
° o | s . . randomly in the given
S 3 e | N
1 S
2 g | - 1 range, e.g.
y i 1 . E m = irand(7)
1 v -
O L L L L
0 200 400 600 800 1000
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MVMO-SH: selection of dimensions for mutation

Random-sequential selection mode

tlpl*
Xchlld - { W }
Generation n
} Selected pivot dimension

Value inherited from xParen!

ychild* _ {- B

PR . Randomly selected dimension
eneration n

chld_ { "l }

Generation n+2
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MVMO-SH: mutation based on mapping function

h=x -1-e*)+1-x)-e % (2
x =h,+(@1—h +h)-x —h, ()
h =h(x=x)

h,=h(x=0) )
h =h(x=1)

x; and x; in the range [0 1]
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MVMO-SH: mapping function features

Parameter
shape s;; = S;,

asymmetrical
mapping function
S;,=20
S;,=10

-
P as
-

, symmetrical
mapping function
S;1=S;,=10

Parameter: X ean

0 755i1:3i2:10 /N

symmetrical
mapping function
Si1=5S;,=10

-,
-
_—"
-

asymmetrical
mapping function
s;;=10
S;,=20

0.2 0.4 0.6 0.8 X* 1



MVMO-SH: assighment of shape and d-factors

Sit = Si2 = S; =-In(v;) - f

If ;>0 then
Ad =(1+Adg )+2-Adg -(rand - 0.5)
: randomly
i > varied
di = d;-Ad Ad= 10 +o—
else ——— > ——>
d = di/Ad (5) Adg  Adg
end if
If rand < 0.5 then d, Is always oscillating around
Sit=Si 5 Sig =0 the shape s, and is set to 1 in the
else Initialization stage
Si1 = di 52 =9
end if Ado <0.4
end if

The d-factors remain dynamic with the mapping even the
corresponding shape doesn’t change
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MVMO-SH: assighment of shape and d-factors

Sit=Si2 =5 = _In(vi)' fS 60 —— 1.6405
. shape factor from variance
|f SI > O then shape factor S1
shape factor S2 M - 1.E+03
Ad = (1+Adg)+2-Ad -(rand —0.5) ? i
_ - 1.E+01
1i §; > di 10 HJ|
- 1.E-01
o AR i :
else ";:_30 A 1 i ulmu‘uwn - LE03 £
dj =dj/Ad (5) " T [ 1E0s
. ‘ ]\an!\"llly L
end if i \'\ 1607
If rand < 0.5 then 10 - Wl
- 1.E-09
Sip =i Sig =0 \
0 A ‘ ‘ ‘ ‘ 1.E-11
else 0 2000 4000 6000 8000 10000

Number of Iteration

St=0;; Sjpg =S

end if CEC2013 function F1, single particle MVMO
end if without local search, fs=1.0, Ad,=0.15

Power & Energy Society®

O 9 IEEE




48

Thanks!

Dr. José L. Rueda
J.L.RuedaTorres@tudelft.nl

http://www.uni-due.de/mvmo/
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