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Outline

= 2D image of some regular backgroung
with defects

= Defects take no more than 5-20% of area

= Problem: reconstruct periodic background
and find defects

= Numerical experiments to estimate
method rebustness






Suggested approach to problem
solution

= Preliminary processing

= Constructing background model using
optimization methods

= Substracting background
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Regular image examples

Regular with defects Regular without defects




Regular 2D-Image and Its
parameters

2D-image: triplet {A, U, V}Where
a; =U; +V,ueRvVeR
Regular 2D- A — 1I=1,m mxn
image: A {aij}j=1,ﬂ Aeh

Defect in regular :
2D-image: J1el.m, Jel..na; #U;, +V




3D-structures, regular and with

single defect




3D-structure, regular and with

2 defects




2 problems for regular 3D-
structures

Problem 1 [2]. We have m x n-matrix A. We need to find such vectors
x* € R™ and y* € R" for regular 3D-structure {A*, 2*, y*} that coefficients of
m X n-matrix A* had minimum deviation from coefficients of m X n-matrix A
in Ly-norm (1 < p < 2).

Problem 2 [2]. We have m X n-matrix A. For regular basis 3D-structure
{A™, 2™ y**} we need to find such vectors r** € R™ and y** € R" that
coefficients of matrix A* had minimum deviation from coefficients of m x n-
matrix A.




Formulation 1 and 2

Formulation 1: find

(x*,y*):argmimZZ‘a — X — ‘

xeR" | i=1 j=1
yeR"

o

Formulation 2: find

(x**,y**):argmimZZ‘aU—x —yj‘ +HY x>y,
=

XEERm I=1 J =1 i=1
yeR"




Test examples and parameters
of r-algorithm

Test example: pseudorandom noise

R-algorithm start point: iESa (O NUNEEN1)
SEICINEEIE e =2, hg =1, o =1.1, n, =3
SIOIEIEINEIGCIS s, = 1077, ¢, = 1071




LSQ time for finding parameters of

3D regular 400x600 structure
e Problem 1 Problem 2
Itn nfg | time | itn nfg | time
304 | 518 |7.60 |302 |512 |7.52
278 468 | 688 |28 |475 |7.05
200 (441 | 654 |277 |461 | 6.83
268 445 | 668 |295 | 494 | 7.78

| = W DN ==

209 | 449 | 6.74 | 284 | 477 | 7.16




LM times for finding parameters of
3D regular 400x600 structure

Problem 1 Problem 2

L
. itn nfg [tfsec) [itn  nfg | t(sec)




Robustness of LSQ and LM for
finding single defect




Robustness of LSQ and LM for
finding 2 defects




Conclusions

The method can be used for non-destructive
guality control without human operator
R-algorithm is adequate solver for image regularization
The time for processing 400x600 images is adequate
even for non-optimal program environment

Also, method allows optimization methods development for
revealing defects in periodic 3D-structures of arbitrary
shape.



Future plans:

Processing images of arbitrary shape
Processing in Fourier space
Advanced error functions
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