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IDENTIFICATION OF AN EDGE OF HETEROGENEITY
IN A DIELECTRIC STRUCTURE BY MICROWAVE

NON-DESTRUCTIVE TECHNIQUE

V. R. Dzhala

Karpenko Physico-Mechanical Institute of the NAS of Ukraine
It is experimentally shown that a one-dimensional model of a complex reflection coefficient,
based on the approach of a plane wave has can not be used for solving the inverse problems of
nondestructive testing of the plane-layered dielectric structures with local heterogeneities. The
model of the complex reflection coefficient for a dielectric structure is proposed and results of
its experimental validation are given. The model assumes that the antenna aperture has a finite
size and it is based on the concept of electric field distribution in the antenna’s aperture.
Application of the model to both scanning a dielectric slab and solving an inverse problem
allows us to identify an edge of heterogeneity in the slab material and to increase the confi-
dence of the nondestructive testing of local defects.

Keywords: microwave nondestructive testing, horn antenna, scanning, reflection coefficient,
inverse problem, thickness of dielectric layer, delamination, local defect.
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S1, ..., S3 – , -
. 

:
VS = VS(f, h1, ..., hM–1, 1, ..., M, tg 1, ..., tg M). (9)
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6 – ; 8 – ; 9 – .

. , 
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Dth = Dth(f, VS(p)), (10)
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. 

2*

1
inf ( ) ( , ( ))
p P

p p
fN

ex i th i S
i

D f D f V , (11)

Nf – .

, 
**( , )p x y

2

,
, ,

inf ( , , ) ( ', ') ( ( ', '), ) ' '
p P

pex i th i S i
x y i A

D x y f D f A x x y y V x y f dx dy , (12)

p**(x, y) – 
, Dex(x, y, f) – , 

 (xi, yi). -
, -

. 
, , -

p*(x, y) -
 (11).



ISSN 0474-8662. Information Extraction and Process. 2016. Issue 43 (119)68

X. -
. -

.
:

1. .
2.  (11), -

p*(x).
3.  (xmin, xmax), 

.
4. , -

 (12), p**(x) -
. , -

p*(x) .
. -

. 4. , -
Y. -

-
.  8 -

 5,5 6,5  0,7  1 . -
:  = 2,62; 

 tg  = 6,71·10–3. . 5 -
.

. 4.                                                                             . 5.

. 4. .
: 1 – ; 2 – ; 3 – .

. 5. .
 2 .

-
.  ~ 0,7 . . 6

 ( )  (
)  (12) ( ).  ( . 6 ) -

-
. , , 

, , 
 (

 0,02 ). , 
-

, , -
. . 6 ,



ISSN 0474-8662. . 2016. . 43 (119) 69

-
, , -

, -
. 

, 
.

 ( . 7).

. 6.  ( ) 
 ( ) Dth(Vs(x)) ( )

Dth(VS3D(x)) ( ).

. 7.  ( ) 
 ( ) Dth(Vs(x)) ( )

Dth(VS3D(x)) ( ).



ISSN 0474-8662. Information Extraction and Process. 2016. Issue 43 (119)70

,
 0,7 . 

 4- . . 7 -
,  ( ) -

 ( ). , -

. 
35 . -

.

, 
. -

, -
, 

.

1. : . / . . , . . , . . -
.; . . . . – .: , 1995. – 488 .

2. . ., . . , -
 // .- . . – 1997. –  5. – . 49–57.

3. . ., . ., . . -
 // 

, . – 1999. – . 5. – . 77–80.
4. . ., . .

// . – 2008. –  28 (104). – . 5–10.
5. Wait J. Electromagnetic waves in stratified media. – Oxford: Pergamon Press, 1970. – P. 608.
6. . .  // .

. . – 2003. – XLV1,  89. – . 660–670.
7.  / . .  . . – .: . ., 1990. – 496 .
8. Superresolution and coherent phenomena in multisensor systems of millimeter-wave radio ima-

ging / Y. A. Pirogov, V. V. Gladun, I. V. Shlemin, S. P. Chzhen, D. A. Tischenko, A. L. Tima-
novskiy, A. V. Lebedev // Proc. SPIE. – 2003. – 5077. – P. 110–120.

9. Van Kempen G. M., van Vliet L. J. Background estimation in nonlinear image restoration // J. of
the  Optical  Society  of  America  A:  Optics,  Image  Science  &  Vision.  –  2000.  – 17,   3.
– P. 425–433.

10. Lucy L. B. An iterative technique for the rectification of observed distributions // The astronomi-
cal journal. – 1974. – 79,  6. – P. 745–754.

11. Lantèri H., Soummer R. Comparison between ISRA and RLA algorithms. Use of a Wiener Filter
based stopping criterion // Astronomy astrophysics supplement series. – 1999. – 140. – P. 235–246.

12. . ., . . . – .: , 1979. – 286 c.
13. . ., . . , 

. – .: , 1973. – 400 .
14. Bin Sediq A. S., Qaddoumi N. Near-field microwave image formation of defective composites

utilizing open-ended waveguides with arbitrary cross sections // Composite Structures. – 2005.
– 71. – . 343–348.

15. . ., . . -
 // , -

. . 11: -
: . . . – : , 2006. – . 153–157.

 03.09.2015


