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On-site Inspection of Reinforced Concrete Pier of Chemical Plants on Jan.8,9,10, 2014
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In Situ NDE Experiment of RC Structure

2 |

Position A Positibn B

RC rebar
D16.9mm

RC rebar
M22.3mm

RC rebar
@20.3mm

Reference stick Reference stick

@10mm @D10mm
I
Result analysis
thl\.llax-imunl o A G * In §ev§ral p05|t_|on, steel rods thlnnl_ng.happened. .
inning rate * Thinning rate is 7%~14.5%, still within robust level according to
Maximum a1 e is mechanical analysis.
reduction(mm) ' ' ' * Maintenance by water proof glue in fixed position is decided

instead of overall repair.
2014/8/25 * Cost is substantially reduced. 7
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Image Denoising using Curvelet-Wavelet

Transform
0 Wavelet transform (WT)

WT can decompose a signal into a several scales that represent different frequency
bands using series of wavelets: such property can be used for denoising. However, the
wavelets lack of geometrical property in 2D & 3D.

} TOhA 1@ ]
st AL |
lavelot _ B Wy W e s
Wavelet _ﬁﬁ!‘l._ WT(s,1) = f fx)¥s rdx - [ S L ] —
-+ e i i A T
1 v { Approximation r R - b
= (. 1 L e MU S
‘ I = vie IOl Nmes o A | .
Transfom ~/ | v 'v“U{" a2 I - T *Detail
_,.E_J-U‘v_ e T I
Signal Constituent wavelets of different scales and positions s e

O Curvelet transform (CT)

CT is one of the geometric/directional wavelets that splits the whole frequency domain
into multiscales and multidirections=> more accurate for image representation. However,
not perform well in filtering noise as WT.

1 43; Rotate Tlansla'(e: . ' 2|2 - : - ,K,
m |
.. "2_-

Curvelets parameterlzed by scale, location, and orientation

Wavelets vs. curvelets: accounting for edges



Image Denoising using Curvelet-Wavelet

Transform
0 Wavelet transform (WT)

WT can decompose a signal into a several scales that represent different frequency
bands using series of wavelets: such property can be used for denoising. However, the
wavelets lack of geometrical property in 2D & 3D.

JIH"'.I ."I Wavelet Y, dx

| WT(s,1) = | f(x) T
‘ — ““ff‘ —\/\ﬂ/\— J\ﬁﬂ/ l f ) eprmmes e .
| e

gl ." Transform

Signal Constituent wavelets of different scales and positions

O Curvelet transform (CT)

CT is one of the geometric/directional wavelets that splits the whole frequency domain
into multiscales and multidirections=> more accurate for image representation. However,




Image Contrast Enhancement Using Two Methods

B After denoising, the contrast of the image is enhanced with two methods.

Original image: f, | = Noise reduction: f, => | Contrast enhancement: f,

0 Method 1: Wavelet-based mulstiscale edge stretching

e

Multiscale gradient

Input f(x,y) | =9 by WT:

Vo, ) O W,, f(x,y)

N

—>

Local edge (extreme)
sz (falzj) =
{W,, f(x,y)|Vie L, [}

~

—>

Denoising

}

Inverse WT:
Enhanced image

-

Edge strechin
Reconstruct enhanced ¢ g g

Wavelet coefficients G, (f.1,)=k *G (f.1))

_

0 Method 2: Local deviation

{fz (x,y)=

fi(xay)_Ml XM
M2_M1 i

M, is the minima and M, is the maxima of the input image f, among the neighborhood
pixels, Mg is the maximum gray level value of the input image.



Results of Image Contrast Enhancement

(c) (d) (c) (d)
Fig. 8 Results of enhancement x-ray image with various methods: (a) original image, (b)
enhanced by histogram equalization, (c) enhanced by wavelet-based edge stretching, (d)
enhanced with local deviation

» The method using local deviation can enhance an image with very low contrast.



Results of Image Contrast Enhancement

(c) (d) | CE @
Fig. 8 Results of enhancement x-ray image with various methods: (a) original image, (b)
enhanced by histogram equalization, (c) enhanced by wavelet-based edge stretching, (d)
enhanced with local deviation

» The method using local deviation can enhance an image with very low contrast.



Evaluate Steel Wires in PC with Enhanced Image

> In the enhanced image, several steel
3. Gy P d L wires can be identified;

Stee'ﬁ”'f% ST % | > Unfortunately, can not to identify their

s location from the overlapped image =>
not able to evaluate their size;

O Solution:

> Partial CT & Tomosynthesis with 3.95
MeV x-ray to reconstruct 3D image.

v n—-ﬁ-—-x!

o — : » Pencil beam with collimator => ROI

inspection.




Quantitative Evaluation Method by Radiography

* Lack of necessary prior information
» Take two images at different distance between source and detector
* Analyze the radius in imaging to estimate real radius

Source position 1

2014/8/25

L1

The distance between source and detector is D

D -D, =L

According to the triangle relationship
( R R
sin(@, /2) =— sin(@, /2) =—
@)=, @)=

X %

R R
tan(6, /2) = fl tan(6, /2) =—=
1 < 2

The real radius is estimated as

o JE+RY JL+R
Rl R2

15




Quantitative Evaluation Method by Radiography

Sample

1.84mm at L1=100mm 50keV X-ray tube Al rod CCD camera

in plastic sample

2.80mm at L2=40mm

Geometry layout

Higher detector resolution

Boundary enhancement

Evaluate diameter of inner rod r

1.4986mm

0.09%

2014/8/2EXperiment date: 2014/5/22




Quantitative Evaluation Method by Partial CT

LEEAD i
d1ommI7 1

Experiment date: 2014/4/22
Scanning condition 3.95Mev
Angle range 0° ~360°
View number 600

Distance between

source and detector LRI

Distance between
source and rotation center

1153mm

Source 3.95MeV
Detector Perkin Elmer FPD
Pixel number 2048 X 2048

Pitch 200um ROI reconstruction with limited angle range 17




Quantitative Evaluation Method by Partial CT

Pre-stressed
steel wire cluster

360° 90° 360° 90° 360° 90°
6.85 10.05 2.14% 43.57% 0.046% 18.984%
6.90 15.75 1.43% 125% 0.020% | 156.250%

| * Imaging denoisng and enhancement is necessary
|« Scattered X-ray noise affects the accuracy

1
e e e e e e e e o o 1

60° x2 AXvUCTTIFIZARO BB (XRERERLET)

2014/8/25 18



Quantitative Evaluation Method by
Tomosynthesis

‘ I . * Only need scanning in several directions

* Image enhancement at the slice
* Reconstruct image of section
* Provide details in a thin plane

Reconstruction using 25 Projection
(every 3° for £36° )

oA 2 A®

A s
0° -
o

18° [

e — | [ 1111

2014/8/25 Projection Section Plane 19
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Quantitative Evaluation Method by
Tomosynthesis

3.95 MeV LINAC

Detector
Reconstruction using 25 Projection

(every 3° for =36° )

Specimen /AU
| 6mm
X-theta stage for rotation 14.29%

and translation

Experiment date: 2014/6/20

=y

w [\S]

2
2
2
2
2

Y

Section Plane

[n]
[§)]

20
Projection MIEBRARFEIZHEAERIAR BIRE



Quantitative Evaluation Methods Comparison

Evaluate diameter of single inner * Geometry layout
Radiography RC rebar * Detector resolution
Easy to apply * Boundary enhancement

Evaluate diameter of PC wire
Tomosynthesis within bundles
Several scanning

* Scattered X-ray noise reduction
* Contrast strengthening

Evaluate diameter of PC wire
Partial CT within bundles
Projection in limited angle range

* Scattered X-ray noise reduction
Imaging denoising and enhancement

21
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X-Band Linac 950keV X-Band Linac 3.95MeV X-Band Linac 6MeV
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Large Structural Analysis
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