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(a) C−scan of the Weld in Block 3 of W123
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(b) The histogram of the C−scan
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Fig. 1.2. The measurements made on the EB weld in Block 3 of Weld W123.  (a) The C-scan of the weld and (b)

the histogram of the C-scan with the non-welded zone excluded.
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B−scan at y=97 mm(a)

35 40 45 50 55 60 65 70 75 80

0

5

10

15

20

25

30
5

10

15

20

25

30

35 40 45 50 55 60 65 70 75 80 85
−30

−20

−10

0

10

20

30

z [mm]

A
m

pl
itu

de

(b) A−scan at x=7 mm
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B−scan at y=129 mm(c)
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(d) A−scan at x=7 mm

Fig. 1.3. The measurements made on the EB weld in Block 3 of Weld W123. (a) B-scan at y=97 mm in the C-

scan in Fig. 1.2, and (b) an A-scan at x=7 mm in (a); (c) B-scan at y=129 mm in the C-scan in Fig. 1.2, and (d) an

A-scan at x=7 mm in (c). The two positions are marked with letter 'v' in Fig. 1.2.
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B−scan at y=106 mm(a)
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(b) A−scan at x=8 mm
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B−scan at y=186 mm(c)
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(d) A−scan at x=12 mm

Fig. 1.4. The measurements made on the EB weld in Block 3 of Weld W123. (a) The B-scan at y=106 mm in the

C-scan in Fig. 1.2, (b) an A-scan at x=8 mm in (a), (c) the B-scan at y=186 mm in the C-scan in Fig. 1.2, and (d)

an A-scan at x=12 mm in (c). The two positions are marked with letter 'A' in Fig. 1.2.
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1.3.2 Transverse view of the EB weld - B- and A-scans

To examine transverse view of the EB weld, four B-scans were selected based on the C-scan in

Fig. 1.2. The two B-scans at y=97 and 129 mm (marked with letter 'v' in Fig. 1.2) contain relatively

weak scattering, and are shown in Figs. 1.3 (a) and (c) where the maximum amplitude levels are 29

and 27, respectively. The other two at y=106 and 186 mm (marked with letter 'A' in Fig. 1.2) contain

stronger scattering, and are shown in Figs. 1.4 (a) and (c) where the maximum amplitude levels are 52

and 58, respectively. To facilitate analyzing grain noise pattern, all the B-scans in this subsection are

displayed in signal envelope and from each selected B-scan an A-scan is chosen and displayed just

below. Obviously the lower parts of the four B-scans (x>25 mm) cover the tip end of the weld. From

the B-scan in Fig. 1.3(a), it seems to be possible to roughly figure out a pattern of the weld cross-

sectional structure because the shape formed by the strong echoes resembles a cross-section of a tube.

Apparently, there is a low echo area in the middle of the 'tube', and 'its walls' look not to be

continuous and smooth. At the lower ends of the 'walls' (the weld tip) we can see that they are bent to

the deeper direction (to the right in the figure). The reasons for this are most probably the effects of

refraction and weld anisotropy. The refraction effect arises from the difference of ultrasonic speeds

between the weld parent material and its heat-affected and fusion zones and the oblique incidence of

the ultrasonic beams on the weld tip at which the two zones become round. The anisotropy causes the

angle-dependent speed. The weld bending toward the deeper direction may suggest the ultrasonic

speed in the weld should be lower than in the parent material, which needs further verifying. Now

looking at the B-scan in Fig. 1.3(c) and based on the above observation, we can see some similarity.

To investigate the ultrasonic interaction of an EB weld, we divide the B-scans into five different

regions in terms of the contents of backscattered signals.

(i)  In the first region, z = 31~ 52.5 mm, we can see the fine grain noise that results from the fine

grains in the parent material.

(ii)  In the second region, z = 52.5~ 56.5 mm, a little stronger echo area is weakly visible and is

overlapped with fine grain noise. The echoes in the area come from the heat-affected zone (HAZ)

that contains a little coarser grains.

(iii)  In the third region, z = 56.5 ~ 63.5 mm, we can see two columns of strong echoes and a weaker

scattering, strip-like area between the columns that extend over the range of x = 0 ~ 24 mm in Fig.

1.3, and x = 0 ~ 26 mm in Fig. 1.4. These strong echoes may be caused by the big variations of

microstructure from the HAZ to the fusion zone. The traces of the variations may form the

boundaries of the fusion zone (x = 0 ~ 24 mm in Fig. 1.3, and x = 0 ~ 26 mm in Fig. 1.4).

According to the inspection configuration in Fig. 1.1, the boundary on the left is called front (or

upper) boundary, and the one on the right called back (or lower) boundary, which correspond to
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the upper and the lower side of a horizontal-vertical weld. Apparently, the boundaries do not look

continuous and well-defined. The reasons are probably due to irregular fronts of weld

solidification. Below the strong echoes, we can see some weaker echo areas that correspond to the

HAZ around the weld tip (x = 24 ~ 28 mm in Fig. 1.3, and x = 27 ~ 30 mm in Fig. 1.4). Further

below, there is a weak scattering (fine grain noise) area (x = 28 ~ 32 mm in Fig. 1.3, and x = 30 ~

32 mm in Fig. 1.4) that is the parent material. In this third region there are the echoes from the

fusion zone, and the multiple scattering from the HAZ and the parent material although the

multiple scatters are so weak to be difficult to see.

(iv)  In the fourth region, z = 64 ~ 67 mm, there is an echo area that is much weaker than in the third

region but a little stronger than in the second region, and the echoes in this area result from the

scattering from the HAZ and the multiple scattering from the fusion zone.

(v)  In the fifth region, we can see a combination of fine and coarse grain noise. The fine one comes

from the parent material and the coarse one arises from the multiple scattering among the coarse

grains in the weld zone.

Now let us move to the two B-scans in Fig. 1.4 that contain quite much stronger echoes from the EB

weld. The B-scan in Fig. 1.4 (a) contains one strong echo spot around point, x=9 mm and y=57 mm,

on the front boundary of the weld, and the B-scan in (c) contains two strong echo spots at points, x=12

mm and y=56.4 mm, and x=17 mm and y=56.8 mm, both on the front boundary of the weld. At the

first glance, it seems to be impossible for us to figure out the weld structure from each of the B-scans

because the strong echoes scale down the area containing echoes from the boundaries of the weld.

Also the fine grain noise in the parent material area, apparently, is weaker compared to the one in Fig.

1.3. However, if using a smaller scale, e.g., the scale used in Fig. 1.3, we can see the weld images

quite similar to those in Fig. 1.3. The three strong echo spots in Fig. 1.4 probably come from the three

pores with diameter larger than the coarse grains in the weld.

From the above analysis and taking into account the effects of refraction and anisotropy, the weld

structure seen from its ultrasonic image seems to be in accordance with its metallographs reported by

Sanderson et al [1].

1.3.3 Local longitudinal view of the EB weld - local C-scans

As mentioned in the beginning of this section (Sect. 1.3), local C-scans can be used to show the

longitudinal views of the EB weld at different depths. Here, six local C-scans (see Fig. 1.5(a)-(f)) are

chosen at different depths in different regions that may contain the weld or not. They are located from

shallow to deep positions, respectively, at (a) z=55.22 mm in the front HAZ, (b) z=58.21 mm at the

front boundary of the fusion zone, (c) z=60.660 mm in the fusion zone, (d) z=62.20 mm at the back

boundary of the fusion zone, (e) z=64.65 mm in the back HAZ, and (f) z=66.25 mm at the top end of
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canister inner wall. In each of the subfigures, we plot a line that roughly defines the boundary

between the weld and the non-welded zone. Looking at the C-scans from Fig. 1.5(a) to (f), it can be

seen that the boundary moves downwards and becomes smaller, and then from Fig. 1.5(e) to (f) the

boundary moves upwards and becomes larger. Combining the C-scans together with the B-scans in

Sect. 1.3.2, we may be able to imagine a rough, 3-D image of the weld layer. The image seems to be

in agreement with the EB weld structure reported in [1]. It should be specially mentioned that the C-

scan in Fig. 1.5(f) is quite interesting, showing the circumferencial top of the interface between the

inner surface of the canister’s wall and the lid, and this is the first time that we find it out and show it

up. The interface top looks not continuous and smooth, probably because the oscillation of the

electron beam during the welding process resulted in the irregular solidification fronts along the

circumferential top of the interface. From Fig. 1.5(a) and (b), we also get to know that the three strong

indications of defects in the region of y=200-240 mm in Fig. 1.2 are located at different depths, the

two at y=205 mm being located deeper than the one at y= 224 mm.
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(a) C−scan at z= 55.2237 mm
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(b) C−scan at z= 58.2111 mm

0 50 100 150 200

0

5

10

15

20

25

30
0

20

40

60

80

100

120



Ultrasonic Inspection of Copper Canisters 1-13

y [mm]

x 
[m

m
]

(c) C−scan at z= 60.6011 mm
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(d) C−scan at z= 62.2097 mm
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(e) C−scan at z= 64.6455 mm
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(f) C−scan at z= 66.2541 mm
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Fig. 1.5. Local C-scans at different depths (a) z=55.22 mm in the front HAZ, (b) z=58.21 mm at the front
boundary of the fusion zone, (c) z=60.660 mm in the fusion zone, (d) z=62.20 mm at the back boundary of the
fusion zone, (e) z=64.65 mm in the back HAZ, and (f) z=66.25 mm at the top end of canister inner wall.
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1.3.5 Summary

The above analysis reveals that an EB weld can be seen to such a multi-layered medium that has a

fusion zone layer surrounded by a HAZ layer. The grains in the fusion zone are very coarse and those

in the HAZ are finer, but coarser than in the weld parent material. The parent material that surrounds

such a layered medium is fine-grained. When inspected using the configuration in Fig. 1.1, a copper

canister containing a weld can be roughly treated as a five-layered medium. Each of the five layers,

i.e., the five regions above mentioned, contains ultrasonic scatters of different types that have

different properties and features. This will be further discussed in the following section.

The structure of an EB weld deduced from its B-scans (transverse view) and local C-scans

(longitudinal view) is basically in accordance with that reported by Sanderson et al [1] (schematically

shown in Fig. 1.1). The boundaries between the parent material and the HAZ and between the HAZ

and the fusion zone do not look continuously- and well-defined in the ultrasonic images. Refraction at

the boundaries and weld anisotropy may have significant effect on ultrasound at the weld tip, and thus

may cause imaging distortion, e.g., the weld bending at the weld tip and the others.

1.4 Feature analysis and extraction

To suppress grain noise and to enhance detection of flaws in EB welds, usually we need to rely on

some properties and features extracted from the responses of the welds and flaws. In this section we

present two general ways for feature analysis and extraction based on physical acoustic and signal

processing methods.

1.4.1 Grain noise and its properties

It is well known that the grains in a metal under ultrasonic inspection act as unresolvable scatterers

that result in multiple scattering among them and produce the coherent interference. The coherent

interference on a phase-sensitive receiver (the majority of ultrasonic transducers and arrays used in

both NDT and medical imaging are phase-sensitive) results in grain noise in ultrasonic echo signals

(e.g., A-scan and B-scan signals). The multiple scattering is a random process that can usually be

described geometrically by a random walk model [3]. The ultrasonic grain noise due to the coherent

interference of the multiple scattering is spatially random, but temporally stable. The grain noise is

dependent on the transducer frequency used and spatially diverse, the spatial and frequency diversity

methods can be used to suppress the random multiple scatter, that is, grain noise.
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from Fig. 1.8(b), one indication is visible in the bask boundary region, and from Fig. 1.8(c), the tip

end of the canister inner wall can be seen and also one indication of possible tip flaw at x=26 mm and

y=120 mm. Whereas in Fig. 1.2, lots of useful information (e.g., the C-scan in Fig. 1.8(c)) was lost.
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(b) The histograms of the local C−scans (in the ROI) against depth
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Fig. 1.6. In the region of interest (a), the histograms of the local C-scans in the region of interest are plotted
against depth (b). Note that figure (b) is log compressed.
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(b) The histogram of the local C−scan at z= 58.21 mm
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(c) The histogram of the local C−scan at z= 60.6 mm
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(d) The histogram of the local C−scan at z= 62.21 mm
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(e) The histogram of the local C−scan at z= 64.65 mm
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(f) The histogram of the local C−scan at z= 66.25 mm
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Fig. 1.7. The histograms of the local C-scans in Fig. 1.5, from measurements (solid) and the K-distribution fitting
(dotted).
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(a) C−scan gated from z= 50 mm to 60 mm
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(b) C−scan gated from z= 60 mm to 65 mm

0 50 100 150 200

0

5

10

15

20

25

30

20

40

60

80

y [mm]

x 
[m

m
]

(c) C−scan gated from z= 65 mm to 70 mm
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Fig. 1.8. The three C-scans gated by the three windows that cover the depth ranges (a) from z=50 mm to 60 mm,
(b) from z=60 mm to 65 mm, and (c) from z=65 mm to 70 mm, respectively.



Ultrasonic Inspection of Copper Canisters 1-20

1.5 Grain noise suppression and flaw-detection enhancement

In this section we present the methods resulting in increasing the sensitivity to week scattering

flaws. First, we show the method of suppressing grain noise using spatial diversity method (SDM).

Second, we show the way of enhancing the relevant echoes by wavlet filtering.

1.5.1 Grain noise suppression

Due to the random character of grain noise (see Sect. 1.4.1), the spatial diversity method can be

used to suppress the grain noise. This is exhibited and under detail investigation in this section.

The spatial diversity method (SDM) has been applied to medical ultrasonic imaging to reduce

speckle in ultrasonic images for almost two decades [9-22]. But it has been seldom used in ultrasonic

nondestructive testing (NDT). The method is also often called phase-insensitive processing method

[9-14], or spatial compounding method [15-22]. These names are taken either after the property of

speckle patterns, or after the way that an ultrasonic signal is formed. The spatial diversity method

comes from the property of speckle patterns that are spatial diverse. The phase-insensitive processing

method is named according to the way that a receiving transducer, usually a transducer array, forms

an ultrasonic signal. The spatial compounding name comes from the way that an ultrasonic signal

(usually a B-scan) is formed by compounding a set of ultrasonic signals (usually envelope-detected)

which are obtained at different position. Below we will refer to as the spatial diversity method

(SDM). The SDM can be implemented in different ways, e.g., using different ultrasonic arrays, such

as a linear array [9,10,13,14], a phased array [15,16,19,22], a maltese cross array [20], a segmented

annuli array [21], or using different synthetic apertures [11,12, 17,18]. The method has been studied

extensively, and has shown that the method is quite effective to reduce speckle.

Here, we apply the SDM to the suppression of grain noise from copper canisters. The SDM is

implemented based on a linear array and the ALLIN system. More specific, the method is applied to

the case corresponding to that presented in Figs. 1.3-1.5 in Sect. 1.3 where the images were obtained

using the conventional way of imaging, i.e., phase-sensitive summation of the signals from all the

array elements. Since the ALLIN ultrasonic array system does not have the capability of directly

obtaining and summing the enveloped-detected signals from the array elements, we have developed an

indirect, off-line way to realize the SDM. Similarly to the case in Sect. 1.3, we used 32 elements in

the 64-element linear array as aperture transmitting a focused pulse field. But the 32 elements were

fixed to elements 3-34, so that the aperture was unable to be electronically scanned in the x direction

(see Fig. 1.1). Instead, the aperture was mechanically scanned in the x direction. At each scanning
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position, the aperture was sending the pulse field 32 times, and for each pulse, only one element was

used to receive the backscattered ultrasound. In this way, the ultrasonic signals from 32 elements were

obtained and acquired by the ALLIN system. Since only one array element was used as receiver, the

receiving sensitivity was much lower than that of a 32-element receiver, and thus the gain used in the

measurements was 35 dB, which was much larger than in the phase-sensitive case presented in Sect.

1.3 where the gain used was 12 dB. The acquired data were RF signals and could be used to create A-

B- and C-scans either in a phase-sensitive way, or in a phase-insensitive way (or equivalently

speaking, by means of spatial compounding). In the phase-sensitive way, we can create almost exactly

the same C-, B-, and A-scans as those presented in Figs. 1.2-1.5. In the phase-insensitive way, we

obtain the so-called spatial compounded data by summing up the envelope-detected signals from the

32 elements. The envelope-detected signals were obtained by means of Hilbert transform and divided

by 32, the number of elements used. The B- and A-scans corresponding to those in Figs. 1.3 and 1.4

are shown in Figs. 1.9 and 1.10, respectively. Compared to Figs. 1.3 and 1.4, the B-scans in Figs. 1.9

and Fig. 1.10 look much smoother because the grain noise has been largely reduced. Comparing the

B-scans in Fig. 1.9 with those in Fig. 1.3, the boundaries of the EB weld look smoother as well as

more continuous. All this indicates that the grain noise both in the weld parent material and in the

weld has been largely suppressed, so that the images of a weld structure have been significantly

improved.
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(b) A−scan at x=7 mm

z [mm]

x 
[m

m
]

B−scan at y=129 mm(c)

35 40 45 50 55 60 65 70 75 80

5

10

15

20

25

30 5

10

15

20

25

35 40 45 50 55 60 65 70 75 80 85
0

5

10

15

z [mm]

A
m

pl
itu

de

(d) A−scan at x=7 mm

Fig. 1.9. The spatially compounded B- and A-scans that correspond to those in Fig. 1.3.
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(b) A−scan at x=8 mm
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(d) A−scan at x=12 mm

Fig. 1.10. The spatially compounded B- and A-scans that correspond to those in Fig. 1.4.
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Now let us get into a more detailed investigation of the SDM. In Fig. 1.11, we show four images of

the ultrasonic signals coming out of the 32 elements before forming the A-scans at four positions,

namely, (a) (x, y) = (7, 98) mm, (b) (x, y) = (7, 129) mm, (c) (x, y) = (8, 106) mm, (a) (x, y) = (12, 186)

mm. Making the phase-sensitive summation of the signals, we obtain the four A-scans that correspond

to those in Figs. 1.3(b), 1.3(d), 1.4(b), and 1.4(d), respectively, and making the phase-insensitive

summation, we have the A-scans corresponding to those Figs. 1.9(b), 1.9(d), 1.10(b), and 1.10(d),

respectively. In Fig. 1.11, we can see that the backscattered ultrasound echoes received by the 32

elements form two vertical strips that look almost straight and should correspond to the scattering

from the front and the back boundaries of the weld, respectively. Note that the color scaled levels are

different in the images displayed. However, each strip, whether it is from the front or the back

boundary, does not look uniform. For example, in Fig. 1.11(a), the echoes in the middle part of the

front strip look stronger than those in the upper and lower parts, and the echoes along the back strip

are becoming stronger from its upper end to its lower end; in Fig. 1.11(b), the two strips look not so

obvious as in Fig. 1.11(a), (c) and (d). The reasons for these phenomena may arise from the irregular

orientations of the boundaries at the places where they were insonified, the non-uniform solidification

fronts, and the others.

Let us look at six spatial compounded local C-scans that correspond to those in Fig. 1.5 and shown

Fig. 1.12(a)-(f), respectively. Fig. 1.12 also shows that the grain noise in the C-scans is largely

suppressed and thus the images of the weld structure have been improved.

In comparison of the B- and C-scans before spatial compounded (Figs. 1.3-1.5) with those after

spatial compounded (Fig. 1.9, 1.10 and 1.12), we see that the spatial resolution has become worse to

different extents for ultrasonic imaging at different depths. This reveals that the grain noise

suppression is gained at the price of the spatial resolution, i.e., the increased beam width. But this

price is not so significant in the focal zone, e.g., the zone around z=60 mm in the present case,

because the backscattered signals from the 32 elements in the focal zone are quite in phase and thus

the phase cancellation is not so severe.
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(a) The outputs of 32 elements at x=7 mm and y=97 mm
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(b) The outputs of 32 elements at x=7 mm and y=129 mm

35 40 45 50 55 60 65 70 75 80

0

5

10

15

20

25

30 −20

−10

0

10

20

z [mm]

A
rr

ay
 e

le
m

en
t N

o.

(c) The outputs of 32 elements at x=8 mm and y=106 mm
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(c) The outputs of 32 elements at x=12 mm and y=186 mm
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Fig. 1.11. The outputs of 32 elements before beam-forming the A-scans at four positions, (a) (x, y) = (7, 98) mm,
(b) (x, y) = (7, 129) mm, (c) (x, y) = (8, 106) mm, (a) (x, y) = (12, 186) mm, which correspond to the positions in
Figs. 1.3(b), 1.3(d), 1.4(b), and 1.4(d), or to the positions in Figs. 1.9(b), 1.9(d), 1.10(b), and 1.10(d),
respectively.
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(a) C−scan at z= 55.2237 mm
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(b) C−scan at z= 58.2111 mm
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(c) C−scan at z= 60.6011 mm
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(d) C−scan at z= 62.2097 mm
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(e) C−scan at z= 64.6455 mm
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(f) C−scan at z= 66.2541 mm
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Fig. 1.12. Local C-scans after spatially compounding, which correspond to those in Fig. 1.5.
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1.5.2 Clutter Suppression FilteringFilter Bank Approach

The SDM method aims at suppressing the weld grain noise by means of spatial averaging. The cost

paid for that approach, as discussed in the previous section, is a lower spatial resolutionwhich may

not be critical if we only want to detect voids. Another approach is to design a filter for suppressing

the clutter in the time domain (A-scans) instead of the spatial domain, without offering the spatial

resolution. By comparing the spectra from a flat bottom hole (FBH) (which is Hole No. 13 in the non-

welded zone and has a 1.5-mm diameter) and the weld in the CAN1 block, one can see that they look

very similar (see Fig. 1.13). This looks discouragingit seems difficult to filter out the weld clutter

essentially located in the same frequency band as the FBH response. However, looking in the time

domain (see Fig. 1.14), we can see that the FBH seems to have a slightly shorter response than the

weld grains.
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(a) Average weld clutter spectra from 15 B-scans in the

CAN1 block.
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(b) Spectra from a single A-scan of an FBH in the CAN1

block (dash-dotted, Capon spectral method).

Fig. 1.13. Comparison of amplitude spectra from weld clutter and a flat bottom hole with a 1.5-mm diameter in the

non-welded zone.
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Fig. 1.14. A-scans of a FBH and weld grains from the CAN1 block.

This might be explained by the fact that voidsespecially FBHs``shadow'' deeper lying reflectors.

This feature can by exploited to find a ``matched'' filter which will emphasize the FBH (or void)

response and suppress the grain noise. The question is how to find such a filter. One method is to use

a bank of band-pass filters and select such a particular filter that gives the ``best'' response in terms of

S/N ratio. Other approaches based on statistics of the weld clutter and the response of voids would of

course be desirable. However, this requires a rather large number of representative examples from

both types of reflectors. Presently we have very few examples of voids, which makes this approach

intractable. It is also difficult to verify what kind of reflectors that are present in a weld without

destructive examination or radiographic methods. At the moment the only available well-defined

reflectors are artificial defects, like drilled holes1. We, therefore, have to resort to the more heuristic

filter bank approach consisting in the evaluation of the result by looking at filtered A-, B- or C-scans.

Filter banks have a close connection to time-frequency analysis and wavelet theory [23]. The

wavelet transform is basically a bank of band-pass filters, which are orthogonal for the discrete

wavelet transform (DWT). In this application we have used the continuous wavelet transform (CWT)

as a tool to find a FIR filter with the desired properties described above. Wavelet filters are based on a

single prototype filter, called ``mother wavelet'', which are scaled and shifted to construct a bank of

filters simultaneously filtering the signal. Applying the CWT to a signal (column vector) x gives a

two-dimensional result (matrix) X, where one dimension is time (shifts) and the other is scale, that is

the size (length) of the wavelet filter. Fig. 1.15 shows three examples of wavelet filters.

Fig. 1.16 shows the CWT of an A-scan containing the response from an FBH and the CWT of an

A-scan containing clutter, filtered with the Sombrero filter in Fig. 1.15 (b).

                                                     

1It is also a difficult task to detect voids in our test blocks with radiography.
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(a) The Gauss filter.
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Fig. 1.15. Three examples of mother wavelets for the continuos wavelet transform.
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Fig. 1.16. The CWT of A-scans from a FBH and weld grains from the CAN1 block.

Images like those in Fig. 1.16 give a quick view of where, and at which ``scale'', a signal has

significant energy. Since the CWT is a convolution of the wavelet filter with the analyzed signal, the

response is dependent on the similarities (i.e. the correlation) of the wavelet filter and the signal.

These features make wavelets a very useful tool for analyzing transient signals encountered in, for

example, US testing. In this application we are basically interested in distinguishing between two

types of transientsvoid transients (defect reflections) and ``other'' transients. In this first attempt, the

filter (mother wavelet) has not been chosen based on any physical reasoning, only the pre-defined

filters shown in Fig. 1.15 have been studied. However, despite this ad hoc procedure the amplitude of

the CWT of the FBH signal is significantly larger for scales around 80−130 compared to the

corresponding one for the weld clutter signal (Fig. 1.16). The A-scans are shown in Fig. 1.17 both

before and after filtering with the Sombrero filter corresponding to scale 120. The frequency response

of the Sombrero filter is shown in Fig. 1.18. Note that the filter is much lower frequent than the

spectra for the received signals shown in Fig. 1.13. In order to further examine this property a low-

pass FIR filter with approximately the same cut-off frequency as the wavelet filter shown in Fig. 1.19

was constructed. The impulse response is quite similar to the wavelet filter and the filtering results are

very similar as well.
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Fig. 1.17. A-scans from a FBH and weld grains from the CAN1 block unfiltered and filtered with the Sombrero

filter at the scale corresponding to 120 in Fig. 1.16.

One example C-scan from Block 3 of canister

Weld123 is shown in Figs. 1.20 and 1.21. One

can see that the clutter has been substantially

suppressed. However, since this is an example

taken from a real weld − no artificial defects − it

is not clear whether all suppressed echoes are

clutter or actual defects. As this research is at the

early stage, no fine tuningexcept manual

tuninghas been performed. Although the

results are very encouraging it should be stressed that the wavelet filter has been applied to a very

limited number of examples and further evaluation of the performance is needed.

Further research will include searching for a physical explanation of the results and, if possible,

better tuning the filters. We are also planning to inspect the copper weld specimens with a lower

center frequency focused transducer with a similar center frequency as the wavelet filter.
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Fig. 1.18. Amplitude spectrum for the Sombrero filter.
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Fig. 1.19. A linear phase FIR low-pass filter with approximately the same cut-off frequency as the wavelet filter.
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Fig. 1.20. Original C-scan from the Weld123-3 block using 32 elements.
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Fig. 1.21. Filtered C-scan from Weld123-3 block using 32 elements.
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(a)  20−mm focused beam in color scaled and contour displays
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(b)  40−mm focused beam in color scaled and contour displays
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(c)  60−mm focused beam in color scaled and contour displays
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(d)  80−mm focused beam in color scaled and contour displays
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Fig. 2.12. Calculations of elastic fields radiated by the 16-element aperture into the immersed copper with four
focusing laws that focus the normally incident beams at (a) 20, (b) 40, (c) 60 and (d) 80 mm, in the copper. The
fields are shown in terms of particle velocity.
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(a)  20−mm focused beam in color scaled and contour displays
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(b)  40−mm focused beam in color scaled and contour displays
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(c)  60−mm focused beam in color scaled and contour displays
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(d)  80−mm focused beam in color scaled and contour displays
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Fig. 2.13. Calculations of elastic fields radiated by the 32-element aperture into the immersed copper with four
focusing laws that focus the normally incident beams at (a) 20, (b) 40, (c) 60 and (d) 80 mm, in the copper. The
fields are in terms of particle velocity.
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