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Figure 1 Linear tomosynthesis acquisition geometry

(Revised by Godfrey, 2005)
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Figure 2 Shift—and—add reconstruction of plane A and plane B

(Revised by Godfrey, 2005)
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Figure 3 Tomosynthesis geometry
(Revised image by Godfrey and Dobbins, 2003)
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Table 1 Information of specimen

weisht moisture

. . density
# size(mm) specimen kerfl kerf2 kerf3 kerf4 (ke) co(g/t(;nt (ke/m)
depth 176.20 942 7.85 12.13 791
1 width 176.40 1020 5.10 434 639 1620 153 580
height ~ 900.00 900.00 900.00 900.00 900.00
depth 177.15 11.22 7.55 974 8.12
2 width 176.20 507 7.43 803 541 16.75 17.0 600
height  899.00 899.00 899.00 899.00 899.00
depth 177.17 11.60 7.90 9.12 11.60
3 width 176.23 525 943 542 6.12 16.65 16.1 600
height  900.00 900.00 900.00 900.00 900.00
depth 177.83 8.05 11.59 7.65 9.33
4  width 176.89 812 933 540 523 1630 17.1 580
height  898.00 898.00 898.00 8§98.00 898.00
- 14 - 2] 2-1



detector

X-ray
direction z‘ E depth

width

Figure 4 The cross section of specimen and the position of kerfs

in timber
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(a)

(b)

Figure 5 Apparatus
(a) K—4(Softex, Japan) (b) EVS 4343 (DRTech, Korea)
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detector

z(maximum)

B _i_;(minimum)

Specimen
(cross section)

Vo

X-ray source

(b)

Figure 6 (a) The experiment method (b) The disposition of

specimen and apparatus
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Table 2 The condition of the experiment

z(mm)

# D(mm) - M(mm)
min max
1 12.55 188.75
2 11.53 188.68
545 5
3 12.03 189.20
4 10.13 187.96

(D=distance between source and detector, z=distance between

specimen and detector, M=moving distance of detector and source)
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Filtering ;.

S : Filtered image
Raw inage m—m——p] *  spatial domain | Shift-and-add(SAA) 3 Reconstructed fmage
frequency domain

(a)

(b)

Figure 7 (a) The flow chart of image reconstruction process

(b) Images of each step
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G f
1 i
—_— 5 *

spatial domain image function

Figure 8 The principle of spatial domain filter

(The coefficient of kernel varies on filters.)
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2n—1 (0< <ﬂ)
N ="=0

w(n)= (5)
2n—1 [ N
2 N (7-1- 1<n< N)
(N=the number of pixel, n=the disposition of pixel)
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(c) Bartlett filter

Figure 9 Window filters (NV=512)
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Figure 11 Cutting disposition on the cross—section of specimen
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AT G dHS Ay HA AlE, g9y Afolo] Age] uf
M= Het 1749 dds 3

o3 5]

Zdol7b Hat 177.09mel 2= 10
Ql

oA
T3z
glsk = 9lltk(Table 3).

Table 3 The number of reconstructed images

Distance

Distance between
between detector The number of

Depth X-ray .
and specimen reconstructed
[mm] source and detector .
[mm] images
minimum maximum
1 176.20 545.00 12.55 188.75 17
2 17715 545.00 11.53 188.68 17
317717 545.00 12.03 189.20 17
4 177.83 545.00 10.13 187.96 17
mean 177.09 545.00 11.56 188.65 17
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Figure 12 Comparison with real image and reconstructed image of
specimen #1

(Position in this order: Detector—(a)— (b) —source)
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(c)

Figure 13 Comparison with real image and reconstructed image of
specimen #2

(Position in this order: Detector—(a) — (b) — (¢) —source)
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Figure 14 Comparison with real image and reconstructed image of
specimen #3

(Position in this order: Detector—(a)— (b) —source)
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(b)

Figure 15 Comparison with real image and reconstructed image of
specimen #4

(Position in this order: Detector—(a) — (b) —source)
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Table 4 Quantification using index in specimen #1

hanning triangular bartlett

no filter
filter filter filter
Mot 0.26 0.50 0.62 0.39
Moy 0.30 0.49 0.72 0.52
Mean Msound 0.30 0.46 0.79 0.49
-index Mo ot! Mo 0.86 1.08 0.79 0.78
Mot/ Mesound 0.87 1.02 0.86 0.74
Moygur! Megound 0.99 1.06 0.91 1.05
C-0V- 01 19.98 23.78 32.69 60.54
C.0.V. C.0V-pyr 19.14 15.27 34.32 66.05
-index C.0Vgpund 11.42 12.41 4.14 12.97

C-0Vpy 1] €OV, 1.04 1.56 0.95 0.92

Table 5 Quantification using index in specimen #2

hanning triangular bartlett

no filter
filter filter filter
Mot 0.24 0.40 0.48 0.29
My 0.25 0.49 0.63 0.39
Mean Msound 0.33 0.50 0.94 0.65
-index Mo ot! M 0.95 0.82 0.76 0.73
Mot/ Mesound 0.71 0.80 0.51 0.44
Mygur! Megound 0.75 0.98 0.67 0.60
C-0-V- o 9.84 30.06 34.13 48.59
C.0.V. C-0Vppr 32.02 29.33 38.48 60.89
-index COV-gound 6.05 18.84 2.16 8.97

C-0Vppor] €0V, 0.31 1.02 0.89 0.80
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Table 6 Quantification using index in specimen #3

hanning triangular bartlett

no filter
filter filter filter
Mot 0.13 0.48 0.61 0.41
Moy 0.25 0.49 0.82 0.51
Mean Msound 0.33 0.50 0.92 0.55
-index Mo ot! Mo 0.37 0.96 0.67 0.75
Mot/ Mesound 0.49 0.97 0.75 0.81
Moygur! Megound 0.76 0.99 0.90 0.92
C.0Vepp o 9.24 21.50 27.64 43.36
C.0.V. C.0V-pyr 6.12 13.05 21.81 42.28
-index C.0Vgpund 4.81 9.44 2.71 9.84

C-0Vpy 1] €OV, 1.51 1.65 1.27 1.03

Table 7 Quantification using index in specimen #4

hanning triangular bartlett

no filter

filter filter filter

Mot 0.26 0.50 0.83 0.51

Mgy 0.31 0.50 0.82 0.53

Mean Mg ound 0.33 0.50 0.94 0.58
-index Mo ot! M 0.83 0.05 0.04 0.07
Mienot! Mesound 0.79 0.04 0.07 0.07

Myrur! Msound 1.05 0.99 1.15 1.09
C-0.V 01 7.05 11.02 4.80 12.80

C.0.V. C-0-V ppyy 9.73 8.27 8.62 13.90
-index C-0V-gpund 4.02 9.33 1.60 8.21

C.0V-p o1 C.OV- 0.72 1.33 0.56 0.92
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Table 8 The

mean statistics of mean—index and c.o.v—index for all

specimens
hanning triangular bartlett
no filter

filter filter filter

Mot 0.22 0.47 0.64 0.40

My 0.28 0.49 0.75 0.49

Mean Msound 0.32 0.49 0.90 0.57

-index Mo ot! M 0.75 0.73 0.57 0.58

Mot/ Mesound 0.72 0.71 0.55 0.52

Mir! Mg gund 0.89 1.01 0.91 0.92

C-0Vep0p 11.53 21.59 24.82 41.32

C.0.V. C.0V-pyr 16.75 16.48 25.81 45.78
-index C-0Vgpund 6.58 12.51 2.65 10.00

C-0Vpy 1] €OV, 0.90 1.39 0.92 0.92
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Abstract

Hyeon-jeong Lee

Program in Environmental Material Science
Department of Forest Science

The Graduated School

Seoul National University

The purposes of this study are to establish the applicable conditions
for the quality inspection of large-scale structural timber and to select
the filter which can minimize the blur that is a disadvantage of
tomosynthesis.

The set-up condition for acquiring images by fixing the detector and
x-ray tube and moving specimen was decided. After applying the
hanning filter, the triangular filter, and the bartlett filter to remove
blur, the reconstructed image was made by the algorithm for the set-up
condition.

Comparing the actual image with the reconstructed image, it was
confirmed that the blur was eliminated by filters because the lightness
difference between blur area and sound area was the smallest. Also
knots could be more clearly distinguished than blur because the
coefficient of variance of knots was relatively larger than that of blur.

Therefore, it is considered that the hanning filter is most suitable for

1 11
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tomosynthesis of large-scale structural timber.

Keywords: structural timber, X-ray, tomosynthesis, deblurring, hanning

filter, shift-and-add
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