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Introduction:

Background

Reverse engineering is accelerated by digitizing the surface and internal shapes of parts. Optical 3-D
scanners are often used nowadays for this purpose [4]. Optical scanners cannot inspect the internal shape
of assembled parts; thus, users have to dismantle such parts. Applying an industrial X-ray CT in such
cases would be useful because it facilitates non destructive, time-e�cient digitization of assembled parts.

Problems and Goals

A 3-D X-ray CT volume represents the distribution of the attenuation coe�cient in 3-D space. Because
vehicle chassis almost always consists of single material, welded metal parts are contiguous on CT volume;
simple thresholding is not su�cient to segment parts. A previous research has proposed extending regions
on the basis of medial surfaces [3], which can handle two overlapping thin plates. We aim to provide
information on the number of thin plates, even more than three, particularly in the near �eld of welding
spots. Figure 1 shows overlapping thin plates and the result of our computation, visualized by coloring it.

Fig. 1: A simple example of overlapping plates and the processing result.
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(a) Surface voxels have a thickness
value

(b) Foreground voxels have a
thickness value
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(c) Regions labeled by the number
of thin plates

Fig. 2: Simpli�ed illustration of the computed results.

(a) CT volume (b) Binarized by thresholding (c) De�ned surface voxels (d) Gradient vectors

Fig. 3: Steps to calculate the gradient vectors on the CT volume.

Algorithm:
Our algorithm considers and provides the following inputs/outputs.
Inputs:

� A 3-D X-ray CT volume containing the vehicle chassis

� A threshold value between the material and the air

� The thickness of the metal plates in the pressed part

Outputs:

� A 3-D point set with the thickness values.

� A 3-D point set with the number-of-plate labels.

Our algorithm can be brie�y explained as follows. A simpli�ed expression of a volume is shown in
Figure 2.

1. The surface voxels on the CT volume are de�ned.

2. The thickness of the part on each surface voxel is calculated (Figure 2a).

3. The thickness values are propagated into the inner voxels (Figure 2b).

4. The number of plates on each foreground voxel are determined according to the thickness value
(Figure 2c).

De�nition of Surface Voxels

A CT volume (Figure 3a), is binarized by a threshold(Figure 3b). Voxels with a value above the thresh-
old are marked as foreground voxels. After that, we de�ne the surface voxels by the following condition:
foreground voxels that have at least one background voxel among their 26 neighboring voxels. Other
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foreground voxels, other than surface voxels, are marked as inner voxels. In Figure 3c, surface voxels are
marked with a blue border.

Measurement of Distance

After de�ning the surface voxels, for each surface voxel p1, we search for another surface voxel p2 in
the direction of the gradient G = ∇I, where I represents the intensity value of the CT volume. These
vectors are shown as brown arrows in Figure 4. The distance between these two voxels represents the
approximate (voxel-level) thickness of the chassis.

To achieve sub-voxel-level measurement, the approximate thickness re�ned by �nding maxima and
minima of di�erentiation of the intensity value on the line L(shown in Figure 4).

𝑝1

𝑝2
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Fig. 4: De�nition of the penetration L based on the voxels p1 and p2.

Propagating Values into Inner Voxels

It is preferred that all foreground voxels have some value in the segmentation of the volume. We want the
inner voxels to have a value close to the nearest surface voxel. To satisfy this, existing voxels' thickness
values are propagated among their neighboring voxels repeatedly.

Determining the Number of Plates

Let us consider a method to label the foreground voxels with the number of thin plates. We adopted the
multi label graph cut algorithm, which can segment a graph into partial graphs with some labels [2].

The graph cut algorithm yields an optimized segmentation that minimizes an energy function E,
which is con�gured with the data cost function D and the smooth cost coe�cient λ. By setting up the
cost function D as the �l-plateness� and optimizing the segmentation, we get the estimated number of
thin plates on each foreground voxel.

Experiments and Results:
Sample A(Figure 5a) is part of a vehicle chassis. It includes several welding spots and an overlapping area
of two plates at its center. The approximate thickness of a single thin plate is 1.0mm. The calculation
took approximately 2 min.

Sample B(Figure 6a) is also part of a vehicle chassis. It contains more complicated welding shapes
and overlapping areas with three plates. The approximate thickness of a single thin plate is 1.5mm. The
calculation took approximately 20 min.
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(a) Original volume
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Fig. 5: Results for Sample A.

The results for sample A are shown in Figure 5. The overlapping area at the center of the images
is properly colored as a two-plate region. The other areas without welding are colored as single-plate
regions.

The results for sample B are shown in Figure 6. The welded region with three thin plates on the
upper half of the left column is properly colored red. Areas with two plates are colored green.

Conclusions:
We succeeded in calculating the thickness of two 3-D CT volumes and segmented them into regions
labeled by the number of thin plates. This type of imaging can lead to a more detailed analysis of the
assembled vehicle parts.
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(a) Original volume
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(c) Coloring by segmented label

Fig. 6: Results for Sample B.
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