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Multi-voltage X-ray image sequence fusion
based on selection of valid region

WEI Jiao-tong, HAN Yan, CHEN Ping
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Abstract: A key step is to extract valid information region in the fusion of multi-voltage X-ray image sequence for complicated
components. To improve the self-adaption of extraction, a method is presented in this paper. In this paper, the valid informa-
tion region is selected by the grey level interval, which is computed by the optimization of image quality evaluation model. The
model is based on the histogram equalization and the grey level interval. Then, every valid region of images at different voltages
is extracted and they are fused according their grey level transformation function. The fusion image contains completed struc-

ture information of the component. The fusion experiment of a cylinder head shows the effectiveness of the presented method.
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0 Introduction

There are some complex structures or multi-mate-
rial components in the industrial X-ray imaging.
Since they have a wide range of equivalent thickness
and the detector has a limited dynamic range, it can
not accomplish X-ray imaging with a single fixed
voltage for overexposure in the thin thickness region
and underexposure in the large thickness region''.
Only a part of structures of the component can be
seen in every image with different voltages. The local
region of every image with good quality is regarded as
the valid region. So the problem can be solved by
multi-voltage X-ray imaging''!. A X-ray image with
completed structure information can be achieved by
the fusion of different voltage X-ray images’ valid re-
gions>*!,

The fusion method can be classified into two
groups. One is without extracting valid region and

[47]

the entire image is taken in fusion'*”, The fusion im-
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age’s quality is reduced since overexposure and un-
derexposure regions have low quality. For example,
the overexposure region may make fake edge in the
fusion image. Another one is that it only fuses the

valid region of different images'! %1%,

The extrac-
tion of valid region is got a very important step for
the fusion. The fusion image is got by stitching the
valid region according to the grey level transforma-
tion function of images at different voltages--51%),
Then the fusion image’s grey level is matched to the
equivalent thickness, so the fusion image can be bet-
ter applied. So far, the extraction of valid region is
got by selecting a grey level interval and the selecting
needs much experience or data, which can be got
from many pre-experiments. This method has not
self-adaption and its application is limited.

In order to improve the self-adaption of fusion,
this paper presents a method to extract the valid re-
gion depending on the local image quality. The re-

mainder of this paper is organized as follows. In sec-
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tion 1, the local image quality evaluation model is in-
troduced and the grey level transformation function
of images at different voltages are presented. In sec-
tion 2, the presented method is applied to the fusion
of a cylinder head’s image squence. Finally, the con-

clusions are presented at the end.

1 Selection and fusion of valid region

The signal-to-noise ratio, peak signal-to-noise ratio
and contrast are the usually X-ray image quality eval-
uation methods. If these methods are used in the lo-
cal image quality is evaluation, an existing local im-
age is the premise. However, the valid region is un-
known before the local image quality evaluated, and
all the local images need to be evaluated, which are
not practical. So these evaluation methods can not be
used to extract the valid region.

All information of the tested object is showed by
grey level of X-ray images. The valid region should
not be too bright or too dark. By referring to the tra-
ditional methods, the presented method also extracts
the valid region by selecting a grey level interval.
Different from the traditional methods, the grey level
interval selection is according to the quality of local
image itself. In the X-ray image, the thickness reso-
lution is higher as the grey level interval is larger for
the same thickness difference. The larger grey level
interval can show more detailed information of the
tested object. This indicates that the grey level inter-
val of valid region should be as larger as possible. On
the other hand, the histogram equalization is usually
used to improve image quality, which shows that a
better quality image has a higher equalization histo-

tH113 From the analysis of image

gram to some exten
information entropy, the entropy is the maximum if
the number of pixels at every grey level is equalt'.
Considering the two sides, the extracting model of
valid region is presented based on the interval span of
grey level and the histogram equalization.

The image histogram is noted as G;=G(H;). The
equalization of H; is evaluated with the standard devi-
ation of S; at the grey level interval [ H;—§, H; +6]
and it is noted as ¢(H,). The ¢§ is a positive integer.

The equalization of H, is better as the s(H;) is smal-

ler. The average equalization of [ H; , H; ] is de-

fined as

SVo(H)

=i

T (D

Considering the interval span of grey level and the
histogram equalization, the grey level interval [ H; ,
H,, ] of the valid region is determined as the optimi-

zation model

Dle(H) H<H lH ),e. 2
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The a and f are positive real number and their rela-

tive sizes determine the relative importance of the

grey level interval’s span and histogram equalization.
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there is }/:l+§ , and then Eq. (2) can be rewritten

as

Zam[)

min W (3)

Solving Eq. (3) could get the grey level interval
[H, ,H, ] of valid region.

If the ¢(H;) is seen as continuous function, then
the partial derivatives of Eq. (3) for H; and H,, can
be taken. The extreme value condition is o(H; )=
o(H;,), which is got by making the partial deriva-
tives equal to 0. Considering that the ¢(H;) is actual-
ly discrete function, the solution can be got by trav-
ersing all the H; and H; conforming to ¢ (H; )=
o(H;,). Also, the solution can be got by traversing
all the grey level when the grey level interval is not
large.

The different valid region is extracted from differ-
ent images at different voltages, then they need to
transform to equivalent grey at the identical voltage
by the grey level transformation function. The trans-
formation function is solved according to the different

grey levels of the same region at different voltages.
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st 1150 when the voltage

According to the reference
increases small, the transformation function can be

replaced by linear function
L, =al, +b, D

where I, and I, are respective gray of low voltage im-
age and high voltage image. The a and & can be got
by gray data fitting'®'*), Then the different valid re-
gions can be fusion one by one from low voltage to
high voltage according to the grey level transforma-

tion function.

2 Result

A engine’s cylinder head is used in the multi-volt-

age X-ray imaging experiment, as shown in Fig. 1.

(a) Front

(b) Contrary
Fig. 1 Engine’s cylinder head

During the experiment, the X-ray source (ISO-
VOLT TITAN 4503PH with 450/5 tube housing) is
operated at a tube current of 1. 5 mA. The tube volt-
ages is 65—185 kV and it collects one image every 5
kV. The applied flat panel detector (VARIAN PaxS-
can 2520) has 1 536 X 1 920 cells that its size is
0.127 mm, and only a part are used for imaging.
The program of image collection is developed by our
own laboratory. The cylinder head’ s X-ray images
has much stripe noise in the overexposure region and

part of the denoised images are shown in Fig. 2.
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Fig. 2 X-ray images of cylinder head at different voltages

Only the cylinder head’ s lower left and around
holes region can be seen in the X-ray images at lower
voltage. The right region and the up and down of the
top gradually appear as the voltage becomes higher.
At the same time, the lower left and around holes re-
gion disappear in the images and they are overexpo-
sure.

The valid region of every X-ray image is extracted
according to the Eq. (3) and a part of the valid region
sequences are shown in Fig. 3. The values of ¥ and §
are selected according to experience, where y=5 and
o=15.

115kV

&

125 kV 135kV  145kV 155kV  165kV 175kV

Fig.3 A part of valid region sequences

The gray transformation of images between low
voltage and high voltage is computed with linear fit-
ting of the valid region’s gray. The parameters and
errors of the linear fitting are shown in Table 1. The
error can be acceptable and then the replace of gray
transformation with linear function is feasible in the

fusion.

Tablel Parameters and errors of valid region’s gray fitting

Mean absolute Mean relative

Image a b
error error
70—75kV  1.1050  35.004 1 19. 068 7 1.69%
115—120 kV  1.1190  36.037 7 26.728 9 1.25%

The fusion is from the valid region of 65 kV, and
then one by one. The gradual variation of fusion im-
age is shown in Fig. 4. The structure information of
cylinder head is complete after the valid region of 125
kV is fused. Since the gray dynamic range of the fu-
sion image is large, only the high gray region can be
seen. Then the enhanced images of the images in

Fig. 4 are shown in Fig. 5.
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65 kV 75kV 85kV 90 kV 105kV  125kV

Fig. 4 Gradual variation of fusion image

#33332
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Fig. 5 Enhancement of every image in Fig. 4

Compared to traditional methods, the method
presented in this paper improves the self-adaption.
The method does not need to design the check block
of special shape or material to collect experiment da-
ta, which is used for prior analysis. This enhances
the flexibility of the fusion method in engineering ap-
plication.

However, the presented method is not perfect. It
improves the self-adaption of fusion, but does not ac-
complish the complete self-adaption. The selections
of ¥ and ¢ in the image quality evaluation model still
need manual intervention. This is the disadvantage to
accomplish the complete self-adaption. The further
work is to research the relationship between the vari-
ation of valid region and the variation of model pa-
rameters ¥ and § for the complete self-adaption of

multi-voltage X-ray image sequence fusion.

3 Conclusion

To improve the self-adaption of extracting X-ray
image’s valid region, this paper presents a method to
extract the valid region according to the image quality
evaluation model. The gray level interval is selected
through the optimization of image quality evaluation
model, which completely depends on experiments in
the traditional methods. The multi-voltage X-ray im-
age sequence fusion experiment of cylinder head
shows the effectiveness of the presented method.
The future work is to accomplish the self-adaption

selection of the model parameters,
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