A new segmentation method for phase change thermography sequence
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Abstract

A new segmentation method for image sequence is proposed in order to get the isotherm from phase change thermography sequence
(PCTS). Firstly, the PCTS is transformed into a series of synthesized images by compression and conversion, so the isotherm extraction can
be transformed into the segmentation of a series of synthesized images. Secondly, a virtual illumination model is constructed to eliminate the
glisten of the aerocraft model. In order to get the parameters of virtual illumination model, a coordination-optimization method is employed
and all parameters are obtained according to the similarity constraint. Finally, the proving isotherms are gained after the threshold coefficients
are compensated. The eventual results demonstrate the efficiency of the proposed segmentation method.
© 2007 Published by Elsevier Ltd on behalf of Pattern Recognition Society.
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0. Introduction

The phase change thermography technique [1,2] is a test
technique in wind tunnel for measuring thermal flow in a large
area. The phase change material sprayed on the aerocraft sur-
face changes opaque into transparent when its phase changes,
so the portion where the phase has changed appears the ae-
rocraft’s color (black), while the rest still appears the white,
and the boundary of these two parts is called isotherm (phase
change line). We can see this phenomenon in Fig. 1. The tem-
perature of employed phase change material is fixed, so the lo-
cation of the isotherm indicates the surface temperature of this
position. If the motion of specific isotherm is obtained from
phase change thermography sequence (PCTS), the temperature
field of the aerocraft’s surface can be easily calculated, so get-
ting the isotherm accurately is the key task of phase change
thermography technique.

Among the following methods for sequence image segmen-
tation, we have learned that Roux et al. [4] gets the search
region based on the difference of two frames; Zheng et al. [5]
obtains the search region of the next frame based on the statistic
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technique; Hajdu et al. [6] implements segmentation based on
the distance among colors in two consecutive frames; Zhou
et al. [7] regards external force of active contour models (ACM)
as the function of light flow vector. All the literatures men-
tioned above reveal such a fact that the segmentation outcome
of the latter frame depends on the result of the current one. The
zonal region exists in the procedure of phase change due to the
existence of two-phase zones [3,8]. Take the 250th frame as an
example (shown in Fig. 1c); the extracted edges with Sobel and
Canny method are, respectively, shown in Fig. 2a and b; it is
hard to find out the expected contour of such frame. So in this
instance, the ambiguous contour of the current frame provides
no clues for the latter. With time, the position of isotherm would
shift from the head to the end monotonously, so this constraint
must be adequately utilized to get rational segmentation.

The computation load will be considerable if the 600
frames are segmented and the relationships among them are
considered at the same time. In this paper, firstly, the initial
PCTS is transformed into a series of synthesized images by
compression and conversion. Secondly, in order to eliminate
the influence of specular reflection, a virtual illumination
model is formulated. Thirdly, the parameters of illumination
model are obtained with coordination-optimization method.
Finally, the approving isotherm is gained after the glisten is
removed.
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Fig. 1. The 50th, 150th, 250th, 500th frame of PCTS.

Fig. 2. Edges of the 250th frame, (a) Sobel method, (b) Canny method.

Fig. 3. Division: (a) profile of the aerocraft image; (b) division of sub-region.

1. Initial segmentation

In this section, the PCTS is transformed into a series of
synthesized images first, and then every synthesized image is
segmented by thresholding.

1.1. Synthesized images from PCTS

The position of aerocraft is fixed in the wind tunnel, so the
aerocraft image is also motionless. A trapezium of 500 pixel
height, in which all isotherms are covered, is selected manually,
shown as the white solid line in Fig. 3a. The profile of the
aerocraft in every frame of PCTS can be selected in this manner.

Firstly, the image of aerocraft is divided into many sub-
regions, one of which is shown as the white dot trapezium in
Fig. 3b. Then, a sub-region is vertically compressed into a row,
the value of which at the jth column is equal to the average
brightness of all the points at the jth column in the sub-region
(j=1,2,...,500). In this paper, the image of aerocraft is
divided into 19 sub-regions, and the length of the upper bottom
of every sub-region is equal, and so is the lower bottom. We
can get 19 rows from one frame of PCTS and the characteristic
image is formed when the 19 rows are arranged together. One
of the actual divided instances and the characteristic images
are shown in Fig. 4a and b, respectively. The isotherm in every
sub-region is almost in the same column, so the isotherm in
every sub-region is represented as the phase change point in the

Fig. 4. Construction of characteristic image: (a) divisions of sub-region;
(b) characteristic image.
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Fig. 5. Construction of synthesized image: (a) characteristic images;
(b) synthesized image.

corresponding row. Actually, these phase change points in every
row make up the new isotherm of this characteristic image.
In this paper, we suppose that the positions of isotherms in
characteristic images represent the positions of isotherms in
PCTS. That is to say, the approximate error can be omitted.
The height of every sub-region mentioned above is 500 pix-
els, so every frame of PCTS is compressed into a characteristic
image which has 19500 pixels. There are 600 frames in PCTS
and therefore 600 frames of characteristic images are obtained.
The ith synthesized image is formed if the ith rows of all
characteristic images are arranged together (i = 1,2, ..., 19).
It is clear that the 1st synthesized image consists of the first
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