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Abstract-This paper presents a template-based inspection application for change detection. This
implementation aims to the inspection of targets which appear at an arbitrary orientation, such as
undervehicle surfaces in vehicle inspection stations. The operation of the application is divided in two
phases: image registration and change detection. Image registration aims to accurately detect the spatial
transformation parameters which describe the orientation of the target with respect to its template.
Change detection separates content changes from sensor noise fluctuations through noise model
estimation.

l. Introduction

Template guided inspection refers to the comparison of the present image of a target against its
archived template. This process may address problems such as undervehicle inspection for the
detection of malicious alterations. The inspection process encounters two difficulties. The first
difficulty lies in the difference in the orientation of the target with respect to the image acquisition
system. This may be the case in undervehicle inspection where the orientation of the vehicle is always
expected to differ in subsequent reentries. The second difficulty lies in the separation of content
alteration from sensor noise fluctuations. This fact requires the employment of a change detection
method.

This paper is structured as follows: Section Il describes a block based approach to wavelet registration.
Section Il presents a clustering approach to noise model estimation, which was adopted for the
isolation of content changes. A detailed description of the system architecture and its experimental
results are presented in Section IV.

Il. Wavelet-based registration

The image registration task aims to detect the spatial coordinate transformation which provides the
optimal fitting of the compared image pair. Obviously, the complexity of the underlying transformation
depends on the degrees of freedom introduced in the image acquisition environment. In the present
approach, it is assumed that the underlying spatial displacement is accurately approximated by a rigid
transformation, which is expressed in terms of homogenous coordinates as follows.
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The registration problem lies in the determination of the parameter set (97 X y,,) which provides the
optimum spatial fitting of the examined image pair. Its detection is performed through an optimization
procedure. A similarity metric is defined and the parameter combination which maximizes it
corresponds to the optimum solution. In the present work, the normalized cross-correlation of the
image pair has been employed.

The utilization of the normalized cross-correlation as a similarity metric requires time-consuming
operations when applied exhaustively over the search space of high resolution images. This proves true
even in the simple case of a rigid transformation. This drawback is overridden through wavelet-based
multiresolution analysis. This procedure extracts four subbands of the source image through
combinations of low-pass and high-pass filtering along the rows and the columns of the source image,
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followed by subsampling, as illustrated in Figure 1. The LL subband is a half-resolution approximation
of the source image, while the subbands HL, LH and HH contain horizontal, vertical and diagonal edge
information respectively. Cascaded wavelet decompositions of the LL subband extract a series of
image approximations at a progressively decreasing resolution.
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Figure 1: Diagram of the 2D wavelet decomposition algorithm

In wavelet-based registration, progressive rigid transformation approximations are acquired in a coarse-
to-fine analysis. The transformation results of each stage provide to the successive stage an initial
search point for further refinement. Furthermore, the algorithm may be dispatched over parallel
processing environments, thus reducing the overall execution time. [1]

Another drawback of the normalized cross correlation as a similarity metric lies in its tendency of
disorientation when image regions lack salient features.[2] Moreover, it is not tolerant to local
distortions.[3] In order to cope with these issues, a block-based voting approach, which relies on
localized cross-correlation calculations, is adopted in the present work. Instead of searching the
optimal spatial transformation parameters at a global level, the proposed algorithm is based on
localized searches for the selection of the optimum rigid transformation parameters. The optimal
transformation set is selected through parameter voting. For the latter task, the transformation

parameter histogram h(@,x, y) is defined. Each value h(Hi,xi, yi) represents the number of image

blocks selecting the transformation parameter set (Hi,xi,yl.) as optimal. Hence, the voting approach

selects as optimum the transformation parameters which maximize the registration parameter
histogram. The process is performed successively at each level of decomposition.

| -

Fitst refinement stage (rr[)-th refinement stage

Up-to-date template @ Up-to-date template
tigid transformation

n-th level registration

rigid transforim ation
I i F i
gna‘xm.}rn gn 128 12V 1
Bo» Xg» o
Fital tetmplate
. . tigid transformation
B X 3= 6, 2, w1tk B, x, y  =max,1=0,1. . » Bt

Figure 2: Flowchart of block-based hierarchic image registration
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I11. Change detection through block clustering

The second stage of the application copes with the aspect of content change detection. In this stage, the
separation of content alterations from noise-level alterations is attempted. This task is achieved through
a block-based clustering approach which groups blocks into clusters according to the similarity of their
mean values and aims to the calculation of noise statistic parameters. The noise model estimation is
based on the following definitions.

Let B,.j denote an image block of the absolute difference and m;, o, denote its corresponding mean
value and standard deviation. Each cluster G, with N member blocks is defined by its centroid

C, (mGk’ O-Gk) , Where:

Ng, Ng,
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Apparently the centroid of each cluster corresponds to the averaged mean value and standard deviation
of its member blocks.

Additionally, for each block B, and cluster G, their mean value distance is defined as:

The block clustering procedure is based on the following iterative procedure:

i) An arbitrary block is initialized. (mG1 =My, 05 = 611)
ii) For each image block Bij , the corresponding mean value distances from all existing clusters are
estimated.

a) If dl.j’Gk <og for at least one cluster, the block is grouped into the cluster which yields the

minimum mean value distance.
b)If d,; >0 forallclusters, anew cluster G, is initialized: C,, (ml.j,al.j)

The flowchart of the clustering operation is shown in Figure 3.
Upon completion of the clustering procedure, content change detection is performed through

application of noise-based thresholding. The classification procedure is based on the assumption that
the largest cluster carries noise model information. Specifically:

mn = meax
O-n = UGmax

This assumption proves true for content changes which occupy up to half of the surveyed region.[4] In
this case, a noise based classification rule is expressed as follows:

If diijmax >0, block B is changed.

Therefore the binary change mask consists of the image block set which satisfies the aforementioned
condition:

C = {Bij dyg > GGW}

When compared frames are shot under varying ambient illumination, luminance normalization
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precedes image differencing. [4]

In colour images the process is performed on each colour channel of the absolute difference and the
three partial masks are merged into a single binary change mask through an OR operator. Further
refinement of the change mask is performed through application of median filtering at block level.
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Figure 3: Block clustering flowchart
V. System architecture - Results

The proposed template-guided inspection algorithm has been developed in the LabVIEW programming
environment. Testing of the algorithm involves colour digital images shot at a resolution of 640x480
pixels. The module was tested on a 3 GHz computer unit while the image registration algorithm has
been deployed over a Beowulf cluster of four 3GHz nodes. Interprocess communication has been
based on the Message Passing Interface (MPI).

Upon completion of the image registration task, the LabVIEW workstation performs block-based
change detection on the registered image pair and displays the inspection results to the system operator.
The architecture of the proposed system is illustrated in Figure 4.
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Figure 4. Operation diagram of the template-guided change detector

A sample template-guided inspection application focuses on change detection in vehicle images. This
scenario addresses vehicle inspection in areas of limited access such as government facilities and
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embassies. Its operation requires prior archival of the template of each vehicle in a database.

Figures 5a and 5b display two images of the same vehicle surface. The former corresponds to the
vehicle template and the latter corresponds to the present vehicle image acquired in the vehicle access
point. For the identification of the present vehicle, license plate recognition is employed.

a)

Figure 5: Sample Vehicle inspection test set

The extent of the search space at each level of registration is described in Table 1, while the
corresponding execution times of the algorithm, for a variable number of active processors, are shown
in Table 2. A screenshot of the implemented change detection module is displayed in Figure 6.

Table 1: Search space definition table
Maximum angular

Level of registration displacement Angular step Maximum translation
(degrees) (degrees) (pixels)
4 16° 10 x =*widthl 4
v =theight | 4
3 g° 10 X,y = +2
2 40 050 x’ y _ iz
1 20 020 X, y _ iz
Full image resolution 1° 0.2° X,y =42

Table 2: Template-guided inspection execution time

Change detection

. . . . . . . verall execution tim
Active processors Registration execution time (sec)  execution time Overall executio €

(msec) (sec)
1 30.6 30.8
2 15.3 155
180
3 10.6 10.8
4 8.7 8.9
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Figure 6: Screenshot of the implemented inspection application

The absolute difference of the registered image pair is presented in Figure 7a while the result of the
statistic change detection procedure is displayed in Figure 7b. It is clear that the proposed noise model
estimation provides an accurate representation of noise properties as the classification results isolate
content changes and suppress noise sensor fluctuations.

b)
Figure 7: Change detection results in undervehicle surveillance

V. Conclusions

A template-guided inspection system has been presented. Its operation principle is divided in two
phases. The first phase performs spatial alignment of the compared image pair through a wavelet-based
image registration procedure. The second phase separates content changes from sensor noise
fluctuations through statistic change detection. This approach achieves estimation of the noise model
by employing a block based clustering procedure. The system has been tested on vehicle image
inspection and the respective experimental results have verified its ability to detect content alterations,
thus efficiently addressing the problem.
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