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ABSTRACT

Evaluation of output images carrying visual semantics is a challenging task which is carried out by domain
experts through visual inspection. Automatic test oracle is required to augment the test oracle problem and
to eliminate the manual efforts. Metamorphic testing is an effective technique to alleviate these problems.
In this paper, the authors have demonstrated that how inherent properties of implementation under test
can be used to generate an automatic test oracle for image processing applications. Metamorphic test-
ing is a general technique in which follow-up test cases are generated using a transformation function
and the anticipated output is evaluated. They have used some general metamorphic relations and also
designed some algorithm specific metamorphic relations for morphological image operations. Selection
of metamorphic relations is the most important step and the authors have analyzed relative effectiveness
of different metamorphic relations using mutation analysis. The results show metamorphic testing is a
very effective technique to automate output images evaluation and to alleviate oracle problem.

1. INTRODUCTION

Image processing applications continue to provide more features, handle larger data and generate complex
outputs. Advancement in signal processing and digital imaging devices has enabled their extensive use.
These applications play a vital role in our daily life such as medical imaging, surveillance, biometrics
etc., and the human dependence on these systems has increased the demand of their reliability.
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Testing is a practical approach to evaluate the quality of these systems which includes input genera-
tion, test execution and evaluation of output. Generation of test images and evaluation of output images
are considered a challenging task due to complex nature of images and their visual semantics. Currently,
these applications are tested by giving manually crafted test images or commonly used standard test
images. The outputs of these images are analyzed by visual inspection carried out by domain expert.
This procedure is tedious and sometimes ineffective in a way that a human inspector can only analyze
a limited number of images which may not enough to find out subtle errors. Automatic output image
analysis is required to make the testing procedure cost effective and larger scaled.

Let function F ( x) be an implementation of algorithm A (x) and T be a subset of input space

S given byT:{tl,tQ,...,t”}CS. Function F(ZL’) is executed to produce output
0= {F (tl),F(tg),...,F(tn)}, whereas set of expected output of function F(x) is given by
E = {E <t1 ) B (t2 ) v B )} . Test oracle is a mechanism to determine whether the executed test has

passed or failed. In the article by (Zhou & Huang, 2004), the authors says that in output evaluation, the
actual outputis compared with the expected output to analyze the correctness i.e. whether, F' (tz. ) =F (ti )

or not. In the books by (Binder, 2000)(Weyuker, 1982), the authors says that in practice, the test oracle
is either not available or very expensive to apply, which is known as test oracle problem. In case of im-
age processing applications, sometimes test oracle cannot be clearly defined, e.g. visually similar im-
ages may have slight difference at pixel level.

Recently, techniques such as statistical, metamorphic, pseudo-oracles etc. are proposed for image
processing applications to augment test oracle problem. In the article by (Mayer, Informationsverar-
beitung & Ulm, 2005), the authors proposed a statistical method to analyze the correctness of output
images automatically and used Boolean model to generate test images. In this technique, a hypothesis
is framed and implementation under test (IUT) is executed to generate a number of output images.
The statistical evaluation of output is carried out to test the hypothesis. Based on the output statistics,
the hypothesis is accepted or rejected and previous error probabilities can also be taken in to account.
This approach have some limitations such as, it can only be applied if the statistical distribution of the
output images is already available. Furthermore, this approach checks for only some characteristics of
the output images. In further work by (Guderlei & Mayer, 2006)(Guderlei & Mayer, 2007), the authors
presented a scheme to analyze correctness of output images based on properties of image processing
applications, called metamorphic relations (MRs). This scheme used random and Boolean models to
generate test images and used metamorphic relations to analyze the correctness of output images. This
strategy first proposed by (Chen, Cheung & Yiu, 1998), is known as Metamorphic Testing (MT) which
is independent of input generation. The author (Guderlei & Mayer, 2007) proposed some general MRs
which are applicable to different image processing applications as well as some algorithm specific MRs
based on the IUT properties. Furthermore, he demonstrated the effectiveness of the proposed MRs by
using mutation analysis. In the article by (Guderlei & Mayer, 2007), the authors proposed statistical
metamorphic testing to augment the limitation of statistical hypothesis tests. The input relation defines
how input samples are generated and output relation describes how these samples are statically related.
In this way, the specific distribution of the samples is determined instead of exact distribution of output
using MRs. In the article by (Ding, Wu, Lu & Hu, 2010), the authors proposed that checking MRs only
is not sufficient to ensure the testing quality but structural testing should be integrated with MT to detect
further subtle defects in the IUT. This scheme integrates test coverage data with MR to evaluate the test
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