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Abstract

The development of customized image processing applications is time consuming and requires high level skills. This paper describes the

design of an interactive application generation system oriented towards producing image processing software programs. The description is

focused on twomodels which constitute the core of the human–computer interaction. First, the formulation model identifies and organizes

information that is assumed necessary and sufficient for developing image processing applications. This model is represented as a domain

ontology which provides primitives for the formulation language. Second, the interaction model defines ways to acquire such information

from end-users. The result of the interaction is an application ontology from which a suitable software is generated. This model emphases

the gradual emergence of a semantics of the problem through purely symbolic representations. Based on these two models, a prototype

system has been implemented to conduct experiments.
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1. Introduction

The development of image processing applications has
proven to be a highly complex and time consuming activity.
This prevents the penetration of image processing into
industry, whereas the demand for concrete applications is
growing in all domains: medicine, biotechnology, remote
sensing, astronomy, ecology, security, forensics, chemistry,
surveillance, quality control, etc. As a result, it is becoming
important to develop systems that can help end-users build
customized applications. The challenge is to allow end-users
to program software at the image feature level rather than at
the computer code level.

This paper is meant as a contribution to the development
of a system oriented towards producing customized soft-
ware programs for image processing applications. Such a
system is first configured ‘‘off-line’’ by image processing
experts, with resources required to process images in a given
application domain, for example segmentation of cytology

images. Then, the system is distributed to end-users of the
target domain, for example cytotechnologists. Users interact
‘‘on-line’’ with the system to autonomously produce con-
crete applications in the target domain. Their role is focused
on query formulation.
In absence of consensus on a clear-cut boundary of the

image processing field, we supply our own definition so as to
delineate the project scope.

Definition 1. Image processing is any form of image-to-
image transformations without any interpretation of con-
tent, for which input data are iconic images and output data
are iconic, intrinsic, or segmented images.

Our definition locates image processing applications as one
component of the low level part of more global image analysis
or computer vision systems. Thus, image processing is not an
end in itself and it has no decision-making authority. Its role is
completely determined by the high-level part which uses its
results to perform interpretation, visualization, storage, or
transmission of image data. Definition 1 is stated from the
point of view of the transformation objectives and the input
image types. It is narrower than other definitions available in
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the literature (e.g., Russ, 2006; Pratt, 2007; Gonzalez and
Woods, 2008), and excludes higher level categories of
objectives such as feature extraction, object classification,
and object recognition. Only six categories of objectives are
considered:

� Restoration objectives refer to recovery of an original
image from degraded observations, knowing the degra-
dation phenomenon.
� Enhancement objectives concern the improvement of the

visual quality of images.
� Compression objectives address problems related to the

reduction of the amount of data needed to store a
digital image.
� Reconstruction objectives intend to infer new spatiotem-

poral information such as shape, 3D, and motion.
� Segmentation objectives aim at structuring signal infor-

mation into more abstract primitives such as regions,
contours, and points of interest.
� Detection objectives seek to build positive masks that

locate information of interest.

These six objectives are considered independent. However,
Definition 1 makes no assumption about the way they may
be achieved. For example, an image segmentation program
can be implemented by means of restoration, enhancement,
and feature extraction operations.

An image processing application is devoted to one of the
above mentioned objectives and one class of ‘‘similar’’
images. Consider the following image analysis application
that will be used as a running example throughout this
paper. It is a biological application in the context of cancer
screening described in Lézoray and Cardot (2000). The
purpose is to assist cytotechnologists in finding suspect or
abnormal cells from the analysis of serous cytology images.
Within this image analysis application, the specific image
processing objective is to segment images into regions
corresponding to individual cells. Then, the resulting regions
will be fed into a classifier which has been trained to identify
the various cellular types. The image class (see examples
Fig. 1) is composed of color images of serous effusions
acquired by an optical microscope always under the same
resolution and illumination conditions.

Within application generation systems, the interface
between human and computer plays a preponderant role.

This interface is the only means to take into account end-
user requirements. Its expressive power determines the scope
of the system and its degree of compliance with the user
requirements. In this paper, we argue that the formulation
interface must be more than a simple passive control panel
that exhibits the elements identified as necessary for carrying
out the solutions stored into the system. Indeed, through
such control panels, users believe they develop customized
applications, but in fact they only choose and parameterize
ready-made ones. Actually, the preexisting solutions are
hidden under a predefined list of task names exposed on the
interface, and the parameters are hidden under a predefined
list of image features to be set. Thus, the query is composed
with the same list of features for every problem, only feature
values may change.
On the contrary, to cope with unanticipated problems

and to develop genuine customized software programs, the
solution and the query should be built incrementally by
complementarity between the user and the system (Zou and
Nagy, 2006). The query should be composed with only
relevant features, and the program should be constructed by
aggregation of solution elements according to the query
composition. In this new perspective, the interface provides a
formal language that allows for rich formulation of applica-
tion problems, and organizes the cooperative problem-
solving process by dynamically linking user formulation
elements to solution elements provided by the system. As a
result, the final software program is the best compromise
between user intentions and system processing capabilities.
This idea has been in use in interactive image segmenta-

tion for a long time (Udupa, 1982), and more recently in
image retrieval (Smeulders et al., 2000; Santini et al., 2001).
But it is difficult to implement in the case of interactive
construction of image processing applications. The main
difficulty stems from the need to design a solution that will
suit a whole class of images, and not only a single image.
Some recent works have been undertaken with the idea of
complementarity between human and computer for the
interactive development of image processing applications,
such as those of Draper et al. (1999), Levner et al. (2003),
Nouvel (2002), or Hudelot et al. (2005). But to reduce
complexity, these systems remain limited to sole cases of
image segmentation problems where the concept of describ-
able and measurable objects of interest exists in the scene.
Our goal is to propose a general purpose system that

covers all the image processing objectives as stated in

Fig. 1. Four samples of microscopic images of serous effusions. (Reproduced by courtesy of the Pathological Anatomy and Cytology Department of the Public

Hospital Center of Cotentin.)
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