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ABSTRACT

Previously, “Deformable organisms” were introduced as a novel paradigm for medical image analysis that uses
artificial life modelling concepts. Deformable organisms were designed to complement the classical bottom-
up deformable models methodologies (geometrical and physical layers), with top-down intelligent deformation
control mechanisms (behavioral and cognitive layers). However, a true physical layer was absent and in order
to complete medical image segmentation tasks, deformable organisms relied on pure geometry-based shape
deformations guided by sensory data, prior structural knowledge, and expert-generated schedules of behaviors. In
this paper we introduce the use of physics-based shape deformations within the deformable organisms framework
yielding additional robustness by allowing intuitive real-time user guidance and interaction when necessary. We
present the results of applying our physics-based deformable organisms, with an underlying dynamic spring-mass
mesh model, to segmenting and labelling the corpus callosum in 2D midsagittal magnetic resonance images.
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1. INTRODUCTION

Due to the important role of medical imaging in the understanding, diagnosis, and treatment of diseases, poten-
tially overwhelming amounts of medical image data are continuously being acquired. This is creating increasing
demands for medical image analysis tools that are not only robust and highly-automated, but also intuitive
to use and flexible to adapt to different applications. Medical image segmentation in particular remains one
of the key tasks indispensable to a wide array of subsequent quantification and visualization goals in medicine
including computer-aided diagnosis and statistical shape analysis applications. Several classifications of segmen-
tation techniques exist including edge, pixel, and region-based techniques, clustering, graph theoretic, and model
correlation approaches [1–5]. Deformable models for medical image segmentation gained popularity since the
introduction of snakes by Terzopoulos et al [6, 7]. In addition to physics-based explicit deformable models [8, 9],
geometry-based implicit implementations also attracted attention [10–12]. However, deformable models suffered
from sensitivity to initialization and low-level parameter settings. Several techniques were proposed to improve
segmentation results by controlling model deformations [13, 14] and allowing only feasible deformations to be
produced through the incorporation of shape shape knowledge [15–19]. Other knowledge-based techniques were
proposed [20,21,22,23,24,25], including agent based segmentation methods [26,27,28,29,30].

Deformable organisms were introduced earlier[31, 32], providing a framework for incorporating contextual
knowledge through the adoption of artificial life modelling concepts (Figure 1)[33, 34]. Deformable organisms
were designed to complement the classical bottom-up deformable models methodologies with top-down intelligent
deformation control mechanisms (Figure 2). Deformable organisms were capable of rejecting local minima
by following a schedule of behaviors designed according to knowledge of anatomy and image characteristics.
However, a true physics-based layer was absent in the original deformable organisms and in order to complete
medical image segmentation tasks, deformable organisms relied on pure geometry-based shape deformations
guided by sensory data, prior structural knowledge, and expert-generated schedules of behaviors.

In this paper we extend earlier work on deformable models by making use of a physics-based implementation
of the organism’s controlled deformations, in order to provide the ability for an expert user to intervene and
guide the segmentation in an intuitive manner, if needed.

The remainder of the paper is organized as follows. In section 2 we describe the methods we use to construct
our model (section 2.1), perform deformations (section 2.2), model behaviors (section 2.3), perform sensory
operations (section2.4), and enable our organisms decision process (section 2.5). Section 3 provides the results
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Figure 1. The layered architecture of artificial life modelling used for physics based deformable organisms.
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Figure 2. A deformable organism: The brain issues muscle actuation and perceptual attention commands. The organism
deforms and senses image features, whose characteristics are conveyed to the brain. The brain makes decisions based on
sensory input, memorized information and prior knowledge, and a pre-stored plan, which may involve interaction with
other organisms.

of applying our deformable organism to a set of mid-sagittal magnetic resonance images. Our conclusions are
presented in section 4, and our acknowledgements in section 5.

2. METHODS

To build the physics-based deformable organism we follow the artificial life layered architecture, composed mainly
of geometry, physics, behavior, and cognition layers.

2.1. Geometric Layer

The underlying geometrical shape representation is medial axis-based, in which stretching and bending springs
form connections between medial nodes, thickness springs connect medial nodes to boundary nodes, and stabi-
lization springs connect boundary nodes to boundary nodes or medial nodes (Figure 3a). The boundary nodes
outline the shape of the organism whereas the medial nodes provide reference points for performing medial-based
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