
•Built following an artificial life layered architecture, composed
mainly of geometry, physics, behavior, and cognition layers.
•Underlying geometrical shape representation is medial axis-based,
in which the organism's boundary nodes are connected to the medial
nodes (Figure 1).
•The organism's deformations are carried out either via internal
spring actuation (for scaling, bulging, stretching, and bending) or
external forces (for rotation, translation, and user-interaction)
(Figure 2,5).
•The segmentation plan is sub-divided into different behavioral
stages with sub-goals that are easy to define and attain (e.g. locating
the upper boundary of an anatomical structure).
•The topmost layer of the architecture combines prior anatomical
knowledge, a segmentation plan, and an organism's sensory data
(obtained through low-level image processing), in order to initiate
behaviors, change sensory input, and make decisions towards
segmenting the target object.

•In earlier work deformable organisms relied on purely geometrical
deformations which rendered intuitive, real-time user-interaction
difficult to implement.
•The primary contribution of this work is the incorporation of a
physics layer into the deformable organisms framework thus
circumventing the above problems.

•We present qualitative as well as quantitative results of fully-
automatic segmentation of the corpus callosum in mid-sagittal
magnetic resonance images (N=46) using the physics-based
deformable organism (Figure 1).
•We also present further improvement of the segmentation results
(decrease in error) through minor, intuitive user interaction (Table 1
and Figure 6).

•To create an image analysis framework for the segmentation,
labeling, and quantitative analysis of anatomical structures from
medical images.
•Create framework that allows for high-level, knowledge-based
design of a segmentation plan to be carried out by an artificial
deformable organism living in the image space.
•Complement current deformable models with the addition of a
physics-based implementation of the organism's controlled
deformations to provide the ability for an expert user to intervene and
guide the segmentation in an intuitive manner, if needed.

Description of Purpose

•Medical imaging is important for the understanding, diagnosis, and
treatment of diseases.
•There is a need for robust and automatic medical image analysis
techniques, particularly for image segmentation, which are
indispensable in many applications  including computer-aided
diagnosis and statistical shape analysis.
•``Deformable organisms'', meet this need as a novel paradigm for
medical image analysis that uses artificial life modeling concepts to
complement the classical bottom-up deformable models
methodologies, with top-down intelligent deformation control
mechanisms.
•We introduce the use of physics-based shape deformation within the
deformable organisms framework, yielding additional accuracy,
robustness, and reliability by allowing intuitive real-time user
guidance and interaction when necessary.
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We presented artificial physics-based deformable organisms for
segmentation, labeling (Figure 3), and quantitative analysis of
medical image data. These organisms, which embody a medial-based
geometry and are capable of controlled physics-based deformations,
live in the image space and segment structures through the utilization
of a segmentation plan of behaviors, prior anatomical knowledge,
and perception of image data. Our results show that although
automatic segmentation gives good results, the physics-based
formulism allows the expert to provide real-time guidance through
minor intuitive interactions, if needed, which further improves the
segmentation accuracy and keeps the expert “in-the-loop".
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Figure 1: Spring-mass mesh model of the corpus callosum physics-based deformable organism.
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Figure 2:High-level user interaction through: (a) external rotational forces and (b) operator
based stretching

Figure 3: Automatic labeling of important anatomical regions of the corpus callosum
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Figure 4: Midsagittal magnetic resonance image showing the fornix dip

Figure 5: Progress of segmentation. (a) Global model alignment. (b) Model parts' alignment
through (c) expansion and (d) contraction. (e) Medial-axis alignment. (f) Fitting to Boundary.

(g) Detecting and (h) repairing the fornix dip.
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Figure 6: High-level user interaction through: (a) external rotational forces and (b) operator
based stretching

Table 1: Error comparison before and after minor, intuitive manual intervention. Error

is used, where S and M denote the area enclosed within the result of the automatic
segmentation and the manual expert delineation, respectively.
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