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Evaluation and comparative study of shape modelling methods 
Shape analysis is an analysis of the geometrical properties of some given set of shapes by statistical methods. It allows to measure, describe, compare the size and shape of an object, in order to standardize these properties. Underwater images usually contain complex objects, which will vary in appearance significantly from one image to another. In this document we describe a comparative study of shape modelling methods in the state of the art.
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The purpose of pattern recognition is to simulate the sensory perception activities of the brain. First, the visual and auditory perception, including in spectral bands not perceived by humans (infra red, radar, sonar, ...). Recognition needs a model of the object. For the human being, this model corresponds to a mental representation of the object that can be learned by retaining the most discriminating characteristics of the object. Characteristics can be all kinds of attributes of the object: shape, color, texture, size, volume, etc.
Study of shape could be considered as motion analysis. The definitions of the different motion classes are briefly described as follows (see figure bellow):
· Rigid motion preserves all distances and angles and has no associated non-rigidity.
· Articulated motion is piecewise rigid motion. The rigid parts conform to the rigid motion constraints, but the overall motion is not rigid.
· Quasi-rigid motion restricts the deformation to be small. A general motion is quasi-rigid when viewed in a sufficiently short interval of time.
· Isometric motion is defined as motion that preserves the distances along the surface and the angles between the curves on the surface.
· Homothetic motion is motion with a uniform expansion or contraction of the surface.
· Conformal motion is non-rigid motion which preserves the angles between the curves on the surface, but not the distances.
· Elastic motion is non-rigid motion whose only constraint is some degree of continuity or smoothness.
· Fluid motion violates the continuity assumption, too. It may involve topological variations and turbulent deformations.
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The challenges associated with face detection can be attributed to the following factors:
· Pose. The images vary due to the relative camera-face pose, and some features such as fin, dorsal may become partially or wholly occluded.
· Presence or absence of structural components.
· Fish features such as tails, head, mouth … may or may not be present and there is a great deal of variability among these components including shape, color, and size.
· Occlusion. fish may be partially occluded by other objects. In an image with a fish school, some faces may partially occlude other faces.
· Image orientation. fish images directly vary for different rotations about the camera’s optical axis.
· Imaging conditions. When the image is formed, factors such as lighting (spectra, source distribution and intensity) and camera characteristics (sensor response, lenses) affect the appearance of a face.

In general, there is a strong relationship between object representations and tracking algorithms. Object representations are usually chosen based on the scope of application. Objects can be represented by:

Objects can be represented by their shapes and appearances. In this section, we will first describe the representations of shapes of the objects commonly used for the follow-up, then we will treat the common forms, then we will finish this chapter by describing different representations of the appearance.

1- Shape representation
1.1- Points :
We can represent the object by a point, this point is only the centroid of the object in question, so we can represent the object by a set of points. In general, the point representation is suitable for tracking objects that occupy small areas in an image.                 
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Figure1 : Representation of objects by points

1.2- The primitive geometric shape:
shape of the object is represented by a primitive form, for example: a rectangle, an ellipse ... etc. In this case, the motion representation of the object is usually modeled by translation, or affine transformation (homography). Primitive geometric shapes are more appropriate for representing simple rigid objects, they are also used for tracking non-rigid objects.
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(a)                          (b)
Figure2 Objects representation by: (a) a rectangle and (b) an ellipse
1.3  Contour and silhouette of the object : 
The contour representation defines the boundaries of an object. The region inside the contour is called ‘’silhouette’’ of the object. Silhouette and contour representations are appropriate for tracking non-rigid complex shapes.
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(a)                                                  (b)

Figure3 : (a) contour representation, (b) silhouette representation of objects
1.3- Articulated shape models: 

Articulated objects are composed of parts of the body that are held together with a set of joints. For example, the human body is an articulated object with the torso, legs, hands, head and feet connected by joints. The relationship between the parts are governed by kinematic motion models. In order to represent an articulated object, the constituent elements can be modeled using cylinders or ellipses. (see figure4)
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Figure5 : Articulated shape model




1.4- Skeletal models

The skeleton of the object can be extracted by applying the transform of the median axis to the silhouette of the object. This model is commonly used as a shape representation to recognize objects. The skeleton representation can be used to model both articulated and rigid objects.
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Figure4 : Skeletal models
Based on the several methods mentioned above, Table.1 includes some recent works for fish modelling. 
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Table 1. State of the art methods for fish modelling

Discussion:
Fish shape modelling is a challenging and interesting problem in and of itself. However, it can also be seen as a one of the few attempts at solving one of the grand challenges of computer vision, the recognition of object classes. This shape admits a great deal of shape, color, and other variability due to differences in individuals, nonrigidity, tail shape, pose, and the environment itself. Images are formed under variable lighting and 3D pose and may have cluttered backgrounds. Hence, fish modelling research confronts the full range of challenges found in general purpose, object class recognition. However, fish species also has very apparent regularities that could be exploited by heuristic or model-based methods or are readily “learned” in data-driven methods. 
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Authors | Applications / Method Dataset Performance metrics/ (Results) Advantages Limitations
Domain /
Features
Hu et al. | Classifying Color: HSV/ Six Average classification accuracy/ | The retrieval accuracy | Photographed
and retrieval / | Texture: greyscale | freshwater (97.77%) improved when the | certain part of
Fish / Color | histogram (GH) and | fish that is color properties added | fish. Did not
and Texture gray level co- | common in to the gray images. consider  shape
occurrence matrices | China feature.
(GLCMs)
Classifier: one-
against-one
algorithm based
Directed  Acyclic
Graph  Multi-class
Support Vector
Machine
(DAGMSVM)
Zheng, Recognition Morphological and | Twelve No result and performance | This study shows that | Only  consider
Zhong and retrieval / | Lexion ontology | species  of | metrics since the system only | although two images | the side view of
and Fish / Shape | services fish image applied the method, and adopted | have different color, but | fish image with
Zhang and Texture web service ontology to make it | the matching rate is | clean
global. high. background and
good
illumination.
Did not consider
color feature.
Yao, Segmentation Improved K-means | Random Compare  Improved ~ K-means | The proposed method | The method is
Duan, Li | and retrieval / | clustering natural clustering segmentation algorithm | can solve the difficulty | tested with
and Fish / Shape segmentation images. with Canny edge detection, Otsu, | of fish image | different value
Wang algorithm and level set segmentation, EM | segmentation in | ofk for different
mathematical clustering segmentation algorithm | complex background. images, but did
morphology and traditional K-means not mention
clustering segmentation what value is the
algorithm. The accuracy depends best for fish that
on which segmentation method is can be applied
able to present more complete for large
image. databases.
Result: Improved K-means
clustering algorithm, the target
image is more complete.
Wang, Identification Color: But2fly Monographia | Compare the accuracy between | Butterfly categorized as | Database
Ji, Liang | and retrieval / | Shape: Traditional | Rhopalocero | species of the dataset by | complex image as fish. | consists of good
and Butterfly /| shape extraction | rm Sinesium, | determining which species is able | The method used might | illumination
Yuan Shape, Color | method based on | Taiwan to give higher number of | be suitable for fish. image with clear
and Texture geometric features University accurately retrieved images. background. The
Texture: Local | Insect Features: Shape, followed by image is taken
binary pattern Museum color and texture is important for under controlled
Similarity measure: | Digital identification. environment.
Euclidean distance Archives Similarity measure: Play less
Project and important role than features.
Insect
Observation
at Sishou
Hills and
Jingshan

School
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