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contour

Abstract :  

         Thermography is a predictive maintenance technique that can be used to monitor the

condition of plant machinery, structures, and systems. It uses instrumentation designed to 

monitor the emission of infrared energy (i.e., temperature) to determine operating condition. By 

detecting thermal anomalies (i.e., areas that are hotter or colder than they should be), an 

experienced surveyor can locate and define incipient problems within the plant.

       The aim of this work is to study and implementation of a recent method called snakes, this 

model as its name indicates, present the ability of deformed, transformed as do the snakes. The 

first model defined and implemented is the classical snake formulated by Kass. Snake, is a 

method of deformation a closed contour to the boundary of an object in an image. The snake 

model is a controlled continuity closed contour that deforms under the influence of internal 

forces, image forces and external constraint forces. The mainly object of our research is the 

application of this model for defects detection in infrared thermal images.

      In order to improve this model, we applied a new method called Gradient Vector Flow 

(GVF) which consists to find other solution for the concave regions.

Key-words: Image segmentation, edge detection, actives contours, Non Destructive Testing
( NDT ).

1. Introduction 

     In many technological sectors, infrared (IR) inspection is utilized for damage detection, 

thanks to its resolution, easiness, full-field capability, in-field applicability and finally to the 

continuously decreasing costs of thermographic systems. Thermographic techniques are 

commonly applied to building inspection, process control and monitoring, predictive 

maintenance, evaluation of material properties, medical diagnosis. Thermography is based on 

recording the thermal radiation emitted by a surface of a sample. A defect (such as a 
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delaminations or impact damage) can be revealed by a change in the thermal radiation associated 

with that area, showing up as either a lighter or darker area on the analyzed data from the 

infrared camera. There are several methods in infrared thermography technique, such as pulse 

thermography (flash method) and step thermography (step heating), that are used to determine 

defects in composites [1].

   In thermography the sample is heated using a heating source (flash lamps, halogen bulbs, heat 

gun) for duration of time, causing the surface of the sample to show spatial variation of the 

thermal properties in the inhomogeneous composite material. This variation in temperature 

distribution shows where defects in the material are located. The heat flux applied to the sample 

causes a thermal wave to propagate inside the objects thickness and becomes reflective when it 

reaches an area where the heat propagation parameters change causing the temperature 

differences from locations with normal material to points with defects. Detection of defect takes 

place in three basic steps which are: detection, interpretation, and evaluation. In order to detect 

the contours of these defects, we can apply many methods of image segmentation and contour 

detection.

   In this paper, we employ the active contour models (Snakes) for edge detection and 

segmentation of infrared thermal images defects. These models are widely used in many 

applications, including edge, shape modelling, segmentation, and motion tracking. The first 

model defined and implimented in this paper is the classical snake formulated by Kass, the snake 

model algorithms suffer from the inability to mold a contour to severe object concavities. 

Another problem is the generation of false contours due to the creation of unwanted contour 

loops. For remedy these disadvantages we apply a new method which is Gradient Vector Flow 

(GVF).

2. Active Contour (Snake) Model
The snake model is desribed as a controlled continuity model under the influence of image 

forces [2].  Internal forces control the bending characteristics of the line, while image forces, such 

as the gradient, serve to push the snake toward image features. When the snake coordinate vector 

is defined parametrically as ))(),(()( sysxs v , the total energy of the snake is defined as :
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where Eint and Eimage are the internal and image energy terms, respectively.

The spline’s internal bending energy has been defined by this paper as follows :
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Here sv is the first spatial derivative and ssv is the second spatial derivative of the snakes 

parameters (coordinates).  Therefore, the first term represents elasticity, or membrane-like 

behavior, while the second term represents rigidity, or thin-plate behavior [1].  The coefficients, 

 and , can be used to control the continuity characteristics of the snake by changing its 

elasticity and rigidity.

When snakeE*
is minimized, the snake has reached a local minimum associated with a 

contour of the image, and the modeling ceases to evolve until the image is changed.  Through 

variational calculus, the minimization of snake energy is determined by the Euler-Lagrange 

equation :
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Since v is a vector of x and y points, this equation represents two independent equations.  This 

equation is easily solved using discrete formulations of differentials.  First, the internal energy is

discretized by the following equation :
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Applying this result and further differentiating, the Euler equations are represented in discrete 

formulation by :
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Grouping snake parameter (v) terms, the following equation is obtained:
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  This equation is solved by use of matrix formulation for efficient calculation of each snake 

point in a single matrix operation.

    In this formulation, I am assuming the use of a closed contour for the purposes of 

segmentation.  Evaluation of this matrix equation is equivalent to the Euler equations derived for 

the minimization of snake energy.  In general, the following matrix notation is used to represent 

the system:

This matrix formulation is easily extended to any number of snake points (snake parameters).

2. Gradient Vector Flow (A new external force for snakes)

2. Introduction and motivation:

   The traditional snake model given by Kass had many severe problems as discussed earlier 

which decreased their effectiveness. Much of the reason for this poor performance was attributed 

to the external force. Therefore in 1998, Chenyang Xu and Jerry Pince proposed a new snake 

known as GVF snake. The basic model for GVF snake was the same as traditional snake. 

However they defined a new external force field known as Gradient vector flow field and hence 

the name GVF snake. GVF field was much better than the external potential force field and 

overcame the deficiencies of the previous model[3].

2.2 Model of GVF snake:

   The GVF snake is defined as a contour v(s)=(x(s), y(s)) which satisfies the following Euler 

equation :

Where V(x,y) = ( ( , ), ( , ))u x y v x y is the vector field which substitutes the external vector force 

field Fext of the traditional snake. The internal forces are defined similar to the original model 

consisting of elastic and bending forces. So lets see how is V(x,y) modeled.

We first define an edge map f(x,y) of the image. A few ways to define edge map of an image are 

as follows,
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V(x,y) is then defined to be a vector field which minimizes the following energy functional.

2 2 2 2 2 2( ) | | | |x y x yE u u v v f V f dxdy      
where , , ,x y x yu u v v are the partial derivatives of ( , )u x y and ( , )v x y in the x and y directions. 

Consider the case when we are near the object boundary. We know that in this case f will be 

very high. Therefore if we want to minimize E we set V=f. That’s exactly what we want 

because we are happy with the effect f has on snake near the boundary. Now consider the case 

when we are away from the boundary in a smooth region [4]. In this case f will be very small 

and the energy E can be minimized by minimizing the first term made up of the partial 

derivatives. It turns out that minimizing this term gives a slowly varying field in homogeneous 

region. The parameter  is used to control the relative importance of the first and second term.

3. Results and discussion

             
    

(a)Thermal image (b)contour with classic snake (c)contour with GVF
             

                  

(d)Thermal image (e)contour with classic snake (f)contour with GVF

Figure 1: Snake and GVF applied to infrared thermal images.



The sensitivity of the model to initial snake positioning can be seen in the figures shown above.  

In the first set of images, the left images (b ; e) shows a carelessly placed snake around a fairly 

rigid image feature.  The snake was placed too far from a portion of the defect and was unable to 

capture the desired contour.  The images on the right(c ; f) shows the application of GVF 

method that was able to capture the entire defect edge.

Experimental results demonstrate that the active contour models snake provide much better 

detection of defects in infrared thermal images than many other methods of detection and 

segmentation.
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