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Abstract 
In this paper we present an extension to the formulation of Active Contour Models (Snakes) by including an 
additional contour-deforming force. The new force is derived from the optical flow field calculated between two 
time-consecutive images. The addition of the new force assists the snake in tracking desired dynamics while the 
traditional snake forces guarantee the contour smoothness and attraction to edges. The method has been applied to 
the problem of tracking the leading edge of injected contrast agent in echocardiography. 

1.  Introduction 
The assessment of human right ventricular (RV) function is of great importance in many diseases afflicting the heart. 
For example, disturbances in filling and elimination patterns of the RV hemodynamics can be interpreted as signs of 
abnormal RV function. Contrast echocardiography and videodensiometry are clinically valuable since they can be 
used to illustrate such hemodynamics by intravenously injecting a contrast agent and continuously imaging, 
recording, and analyzing its flow. Figure 1 shows a typical result obtained after contrast echocardiography and 
videodensiometry analysis[1]. In the example the time required for the contrast agent to produce maximum intensity 
at different regions of the right ventricle is represented by a gray color-map. Examining the color-coded times for the 
left and right sub-figures suggests hindered flow in the right figure, which in fact is obtained from an ARVD 
(Arrhythmogenic Right Ventricular Dysplasia) case (ARVD is a disease that may play a role in the etiology of 
sudden death among young adults with arrhythmias). 
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Figure 1. Color-coded time maps 
reflecting the time needed for the 
contrast agent to produce maximum 
intensity in different regions of the 
right ventricle in both (a) normal 
and (b) ARVD cases. 

 
In this paper we attempt a different approach to studying the RV hemodynamics. It is our clinically-supported belief 
that dynamics of the leading edge of the contrast agent conveys a significant amount of useful information about the 
hemodynamics. Thus, tracking this leading edge and studying its dynamical behavior will provide us with 
quantitative data that aids in analyzing the RV hemodynamics and hence the RV function. 
 
It may seem that classical edge detectors lend themselves to the problem of detecting the leading-edge of the contrast 
agent, but examining the flow of the agent in typical echocardiographic images (see Figure 2) reveal weak ultrasound 
echoes, echo dropouts and high levels of noise. Thus, the application of simple edge detectors result in detecting 
erroneous edges or producing gaps in the detected edge. An intelligent approach, referred to as Snakes or Active 
Contour Models (ACM), for detecting boundary edges was introduced first in[2] and ever since has been highly 
appreciated within the machine vision community, mainly because of the way boundaries are considered; inherently 
connected and smooth structures. 
 
In order to track the leading edge, not only detect it using snakes in a static frame, we propose using the motion field 
obtained by optical flow computation as a contour deforming force, aiding the classical snakes in foreseeing the new 
expected location of the contrast agent’s edge in the next frame. 
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Figure 2. Successive frames showing the contrast agent entering the right ventricle of the heart. 

2.  Methodologies 

2.1 Active Contour Models (Snakes) 
In active contour models, a contour is initiated on the image and left to deform in a way that, firstly, moves it toward 
features of interest in the image and, secondly, maintains a certain degree of smoothness in the contour. In order to 
favor this type of contour deformation, an energy term is associated with the contour and designed to be inversely 
proportional to the contour’s smoothness and the fit to desired image features. The deformation of the contour in the 
image plane will change its energy, thus one can imagine an energy (potential) surface on top of which the contour 
moves (in a way that resembles the slithering of a snake and hence the name) seeking valleys of low energy. From 
another point of view, a certain force field can be assumed to exist and causes this energy change (analogous to 
physical systems). Moreover, certain forces can be designed (or derived from energy terms) in a way that the 
resulting contour deformations will reduce its energy, thus yielding a smooth contour located along desired image 
features such as edges. For example, to derive a tensile force encouraging snake tension (resisting stretching), an 
energy term that increases with increased stretching is defined and the force that minimizes this energy is sought. In a 

discrete setting, with the snake represented as a set of nodes ( ) ( ) ( )( ),n n nt x t y t=v  where 1,2, ,n N= K  and 

t  denotes time or iteration number, the tensile energy may be calculated as: 

 ( ) ( ) ( ) ( ) ( )( ) ( ) ( )( )2 2 2
1 1 1

1 1

N N
tensile

n n n n n n
n n

E t t t x t x t y t y t− − −
= =

= − = − + −∑ ∑v v  (1) 

and the tensile force ( )tensile
i tF  acting on ( )1i t −v  and updating its position to ( )

i tv  is defined as in: 

 ( ) ( ) ( )1 tensile
i i it t k t= − +v v F  (2) 

where k  is a constant. To find ( )tensile
i tF , we find ( )

i tv  that minimizes ( )tensileE t  which gives: 

 ( ) ( ) ( )( )
1 1 2i i it t t− += +v v v . (3) 

Substituting (3) into (2) and solving for ( )tensile
i tF  gives: 

 ( ) ( ) ( ) ( )1 12tensile
i i i it t t t− +∝ − −F v v v . (4) 

In a similar manner other energy terms can be defined and forces derived (one can even design forces afresh). With 
new forces included, the equation for updating a single snake node becomes: 

 ( ) ( ) ( ) ( ) ( )1 2 31 tensile flexural external
i i i i it t w t w t w t= − + + +v v F F F  (5) 

where 1w , 2w , 3w ,  are weighting factors, ( )flexural
i tF  is a flexural force (resisting bending) acting on node i  at 

time t  and is given as: 

 ( ) ( ) ( ) ( )1 12flexural tensile tensile tensile
i i i it t t t− +∝ − −F F F F , (6) 

( )external
i tF  is an external (image-derived) force acting on node i  at time t . It is derived in a way that causes the 

snake node to move towards regions of higher intensity gradient in the image and is given by: 

 ( ) ( ) ( )( )1 , 1external
i i it P x t y t= ∇ − −F  (7) 

where P  is given by 

 ( ) ( ), ,sP x y I x y∝ ∇  (8) 

with ( ),sI x y  being the intensity of a pixel ( ),x y  in a smoothed version of the original image. 

2.2 Optical Flow Calculations 
In our application of tracking the leading edge of the contrast agent we are presented with a sequence of images or a 

dynamic image ( ), ,I x y t . Optical flow[3] is a well-established method for calculating the velocity field 
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( ) ( )( ), , ,u x y v x y  of the apparent 2D motion of pixels in an image, due to the 3D motion of imaged objects, by 

examining the spatial and temporal changes in intensity values. Classical optical flow is based on two main 
constraints. The first states that the brightness of any object point is constant over time. This can be written as: 
 ( , , ) ( , , )I x dx y dy t dt I x y t+ + + = . (9) 

Neglecting higher order terms resulting from a Taylor series expansion of (9) gives: 

 0x y tI u I v I+ + =  (10) 

where ,u dx dt v dx dt= = are the desired velocity field components, xI  and yI  are the spatial image 

derivatives, and tI  is the temporal image derivative. Equation (10) alone is not enough to calculate ( ),u v , and 

hence the second, the velocity field smoothness constraint, is introduced. The velocity field can now be calculated as 
that which best satisfies both constraints by minimizing the following square error function: 

 ( ) ( ) ( )22 2 2 2 2, x y t x y x yx y I u I v I u u v vξ λ= + + + + + +  (11) 

where λ  is a Lagrange multiplier. The following iterative algorithm detailed in[3] is now used to find the velocity 
field: 

 Initialize: ( ) ( ), , 0u x y v x y= =  for all x , y  (12) 

 Do: update:  , x y

P P
u u I v v I

D D
= − = −  while ( )2 ,x yξ ε>  (13) 

where  2 2 2,  Dx y t x yP I u I v I I Iλ= + + = + +  and ε  is a small number. 

2.3 Optical Flow Snake Forces 
In order to track the contour of the leading edge in an echocardiographic image sequence we need to accomplish two 
tasks. The first is to locate the region where the leading edge has moved to from one frame to the next, and the 
second is to detect this edge as a smooth and connected boundary. We use the optical flow to address the first task 
and snakes to address the second. We do this by combining the two techniques through augmenting the snake-node 
updating equation (5) by including an additional force term proportional to the calculated velocity field at the current 
snake node position: 

 ( ) ( ) ( ) ( ) ( ) ( )1 2 3 41 tensile flexural external flow
i i i i i it t w t w t w t w t= − + + + +v v F F F F  (14) 

where 4w  is a weighting factor and ( )flow
i tF  is given by 

 ( ) ( ) ( )( ) ( ) ( )( )( )1 , 1 , 1 , 1flow
i i i i it u x t y t v x t y t∝ − − − −F  (15) 

and ( ) ( ), , ,i i i iu x y v x y  are obtained according to (12) and (13). 

3.  Results 
We have applied our proposed method to tracking the leading edge in a synthesized frame sequence and to tracking 
the leading edge of the contrast agent injected in the left ventricle in a real sequence of ultrasonic images. First we 
present an example of tracking in a synthesized sequence. Figure 3 shows two sets of frames, each frame contains the 
snake after detecting the leading edge. The snake in the six left-most frames was deformed according to equation (5), 
i.e. without optical flow forces, and detected the leading edge after 7, 8, 8, 11, 13, and 21 iterations in each frame, 
respectively. On the other hand, the snake in the six right-most frames was deformed according to equation (14), i.e. 
with optical flow forces, and managed to detect the leading edge in only 2, 5, 3, 2, 3, and 2 iterations, respectively. 
 
For the case of the real echocardiographic sequence, shown in Figure 4, the snake without optical flow forces needed 
19, 20, 23, 22, 22, and 16 iterations (upper frames) whereas the snake with optical flow forces needed 5, 8, 10, 10, 6 
and 10 iterations (lower frames), again showing the benefit of utilizing optical flow forces. 
 
In Figure 5 we show both snakes, the one with optical flow forces and the one without, deforming towards the 
leading edge of the contrast agent in a single frame of the sequence. It is noticeable that the optical flow snake (with 
larger nodes in the figure) progresses faster towards the edge and locates it in only 10 iterations compared to 23 
iterations for the snake without optical flow forces. 
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Figure 3. Results of tracking a synthetic sequence. Six left-most frames: without using optical flow forces 
obtained after 7, 8, 8, 11, 13, and 21 iterations. Six right-most frames: with optical flow forces obtained 
after 2, 5, 3, 2, 3, and 2 iterations.  

  
 

      

      

Figure 4. Results of tracking a real sequence. Upper frames: without using optical flow forces 
obtained after 19, 20, 23, 22, 22, and 16 iterations. Lower frames: with optical flow forces obtained 
after 5, 8, 10, 10, 6 and 10 iterations. 

 
 

      

Figure 5. The snake with/without optical flow forces (larger/smaller nodes) deforming in a single 
frame. The snake nodes after 1 (left-most), 2, 6, 10, 15, and 23 (right-most) iterations are shown.  

 

4.  Conclusion 
Our preliminary investigations show that it is beneficial to include snake forces derived from the optical flow field, 
computed from neighboring frames, when tracking a moving boundary in an image sequence. Promising results were 
obtained when applying our method to tracking the leading edge of an injected contrast agent in echocardiography, 
nevertheless, we plan for more rigorous and extensive testing.  
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