
 

Abstract— Accurate tracking of the myocardium tissues in 

tagged Magnetic Resonance Images (MRI) is essential for 

evaluating the cardiac function. Current tracking methods 

utilize either the image intensity or the image phase as 

landmarks that can be tracked. In either case, the performance 

is vulnerable to the image quality and the fading of the tag 

lines. In this work, we propose a hybrid optical flow tracking 

method that combines both the intensity and the phase features 

of the image. The method is validated using numerical cardiac 

phantom as well as real MRI data experiments. Both 

experiments showed that the proposed method outperforms 

current intensity-based optical flow tracking and the phase-

based HARP method with maximum error of 1 pixel at extreme 

conditions of tag fading.  

I. INTRODUCTION AND BACKGROUND 

Tagged Magnetic Resonance Imaging (MRI) is a powerful 

imaging technique that allows evaluation of the cardiac 

regional function [1]. In tagged MRI, the magnetization of 

the heart is spatially modulated such that a pattern of 

alternating dark and bright lines are temporary created [2]. 

Accurate tracking of this tagging pattern is essential to 

quantitatively estimate the myocardium deformation. Two 

major classes of tracking methods can be found in literature: 

intensity-based and phase-based. The first class is based on 

tracking myocardial points using the intensity pattern, or 

appearance, of the tagged MR images. This class includes a 

number of techniques such as optical flow tracking [3, 4], 

manual tracking [5], registration [6, 7], tag detection and 

tracking [8]. Among these techniques, the intensity based 

optical flow (IBOF) tracking has gained a lot of interest 

from researchers due to its simplicity and effectiveness in 

estimating the motion field. In IBOF, the local distribution 

of the image intensity is assumed fixed in time [9]. While 

this assumption is generally valid in many cases, fading of 

the tag pattern violates this assumption and renders the 

method inaccurate. Therefore, a number of attempts [10, 11] 

have been made to model the fading effect. For example, 

Gupta et al [11] modeled the tag fading using an exponential 

function whose parameters were estimated using special 

MRI scan. The latter increases the time and cost of the scan 

and, in addition, might not be effective in case of inter-

breath-hold patient motion. On the other hand Carranza-

Herrezuelo et al [3] added a new regularization term to the 

optical flow equation that includes points with high phase 

stability in attempt to improve the tracking accuracy. 

However, Ihor Smal [12] showed that this method is less 

consistent than phase based methods and also depends on 

image quality. The second class, namely phase-based 

techniques [13 -19], assumes that each image point has a 

unique phase value that is fixed with time and thus can be 

tracked to estimate thedeformation. The difference among 

the techniques is the way of estimating the phase at each 

point. Fleet et al [13] proposed to use steerable complex 

Gabor filters in the Fourier space to create phase images that 

can be tracked using optical flow. One of the most 

commonly used phase-based methods is Harmonic phase 

(HARP) tracking [14 -17]. The technique makes use of the 

frequency representation of the tagged image which is 

composed of a central (DC) peak and a number of harmonic 

peaks. Theoretically, the latter carries information of tissue 

displacement and thus is utilized for tracking purposes [16]. 

In HARP, the phase image is created by applying a bandpass 

frequency-domain filter to reconstruct a complex image 

representing the harmonic peak. The phase of this complex 

image is then unwrapped to create the desired phase image. 

One of the advantages of HARP is its ability to directly 

estimate the motion field and the tissue strain tensor [14- 

17]. Nevertheless, similar to phase-based techniques, HARP 

is vulnerable to tracking errors at late cardiac phases due to 

the fading of tag lines. In addition, mistracking of the 

myocardium borders can be severe due to the discontinuity 

of the tag pattern at the blood-myocardium border [12]. It 

has been shown that the phase based techniques outperform 

the intensity based techniques at the beginning of the cardiac 

cycle, then due to tag fading effect the accuracy of the phase 

based methods began to deteriorate and the intensity based 

techniques become more accurate [20]. In this work we 

propose a hybrid myocardium tracking technique that 

combines both intensity-based and phase-based image 

features. The technique is shown to have superior results to 

both intensity and phase based tracking techniques. The 

following section introduces the theory and methods, 

followed by the results and discussion in Section III. 

II. THEORY AND METHODS 

II.A. Hybrid OF – Intensity-based component 

  Let I(x, y; t) represent the intensity of a tagged cardiac MR 

image pixel (x, y) at time t. Let u and v be the local 
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displacement of a myocardium point (x, y) in the x and y-

directions respectively. Then, assuming no temporal 

variation of the image intensity, the classical IBOF equation 

is given by [9]: 
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 are the spatiotemporal derivatives of the 

image. As mentioned above, fading of the tags violates the 

intensity constancy assumption, and thus it should be 

compensated for Eq. (1) to be valid. In this work, simple 

contrast stretching is applied to each image in the sequence. 

This is done by applying the following equation: 
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  Using Lucas-Kanade solution of the optical flow equation 

which assumes uniform deformation within a small window 

of neighborhood N having the same displacement u and v. 

Let us define an Nx1 vector at time t containing the image 

intensity values of each tagged MR image at these N points. 

For the vertical tagged intensity image this vector can be 

written as 
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Where    (     )is the intensity value of the vertical tagged 

image at pixel (     )after applying contrast stretching. 

  Therefore the optical flow constraint equations can be 

written as 
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Where the last term in the above equation approximates the 

temporal derivative of the image intensity. 

 
II.B. Hybrid OF – Phase-based component 

 To create a phase image from a given tagged image, we 

follow the basic operation of HARP tracking [16]. First, a 

complex image, ̌(     ), representing the first harmonic 

peak is constructed by applying a band-pass frequency-

domain filter. The center frequency and bandwidth of the 

filter are set equal to    and       respectively, where     

is the initial frequency of the tag pattern. Let the constructed 

complex image is given by, 

 ̌(     )   (     )   (     )          (5) 

where   is the magnitude image and   is the raw 

(unwrapped) phase image. For tracking purpose, the latter is 

wrapped to obtain a phase image, a(x, y; t) that can be 

tracked from one timeframe to another [16]. It is worth 

noting that, in tagged MRI, two image sequences are 

acquired for the same cross-section with: horizontal tag 

pattern; and vertical tag pattern.   That is, one gets two 

sequences of phase images to track, namely: ah(x, y; t) and 

av(x, y; t). Because the phase is constant for each tissue point 

across the different timeframes, then the optical flow 

constraint equation applies and thus: 
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Applying the Lucas-Kanade solution of the optical flow 
equation within a small window of size N, we get, 
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 where   
  is an Nx1 vector at time t containing the values 

of the vertical phase image at the N points. This vector is 
defined as, 

  
  [  (       )     (       )                (8) 

Where    is the harmonic phase angle image of the 

vertical tagging MR image. Similarly for the horizontal 

phase images, the optical flow constraint equation can be 

written as 
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II.C. Hybrid OF – Combined components 

 Both the intensity and phase based optical flow equations 

(Eq. 4, 7 and 9) can be combined in one matrix-vector form 

as follows: 
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Solving this equation for the vector [     at each pixel 

results in the required motion field. 

 
II.D. Validation  

  The performance of the proposed technique is compared to 

the intensity based optical flow tracking [9] and the phase-

based HARP technique [16].The validation is based on 

numerical phantom and real data. The details are discussed 

in the following subsections. 

Numerical Phantom 

  A set of synthetic datasets have been generated using a 

numerical phantom to evaluate the accuracy of the proposed 

method at different noise levels. The phantom simulates the 

contractility function of the myocardium and the tag fading 

effect (simulation details are discussed in [20]). Fifteen pairs 

of tagged images (horizontal and vertical tags) with 

resolution 100×100 pixels are generated to simulate one 

cardiac cycle.  In this simulation, the initial radii of both the 

epicardium and endocardium equal 50 and 25 respectively, 

where the endocardium exhibits a radial contraction 

(minimum radius of 15) and the epicardium remains static (as 

shown in Fig. 1). To test the effect of the noise, additive 

white Gaussian noise is added to the images to simulate two 

SNR-levels (5 and 15dB). 
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     Three sets of points are selected on the endocardium, mid-

wall and epicardium. Each set contains a number of 100 

equally spaced points. The tracking error is calculated as the 

distance between the estimated and the true displacement of 

each point. The mean and standard deviation (SD) of the 

error for each of the three sets of points are calculated.  

Real Data 

  A data set of three patients with (basal, mid and apex) 

short- axis view of the left ventricle (LV) is used to evaluate 

the introduced technique. Each dataset contains a number of 

(20 - 25) images per each slice covering an entire cardiac 

cycle, with image resolution of 256×256 pixels. Datasets 

were acquired with a pixel size of 1.4 mm and slice 

thickness 8mm. Image acquisition was performed with a 

1.5T MRI scanner. Twenty four points uniformly distributed 

on the endo-, epi-, and mid-wall contours have been selected 

and tracked using HARP [16], IBOF [9] and the proposed 

hybrid OF method. A grader was asked to manually track 

each point and subjectively classify the tracking accuracy at 

the end-systole, and late-diastole timeframes. Three classes 

of errors are selected by the grader as follows. The first 

class, Cl_A, includes points with error less than one pixel 

(correctly tracked points). The second class, Cl_B, includes 

points with error greater than one pixel but less than two 

pixels (moderate error). The third class, Cl_C, includes 

points with error more than two pixels.  

 

Assuming that points in Cl_C are bounded by three pixels 

error, the average error is calculated as follows: 

 

       
                                       

                      
 

 

The results are recorded, tabulated and used to compare the 

three methods. 

III. RESULTS AND DISCUSSION 

  The simulation results are summarized in Fig. 2. The figure 

shows the mean±SD of the error calculated for each 

technique between the consecutive timeframes. As can be 

shown, the calculated error of the hybrid OF method is much 

lower than that of the other methods. For example, at the 

endo-contour (SNR = 5 dB), the mean error of the hybrid OF 

between the first and second timeframes equals 0.1 pixels 

(SD = 0.028) compared to 0.3 pixels (SD = 0.04) for the 

HARP method and to 1.5 pixels (SD = 0.4) for the IBOF 

method. This error increases to 1.1 pixels (SD = 0.2) for the 

hybrid OF method and 3.5 pixels (SD = 0.77) for HARP 

method and to 7 pixels (SD = 2.5) for the IBOF method at 

the last two time frames. It can also be observed that the rate 

of increasing the error with time is much higher in the IBOF 

and HARP method than the hybrid optical flow method.  

 The results of the real data experiments were generally 

found similar to those in the phantom experiment. Table I 

shows the mean±SD of the error results from tracking the 

endocardium, mid-wall and epicardium contours using the 

different techniques. The table shows separate results for the 

error of the end-systole and late-diastole phases. The HARP 

technique has shown good performance in both epicardium 

and mid-wall contours, however its performance have been 

     
Figure 1 Synthetic tagged images showing the fading effect over time, where 

(A, B) are the initial, (C, D) are the eighth vertical and horizontal tagged 

images in the generated sequence (with SNR level = 15 dB). 

     Endo Cardium Contour Mid Wall Contour Epi Cardium Contour 

 

          

          
Figure 2 The mean and standard deviation of the error produced by the synthetic data using intensity based optical flow, IBOF, (red color), Harp (blue color) 

and the hybrid optical flow method, HOF, (green color). This error is calculated at the endocardium (A1, A2), mid wall (B1, B2) and the epicardium (C1, C2) at 

SNR levels equals 5 and 15 dB. 
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deteriorated at the endocardium contour. It can also be 

observed that the hybrid optical flow method results in the 

lowest error for all contours at the different cardiac phases. 
 

 

   Figure 3 shows a plot of the tracked myocardium contours 

at both end-systole and late-diastole phases. It can be 

observed that the IBOF method shows the lowest accuracy 

among the three methods. The HARP and the hybrid optical 

flow methods show almost similar results at the mid-wall 

and epicardium contours. As can be seen, however, the 

number of mistracked points and the severity of mistracking 

in the endocardium contours are significantly lower in the 

hybrid optical flow method compared to the other methods.  

IV. CONCLUSION AND FUTURE WORK 

In this work, a method for robust tracking of the 

myocardium was presented. The method combines both 

intensity and phase information in an optical flow constraint 

formulation. It was shown that the proposed method 

outperforms current intensity-based and phase-based 

methods. 
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Table I The mean and standard deviation of error of the real datasets 

 Optical Flow HARP Hybrid OF 

End Systole 

Epi 0.28 ± 0.03 0 0 

Mid 0.25  0 0 

Endo 0.3 ± 0.062 0.094 ± 0.03 0.0625  

Late Diastole 

Epi 0.34 ± 0.09 0 0 

Mid 0.53 ± 0.03 0.03 ± 0.03 0 

Endo 0.75 ± 0.25 0.34 ± 0.094 0.187 ± 0.031 

 
 IBOF HARP Hybrid OF 

 

 

 

End 
Systole 

 

 

 
Late 

Diastole 

Figure 3 the results of tracking endocardium (yellow color), mid-wall (red 

color) and epicardium (green) contours at the end systole and late diastole 
phase using the three methods. 
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