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Introduction 
In MRI-guided interventions such as MR-guided HIFU and MR-guided radiotherapy [1], image feed-back is applied to adapt the 
treatment to the current state of the anatomy. Recently, there is interest in adapting treatment of abdominal organs to breathing-related 
motion using strategies such as gated or tracked delivery [2, 3]. Such strategies require fast image processing to track the position of a 
target in a sequence of images. Previously, non-rigid registrations have been used for this purpose, necessitating the use of GPUs to 
reach the required processing speed. 
Instead we propose to track only one point using a Minimum Output Sum of Squared Error (MOSSE) tracker, which has been 
demonstrated to be robust to variations in intensity, scale and both rigid and small non-rigid transformations [4]. Moreover, the 
computational load is so small that it can process hundreds of frames per second without resorting to hardware speed-ups. In short, the 
target is tracked by correlating a filter over a search window in every frame. The 
filter is determined by requiring that correlation with the initial frame produces a 
compact Gaussian peak centered on the tracked point. Each subsequent frame is 
cropped around the previous target location, correlation with the filter is then 
determined and the target position is updated according to the location of the 
Gaussian in the correlation output. Finally the filter is updated based on the new 
location before evaluation of the next frame. 
Methods  
A MOSSE tracker is implemented in C++. The tracker was tested using cine-MR 
data of the kidney and the liver. The abdomen of five volunteers were imaged on a 
1.5T MR scanner over the course of 1.5min, using a single slice bSSFP sequence 
(TE/TR 1.64/3.28ms, FA 70°, matrix 224x224, FOV 320x320mm2, slice thickness 
7mm, SENSE factor 1.8, acquisition time 0.44s), covering 20 breathing cycles on 
average. A typical frame is shown in figure I. 
For the first accuracy test, a series of images was generated by imposing a set of 
100 known random translations of up to 10mm to a single frame from one of the 
recorded image sequences. In the second test the tracker was used on the cine-MR 
data. The translation found by the MOSSE tracker was applied to each frame as a 
transformation. Subsequently, the Elastix toolkit [5] was used to refine the obtained 
match by registration to the initial frame of the series, in a region of interest around 
the tracked point. Translations resulting from this registration were interpreted as 
an error of the MOSSE tracker. 
Results 
A point in the centre of the kidney was tracked in the artificial image series and the 
result was compared to the true translation. An average error of 0.23mm was 
obtained. Next, for all cine-MR datasets a point in the centre of the kidney is 
tracked. Processing time for one frame was 0.81ms on average, fast enough to 
provide real-time feedback in MR-guided radiotherapy. Translation of a contour 
around the kidney according to the obtained displacement enabled visual inspection 
of the trajectory found. No apparent errors were observed. Refinements obtained by 
ROI registrations resulted in an average error less than 0.8mm for all volunteers 
(figure II). All observed refinements were smaller than the size of one voxel. A 
typical trajectory obtained for an image series is shown in figure I. The spread in the trajectory remains small even over the 20 
recorded breathing cycles. 
Concluding remarks 
The proposed tracker is suitable to track a target in the abdomen with minimal processing time on simple hardware. While here only 
one point in the target is tracked, simultaneous tracking of more points may enable contour propagation and detection of deformations. 
The tracker will be used to investigate tracked radiation delivery in an integrated MRI-linac in the near future. 
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Figure I: one frame from cine-MR series with trajectory 
for a point in the kidney obtained by MOSSE tracker. The 

trajectory amplitude has been blown up five times to 
clearly show the spread. 

Figure II: error obtained from rigid registration 
refinement of MOSSE tracker result. 
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