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Introduction Consistent scan plane prescription for Magnetic Resonance Imaging (MRI) is very important clinically for easy comparison of images 
across subjects and in serial evaluation of longitudinal exams. Typical workflow of scan plane set up requires careful manual positioning, and suffers 
from inter-operator variability. To date, some automated systems for brain imaging slice plane planning have been demonstrated. These methods 
generally use either multi-parametric probabilistic atlases or segmentation of certain anatomical landmarks in order to align and register images. 
Therefore they are limited either by the population being represented by the atlas, or by the complexity of identifying landmarks in scout images. We 
propose a rapid and novel scheme for registering brain images using an implicit symmetry axis determination. This algorithm is shown to be robust to 
asymmetry as well as to very large motion. We have incorporated this approach in a clinical MR system and demonstrated its usefulness in 
automatically obtaining consistent imaging planes across examinations irrespective of subject position.  
 
Methods 
Step 1: Data Acquistion: Whole-head 3D axial scout images were acquired using a fast spoiled gradient echo sequence (TR/TE 5.7/1.2 ms, Flip 11o, 
Matrix 112x112, FOV 28cm, slice thickness 3mm, 64 slices). 10 subjects were scanned on a GE Signa 1.5T system under an IRB approved study.  
Step 2a: 3D MSP Detection: Our registration method uses the fact that the brain anatomy is largely symmetric in the left-right direction about the 
mid-sagittal plane (MSP). In order to automatically compute the MSP from the scout volume in Step 1, we first register the dataset with its left-right 
flipped version with a 3D rigid transform. MSP is then obtained by transforming the scout with half of the transform and re-sampling the sagittal 
slice at the left-right center of the image cube. The registration algorithm is implemented using the Insight Toolkit [1] and it works by maximizing 
the mutual information between the scout volume and its flipped version [2,3]. In a 3D rigid transform, the rotation can be expressed as a quaternion 
Q = [x,y,z,w] where x2+y2+z2+w2 = 1. Under this representation, vector [x,y,z] is the axis around which the space is rotated, and cos-1(w) is the angle 
of rotation. The quaternion representing the half of this transform is then easily obtained by Q1/2 = [x/a, y/a, z/a, a/4] where a = sqrt(2(1+w)). 
Similarly, if the translation part of the transform is T = [tx,ty,tz], then the half of this is simply T1/2 = [tx/2, ty/2, tz/2].  
Step 2b: Relaxing the symmetry assumption: In order to make the algorithm more robust to brain asymmetry due to anatomy or pathology, and to 
be able to correctly handle large rotations, we add a pre-processing step to rapidly estimate the central hemispheric fissure by using 2D line-
projections of the axial images and detecting the minima. With this estimate, in Step 2a above, instead of flipping the data volume around the left-
right axis, we flip it around the central hemispheric fissure axis. 
Step 3: 2D Registration: Once we obtain the MSP, we register it to a template MSP image, which is a high-quality ground truth image of a carefully 
prescribed MSP slice. This registration uses a 2D rigid transform and a similar mutual information metric. The composition of this 2D transform and 
the 3D MSP transform from step 2 defines the patient orientation and position in a canonical co-ordinate system. This information is then 
automatically propagated to the scanner to acquire images at these new registered slice locations and orientations. Entire registration process takes 
approximately 24 seconds on our scanner platform (running Linux on AMD Opteron 250, 2.4 GHz).  
 
Results Fig. 1a-b below shows images obtained from 2 different exams on the same subject. The top row shows an axial image from the original 
scout volume. Rows 2-4 show one image from the automatically prescribed canonical axial, coronal and sagittal orientations. Excellent match 
between (a) and (b) can be seen. Fig. 2 shows images from 7 different subjects in each column. Row 1 shows an axial image from the scout volume. 
Rows 2-4 show one image from the automatic canonical axial, coronal, and sagittal orientations. Fig.3a shows a case with a very large rotation (~90o) 
and 3b shows a case with an asymmetric head. In both cases, the top row shows uncorrected axial, sagittal and coronal images, and the bottom row 
shows the correctly computed and imaged axial, sagittal and coronal slices.  
 
    
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Conclusion We have presented an algorithm for automatic registration of brain MR images which can be used in a system for automatic scan plane 
planning for repeatable data acquisition. The method does not rely on segmentation of anatomical landmarks and is robust to very large rotations and 
head asymmetry.  
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