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Introduction 
Water-fat separation is essential technique for 

accurate diagnosis in many area of MRI. Iterative 
decomposition of water and fat with echo 
asymmetry and least-squares estimation (IDEAL) 
had significantly improved water-fat separated 
images in recent years [1]. IDEAL needs more than 
two images acquired with variable echo-times, to 
decompose water and fat image with estimation of 
field inhomogeneity using pixel-by-pixel nonlinear 
least squares estimation. If a parallel imaging 
method [2], [3] is applied to water-fat separation in the 
spectral direction, imaging time can be reduced. 
However, conventional water-fat separation 
methods including IDEAL cannot use sensitivity 
difference of multichannel RF coil because water 
and fat images share the same FOV. In this paper, a 
new water-fat separation method is proposed by 
using the coil sensitivity map and by encoding 
difference of resonant frequency between water and 
fat. 
Method 
 The phase difference between water and fat depends on echo time. The proposed method acquires 
variable echo time signal along phase-encoding direction in order to encode the phase difference 
[Fig 1]. The phase difference is generated in the phase-encoding direction, which occurs aliasing of 
image. The aliasing gives the opportunity to utilize the sensitivity difference of multichannel coil. 
 The signal model of the proposed method in the phase-encoding direction with single-peak fat 
model can be established as follows, 
 S k 1√N e N · · C y · e  · 1e T · ρ yρ yN

 A y, k , ψB y, k , ψ T · ρ yρ yN
 

 
where k  is the phase-encoding coordinate of k-space, N is the number of phase-encoding lines, y is the image coordinate in the phase-encoding direction, C is sensitivity map, ψ is a field 
inhomogeneity map, t k  is the echo time of k  line, Δf is the fat offset frequency, ρ  is the 
image of water, and ρ  is the image of fat. This signal model is used to solve the minimization 

problem, min ζ , where S  is the acquired data and ζ is composed of unknown 

data of ρ , ρ , and ψ. In this experiment, the problem is solved using nonlinear least squares 
estimation. 
 An initial estimation of the field inhomogeneity map is set as ψ ψ . From signal model S k , water and fat images of ρ  and ρ  are calculated by least squares estimation. The signal 
model S k  can be approximated by Taylor expansion as follows, 
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In the above equation, the second and higher-order terms are neglected. With this approximated signal model, the update terms of ∆ρ and ∆ψ are calculated by least 

squares estimation. Then, the estimated field inhomogeneity map is updated. This calculation is repeated until a convergence criterion of ∆ψ ε is achieved. 
Experiments were conducted on a clinical 3.0 T scanner (Siemens Verio, Germany) and 12-channel head coil. 2D TSE sequence was implemented with the imaging 

parameters of 500  / 8.8  / 5.0  / 241H /  (TR/TE /∆z/BW ). Image size was 256 256 and voxel size was 0.8 0.8 5.0 mm . Single-
peak fat model was used with 3 different echo-time shifts ( 1.4 / 0.6 /0.2 ) which generates the phase differences between water and fat, ( 210°/ 90°/30°). 
Results and Discussion 
The experiment in Fig 3 shows (a) acquired image, (b) water image, (c) fat image, and (d) field inhomogeneity map from the proposed method. The results show that 
the proposed method can acquire water-fat separated images without field inhomogeneity artifacts. Comparing to IDEAL, the proposed method has acceptable 
performance in reduced imaging time. If some regularization such as total variation is applied, the results can be enhanced. The proposed method can be combined with 
geometrical parallel imaging also, and it has better performance compared to the performance of IDEAL accelerated by geometric parallel imaging with same 
accelerating factor. It will be studied in further work. 
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Fig 1. The pulse scheme of the proposed method. The sequence (left) and composition of a k-space 
(right). The number of echoes, K, should be greater than or equal to three for water-fat imaging. 

 
Fig 2. (a) Acquired data, (b) water image, (c) fat image, 
and (d) field inhomogeneity map from the proposed 
method. 
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