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Abstract—In the concern of speeding the acquisition time and
to increase the spatial resolution of magnetic resonance (MR)
images, several methods have already been proposed that
acquire partial k-space data and use this known information
about the imaged object to deal the problem. This work
presents a new approach of reconstructing cardiac cine images
by using k-space redundancies. The proposed method is based
on the use of the analytic image concept. It is evaluated by
experiments on real human heart images and compared with
the Homodyne detection (HM) and the Projection onto convex
set (POCS) reconstruction techniques.

I.

INTRODUCTION

O

ne of the main problems in magnetic resonance imaging
(MRI) is to shorten the data acquisition time as much as
possible while maintaining a good reconstruction
quality. In this aim, several methods have been proposed to
improve the efficiency of the data acquisition by reducing the
amount of acquired data by a given factor referred to as the
reduction factor. To reduce the acquisition time in cardiac
imaging, fewer methods are available [1]. We are not
unaware of the existence of parallel imaging for cardiac cine
imaging [2-4] where image reconstruction is made exploiting
both temporal correlations and correlations in k-space data.
Partial k-space techniques allow the decrease of the
acquisition time and can allow overcoming motion problems
in some applications. A fraction of k-space is collected only
at each time frame for an image sequence and the missing
data are then recovered based on the measured k-space
points from the same time frame. The data recovery
technique is based on the principle that each point in k-space
contains some information about other points. This
correlation can be used to recover the missing information.
The image at each time frame is reconstructed independently
from the images at other time frames. In the present work, a
new approach is proposed that exploits redundancies in the
k-space to perform partial k-space reconstruction for cardiac
cine imaging. The conventional asymmetric schema of data
acquisition is used to exploit the benefits of the analytic
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image concept with the knowledge of the high frequencies.
This approach provides an increase in imaging speed while
being easy to implement and use.
II. METHOD
In Homodyne detection (HM) method [5], the k-space data
is divided in two parts: the low and the high frequencies data.
The high known frequencies data are doubled to compensate
for the lack of high negatives spatial frequencies data. A
ramp function can be used to smooth the transition in the kspace. Once the data are smoothed, its inverse Fourier
transform is phase-corrected and the desired image is the real
part of this phase corrected image.
The projection onto convex sets (POCS) method [6-7]
solves the phase compensation problem by iteratively
generate the missing data. The phase and the data
consistency constraints are considered as two convex sets.
One of these sets contains all the images satisfying the
predetermined phase constraint, while the other set contains
all the images consistent with the measured k-space data. The
original data are first inverse Fourier transformed to the
image domain, where the complex values of the image are
projected onto a line that is at an angle equal to the phase
estimate. The new image is then Fourier transformed back to
the spatial frequency domain where it is used to replace the
unknown data. The process is repeated until reaching the last
iteration and the desired image is the magnitude of the final
obtained spatial image.
Proposed method:
Although the method presented here uses redundancies in
k-space to solve the problem of missing data, the main
difference between the proposed method and the formers is
based on the fact that, the phase estimation step is useless.
The use of analytic image concept for static MRI has been
presented in our former works [8]. For brevity, we will just
introduce some basic equations.
Neglecting noise, a full k-space can be expressed as the
superposition of its negative and positive spatial
frequencies Sn(u , v) and Sp(u , v) , respectively in the phaseencoding direction. Let us define the analytic images
z p ( x, y ) and zn ( x, y ) associated to the positive and the
negative half k-space, respectively.

z p ( x, y )

following expression:
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has the

z p ( x, y ) = f p ( x , y ) +

j

π

p.v.

∫

+∞

f p (τ , y )
x −τ

−∞

dτ .

(1)

The second analytic image zn ( x, y ) can be defined in the
same way. Finally the analytic image z ( x , y ) associated to
the full k-space is given by the expression:
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z( x, y) = f p ( x, y) + fn ( x, y) +
+

∫
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(2)
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x −τ
−∞
The asymmetric acquisition schema used for
reconstructing images is composed of all the positive k-space
frequencies together with a few negative frequencies in the
phase-encoding direction, as depicted in Fig. 1(a). We split
the k-space into two parts: the positive and negative k-space
data, as shown in Figs. 1(b) and 1(c), respectively. The two
parts are then considered as the spectral representations of
two analytic images.
In this condition, the analytic resultant image given in (2)
can be further written as

 j
 p.v.
π

∫

+∞

−∞

j

π

+∞

f p (τ , y )

−∞

x −τ

∫

p.v.

f n (τ , y )   1
1 

dτ  ⊗  2 δ ( x ) +
x −τ
j
2
πx 
 

dτ +

(3)

The final reconstructed image, which is the desired image
f , is obtained by taking the magnitude of z ( x , y ) in (3).

III. RESULTS
The proposed reconstruction method was evaluated on
several cardiac cine k-space data sets. The k-space cine data
are raw complex data acquired on a clinical 1.5T whole body
Siemens Sonata system (Erlangen, Germany). A segmented
TRUE FISP sequence was used to acquire ECG-gated
cardiac cine images in short and long axe orientations of the
heart. For a cardiac cine sequence of 256×176 pixels, 22
frames per cardiac cycle, and 11 phase encoding lines per
segment, 16 cardiac cycles were necessary to achieve a full
k-space against 10 cardiac cycles for a 5/8 of the k-space.
The reconstructed images were compared to the true
images reconstructed with the full k-space data using both
qualitative (difference images) and quantitative (normalized
mean square error, and signal to noise ratio criteria)
evaluation. The proposed method was also compared with
HM and POCS techniques using the same k-space sampling
pattern.
The normalized mean square error (NMSE) used for
quantitative evaluation is defined by

NMSE =

1
NM

∑∑

( I ( x , y ) − I R ( x , y )) 2
I ( x , y ). I R ( x , y )

I R ( x, y) the partial k-space image reconstructed with the
proposed method or HM or still POCS method and M and N
are the size of the images.
The blood signal to noise ratio (SNR), denoted as
SNR Blood , is calculated as
SNRBlood = SI Blood / SDBlood

dτ

dτ

z ( x, y ) = f p ( x, y ) + f n ( x, y ) +

where I ( x, y ) is the full k-space reconstructed image and

where SI Blood and SD Blood are respectively the mean value
and standard deviation of the signal intensity measured in the
blood pool.
The myocardium SNR ( SNRMyocardium ) is computed as
SNRMyocardium = SI Myocardium / SDMyocardium

where SI Myocardium and SD Myocardium are respectively the mean
value and standard deviation of the signal intensity measured
in the left ventricular myocardium.
Fig. 1 illustrates the results of reconstructing short axis
cardiac cine images. Fig.1 (a) to Fig.1 (d) show the frames
from the diastolic phase whereas Fig.1 (h) to Fig.1 (k) the
frames from the systolic phase. Fig.1 (e) to Fig.1 (g) and
Fig.1 (l) to Fig.1 (n) are the corresponding difference images
between the full k-space reconstructed image and the partial
k-space reconstructed images. All the time frames are
zoomed to the heart. It is seen that the quality of the images
reconstructed using the proposed and the POCS methods is
closer to that of the reference image. In contrast, with the
HM technique, the reconstructed image loses the dynamic
range in comparison with that of the reference image, and
presents larger errors as shown in TABLE I.
The reconstruction results on long axis cardiac cine
images of human heart are shown in Fig. 2, in which Fig. 2
(a) to Fig.2 (d) show the frames from the diastolic phase
whereas Fig.2 (h) to Fig.2 (k) the frames from the systolic
phase. Fig.2 (e) to Fig.2 (g) and Fig.2 (l) to Fig.2 (n) are the
corresponding difference images. The reconstruction error
increases with motion during the systolic phase. However,
the proposed and the POCS reconstruction methods continue
giving similar results with the lowest error values. Again, the
HM reconstructed images suffer from loss of dynamic and
some edge effects. The HM reconstruction method gives the
worst results both qualitatively and quantitatively. The
NMSE values are shown in TABLE II.
TABLE III shows mean ± SD values for SNR Blood ,
SNRMyocardium. The t-tests show that the proposed reconstruction
technique resulted in larger SNR Blood and SNRMyocardium values
than the POCS and the HM techniques. The values obtained
by the proposed method are close to those obtained by the
full k-space reconstruction, followed by the POCS
reconstruction. TABLE III also shows that the proposed and
POCS methods allow a reconstruction quality which is close
to the full k-space reconstruction one according to the P

values whereas the HM method gives results which present
significant differences with the full k-space results.
TABLE I
NMSE ERROR VALUES FOR THE RESULTS IN FIG.1

IV. CONCLUSION
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The present work proposed a reconstruction method for
cardiac cine images using the notion of analytic image. The
method presents the particularity of being extremely simple
to implement, rather robust and not requiring phase
correction. The comparison with the HM and the POCS
methods shows that the proposed method yields better
reconstruction results than the HM technique both
qualitatively (visually) and quantitatively (NMSE, SNR
criteria). The results obtained with the POCS method are
close to those obtain with the proposed method. The
proposed method allows achieving a factor of acquisition
time reduction of about 2.

Diastole

Systole

HM

0.6255

0.8932

POCS

0.0321

0.0412

Our
method

0.0317

0.0394

TABLE II
NMSE ERROR VALUES FOR THE RESULTS IN FIG.2
Diastole

Systole

HM

0.6631

0.8409

POCS

0.0182

0.0509

Our
method

0.0184

0.0488
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MEAN

TABLE III

±

STANDARD DEVIATION VALUES OF SNR MEASURED IN THE
FULL K-SPACE, HM, POCS AND THE PROPOSED RECONSTRUCTED
IMAGES, RESPECTIVELY. IN THE BRACKETS ARE INSCRIBED THE P
VALUES WHICH REPRESENT THE VALUES OF THE T-TEST BETWEEN
THE FULL K-SPACE AND THE PARTIAL K-SPACE RECONSTRUCTED
IMAGES.

SNRBlood
Full
kspace

HM

POCS

Our
method

SNRMyocardium

11.19 ± 5

2.77 ± 0.8

9 .9 ± 1 .9

2.11 ± 0.5

(0.0275)

(0.0236)

12 .9 ± 3.6
( 0.0826 )

2.62 ± 0.7
(0.1378)

13 ± 4.12
( 0 .0731)

2.65 ± 0.67
(0.1786)

Full k-space

HM

(a)
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(h)

POCS

Proposed

(b)

(c)

(d)

(e)

(f)

(g)

(i)

(j)

(k)

(l)

(m)

(n)

Fig.1. Reconstruction results on human heart. End diastole (a) Reference image reconstructed from the full k-space. (b)-(d) Images
reconstructed from partial k-space using respectively HM, POCS and the proposed methods. (e)-(g) Difference images between the
reference image and images reconstructed using HM, POCS and the proposed method, respectively. End systole (h) Reference image
reconstructed from the full k-space. (i)-(k) Images reconstructed from partial k-space using respectively HM, POCS and the proposed
methods. (l)-(n) Difference images between the reference image and images reconstructed using HM, POCS and the proposed
method, respectively.

Full k-space

(a)

(h)

HM

POCS

Proposed

(b)

(c)

(e)

(f)

(i)

(j)

(k)

(m)

(n)

(l)

(d)

(g)

Fig.2. .Long axis cardiac cine Reconstruction results on human heart. End diastole (a) Reference image reconstructed from the
full k-space. (b) - (d) Images reconstructed from partial k-space using respectively HM, POCS and the proposed methods. (e)(g) Difference images between the reference image and images reconstructed using HM, POCS and the proposed method,
respectively. End systole (h) Reference image reconstructed from the full k-space. (i)-(k) Images reconstructed from partial kspace using respectively HM, POCS and the proposed methods. (l)-(n) Difference images between the reference image and
images reconstructed using HM, POCS and the proposed method, respectively.

