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Notion of Analytic Image

Josiane YANKAM NJIWA, Bassem HIBA and Yuemin ZHU.

Abstract—In the concern of speeding the acquisition time ah  image concept with the knowledge of the high frewpies.
to increase the spatial resolution of magnetic resance (MR) This approach provides an increase in imaging spéek
images, several methods have already been proposédat being easy to implement and use.
acquire partial k-space data and use this known information
about the imaged object to deal the problem. This wark II. METHOD
presents a new approach of reconstructing cardiaciree images )
by using k-space redundancies. The proposed method is based In Homodyne detection (HM) method [5], tkepace data
on the use of the analytic image concept. It is elmted by is divided in two parts: the low and the high fregadies data.

experiments on real human heart images and comparedith  The high known frequencies data are doubled to enisgte
the Homodyne detection (HM) and the Projection ontaconvex  for the lack of high negatives spatial frequenaiega. A
set (POCS) reconstruction techniques. ramp function can be used to smooth the transiticthe k-
space. Once the data are smoothed, its inverseieFour
transform is phase-corrected and the desired insatpe real
. INTRODUCTION part of this phase corrected image.
ne of the main problems in magnetic resonance imgagi The projection onto convex sets (POCS) method][6-7
(MRYI) is to shorten the data acquisition time acmas solves the phase compensation problem by itergtivel
possible while maintaining a good reconstructiogenerate the missing data. The phase and the data
quality. In this aim, several methods have beep@sed to consistency constraints are considered as two Gosgts.
improve the efficiency of the data acquisition bgucing the One of these sets contains all the images satisfife
amount of acquired data by a given factor refetoeds the predetermined phase constraint, while the otheceetains
reduction factar To reduce the acquisition time in cardiacall the images consistent with the measksgace data. The
imaging, fewer methods are available [1]. We aré¢ n®riginal data are first inverse Fourier transformedthe
unaware of the existence of parallel imaging fadze cine image domain, where the complex values of the inage
imaging [2-4] where image reconstruction is madel@ing projected onto a line that is at an angle equahéphase
both temporal correlations and correlationskispace data. estimate. The new image is then Fourier transforbaedk to
Partial k-space techniques allow the decrease of tHbe spatial frequency domain where it is used ptace the
acquisition time and can allow overcoming motionlgems unknown data. The process is repeated until regdhim last
in some applications. A fraction &fspace is collected only iteration and the desired image is the magnitudin@final
at each time frame for an image sequence and thsingi obtained spatial image.
data are then recovered based on the meadusgdce
points from the same time frame. The data recoveRroposed method:
technique is based on the principle that each poikispace
contains some information about other points. This Although the method presented here uses redundaincie
correlation can be used to recover the missingrimigion. k-space to solve the problem of missing data, thénma
The image at each time frame is reconstructed imtbgntly difference between the proposed method and theefsris
from the images at other time frames. In the priesenk, a based on the fact that, the phase estimation stejséless.
new approach is proposed that exploits redundaricigse The use of analytic image concept for static MR$ baen
k-space to perform partiétspace reconstruction for cardiacpresented in our former works [8]. For brevity, wil just
cine imaging. The conventional asymmetric schemdatf introduce some basic equations.
acquisition is used to exploit the benefits of tmealytic Neglecting noise, a fuk-spacecan be expressed as the
superposition of its negative and positive spatial
Manuscript received April 2, 2007. Cardiac Cine lRBconstruction From freque_nCIeg_](u‘v)_ andsp(u,v) , resp_ectlvely In the_ phase-
Partialk-Space Using the Notion of Analytic Image. encoding direction. Let us define the analytic iemg
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i = f(1,Y)
- J p
zp(x,y)_ fp(x,y)+7T p.v.J._m v dar.

The second analytic image, (x,y) can be defined in the
same way. Finally the analytic imag#x,y) associated to
the full k-spaceis given by the expression:

i f@y)
2 )= 00+ 0+ Loy 2 o
- 2
j mfn(r'y)
R Il

The asymmetric acquisition schema used
reconstructing images is composed of all the paskitispace
frequencies together with a few negative frequenaiethe
phase-encoding direction, as depicted in Fig. M#&. split
the k-space into two parts: the positive and negatigpace
data, as shown in Figs. 1(b) and 1(c), respectivihe two
parts are then considered as the spectral repatiesst of
two analytic images.

In this condition, the analytic resultant imageegi in (2)
can be further written as

2x9) = 100 + o0+ Lpov [ 1P g

/s o X—T
[ip-v.fmmdrj D[%J(x)+ 1 ] 3)
T S X7 j2rmx

The final reconstructed image, which is the desineaige
f, is obtained by taking the magnitude z§k, y) in (3).

lll. RESULTS

The proposed reconstruction method was evaluated
several cardiac cink-space data sets. Thespace cine data
are raw complex data acquired on a clinical 1.5Bletbody

wherel (X,y) is the full k-space reconstructed image and
I.(X,y) the partialk-space image reconstructed with the

proposed method or HM or still POCS method &hednd N
are the size of the images.
The blood signal to noise ratio SNR), denoted as

NR . IS calculated as

NRyoi = T gioas / Dgiona

where 8, ., and sp___ are respectively the mean value

and standardeviation of the signal intensity measured in the

fdelood pool

The myocardium SNRfﬁ\'RMmd.um) is computed as

s\IRMyocardlum = S Myocardlum/SDMyocardlum

whereg and op are respectively the mean

Myocardium
value and standard deviation of the signal intgrmeiasured
in theleft ventricular myocardium

Fig. 1 illustrates the results of reconstructitprs axis
cardiac cine images. Fig.1 (a) to Fig.1 (d) shoe fitames
from the diastolic phase whereas Fig.1 (h) to Fig)lthe
frames from the systolic phase. Fig.1 (e) to Figg)l and
Fig.1 () to Fig.1 (n) are the corresponding diffiece images
between the fulk-space reconstructed image and the partial
k-space reconstructed images. All the time frames ar
zoomed to the heart. It is seen that the qualitthefimages
reconstructed using the proposed and the POCS dwiko
closer to that of the reference image. In contrahy the
HM technique, the reconstructed image loses theamim
range in comparison with that of the reference maand
gresents larger errors as shown in TABLE 1.

The reconstruction results on long axis cardiage ci
images of human heart are shown in Fig. 2, in wikiigh 2

Myocardium

Siemens Sonata system (Erlangen, Germany). A sdgchen(®) 0 Fig.2 (d) show the frames from the diastqlliase
TRUE FISP sequence was used to acquire ECG-gatéfiereas Fig.2 (h) to Fig.2 (k) the frames from slystolic

cardiac cine images in short and long axe oriegnatdf the
heart. For a cardiac cine sequence of 256x176 i
frames per cardiac cycle, and 11 phase encodims ler
segment, 16 cardiac cycles were necessary to achidull
k-space against 10 cardiac cycles for a 5/8 okifgace.

phase. Fig.2 (e) to Fig.2 (g) and Fig.2 (l) to Ei¢n) are the
corresponding difference images. The reconstrucémor
increases with motion during the systolic phaseweéier,
the proposed and the POCS reconstruction methodiuoe
giving similar results with the lowest error valudgain, the

The reconstructed images were compared to the trfM reconstructed images suffer from loss of dynaamicl
images reconstructed with the filispace data using both SOmMe edge effects. The HM reconstruction methodsgilie
qualitative (difference images) and quantitativer(nalized Worst results both qualitatively and quantitativelyhe
mean square error, and signal to noise ratio @jter NMSE values are shown in TABLE II.
evaluation. The proposed method was also compaittd w TABLE Il shows mean +SD values forSNR,,,

HM and POCS techniques using the sdaspace sampling s\R, ... 1het-tests show that the proposed reconstruction

pattern. technique resulted in large8\NR, . and values
The normalized mean square error (NMSE) used for g g Blood TR

guantitative evaluation is defined by than the POCS and the HM techniques. The valueseat
by the proposed method are close to those obtdigetthe
full k-space reconstruction, followed by the POCS
reconstruction. TABLE Il also shows that the prepd and
POCS methods allow a reconstruction quality whichlose

to the full k-space reconstruction one according to Ehe

(1% y) = Te(x y))*
l (X! y)l R(X! y)

1
NMSE =



values whereas the HM method gives results whielsent
significant differences with the fulkspace results.

TABLE |
IV.- CONCLUSION NMSE ERROR VALUES FOR THE RESULTS IRIG.1

The present work proposed a reconstruction mefhod

cardiac cine images using the notion of analytiage The Diastole Systole

method presents the particularity of being extrgns@inple HM 0.6255 0.8932
% thod ts th ticularity of b t I
— to implement, rather robust and not requiring phase
Q ; . . POCS 0.0321 0.0412
c correction. The comparison with the HM and the POCS
3 methods s.hows that the proposed method y_ields rbette our 0.0317 0.0394
3 reconstruction results than the HM technique both method
o qualitatively (visually) and quantitatively (NMSESNR
S criteria). The results obtained with the POCS metlaoe
@ close to those obtain with the proposed method. The
= proposed method allows achieving a factor of adiipis TABLE Il
_ time reduction of about 2. NMSE ERROR VALUES FOR THE RESULTS IFIG.2
=3
% Diastole Systole
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Full k-space

Fig.1. Reconstruction results on human heart. Hastale (a) Reference image reconstructed fronfute-space. (b)-(d) Images
reconstructed from parti&dspace using respectively HM, POCS and the proposettiods. (e)-(g) Difference images between the
reference image and images reconstructed using®MMGS and the proposed method, respectively. Endleyh) Reference image
reconstructed from the fulkspace. (i)-(k) Images reconstructed from pakigpace using respectively HM, POCS and the proposed
methods. (I)-(n) Difference images between theresfee image and images reconstructed using HM, P&iSthe proposed
method, respectively.

Fullk-space HM POCS Proposed

o (m) (n)

Fig.2. .Long axis cardiac cine Reconstruction tssoih human heart. End diastole (a) Reference imemmstructed from the
full k-space. (b) - (d) Images reconstructed from paktEdace using respectively HM, POCS and the proposstiods. (e)-
(g) Difference images between the reference imagkimages reconstructed using HM, POCS and theopssp method,
respectively. End systole (h) Reference image r&cacted from the fulk-space. (i)-(k) Images reconstructed from pakial
space using respectively HM, POCS and the proposettiods. (I)-(n) Difference images between theresfee image and

imanac rernnatriicted 1icinn HM PNOCK and tha nradmmedhnd  recnective



