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Summary

In this study, we proposed the new reconstruction techniques for magnetic resonance imaging (MRI)
using filtered back projection (FBP) or simultaneous reconstruction technique (SIRT). We converted the
k-space which was acquired by conventional phase-encoding schemes from Cartesian coordinates to polar
coordinates and created the projection. The linear interpolation and the sinc interpolation were used in the
conversion. The accuracy of the reconstructed image using projection was evaluated by the relative error in
comparison with the standard image which was reconstructed by the two-dimensional Fourier transform
(2DFT) with conventional Cartesian k-space. The relative error reconstructed both FBP and SIRT from
projection with sinc interpolation is 0.013. The maximum value of standard image is 1.501451, FBP is 1.47921,
and SIRT with iteration 100 is 1.44858 and with iteration 200 is 1.579442. The minimum value of both the
standard image and the others is about 0. Visually, there is no margin between the standard image and the

reconstructed image from projection with FBP or SIRT.

Key words: magnetic resonance imaging (MRI), simultaneous reconstruction technique (SIRT). iterative

reconstruction, polar-coordinates conversion, projection

*Proceeding author

Vol. 68 No. 4 Apr 2012



414

Real space

v

Frequency space

G(p,0)
p

~.7

o

Projection

FIhFTHESN TORVHBINE T ETH 5.
AT ALK 858 P G 0 L P 1 ]
EIEE L, BEiE G e,
ARl O @R T4
A RS LFHMEETEH L Tnah, FIT, [F3F MRI
WEMEHERICCO LI ZEH TRl AAL I ESHEL,
AR T EOH e L THACHEIERO k 2B/ 7~
5 e PR R ASE R R 2 5 L IR &
TS 7M13T BORA 2 MI k 2B/ T — ¥ % E 2 RERR
-1’~75='oﬁ_ﬁ7 EARIIE T BRI A U AR T
BICH®HLIETHY, MHIZ, MRIZEETIEL
77 AT =8 ' ORI E o 7%[5"5]0’)2?@@
ORI CRIEEAR LT, FET—5 2172 K
2, ThoET— ?%Hmjkﬁmuwﬁm—o
& 5 AR T simultaneous reconstruction technique
(SIRT #£)* N2 X o> THfGFFEIK L, kL7 - %
P X 2 PERE R I (R A A e W {5 & | T E AR
ML HTEMmL 7.

B
1R RERLF: Td 5 FBP ik
Wl oFEITLE, 7%
U AMEAILHT2% 7 0] X Af

1. 5 &
1-1 HBREVNEEEICL DETEOMER

Fig. 1 lIREUIMTIE M X =T, Flif§ fx, v)
DRI T — ) LA Fu, v) 5 0 IO (s, 0)
D—KRTL 7 — ") TR Glp, 0) ZFT 5 Z LD THET
Hb,

i E AR R 4 % FI 7o B AR O W R % Fig. 2 12
T

I R S AL T — & T A e A T
M T — by 2 HMICE-TC, dEDT—FEIE
MICHILTEL I EDMLN TS, & 7 Tl i

u

Fig. | A graphical illustration of the projec-

tion slice theorem.

The one-dimensional Fourier trans-
form (1DFT) of projection g(s, 6)
from the image f(x. y) is equal to the
profile of two-dimensional Fourier
transform (2DFT) G(p. @) with the
projection angle 6.
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Schematic diagram of proposed
reconstruction method using the
converted k-space data from
Cartesian coordinates to polar
coordinates.

We converted the k-space from
Cartesian coordinates to polar
coordinates in the frequency space
and created the projection with
one-dimensional inverse Fourier
transform (1DIFT). The real and
the imaginary image were recon-
structed and the magnitude image
was calculated with the square
root of sum of squares from each
data.
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Fig. 3 Reconstructed images with 2DFT
method,
(a) real image
(b) imaginary image
(c) magnitude image
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Fig. 4 Reconstructed images with FBP
and SIRT methods from obtained
projection in the paolar coordinate
using linier interpolation.

(a) real image with FBP

(b) imaginary image with FBP
(¢) magnitude image with FBP
(d) real image with SIRT of itera-
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1.739806 (e) imaginary image with SIRT

of iteration 100

(f) magnitude image with SIRT
of iteration 100

(g) rcal image with SIRT of itera-
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(h) imaginary image with SIRT
of iteration 200

(i) magnitude image with SIRT
of iteration 200
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Fig.5 Reconstructed images with FBP

and SIRT method from obtained

projection in the polar coordinate

using sinc interpolation,

(a) real image with FBP

(h) imaginary image with FBP

(c) magnitude image with FBP
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Table 1  Relative error of reconstructed image with linier interpolation
Real Imaginary Magnitude
FBP 0.056892 0.032270 0.063585
SIRT 100 0.076646 0.047413 0.090415
SIRT 200 0.090664 0.052563 0.105555

Relative error of reconstructed images with FBP and SIRT meth-
od from obtained projection using linier interpolation.

Table 2 Relative error of reconstructed image with sinc interpolation
Real Imaginary Magnitude
FBP 0.014993 0.009215 0.013717
SIRT 100 0.014119 0.008754 0.013392
SIRT 200 0.014387 0.009690 0.014054

Relative error of reconstructed images with FBP and SIRT meth-
ods from obtained projection using sinc interpolation.
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Fig. 6 Power spectrum of reconstructed image both 2DFT and linier interpolation. alob c
Power spectrum of reconstructed image with 2DFT method, and those of reconstructed images with FBP
and SIRT methods from obtained projection using linier interpolation.
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Fig. 8 Comparison images of theoretical projection and estimated projection using sinc interpolation.

(a) rectangular image (128x128 matrix)

(b) IDFT of projection lor rectangular image calculated using sinc interpolation (128x128 matrix)
(c) projection of rectangular image calculated by Eq. (6) (128x128 matrix)

(d) subtracted projection between theoretical and estimated projection (128x128 matrix)

(e) rectangular image (256x256 matrix)

(f) 1DFT of projection for rectangular image calculated using sinc interpolation (256x256 matrix)
(g) projection for rectangular image calculated by Eq. (6) (256x256 matrix)

(h) subtracted projection between theoretical and estimated projection (256x256 matrix)

(i) rectangular image (512x512 matrix)

(j) 1DFT of projection for rectangular image calculated using sinc interpolation (512x512 matrix)
(k) projection for rectangular image calculated by Eq. (6) (512x512 matrix)

(1) subtracted projection between theoretical and estimated projection (512x512 matrix)
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Table 3~ Comparison of theoretical projection and estimated projection using sinc interpolation

Maltrix size T_max E_max T_min E_min Sub_max Sub_min Ratio

128x128 4096 4096 -869.1982 —867.6268 41.39039 -38.02654 0.010105
256x256 16384 16384 -3476.793 —3475.222 82.12896 —78.72855 0.005013
512x512 65536 65536 —13907.17 —13905.6 163.6138 —160.1943 0.002497

T_max (T_min): theoretical maximum value (minimum value) of projection for rectangular image calculated by Eq. (6),
E_max (E_min): maximum value (minimum value) of IDFT of projection for rectangular image calculated using sinc
interpolation, Sub_max (Sub_min): maximum value (minimum value) of subtracted projection between theoretical and
estimated projection, Ratio: ratio of maximum difference between subtracted projection and F (0, 0) in Eq. (5).
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