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The Diffusion Weighted Imaging (DWI) reconstruction of tomograms with different time se-
quence parameters were considered. For the respective time parameters the sensitivity to diffusion
weighting is found. Full reconstructed tomograms and fragments weighted with sensitivity param-
eters have been obtained. The reconstructed tomograms were weighted to sensitivity parameters
filtered with the Gaussian matrix. The optimal sensitivity parameters for the DWI reconstruction
have been proposed.
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INTRODUCTION

Today the Magnetic Resonance Imaging (MRI) is the
most popular and effective instrument of human body in-
vestigation without invasive treatment [1]. The applied
tasks of MRI for the visualization of spatial distribution
of spin characteristics of biological objects have been in-
vestigated. The task solving problem is a result of the
implementation of the magnetic-resonance techniques of
a new generation. It gives an opportunity of receiving
more informative diagnostic data which is required by
the physical task solving of experimental conditions in-
fluence to free induction decay (FID). MRI has a wide
range of applications in the medical diagnosis [2, 3]. For
obtaining an image in MRI, the signal is detected in the
receiving system with parameters of signal sequence in
the following form

S(tx, ty) =
∑

x,y

ρ(x, y)eiγi(B1tx+B2ty) exp(−t/T2), (1)

where S(tx, ty) is the detected signal, ρ(x, y) is a pro-
ton density, B1 and B2 are magnetic fields and may be
expressed consequently as B1 = B0 + xGx and B2 =
B0 + yGy; exp(−t/T2) is the relaxation term determin-
ing the fading of a magnetization projection. Then for
obtaining a tomogram ρ(x, y) should be reconstructed;
it is usually done with the help of the Fourier transfor-
mation [4]. The Diffusion MRI is a magnetic resonance
imaging method that produces in vivo images of bio-
logical tissues weighted with the local microstructural
characteristics of water diffusion [5]. In diffusion weight-
ed imaging (DWI), each image voxel (three dimensional
pixel) has an image intensity that reflects a single best
measurement of the rate of water diffusion at that lo-
cation [6]. This measurement is more sensitive to early
changes after a stroke than more traditional MRI mea-
surements such as T1 or T2 relaxation rates [7,8]. DWI is
most applicable when the tissue of interest is dominated

by isotropic water movement, e.g. [9, 10] grey matter in
the cerebral cortex and major brain nuclei where the dif-
fusion rate appears to be the same when measured along
any axis [11]. By rearranging the formula for the signal
loss due to the amount of diffusion to isolate the diffusion
coefficient, it is possible to get an idea of the properties
of diffusion occurring within a particular voxel (volume
picture element) [12, 13].

S(TE)/S0 = e−bD, (2)

where S 0 is the signal intensity without diffusion weight-
ing, S(TE) is the signal with the gradient, b is the recon-
struction parameter, D is the diffusion coefficient. But it
is possible to get a more accurate expression when tak-
ing the reconstruction parameter b in the full form, where
b = −γ2G2δ2(∆ − δ/3),

S(TE)

S0
= e−γ2G2δ2(∆−δ/3)D. (3)

Here, S0 is the signal intensity without the diffusion
weighting, S(TE) is the signal with the gradient, γ is
the gyromagnetic ratio, G is the strength of the gradi-
ent pulse, δ is the duration of the pulse, ∆ is the time
between the two pulses, and finally, D is the diffusion
coefficient.

I. THE SENSITIVITY OF RECONSTRUCTION
TO WATER DIFFUSION WEIGHTING

The sensitivity of reconstruction to water diffusion
weighting can be presented as follows

S̃ =
S(TE)

S0
. (4)

Where S̃ is a sensitivity of reconstruction to water diffu-
sion weighting, S0 is the signal intensity without the dif-
fusion weighting, S(TE) is the signal with the gradient.
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The maximum sensitivity to water diffusion weighting is
when ∂S̃/∂D = 0

∂S̃

∂D
= −γ2G2δ2

(

∆ −

δ

3

)

, (5)

exp

[

−γ2G2δ2

(

∆ −

δ

3

)]

= 0. (6)

According to (5) and (6) the maximum meaning S̃ of
sensitivity is when ∆ →

δ
3 , or

[

γ2G2δ2
(

∆ −
δ
3

)

D
]

→ ∞

∂S̃

∂δ
= exp

(

− γ2G2δ2

(

∆ −

δ

3

)

D

)[

− 2γ2G2δ

(

∆ −

δ

3

)

D +
1

3
γ2G2δ2D

]

= 0, (7)

−2γ2G2δ

(

∆ −

δ

3

)

D +
1

3
γ2G2δ2D = 0 − 2

(

∆ −

δ

3

)

+
1

3
δ = 0, (8)

−2∆ +
2δ

3
+

δ

3
= 0, (9)

2∆ = δ. (10)

The ∆ is marked as a function of δ, ∆ = f(δ). Thus, the sensitivity can be presented in the following way

S̃ =
S(TE)

S0
= exp

(

−γ2G2δ2

(

f(δ) −
δ

3

)

D

)

, (11)

Where ∆ = f(δ) = a0 +a1δ +a2δ
2 is a function with the parameters a0, a1, a2. The derivative should be presented

as follows

∂S̃

∂δ
= exp

(

−γ2G2δ2

[

f(δ) −
δ

3

]

D

) (

−γ2G2D
∂F (δ)

∂δ

)

, (12)

∂F (δ)

∂δ
=

∂

∂δ

{

δ2

(

f(δ) −
δ

3

)}

= 2δ

(

f(δ) −
δ

3

)

+ δ2

(

∂f

∂δ
−

1

3

)

= 0,

2δ

(

a0 + a1δ + a2δ
2
−

δ

3

)

+ δ2

(

a1 + 2a2δ −
1

3

)

= 0,

δ3(2a2 + 2a2) + δ2

(

2

(

a1 −
1

3

)

+ a1 −
1

3

)

+ δ(2a0) = 0,

4δ2a2 + 2δa1 + 2a0 = 0,

2δ2a2 + δa1 + a0 = 0.

The tables with possible time parameters and reconstruc-
tion sensitivity according to (11) for different values of δ
and ∆ which fit (13) are shown below.

δ = 10 ms

a0 a1 a2 ∆, ms S̃

0 −1 50 10 0.9935

−0.02 0 100 20 0.9834

1 −100 0 30 0.9737

−1 100 0 50 0.9544

Table 1. Time parameters of reconstruction sensitivity for
δ = 10 ms.

δ = 20 ms

a0 a1 a2 ∆ S̃

0 −4 100 20 0.9868

−0.08 0 100 40 0.9737

2 −100 0 60 0.9608

−2 100 0 80 0.9544

Table 2. Time parameters of reconstruction sensitivity for
δ = 20 ms.

δ = 40 ms

a0 a1 a2 ∆ S̃

0 −8 100 40 0.9640

−0, 16 0 100 80 0.9355

4 −100 0 120 0.9506

−4 100 0 160 0.8991

Table 3. Time parameters of reconstruction sensitivity for
δ = 40 ms.
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For image filtration the Gaussian kernel is used. It is
defined in the following way

G2D = (x, y, σ) =
1

2πσ2
e−(x2+y2)/2σ2

,

where σ determines the width of the Gaussian kernel. It
is called standard deviation when we consider the Gaus-
sian probability density function and σ2 is the variance.
The term 1/2πσ2 in front of the one-dimensional Gaus-
sian kernel is the normalization constant. With the nor-
malization constant this Gaussian kernel is a normalized
kernel, i. e. its integral over the full domain is unity for
every σ. This means that increasing the σ of the ker-
nel reduces the amplitude substantially. The images of
reconstructed tomograms with water diffusion weighted
with S̃ sensitivity and filtered with the Gaussian kernel
for different time parameters are shown below in Figs. 1–
3.

Fig. 1. The reconstructed tomogram with water diffusion.

Fig. 2. The reconstructed tomogram weighted with 0.9544
sensitivity.

Fig. 3. The reconstructed tomogram weighted with sensi-
tivity 0.9544 and filtered with the Gaussian kernel.

For more details the reconstructions of tomograms
were obtained for a fragment of gradient line. The re-
constructed tomograms are shown in Fig. 4.

Fig. 4. The reconstructed fragments of tomogram: a —
with water diffusion; b — weighted with sensitivity 0.9544;
c — weighted with sensitivity 0.9544 and filtered with the
Gaussian kernel.

CONCLUSION

The method of reconciliation of time sequence param-
eters δ and ∆ was proposed for more sensitive DWI. The
obtained reconstructed tomograms weighted with sensi-
tivity and filtered with the Gaussian matrix show that
for obtaining more accurate and informative tomograms
the MR sequence time parameters with the sensitivity
exceeding 0.95 should be used.
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ВПЛИВ ЧАСОВИХ ПАРАМЕТРIВ МР-ПОСЛIДОВНОСТI НА ЧУТЛИВIСТЬ
ЗВАЖЕНОЇ ЗА ДИФУЗIЄЮ ВIЗУАЛIЗАЦIЇ
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Розглянуто реконструкцiю томограм для рiзних часових параметрiв послiдовностi. Для вiдповiдних ча-
сових параметрiв знайдено параметри чутливостi до зважування за дифузiєю води. Представлено реконс-
труйованi томограми та окремi фраґменти томограм, зваженi за параметрами чутливостi до дифузiї, що
вiдповiдають рiзним часовим параметрам. Запропоновано фiльтрацiю зважених томограм за параметром
чутливостi з використанням методу матрицi Ґаусса з вiдповiдними параметрами.
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