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Abstract
The work of this paper analyzes the performance of Sensitivity Encoding
(SENSE) through actual data sets and determines the problem of computational efficiency. It corrects the error of the detection signal through the calibration function of the percentage signal change, and uses the three-dimensional
sensor image reconstruction technology to calibrate the sensitivity of the
blood to the magnetic change, enhances the sensitivity of the magnetic susceptibility gradient, and reduces the scanning time of the MRI experiment.
The actual data set handles the image resolution. The performance and experimental results of SENSE are analyzed through actual data sets.
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1. Introduction
The magnetic resonance imaging (MRI) to detect blood oxygenation level dependent (BOLD) signal is the most common tool. It can be done by detecting the
magnetic susceptibility of blood, which depends on the oxygenation state of hemoglobin. Based on cognitive neuroscience non-invasive examination of the
brain’s participation function, due to the increase in oxygen consumption and
blood flow caused by the activity of brain neurons, the amount of oxygenated
hemoglobin will increase, and the change in the amount of oxygenated hemoglobin will cause paramagnetic effects, magnetic resonance Imaging can detect
this T2* -weighted signal.
The MRI detects the magnetic susceptibility of blood which is sensitive to
changes in the microscopic magnetic susceptibility. MRI images the difference in
the macroscopic magnetic susceptibility from the interface between the air and
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the tissue. The difference in magnetic susceptibility between air and tissue will
seriously damage the uniformity of the magnetic field in the surrounding area.
The non-uniformity caused by the magnetic susceptibility can cause loss of image signal. Many development and optimization methods have been developed
to correct these artifacts from the inhomogeneity of the magnetic susceptibility
field [1] [2] [3] [4].
The magnetic field gradient affects the BOLD sensitivity of MRI acquisition.
The magnetic field gradient generated by the inhomogeneity of the macroscopic
magnetic field will destroy the spatial frequency sensitivity code of blood.
Among these schemes, the most famous may be Sensitivity Encoding (SENSE)
[5] and SMASH [6]. SENSE has its own advantages in providing parallel imaging
with arbitrary coil configurations, albeit at the expense of SNR. Both of these
techniques can significantly compress the scan time, but usually a computationally intensive inverse process is needed to expand the image from insufficient
sampled data, especially in the case of non-Cartesian data sets. These calculation
problems need to be improved and the algorithm popularized. The reconstructed three-dimensional MRI data set can be used to identify certain areas of
the brain that have significant differences in age-related functional sensitivity.
Calibrate the BOLD sensitivity change caused by the magnetic field change, and
outline the area of significant sensitivity change to solve.
The intensity of blood magnetization depends on the oxygenation state of
hemoglobin, and changes in the oxygenation state of hemoglobin will affect the
magnetic susceptibility of blood. Due to the increase in oxygen consumption and
blood flow caused by neuronal activity, the amount of oxidized hemoglobin in
this area will increase, which will lead to paramagnetic effects and changes in
MRI signals. The magnetic susceptibility gradient can change the change of
BOLD sensitivity. Sensitivity coding (SENSE) enhances the detection of magnetic susceptibility gradient sensitivity, reduces the scan time of MRI experiments,
and maintains image resolution through under-sampling data sets.

2. Blood Oxygenation Level Dependent Sensitivity Encoding
in Magnetic Resonance Imaging
The MRI imaging of BOLD sensitivity coding is usually achieved by placing a
receiving coil array around the object to be imaged to detect changes in magnetic susceptibility. Independent receiving coils provide spatially different received
signals to the collected data set. In a typical MRI experiment, the formation of
the baseband image for the following equation shows:
=
ρ (t )

∫ d (r ) S (r ) e

− iω ( r ) t − i 2 πk ( t ) r

e

dr + ε ( t ) ,

(1)

The d(r) is the continuous function of the transverse magnetization of the object at position r; its trajectory can be directly obtained from the frequency space
k space; S(r) is the spatial sensitivity curve of the receiver coil; ω(r) is the B0 Uniformity; k(t) is the input data trajectory of the independent variable at time t;

ε(t) is the noise term at time t. Equation (1) shows that k-space data, coil profile
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sensitivity and magnetic field inhomogeneity information are the three basic
elements of parallel imaging. Each sensitivity received by the coil is its own data

S(r). ρ1 represents the signal vector received from the coil 1, and the image vector ρ is formed by stacking into a single column. S is the diagonal matrix, the
spatial sensitivity distribution maintained in l coils; F is the imaging system matrix.
Sensitivity encoding imaging uses signal processing methods to reduce the
scan time and the amount of MRI data obtained, while still maintaining the
same spatial resolution. From the perspective of phase, the data obtained by the
array coil is correct. However, according to the sampling theory, the imaging of
the sensitivity coding scheme should reduce the number of phase coding lines at
an interval of 1/field of view (FOV). When using conventional FFT reconstruction, the alias will be displayed in the reconstructed image.
The SENSE imaging scheme [7] combines the above-mentioned aliasing effects and aliasing signals from multiple coils to achieve faster imaging speed and
reduce the error between aliasing. Taking single-point sampling MRI as an example, the position and distance between the phase code lines should be known
before the MRI experiment. Based on these positions and distances, the number
of pseudonyms in the reconstructed image of the coil can be accurately calculated. If the scanning time is shortened by the R acceleration factor, the FOV in
the reconstructed image will be reduced or collapsed by the same R factor. The
signal intensity obtained by reconstructing the aliased pixel enhances the signal
intensity at the desired position, and the signal intensity is superimposed with
integer multiples of FOV/R to replace the original pixel value. The SENSE
scheme can superimpose the image intensity and filter out the expected error
value.
The working mode of the SENSE imaging scheme is: To obtain the required
image from the acquired complete FOV image data, the image value of the pixel
(x, y) should be in the corresponding position (x, yl), with the coil sensitivity
profile S Weighted, where l = 1, , R . The accurate reconstructed pixel value of
the position (x, y) with k' coil information is follows:

=
I k ( x, y ) Sk ( x, y1 ) ρ ( x, y1 ) + Sk ( x, y2 ) ρ ( x, y2 ) +  + Sk ( x, yR ) ρ ( x, yR )

(2)

This equation is converted to matrix notation and illustrated in Figure 1 below:

Figure 1. The SENSE imaging scheme.
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I= S ⋅ ρ

(3)

In order to simplify the formula as Equation (4), can do not consider the noise
correlation problem. According to the matrix theory knowledge, by summarizing the sensitivity matrix S, easily obtain a complete FOV image, the S:
=
ρ

(S S)
H

−1

SH ⋅ I

∞

ρ ( r ) = ∫−∞ S ( k ) ei 2 πk ⋅r dk

(4)
(5)

The characteristics of the SENS process in this equation are realized by general matrix inversion. It is worth noting that the SENSE reconstruction algorithm
needs to be executed at each pixel position in the folded FOV image to finally
reconstruct the complete FOV image. In the actual implementation of SENS reconstruction, due to memory problems and computational bottlenecks, we
usually do not apply the explicitly formed matrices S and SH to general matrix
inversion solutions, and usually use the combined gradient method to find the
solution results in an iterative manner.
The technique for creating internal images, using a persistent area of activity
is magnetic resonance imaging. MRI can detect signal changes caused by brain
nerve activity. Deoxygenated hemoglobin is quasi-magnetic, while fully oxidized
hemoglobin is diagnosable and more similar to surrounding tissues. In the
process of neural activity, Deoxygenated hemoglobin will make the static magnetic field more distorted and the MRI signal will be attenuated. The different
frequencies predicted in the non-uniform magnetic field will lead to the problem
of rapid phase cancellation. Changes in blood oxidation will cause changes in the
MRI attenuation parameter T2* and change the T2* -weighted image. The blood
oxidation level depends on the detection of MRI, which is usually achieved by
taking a series of snapshots every two seconds and minutes. Check how the
measured brain signals are related to the brain stimulation area presented, and
the relative changes in the concentration of deoxygenated hemoglobin.
Due to the difference in susceptibility between air and tissue, changes in the
magnetic field exist in the brain area near the air/tissue interface. The magnetic
space generated by the imaging gradient is not susceptible
K imaging ( t ) = γ ∫0 Gimaging (τ ) dτ
t

(6)

After calculating the susceptibility gradient, the position of the k-space depends on the susceptibility gradient. The generated with the susceptibility gradient is
K susc ( t ) = γ ∫ Gsusc (τ ) dτ
t

0

(7)

Since Gsusc is a constant ( Gsusc =
( t ) Gsusc ∀t ), Simplify the above formula to

K susc ( t ) = γ Gsusc t

(8)

The calculated magnetic susceptibility gradient is
K ( t )= K imaging ( t ) + K susc ( t )= γ ∫0 Gimaging (τ ) dτ + γ Gsusc ( t + t0 )
t
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The data collection starts from t0 with the value of the RF pulse and the data
collection duration affecting the spatial trajectory will tilt. If the susceptibility
gradient is positive, in the same direction as the gradient without susceptibility,
the starting point of the spatial trajectory will move downward due to the susceptibility gradient between the RF pulse and the data acquisition. Due to the influence of the magnetic susceptibility gradient, the trajectory will tilt downwards,
it will pass the origin quickly, and the echo time will be shorter than originally
planned; if the magnetic susceptibility gradient is negative, the same derivation
also applies. This is because the gradient is reversed and there is no magnetic
susceptibility. The starting point of the space orbit will move upward, the echo
time t will be longer.

3. Experimental Results and Discussion
As tissues with the same susceptibility, the magnetic field gradients be no induced by susceptibility, too there will be no echo times. And the echo time of the
signal will be the same. In reality, the magnetic field will produce a gradient due
to changes in the magnetic susceptibility near the air/tissue interface. The magnetic susceptibility gradient will be displayed on the k-space trajectory, and the
echo time is measured at the origin. If the k-space trajectory is shifted and
skewed, the echo time may be different than expected. MRI signal of BOLD echo
time is used to optimize signal contrast. If the echo time changes, it will affect
the BOLD signal strength and affect the MRI display.
Without the susceptibility gradient transformation, PSC is defined as:

S
− Srest
PSC (TEnom ) =
100 ∗ active
Srest

TE
 − TE* nom
− nom
T
T*
2,
active
− e 2,rest
s0  e

100 ∗ 
=
TE
−

s0 e

nom
*
T2,
rest






(10)

Sactive is the MRI signal received when the organization is in the active state,
Srest is the received signal, s0 is the voxel image intensity , TEnom is echo
*
*
is the T2* relaxation time resting state, T2,active
is the T2* relaxatime, T2,rest
tion time constant during active state. T2,* active = 49.6 ms , TEnom = 30.0 ms , and
T2,* rest = 48.9 ms [8]. If add susceptibility gradient, the space will move and the
echo time will also change. PSC with a susceptibility gradient can be defined:
TEeff
eff
 − TE
−
*
*
T
T
s0  e 2,active − e 2,rest

PSC (TEeff=
) 100 ∗ 
TE
−

s0 e

eff






(11)

T2,* rest

Use the information in the measured magnetic field to predict how the echo
time will change and estimate the BOLD signal that will be generated. A calibration function is formed to eliminate the expected change BOLD signal due to the
magnetic susceptibility gradient. The calibration functions are as follows:
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Calibration (TEeff ) =

PSC (TEeff

)

PSC (TEnom )

(12)

Comparing the old and young people from different data sets from previous
functional imaging studies, test results [9] [10] [11]. The experimental subject
group included thirty young adults (18 - 21 years old, average age 18.8, 18
women) [12]. The Siemens (Erlangen, Germany) Allegra 3T MRI scanner was
used to scan the subjects. Use the following parameters: TE = 10.00, 12.46 ms,

TR = 700 ms, field of view = 22 cm, basic resolution = 64, phase resolution = 72,
bandwidth = 260. For the young group, use the same protocol to obtain the
magnetic field map, the difference is: TR = 1000 ms, 38 slices. For the unit of the
field image, the gradient of the field image can be found by calculating the difference with the adjacent pixels in the field image, and the unit of the gradient is
Hz/cm.
To find TEeff , to find K eff which is the sum of K imaging and K susc .By the
definition of PSC (TEeff ) a calibration function in each voxel can be calculated.
There is a significant difference between TEeff and the calibration ( TEeff ) of the
data of the young group and the old group. Figure 2 are bar graphs showing the

means areas of significant difference. Each ROI and its log10 ( p -values ) the

standard deviation of the two groups, as well as images of the brain, some of the
significant areas have large age differences (blue The colored area represents the
area where the p value is between 10−2 to 10−5).
The magnetic field caused by cerebral blood oxygen saturation sensitivity can
lead to changes in the sensitivity of functional imaging of different brain regions.
If there is a net deviation between the two groups of people who are comparing
brain function, the net deviation from the sensitivity can be shown as a functional change across ages. The interaction between measurement techniques and
other potential net changes between groups must be understood to ensure that
functional differences are correctly explained [13] [14].

Figure 2. The Areas of significant difference Map of log10 ( psc ) .
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Applying three-dimensional SENSE to the image reconstruction technology I
am studying, calibration may help eliminate the sensitivity deviation between the
two groups. By measuring a single specific magnetic field distribution and calculating the expected BOLD sensitivity, a more obvious improvement can be
obtained.

4. Conclusion
The blood oxygenation level dependent signal (BOLD) is used for functional
magnetic resonance imaging (MRI), which uses the blood magnetization to depend on the oxygenation state of hemoglobin. The magnetic susceptibility gradient shift of the blood magnetic field will cause the MRI echo time shift and the
BOLD sensitivity change. Use the calibration function of percentage signal change
to correct the error of the detection signal, and use the three-dimensional SENSE
image reconstruction technology to calibrate the sensitivity of BOLD to magnetic changes. The reconstructed image contains a small amount of Gaussian white
noise, which can be eliminated by SENSE to improve the resolution of magnetic
resonance imaging. The performance and experimental results of this method
are calculated and analyzed through actual data. This method can be applied to
many different fields, such as the research of age-related blood oxygenation level-dependent signal detection, and the problem of further improving the calculation speed is analyzed.
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