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Abstract

Purpose In local SAR compression algorithms, the overestimation is generally not linearly dependent on actual local
SAR. This can lead to large relative overestimation at low actual SAR values, unnecessarily constraining transmit array
performance.

Method Two strategies are proposed to reduce maximum relative overestimation for a given number of VOPs. The first
strategy uses an overestimation matrix that roughly approximates actual local SAR; the second strategy uses a small set of
pre-calculated VOPs as the overestimation term for the compression.

Result Comparison with a previous method shows that for a given maximum relative overestimation the number of VOPs
can be reduced by around 20% at the cost of a higher absolute overestimation at high actual local SAR values.

Conclusion The proposed strategies outperform a previously published strategy and can improve the SAR compression
where maximum relative overestimation constrains the performance of parallel transmission.

Keywords SAR - Vops - VOP compression - MRI - Local SAR

Introduction

While single-channel and dual-channel transmit systems are
still standard in clinical MRI systems, multi-channel paral-
lel transmit (pTx) radiofrequency (RF) systems are often
used at ultra-high field (UHF). Not only are these systems
necessary to cope with the inhomogeneity introduced by
the short wavelength of the RF signals [1, 2], these systems
also offer more flexibility in excitation, especially at UHF
[3, 4]. Examples of the techniques utilizing pTx systems are
Germany RF shimming [5, 6], kT-points [7], 2D spokes [8], 3D tai-
High-Field and Hybrid MR Imaging, University Hospital lored radiofrequency pulses [9], Transmit SENSE [10, 11],
Essen, 45147 Essen, Germany and TIAMO [12]. Common among all these techniques is
the use of arbitrary amplitudes and phases on the different
transmit channels (excitation vector), whereby they differ in
how rapidly the vectors are changed over time.

Altering the excitation vector changes the field patterns
generated by the transmit system through its coil array
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including the E-fields in addition to the H-fields, and, there-
fore, the distribution of RF power absorption in the body
tissue is changed as well. Regulatory guidelines [13] recom-
mend constraints on specific absorption rate (SAR) aver-
aged globally over the whole body (or, when appropriate,
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the region of the body exposed to RF fields), and averaged
locally over any 10 g of tissue.

For a given combination of coil and subject on a single-
channel system there is a fixed ratio between global SAR
(SARy;gpa) and maximum local SAR (SAR,, joca)> Whereas
in a pTx system there is no direct relation between the two.
Furthermore, while in a single-channel system there is a
direct relationship between input power and SAR, both
SARgjoba and SAR,,; depend on the complex values of the
excitation vector in a pTx system.

To ensure safety in pTx systems, numerical simulations
are performed that use models of the arrays together with
heterogeneous body models to calculate the fields inside
the tissue [14]. These simulations provide maps of the local
SAR that can be used to determine global and 10 g averaged
SAR. This information can then be used for pulse design
with SAR constraints as well as for online SAR supervision
[15—17], but the number of voxels from such a simulation is
very high and can reach orders of 10°.

To reduce the complexity of SAR calculation, the concept
of virtual observation points (VOPs) [18] was introduced
to compress the number of matrices. The general idea is to
trade the number of voxels against an overestimation of the
actual local SAR. Instead of calculating the SAR over all
voxels, only a reduced number of VOPs need to be calcu-
lated. With this concept, the number of calculations neces-
sary to approximate SAR .. 1., can be reduced by several
orders of magnitude. While the original clustering algorithm
of Eichfelder et al. [18] is quite commonly used, a greedy
algorithm was presented by Lee et al. [19] that achieves an
even lower number of VOPs for a given problem and over-
estimation factor.

A drawback of both concepts is the fact that the over-
estimation is not (or at least not directly) dependent on
SAR .x 1ocal- In the case of the Eichfelder algorithm, it is
dependent on the worst-case SAR |, 1,1 multiplied by a
scalar In the case of Lee, it is dependent on SAR,,, mul-
tiplied by a scalar. This implies that the maximum absolute
overestimation over all excitation vectors with unit power
is fixed in relation to actual maximum local SAR for the
Eichfelder algorithm and only slightly varying for the Lee
algorithm. However, since the difference between the worst-
case SAR ., jocal and the lowest SAR,, 1o, Can be more
than an order of magnitude, the maximum relative overes-
timation can be significant. In practice this may lead to an
unnecessary reduction of the duty cycle by a factor that is
equivalent to the relative overestimation or a reduction of
the allowed flip angle proportional to the square root of the
relative overestimation.

For a typical array the worst-case SAR | ,; joca fOT @
fixed input power is much higher than the lowest possible
SAR | x 1ocal fOT that same power, so the maximum rela-
tive overestimation is likely to be high, thus unnecessarily
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constraining array performance. This problem can be
expected to be even more pronounced for arrays with a large
numbers of coil elements, which can be illustrated by a sim-
ple example. In a close-fitting coil array, high local SAR can
occur especially beneath the individual elements [20]. When
all the power of a unit power excitation vector is transmit-
ted via a single element, high local SAR will occur at this
position, while a uniform distribution of power to all chan-
nels will lead to lower local SAR at least directly beneath
the elements. The higher the number of channels, the more
the power will be concentrated or distributed, respectively.

In this work, we present two ways of reducing maximum
relative overestimation. The two compression schemes are
both based on the greedy algorithm presented by Lee et al.
[19]. The first one uses a matrix that roughly approximates
the local SAR instead of using the global SAR matrix. The
second one uses a set of VOPs to generate the necessary
overestimation. These two new schemes are compared
against Lee’s method.

Materials and methods
Overestimation with global SAR Matrix (“Sg,p, ")

Lee et al. define their VOP condition for the complete set V,;
of 10 g-averaged SAR matrices S, , by

N‘hunnc]
max {b'S,104b} < max {b'S,104b} + £6H SiopabVb € C
ey

Here b is the excitation vector, N, 1S the number of
channels, V,;, €V, is a subset of the SAR matrices, S,, ;o ,
are the SAR matrices from the subset V;,, €5 is the over-
estimation factor, and Sg,,, 1S the global SAR matrix that
calculates the global SAR from the input vector. We will
call this strategy “Sgjop, in the following parts of the manu-
script, and it will serve as a reference standard for the two
new algorithms. The rightmost term, £50'Sg,p0> We call
the overestimation term. In this work, we propose different
strategies that use different overestimation terms.

Overestimation with a constant factor (“Sg;, ")

Another strategy would be to use a constant overestimation
term that is independent of the actual SAR. This can be
achieved by replacing Sgop, in Eq. (1) by a matrix Sg,,, that
is a diagonal matrix with all elements of the main diagonal
having the same value while all other values are zero. This
is equivalent to using the spectral norm in Eq. (6) of Eich-
felder’s paper. It has some similarity with the commonly
used approach of using the Frobenius norm in Eq. (6) of said
paper in the sense that the overestimation is independent of
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the actual SAR. The main difference is that due to the dif-
ference in the algorithms, Eichfelder’s iterative algorithm
when using the Frobenius norm only adds overestimation in
dimensions where it is necessary, while Lee’s algorithm adds
the overestimation in all directions. The most notable differ-
ence being that the worst case SAR of an Eichfelder VOP
set is the same the worst case SAR of the uncompressed set
of SAR matrices, while the worst case SAR of a Lee VOP
set is the worst case SAR of the uncompressed set of SAR
matrices plus overestimation. In the following parts of the
manuscript, we will call this strategy “Sg;,,”, and it will serve
as the second reference standard for the two new algorithms.

Overestimation with approximated local SAR
(”S IocaI”)

Since the relation between Sg,., and local SAR cannot be
expressed by means of a constant proportionality factor, the
overestimation term in Eq. (1) only places an upper bound
on the absolute overestimation error, but not the relative
overestimation, which can lead to very large relative errors.
To control the maximum relative overestimation, we propose
using a matrix )., that is a rough approximation of local
SAR:

max {V'S,10,b} < max {0'Su104b} + €60 Sl (2)

Adding up all SAR matrices with appropriate weight-
ing results in a matrix Sg,,, that provides global SAR as
described by Lee et al. [19], for example. To calculate a
matrix S),., that represents local SAR better, the weighting
has to be changed. A simple approach for this is to calcu-
late a VOP set and add up the VOPs, thereby putting more
weight on those matrices that give a good representation of
local SAR.

To calculate S;,.,; we use the original algorithm proposed
by Lee to determine a subset V, e &V 19 & Van» Where we
reduce the complexity of the calculation by first randomly
selecting a subset of only 1% of all SAR matrices (V ;¢,)
to which we apply the Lee algorithm. We then sum up the
matrices of the calculated sub volume Vg, .. (VOPs) to get
a matrix S, that has some properties of local SAR.

Spre= z Sv,lOg 3)

VEV,

sub,pre

To achieve an even better approximation of local SAR, we
calculate the eigenvectors of S, and calculate the local SAR
for these eigenvectors from the full set of SAR matrices.

Siocar 18 then defined as follows:

Slocal = VDV,’ (4)

where V is a matrix whose columns are the eigenvectors and
D is a diagonal matrix where the diagonal element d;; is the
SAR value SAR,,1oca cig i cOrTEsponding to the ith eigenvec-
tor. Since the difference between the highest and the lowest
SAR value in D can be quite large and lead to extreme differ-
ences in the overestimation, we suggest using an exponential
scaling term R > 1 to reduce the ratio and empirically find
a matrix that provides good results (low maximum relative
overestimation) in the compression:

1
dii = SARII;laxlocal eigi (5)
We suggest to use an R so that the ratio between the maxi-
mum and the minimum eigenvalue of S, is below 10.
In the following parts of the manuscript, we will call this
strategy “Sj,ca> and it is one of the two new algorithms we
propose to control maximum relative overestimation.

Overestimation by pre calculated VOPs (“Double
VOP”)

While the above approach of using a single overestimation
matrix to approximate local SAR for the overestimation
term is simple in that after calculating S, the algorithm
as defined in [19] can be used, it has the drawback that S,
only provides a very rough correlation with local SAR. To
get a better correlation, we can use the maximum local SAR
value calculated from a small pre-calculated set of VOPs

Vub pre fOr the overestimation:

/ < / / /
vfg‘z’l‘] {b Si10 gb} < HTQ‘Z’:b {b S0 gb} téeg “Erv]:i),(pre {b S410 gD + €G preb SGlobalb}
(6)

Here £, is the overestimation factor used to calcu-
late the set of pre-calculated VOPs V., ... This set can be
calculated by using the algorithm proposed by Lee et al.
The scaling factor £5 can be used to scale the maximum
overestimation.

At first, it might appear that Eq. (6) is similar to
/ /
51613)3 {b Sv,lOgb} < (1 +e6) v{relsxb {b S,10 gb}, 7

i.e., using a simple scaling factor, but during compres-
sion these two equations are obviously not equivalent. By
looking at the very first step of the greedy algorithm, this
becomes clear. In the first step the matrix with the high-
est eigenvalue is compared to the matrix with the second
highest eigenvalue. In the case of Eq. (6) a term is added
containing information on the maximum local SAR over all
voxels (plus an overestimation term); in the case of Eq. (7)
only the information from the very first matrix is used. Over
the course of the algorithm, this leads to many more voxels
being included in the subset.
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When applying Eq. (6), the algorithm proposed by Lee
et al. [19] has to be modified slightly. First we replace the
condition in Eq. (6) by its identical condition in terms of
matrix inequalities [21, 22], equivalent to how it was done
in [19]:

S <

v10g = z cw,vSw,lO g + &G Z cu,v (Su,lo g + SG,preSGlobal)

weVyy UEVyr
®)

In each greedy step of the algorithm, the iterative method
from Lee et al. [19] is used, with modifications necessary to
incorporate the changed terms:

1. Initialization of the two sets of coefficients c,,, and ¢, ..
In each set of coefficients, the coefficients are set to
equal values with an L1 norm of 1.

2. If all the eigenvalues of the

P = Z Cw,vSw,IO g teéeg E Cuy (Su,IO g + EG,preSGlobal) - Sv,lO g
WEVgup uEVpre

are nonnegative, the voxel v can be upper-bounded by
the previously determined VOPs.

3. If not, calculate the eigenvector b of P corresponding to
the minimum eigenvalue of P. If 'S, ,b > max,ey,
{b,Sw,IO gb} T EégMaX,ey {b,Su,IO D+ gG,preSGlobal} >
the voxel v cannot be upper-bounded and is included in
the subset.

4. If neither the condition from step 2 nor from step 3 is
satisfied, update the coefficients to make »’'Pb nonnega-
tive:

5. Calculate m = b'Pb

6. a. Randomly change one coefficient of ¢, , and normalize
so that the L1 norm remains 1. Calculate m,,, = b'Pb.

matrix

If mye,, is nonnegative, go to step 5. If my,, is smaller
than m, undo the coefficient change, else set m = my,

7. b. Randomly change one coefficient of c,, and nor-
malize so that the L1 norm remains 1 and calculate
Mgy, = b'Pb. If my,, is nonnegative, go to step 5. If
Myermp is smaller than m, undo the coefficient change, else
setm = My,

8. c.Repeat

9. Iterate step 2—4. If any of the conditions are not satis-
fied by the time the number of iterations exceeds a pre-
selected maximum, add the voxel to V.

This algorithm results in two sets of VOPs. The maxi-
mum of the pre-calculated set is multiplied by £; and added
to each SAR value of the newly calculated set, then these
values can be used just like the results of the other algo-
rithms. In the following parts of the manuscript, we will call
this strategy “Double VOP”, and it is the second of the two
new algorithms we propose to control maximum relative
overestimation.

Coil arrays

To test the algorithms, the SAR matrices of two different
eight-channel arrays made from micro strip lines with mean-
ders [23] and operating at the proton resonance frequency of
7 T were used. The first array is a local array placed directly
on the body [24], while the second array is a remote array in
2 x4 configuration positioned behind the bore liner (Fig. 1).
All simulations were performed in CST Microwave Studio
2017 (CST AG, Darmstadt, Germany) and considered the

Fig. 1 Coil models used in this study. a Shows the flexible local body array and b shows the remote array. The simulation models contain the
housing of the coil (where applicable), the patient table, the bore liner, and the magnet cryostat (not shown)
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MR environment (patient table, bore liner, gradient coil, and
cryostat) as well as the coil housing where applicable.

The local array was tuned to resonance and matched
to 50 Ohms using a capacitor network in a co-simulation.
The 2 X 4 remote array configuration was ideally tuned and
decoupled by applying a decoupling matrix consisting of
lossless inductors and capacitors that interconnects the trans-
mit elements [25, 26]. No decoupling matrix was applied to
the local array.

A heterogeneous body model (male, 174 cm, 70 kg, tissue
resolution 2 x 2 x 2 mm?) [27] in head-first supine position
with the liver—kidney region in the center was used for both
arrays. The simulation domain was discretized with approxi-
mately 65 million mesh cells. Matrices for 10 g-averaged
local SAR were calculated for both setups resulting in 7.6
million matrices for the local array and 6.5 million matrices
for the remote array.

Algorithm implementation and calculation
of results

The algorithms were implemented in Matlab (The Math-
works Inc., Natick, MA, USA) with a high degree of vectori-
zation and other optimizations to speed up the calculations.
The software developed for this paper is available as open
source at sourceforge.net (https://sourceforge.net/projects/
relative-overestimation-vop/). All compressions were per-
formed on a PC with two 6-core Xeon X5690 processors
(Intel, Santa Clara, CA, USA) with 128 GB of 1333 MHz
DDR3 RAM.
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Fig.2 Comparison of the value of the overestimation term for the dif-
ferent strategies for a the local array and b the remote array for a set
of 1 million random excitation vectors with unit power. The x-axis
shows the actual maximum local SAR calculated with the uncom-

0.041
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1. The original dataset was compressed in the four ways
explained above:

With the global SAR matrix (Syp,) according to Lee
et al. [19] as the first reference standard

2. With a diagonal matrix (Sy;,,) Where all values on the
main diagonal are equal to the worst-case local SAR,
leading to an overestimation that is independent of
actual local SAR as the second reference standard

3. With the new approach using a matrix approximating
local SAR (S)yca)

4. with the new approach utilizing a set of pre-calculated
VOPs to define the maximum overestimation (Double
VOP). The value of &5 . was chosen to obtain 10 or
fewer pre-calculated VOPs.

Furthermore, a compression with the Eichfelder algo-
rithm was performed for comparison.

The compressions for all different strategies were
repeated with different factors £ to obtain datasets with
different numbers of VOPs. The SAR results obtained with
these VOPs were then compared to the results of the uncom-
pressed dataset for 1 million random excitation vectors to
find the maximum relative overestimation.

Results

The pre-calculations for the Double VOP approach took less
than 10 min and resulted in ten pre-calculated VOPs for the
local array (eg e = 0.2) and nine pre-calculated VOPs for
the remote array (&g e = 0.1).
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pressed set of SAR matrices; the y-axis shows the result of the over-
estimation term resulting from the respective excitation vector. Each
overestimation term was normalized so that its maximum corre-
sponds to worst-case actual local SAR
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Fig.3 Example results for the local array. The x-axis shows the actual
local SAR calculated from the uncompressed dataset, while the y-axis
shows the result of the respective compressed dataset with around
100 VOPs. A red cross marks the position of the maximum relative

The overestimation terms from Egs. (1), (2), and (6)
were compared to the actual SAR value calculated with
the uncompressed dataset and 1 million random excitation
vectors. For readability, the values were normalized so that
their maximum values are equal to the worst-case actual
local SAR for unit power excitation. The results for both
array configurations are shown in Fig. 2. Figure 2a shows
the results for the local array. While the results for S4;,, and
Sglobal are more or less uncorrelated with the actual local
SAR, the overestimation terms for S, and especially Dou-
ble VOP are lower when actual local SAR is lower.

In the case of the remote array, there is a visible negative
correlation between the overestimation term of Sy, and
the actual SAR (Fig. 2b). For low actual SAR values, the
overestimation term is larger than it is for higher local SAR
values, leading to a potentially higher relative overestimation
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overestimation in each figure. The yellow lines denote the upper and
lower bound (maximum absolute overestimation and zero overestima-
tion). Note that for Double VOP and S, the values of VOP SAR
adapt to the lower bound for low actual SAR values

at low SAR values. The overestimation terms for S, and
Double VOP show a visible positive correlation with actual
local SAR, resulting in smaller relative overestimation at
low SAR values.

Example results in Fig. 3 show the VOP-calculated maxi-
mum local SAR versus the actual maximum local SAR in
the local coil configuration for Sg;,, (), Sgigpar (0)s Siocar (€),
and Double VOP (d), while Fig. 4 shows the absolute over-
estimation. The number of VOPs for all cases was approxi-
mately 100, corresponding to a minimum overestimation
term of around 2% of the worst case local SAR. Red crosses
denote the position of the maximum relative overestimation;
the yellow line is the unity line, included for reference. First,
it can be noted that no underestimation occurred, which was
to be expected since the mathematical concept has already
been proved to be correct by Lee et al. [19]. It can be seen
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Fig.4 Absolute overestimation of the VOP-calculated SAR versus the actual SAR for the local array. Each respective set contains a total of

around 100 VOPs

that the four different overestimation terms result in differ-
ent actual overestimations. Using Sg;,, the maximum abso-
lute overestimation for a given actual SAR value is constant
versus the actual SAR, which can also be appreciated in
Fig. 4a, while in the other three cases it shows some depend-
ence on the actual local SAR. §,,.,; shows a reduction in the
absolute overestimation below approximately 0.0075 W/kg
(Fig. 4c), while Double VOP (Fig. 4d) shows a linear behav-
ior as could be expected from the results shown in Fig. 2a.
The calculation time for the cases with a single matrix for
the overestimation was approximately 90 min each, while
the double VOP approach took 110 min. For comparison,
the Eichfelder algorithm needed 12 min for the 100 VOPs,
while it took 55 min for the overestimation of 2% of worst-
case SAR and produced 856 VOPs.

Example results for the remote array are given in Fig. 5.
Again, the VOP-calculated maximum local SAR versus the

actual local SAR in the local coil configuration for Sg;,, (a),
Sgtobal (0)s Siocar (¢), and Double VOP (d) is shown, while
Fig. 6 provides the corresponding absolute overestimation.
Here, the number of VOPs was around 45 for all cases, cor-
responding to a minimum overestimation term of around
2% of the worst-case local SAR. It can be noted that the
ratio of the maximum actual SAR over the minimum actual
SAR is significantly larger than for the case of the local
array. The absolute overestimation using Sy, i8 larger for
small actual SAR values than for large SAR values, sig-
nificantly increasing the relative overestimation for small
SAR values. Using S)..,; and Double VOP, a smaller abso-
lute overestimation occurs at lower actual SAR values. The
calculation time for the cases with a single matrix for the
overestimation was approximately 50 min each, while the
double VOP approach took 70 min. For comparison, the
Eichfelder algorithm needed 12 min for the 45 VOPs, while
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Fig.5 Example results for the remote array. The x-axis shows the
actual local SAR calculated from the uncompressed dataset, while
the y-axis shows the result of the respective compressed dataset with
around 45 VOPs. A red cross marks the position of the maximum rel-

it took 55 min for the overestimation of 2% of worst-case
SAR and produced 330 VOPs.

A direct comparison for all compression strategies is
shown in Fig. 7. The figure shows the maximum relative
overestimation in percent for the local array (7a) and remote
array (7b). Crosses denote the results obtained from com-
pression; the connecting lines are included to improve read-
ability. Note that for the Double VOP strategy, the number
of VOPs is the number of VOPs from the compression plus
the number of pre-calculated VOPs. As is to be expected, a
larger number of VOPs results in a smaller maximum rela-
tive overestimation. In both configurations, Double VOP
offers the best result, while S, outperforms Sy, in the
remote array configuration but provides equivalent results in
the local array configuration. In the remote array configura-
tion, Syjohy provides the overall worst result, being outper-
formed even by the simple Sg;,,.
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Actual peak local SAR [W/kg]

ative overestimation in each figure. The yellow lines denote the upper
and lower bound (maximum absolute overestimation and zero over-
estimation). Note that for Double VOP and S, the values of VOP
SAR adapt to the lower bound for low actual SAR values

In the areas between the dashed black lines in Fig. 7, the
mean reduction in the number of VOPs is 17% for the local
array and 24.6% for the remote array, respectively.

Discussion

In this work we show results with up to 180 VOPs for the
Lee algorithm. This is close to the maximum number of
200 VOPs provided by Jin et al. as the maximum number
that the pulse supervision of their vendor provided system
can handle [28]. Due to the difference in compression effi-
ciency, this number corresponds to roughly 1000 VOPs cal-
culated by the Eichfelder algorithm when applying the same
overestimation. The maximum number of VOPs that can
be handled by the supervision system will depend on the
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Fig.6 Absolute overestimation of the VOP-calculated SAR versus the actual SAR for the remote array. Each respective set contains a total of

around 45 VOPs
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the dashed black lines, the mean reduction in the number of VOPs is
17% for the local array and 24.6% for the remote array, respectively
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particular hardware and software implementation as well on
the number of elements in the transmit array.

The results for the overestimation terms show that
Sqlobal 18 MOt necessarily a good choice. As shown here for
the remote array, there are cases in which Sy, leads to
an increased absolute overestimation at lower actual SAR
values, leading to a disproportionately high relative overes-
timation. In this case, even a fixed overestimation (Sg;,,) is
preferable. Using an overestimation term that approximates
actual local SAR (S),.,;) proved preferable in this work, since
it was at least as good as using Syjopy- The Sy, approach
does not require any changes to the pulse calculation or pulse
supervision software.

The overall best results for maximum relative overesti-
mation were obtained using the Double VOP approach. A
downside of this approach is the fact that the set of VOPs
after compression is not directly compatible with previous
algorithms for pulse calculation or supervision, since the
results for two separate sets of VOPs have to be calculated
and subsequently added up. Therefore, using this approach
necessitates some software adaptations. While the imple-
mentation in many pulse calculation algorithms might be
tricky because of having to implement the maximum of
the VOP set used to calculate the overestimation term, the
implementation into SAR supervision is straightforward.
The calculation effort when calculating Nygp, VOPs in
addition to Nyqp; e pre-calculated VOPs should be almost
the same as using the same number VOPs in the standard
algorithm: Nyop sandara = Nvops T Nyops pre- I this case, only
Nyops more addition operations are necessary in comparison
to the standard method, which is not much effort consider-
ing that calculating the SAR for a single VOP in an eight-
channel configuration takes 63 addition operations and 72
multiplication operations.

Using the proposed strategies §),., and Double VOP,
the number of VOPs could be reduced by around 20%
while obtaining the same maximum relative overestima-
tion in comparison to the original Lee algorithm. Overall,
the two presented strategies provide a trade-off between
maximum relative overestimation and maximum absolute
overestimation.

Conclusion

In this paper, we present two strategies to reduce maximum
relative overestimation in VOP compression. Both strategies
are able to reduce the maximum relative overestimation for
a fixed number of VOPs. Furthermore, we show that using
global SAR for the overestimation term is not necessarily a
good choice. Using the strategies proposed in this paper can

@ Springer

lead to enhanced performance of VOP compressions and
therefore more exact and/or faster calculation of local SAR.
Practically, this implies improved performance of multi-
channel RF arrays in pTx applications.
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