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Abstract

Purpose: The aim of the study was to conduct in vivo evaluation of
population-specific pulses in the context of the MP2RAGE sequence for brain
imaging at 7T.

Methods: Five clusters were identified in a cohort of 39 volunteers. One clus-
ter centered around the average head shape and position, whereas four others
were located toward the extremes of the population distribution. Additionally,
the one-size-fits-all solution was considered, using a standard universal pulse
(UP) approach. Head shapes were characterized using lateral head breadth (HB),
anterior-posterior head length (HL), and Y-shift metrics. For each group, a
5kT-points universal inversion pulse was computed and evaluated on four new
test anatomies. A Python pipeline was integrated into the image reconstruction
routine, using localizer scans to classify head shapes and positions. The pipeline
selected one of five precomputed population-specific pulses or defaulted to the
generic UP without extending scan time.

Results: The pipeline accurately classified head shapes and selected suit-
able pulses, enhancing the contrast of MP2RAGE images. Population-specific
pulses helped mitigate some of the performance loss associated with using a
one-size-fits-all UP, bringing performance closer to that of fully tailored solu-
tions. This approach was particularly beneficial for individuals with smaller
head sizes. However, the performance was worse in larger, more challenging
head shapes.

Conclusion: The novel head clustering and pulse selection pipeline facilitates
the implementation of population-specific pulses in clinical practice by allow-
ing pulse selection tailored to each head shape and position without increasing
scan time.
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TYSHCHENKO ET AL.

1 | INTRODUCTION

Ultra-high field (UHF) MRI encounters significant obsta-
cles due to the radiofrequency (RF) wavelengths being
comparable to the size of the human head. This similarity
in scale leads to complex wave interactions, resulting in
nonuniform B fields that vary from subject to subject
during brain imaging.!® Clinically, the use of UHF MRI
has been restricted by spatially varying contrast arising
from the inhomogeneous B! fields, susceptibility artifacts,
and unwanted heating from high specific absorption rate
(SAR).+*

One of the most effective strategies for mitigating B}
inhomogeneity involves the use of adiabatic pulses.” In
these pulses, both the amplitude and frequency of the RF
field are modulated, resulting in waveforms that are robust
against off-resonance effects. While adiabatic pulses effec-
tively address transmit field inhomogeneities, they gener-
ally have longer durations, demand higher RF amplitudes,
and are associated with increased SAR.

Parallel transmission (pTx) has demonstrated potential
in mitigating both B} inhomogeneities and SAR issues.
Achieving optimal performance with pTx requires tailor-
ing the RF pulses to each subject’s individual B, and
B! distributions. However, this optimization process is
unrealistic in clinical settings due to the lengthy process
required to acquire field maps and design pulses.??

To overcome time limitations, alternative calibration-
free universal pulses (UP)!®! and preoptimized pulses
with a brief optimization step such as standardized uni-
versal pulses (SUP)!? and fast online-customized (FOCUS)
pulses!>!* have been actively explored recently. Despite
their potential, these approaches still require the acquisi-
tion of B} and By maps and extra optimization, which adds
to the overall scan time.

In our previous work, we demonstrated through elec-
tromagnetic simulations of a typical 8-channel head
coil array that designing pulses for subpopulations with
less variation in head shape and position may lead
to performance gains at 7T.! The most significant BL
improvements were predicted to be in the challenging
head shapes at the extremes of the population distri-
bution. Specifically, this approach involved creating dis-
tinct population-specific solutions for different subsets of
the distribution. By dividing the entire population into
subgroups based on similar anatomical shapes and posi-
tions, pulses could be designed with reduced anatomical
variability.

In this study, our objective was to develop a prac-
tical solution for population-specific pulse design and
application that optimally balances inversion homogene-
ity and energy deposition, as compared to standard
UPs. To achieve this, we designed, implemented, and
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tested an automated online image-processing pipeline for
head shape clustering and pulse selection. The pipeline
was integrated into the standard image reconstruction
workflow and accurately classified head shapes while
selecting appropriate pulses, enhancing the contrast of
MP2RAGE images. This novel pipeline facilitates the
population-specific approach by enabling pulse selection
tailored to each head shape and position without increas-
ing scan time. Consequently, it supports more personal-
ized and efficient ultra-high field MRI, laying the ground-
work for future integration into clinical practice.

2 | METHODS

2.1 | Head measurement

Consistent with our prior studies,’> three head shape
parameters were selected for analysis: lateral head breadth
(HB), anterior-posterior head length (HL), and the Y-shift.
These measurements were obtained from a localizer scan
using an automated Python script.

A reference anatomy was used for the measure-
ment process, with the target slice of interest aligned
along the anterior commissure—posterior commissure
(AC-PC) line, orthogonal to the sagittal plane. The refer-
ence anatomy was registered to the participant’s anatomy
for each new participant using an affine transformation
implemented via the ANTsPy library.?’ The same transfor-
mation was applied to the reference slice, allowing us to
interpolate the participant’s localizer to identify the cor-
responding slice of interest. This target slice was then
subjected to thresholding, after which the HL and HB were
determined as the major and minor axis lengths of an
ellipse with identical normalized second central moments
to the thresholded region. The Y-shift was calculated as
the distance between the isocenter and this region’s cen-
ter of mass. To assess measurement variability, a total of 20
automated head measurements were performed for each
anatomy.

2.2 | Head anatomies
and subpopulations

The dataset of 39 head anatomies, characterized by mean
HusuLy = {160.32,201.73,10.78} mm and standard devia-
tion ogp Ly = {6.25,9.16,3.23} mm, was partitioned into
five clusters (Figure 1). The first cluster (C1) comprised
ten anatomies centered around the mean value. The sec-
ond (C2) and third (C3) clusters each included the five
anatomies furthest from the mean on opposite sides of the
population distribution. Similarly, the fourth (C4) and fifth
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(A) Slice of interest through the anterior commissure—posterior commissure (AC-PC) line orthogonal to the sagittal plane.

The head shapes were characterized by three parameters: lateral head breadth (HB), anterior—posterior head length (HL), and Y-shift
(displacement along the anterior-posterior axis). The HL and HB were measured as the major and minor axis lengths of the ellipse with the

same normalized second central moments as the thresholded slice of interest. The Y-shift was calculated as the distance between that

region’s center of mass and the coil’s isocenter. (B) Scatter plot illustrating the head anatomies considered in this study as measured by the

automated pipeline. Five clusters are shown, including C1—red, C2—green, C3—blue, C4—cyan and C5—magenta. The set of anatomies,

referred to as the “full population”, was utilized to design a generic one-size-fits-all UP. Additionally, the nine anatomies used to evaluate the

performance of the clustering algorithm and three test subjects used for in vivo performance evaluation are shown.

(C5) clusters comprised the next five anatomies closest to
the opposite extremes among the remaining data. Finally,
all five clusters were combined to represent the full popula-
tion. Detailed demographics of the volunteers and cluster
compositions are provided in Table S1.

After identifying the head parameters, the clustering
was performed by calculating the Euclidean distance to
all cluster centroids listed in Table 1. Each cluster had an
acceptable maximum distance threshold set to 7 mm. The
clustering algorithm selected the cluster with the shortest
distance to its centroid within this maximum threshold.
The algorithm defaulted to the generic UP if all distances
exceeded the threshold. It was possible to specify a custom
threshold per cluster, allowing clusters of different sizes to
be defined.

2.3 | Pulse design

A nonselective 5kT-points!’ inversion pulse was computed
for each cluster. Specifically, a constrained magnitude least
squares optimization problem with the target flip angle
6 = & was solved!8-20

{%,k} = argmin|| Bx,k) - z||,,
x,k

x € CNoNer |k e R3Nr €))
where x is the concatenation of the N, X Nyr RF com-
plex amplitudes, k denotes the concatenation of kT-points
coordinates along each axis (ky, k;, k;) and B is the Bloch
integration operator that returns flip angles for voxels
within the brain region.

Each subpulse in the solution had a rectangular shape
and was 500 ps long, while the gradient blips had a dura-
tion of 200 ps. The optimization was performed subject to
strict local specific energy dose (SEDpax = 30 J/kg) con-
straints as well as voltage amplitude (V. = 170 V), gra-
dient amplitude (Gmax = 70 mT/m), and gradient slew rate
(SRyax = 200 mT/m/ms) limits.

The optimization (1) was performed within a brain
mask obtained from a localizer scan using the brain extrac-
tion tool included in the FSL?! (FMRIB, Oxford, UK) soft-
ware library. The same library was utilized to resample
the mask to match the resolution of B and By maps. The
5kT-points inversion pulse design involved the following
steps:
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Cluster means and overall mean values for lateral head breadth (HB), anterior—posterior head length (HL), and Y-shift metrics.

HL, mm Y, mm
201.76 10.52
202.02 10.73
184.93 4.92
213.31 13.58
199.39 10.35
208.86 12.79

Image reconstruction pipeline

TABLE 1
HB, mm

Full 159.88
C1 160.25
C2 162.96
C3 158.72
C4 148.87
C5 168.22

FIGURE 2  Asystem
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1. Two initial sets of RF complex amplitudes were calcu-
lated using the 150 V and 140 V circularly polarized
(CP) pulses as starting cases for each of the subpulses
in the train. Using the active-set MATLAB algorithm
(Mathworks, Natick, MA) the RF amplitudes were opti-
mized following equation (1). During this step, the gra-
dients remained zero, and the SED,,,, allowance was
set at 30 J/kg. The highest performing solution out of
those two sets was selected for the subsequent step;

2. 20 k-space trajectories were generated with kT points
coordinates k; randomly selected from a uniform [—8,8]
m~! distribution. Importantly, these initial trajectories
remained the same across all populations to reduce the
effect of the randomness in the k-space sampling;

3. Using the active-set MATLAB algorithm, both the
RF complex amplitudes and the k-space trajectory
were optimized simultaneously, producing 20 potential
5kT-points pulses;

4. The solution with the lowest cost function (1) was kept
as final.

2.4 | Scanner implementation

The automated Python pipeline was deployed on
the MAGNETOM 7T Plus MRI scanner (Siemens
Healthineers, Forchheim, Germany), utilizing the

Framework for Image Reconstruction Environments
(FIRE) recently introduced by the manufacturer.?> FIRE
provides a platform for custom image reconstruction
and analysis programs to operate on the scanner’s back-
end. It interacts using the magnetic resonance data
(MRD) format and can transmit raw or reconstructed
image data from various stages of the reconstruction
process.

For head measurements, the image data was extracted
from the reconstruction pipeline by inserting an image
emitter immediately after the distortion correction mod-
ule (Figure 2). Image reconstruction was complete at this
stage, allowing us to run any necessary post-processing.
While FIRE allows for processed data to be reintegrated
into the original pipeline, this functionality was not
utilized in our case, as the actual image contrast was not
manipulated.

2.5 | Data acquisition and analysis

A cohort of 39 volunteers was scanned using a Nova
8Tx/32Rx head coil (Nova Medical, Wilmington, MA). The
imaging protocol included a localizer with voxel size 1.6 X
1.625 x 1.625 mm?3, as well as By and channel-specific B}r
mapping sequences,?>?* provided by the vendor to obtain
the requisite data for pulse design.
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TABLE 2

C1, mm C2, mm
Subject #1 6.85 11.90
Subject #2 11.71 28.67
Subject #3 21.44 13.35
Subject #4 15.34 7.82

The custom inversion pulses were incorporated into
the magnetization-prepared 2 rapid acquisition gradient
echo (MP2RAGE) research application sequence.? The
sequence was executed with the following parameters:
TR/TE/TI1/TI2 = 5000/2.04/700/2700 ms, FA1/FA2 = 4/5
deg, FOV = 240 x 240 x 154 mm?, voxel size = 0.75 X
0.75 x 0.75 mm?3, generalized autocalibrating partially par-
allel acquisitions (GRAPPA) acceleration factor = 4, and
TA = 7:02 min.

The performance of the designed pulses was evaluated
in vivo on four test subjects who were not part of the origi-
nal cohort. Following a similar head measurement proce-
dure based on the localizer scan (Table 2), subjects #1 and
#2 were classified as C1 and C5, respectively. The third vol-
unteer #3 was equivocally positioned between C2 and C4
was therefore classified as full population. However, due to
the proximity to C2, subject #3 was also scanned with that
pulse. Subject #4 was classified as C2 and had an abnor-
mally high Y-shift due to large hair volume in the coil. The
anatomical classification was performed using the auto-
mated pipeline by calculating the Euclidean distance to the
centroid of each cluster.

For comparative analysis, each subject was also
scanned with the same sequence using a 12.8 ms long
hyperbolic secant 4 (HS4) adiabatic inversion pulse, with
all other parameters kept constant; this scan is referred
to hereafter as HS4-MP2RAGE. Due to time constraints
and the computationally intensive nature of our pulse
design method, in vivo data for the tailored pulses were not
acquired.

All MP2RAGE UNI-DEN images were bias-field cor-
rected and registered by rigid transformation to the ref-
erence HS4-MP2RAGE using ANTs?*?” (University of
Pennsylvania, Philadelphia, PA) software package. Sub-
sequently, brain masks were obtained using FastSurfer.?8
The relative difference maps within the brain mask were
calculated based on the registered T1 maps to quantify
the discrepancy between the T1 values and the reference
HS4-MP2RAGE. Those maps were generated from two sets
of images acquired at different inversion times, aiming
to minimize the influence of the Bf inhomogeneity. Any
imperfections in the inversion pulse performance would
be reflected in the quantitative T1 maps. The comparison

The distances to the cluster centroids calculated using the automated pipeline and the Euclidean distance metric.

C3, mm C4, mm C5, mm
18.29 14.35 14.58
6.81 21.11 4.04
31.47 16.50 31.60
26.66 18.94 22.42

was done in four slices that captured the most challeng-
ing parts in the temporal lobes and around the sinuses.
The slices included a midsagittal slice, left and right sagit-
tal slices capturing the temporal poles, as well as an axial
slice through the inferior frontal lobe close to the sinuses.

3 | RESULTS

3.1 | Measurement accuracy

The accuracy of the head measurement was evaluated by
running the algorithm 20 times for each of the 39 subjects,
accounting for its stochastic nature due to image registra-
tion variability. The results showed a standard deviation
of less than 0.3 mm (Figure 3A) and a spread of values
within 1 mm (Figure 3B) for each measurement set. The
automatically identified slices of interest for all 39 subjects
aligned well with the AC-PC line. A visualization illustrat-
ing the intersection of the midsagittal plane with the target
slice identified by the automated measurement pipeline is
provided in Figure S1.

3.2 | Performance evaluation

Analysis of the predicted normalized root mean square
error (NRMSE) values for the target longitudinal magneti-
zation profile after inversion revealed a clear trend: perfor-
mance deteriorated for both the adiabatic (Figure 4A) and
tailored pulses (Figure 4B) as head shape size increased. As
anticipated, the adiabatic inversion yielded the best over-
all performance outperforming tailored solutions and UP
by 34% and 51%, respectively (Table 3). A similar trend
was noted with the one-size-fits-all, full population UP
approach (Figure 4C). Although this method achieved
relatively uniform inversion homogeneity across various
head sizes and positions, a discernible decline in perfor-
mance was still evident for larger head shapes.

In contrast, when using population-specific pulses,
cluster C1 (corresponding to the average head shape) dis-
played performance most similar to that of the full pop-
ulation (Figure 4D). Its mean and maximum NRMSE
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FIGURE 3  Accuracy of the automated pipeline measured by (A) the standard deviation across 20 runs and (B) the range between the

highest and lowest measurements.

REFERENCE POPULATION-SPECIFIC PULSES Datatet Test Subjects
(A) Adiabatic (C) Full/ UP (E) C2 (G) C4
220 220 220 220
o . B .
o
210 %% Tel, 210 g 210 e v 210 et
. O e = .
Sle e > ded
. .
g 2001 % oo '.* o o g 200 g 200 g 200 14
£ 4" £ | £ £ )
<0 . 4 < 4
T 190 T 190 T 190 T 190
» o .
* ol F12
180 180 180 180
.
t10
170 T T T 170 T T T 170 T T T 170 T T T
40 150 160 170 180 40 150 160 170 180 40 150 160 170 180 40 150 160 170 180 R
HB, mm HB, mm HB, mm HB, mm w
[}
s
(B) Tailored (D) C1 (F)C3 (H) C5 ez
220 220 220 220
° .
*
210 K B 210 . 210 te 210 8
. e o
.
g 2071 ° — = g 200 g 200 = g 200 e ~ A
£ P E £ E .
; ; ; ; o
= = = =
T 190 * T 190 T 190 T 190 *
B « . .
* . * .
2
180 180 180 180
.
170 - - - 170 - - - 170 - - - 170 - - -
40 150 160 170 180 40 150 160 170 180 40 150 160 170 180 40 150 160 170 180
HB, mm HB, mm HB, mm HB, mm
FIGURE 4  Scatter plot of normalized root mean square errors (NRMSE) of the target longitudinal magnetization profile within the

brain mask after inversion. The performance of HS4 adiabatic pulse (A) and tailored pulses (B) is compared to that of generic full-population

UP (C), and population-specific pulses C1-C5 (D-H) are applied. Colored circles highlight cluster locations and threshold levels used in

automated pulse selection; stars indicate test subjects. The Y-axis (third dimension) was flattened for simplicity.
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TABLE 3

NRMSE (%) Min

HS4 2.29

Tailored 4.86

UPpP 6.52
TABLE 4

performance across the full dataset.

NRMSE (%) Min

c1 7.65 (6.43)
c2 5.26 (5.26)
c3 6.17 (6.17)
ca 6.49 (6.24)
cs 9.64 (7.73)

within the dataset were comparable to those achieved
using the UP approach (Table 4). More pronounced per-
formance differences were observed in clusters C2 through
C5, which represent the extreme ends of the population
distribution (Figure 4E-H). Specifically, the subpopula-
tions with smaller head shapes in clusters C2 (Figure 4E)
and C4 (Figure 4G) approximated the performance of
the tailored pulses in their respective regions, while a
marked decline was observed in the complementary seg-
ments of the distribution. Notably, cluster C5 (designed
for larger head shapes) demonstrated the poorest over-
all performance. Furthermore, clusters C2 through C5
showed significant discrepancies between their average
and maximum NRMSE values within the cluster and their
performance across the full dataset (Table 4).

A visual analysis of MP2RAGE UNI-DEN (uniform
denoised) scans indicated that the population-specific
pulse resulted in modest contrast improvements around
the sinues (as highlighted by red arrows) for Subject #1,
categorized as C1 (Figure 5A). In contrast, Subject #2,
identified as having the largest head morphology among
the test subjects, showed performance deterioration with
signs of signal hyperintensity in the midbrain (Figure 5B).

The most pronounced performance enhancements
were observed in Subjects #3 and #4 (Figure 5C,D), both
characterized by smaller head shapes. Although Subject
#3 was automatically classified as full population, apply-
ing the C2 pulse closest to it resulted in significant contrast
improvements, particularly in recovering signal hyperin-
tensity around the sinuses. A comparable performance
improvement was noted in Subject #4, where the majority
of contrast around the sinuses and in the left temporal lobe
were effectively recovered.

Performance of HS4 adiabatic inversion, tailored pulses and UP within the dataset.

Mean Max
4.86 6.34
7.38 9.67

10.02 13.47

Performance of population-specific pulses C1-C5 within their respective clusters. Values in parentheses indicate

Mean Max
9.42 (9.68) 11.20 (14.41)
8.08 (10.93) 10.77 (17.46)
9.61 (9.97) 11.25 (14.24)
7.26 (10.55) 8.56 (16.34)
10.26 (12.07) 11.45(17.84)

Quantitative analysis of T1 values against gold stan-
dard adiabatic inversion revealed that Subject #1 exhib-
ited a slight improvement of 3% in NRMSE after applying
the subpopulation pulse (Figure 6A). Conversely, Subject
#2 experienced a significant performance deterioration of
52% (Figure 6B). The most notable performance gains were
recorded in Subjects #3 and #4, with improvements of 21%
and 11%, respectively (Figure 6C,D).

4 | DISCUSSION

This scanner implementation demonstrated that
population-specific pulses could be a viable and efficient
strategy for integrating them into a clinical routine with-
out requiring additional time to acquire field maps or
perform additional optimization. Simulated results and
visual comparison of anatomical scans confirmed that
the performance of a one-size-fits-all solution could be
improved toward smaller head shapes.

Our findings suggest that population-specific pulses
can recover some of the NRMSE loss incurred when a
one-size-fits-all UP is used, bringing performance closer
to that of fully tailored solutions. Smaller head shapes,
characterized by less prominent field heterogeneities,
benefit the most from this approach. Specifically, Sub-
jects #3 and #4, both characterized by smaller head sizes,
demonstrated substantial performance improvements of
up to 21%. Larger head shapes remain challenging due to
more pronounced field heterogeneities and an increased
imaging volume that must be considered. To mitigate
the impact of susceptibility-induced artifacts, extended
datasets in conjunction with more accurate field mapping
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FIGURE 5 Performance of inversion pulses in MP2RAGE UNI-DEN images for subjects #1-4 (A-D). “N, M J/kg” indicates a pulse
designed for cluster N with specific energy deposition (SED) of M J/kg. Highlighted inversion pulses: C1 (red), C2 (green), C5 (magenta).
Subject automated classifications: #1 in C1, #2 in C5, #3 in full population (closest cluster C2), and #4 in C2. Significant improvements were
observed in smaller head shapes, where population-specific pulses effectively recovered signal around sinuses.
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FIGURE 6 Relative difference in T1 values compared to the reference HS4 adiabatic inversion for subjects #1-4 (A-D). “N, M” indicates
a pulse designed for cluster N with NRMSE of M across T1 values. Highlighted inversion pulses: C1 (red), C2 (green), and C5 (magenta).
Subject automated classifications: #1 in C1, #2 in C5, #3 in full population (closest cluster C2), and #4 in C2.
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techniques could be used. Specifically, advanced field
mapping methodologies such as actual flip-angle imag-
ing (AFI)?° and dual refocusing echo acquisition mode
(DREAM)*® have the potential to enhance the accuracy of
field maps.

The energy deposition can be managed as a trade-off
with performance, leading to a more energy-efficient solu-
tion by changing the maximum allowed SED. In our SED
unlimited case, the least efficient population-specific pulse
exhibited an energy deposition three times lower than the
HS4 adiabatic inversion pulse used in the product version
of the MP2RAGE sequence.

As previously reported in our in silico feasibility
study,'> subpopulations showed the highest performance
gains in challenging head shapes in the tails of the pop-
ulation distribution. The dataset analyzed in this study
included 39 subjects, which may only represent part of the
population. Nonetheless, the head shape metrics (means
and standard deviations) aligned with previously reported
values.!® The clusters themselves cannot be very narrow,
as the localizer scan’s resolution constrains the head mea-
surements’ accuracy. The clusters should be sufficiently
large to encompass the anatomical variability within the
population yet small enough to yield a performance gain.

The automated Python pipeline, integrated within the
FIRE framework, demonstrated high repeatability with
a minimal standard deviation of 0.1 mm. The observed
output variance across multiple executions of identical
registrations can be attributed to random sampling and
floating-point precision errors. While seeding the regis-
tration algorithm can produce fully reproducible mea-
surements, this approach does not inherently enhance
the accuracy of the measurements. Therefore, we avoided
seeding the registration algorithm.

The current FIRE pipeline implementation provides
a flexible sequence-agnostic solution, provided the pulse
under consideration has fixed parameters and can be pre-
computed. It allows defining of any number of clusters
by setting maximum acceptable distances to their centers
in a configuration file. The algorithm selects the closest
cluster within the specified limit. In cases where no such
cluster is identified, it defaults to a generic solution that
has to be provided in the configuration file. This approach
allows the pipeline to be easily customized for different
applications and pulse sequences as needed.

The proposed approach is essentially calibration-free,
needing only the real-time analysis of the participant’s
head shape. Routine localizer scans performed during the
planning phase can effectively support this process with-
out increasing the total examination time. The analysis
takes approximately 10 seconds to measure the relevant
parameters and select an appropriate solution, ensur-
ing that the integration of this methodology into clinical

workflows remains seamless and does not introduce
significant delays.

Upon examining the cluster compositions, we
observed that participants with larger head shapes were
predominantly male, whereas those with smaller head
shapes were mostly female. Although volunteer selection
was entirely random, we believe this separation arose
naturally in a relatively small dataset. Consequently, one
might argue that relying solely on head breadth (HB),
head length (HL), and Y-shift as clustering criteria appears
limited for improving B} homogeneity. Nonetheless, our
choice to focus on objective head shape measurements
derived from standard localizer scans was deliberate. By
doing so, we avoided the ethical and practical challenges
associated with incorporating demographic variables
such as ethnicity or sex. Those factors would require
much larger and more diverse datasets. Furthermore, we
acknowledge the potential benefits of integrating addi-
tional head shape metrics such as Z-shift, for example,
and intend to explore these in future studies to improve
the clustering process.

Special consideration must be given to cases involv-
ing excessive hair volume or cushioning. In our experi-
ments, Subject #4 had an unusually high Y-shift value
within the coil due to a substantial hair volume. Despite
this, the C2 subpopulation pulse performance remained
unaffected. Nevertheless, these edge cases require further
investigation to understand and fully address their poten-
tial challenges.

5 | CONCLUSION

Segmenting the population into subgroups based on
head shape and position can enhance the perfor-
mance of one-size-fits-all universal inversion pulses
in the MP2RAGE sequence for 7T brain imaging.
Population-specific pulses, facilitated by the auto-
mated pulse selection pipeline, demonstrated improved
B! homogeneity, particularly in smaller head shapes,
and reduced energy deposition compared to adia-
batic inversion without increasing scan time. Although
population-specific pulses did not match the per-
formance of adiabatic inversion pulses, they offer a
practical compromise between calibration-free UPs and
subject-specific online pTx pulse design.
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Table S1. Summary of volunteer demographics and phys-
ical characteristics. Both By and B maps were included in
the pulse design.

Figure S1. Visualization showing the intersection (red
line) of the midsagittal plane with the target slice identified
by the automated measurement pipeline across 39 subjects
in the dataset. The red line was expected to be aligned with
the anterior commissure - posterior commissure (AC-PC)
line.
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