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INTRODUCTION Gradient Array Coils:

 A gradient array coil is made up of multiple elements that can be individually driven by independent

gradient power amplifiers (GPAs).

Ertan, K. and Atalar, E., Simultaneous use of linear and nonlinear gradients for B1+ inhomogeneity correction in NMR in Biomedicine 2017, 30:e3742.
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Conventional System Array System

4) Local Optimization of Diffusion Encoding Gradients for TE reduction

 Gradient Array Coils:

 Dynamically generate optimized linear gradients for specific aims only inside the target VOI.

 An application to Diffusion Weighted Imaging (DWI).

Ertan, K., Taraghinia, S., Saritas, E.U., Atalar, E., Local Optimization of Diffusion Encoding Gradients Using a Z-Gradient Array for 
Echo Time Reduction in DWI, ISMRM, Paris, 2018
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INTRODUCTION Driving mutually coupled gradient array coils:

Ertan K, et al. Driving mutually coupled gradient array coils in magnetic resonance imaging. MRM. 2019.
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Conventional RF Pulse Design
Slice Number : N=5
Relative Peak RF Voltage = 5
Relative Average Energy (SAR) = 5
Relative Peak Power = 25

Proposed Method
Slice Number : N=5
Relative Peak RF Voltage = 1
Relative Average Energy (SAR) = 1
Relative Peak Power = 1

 Gradient Array Coils:

 Generate nonlinear gradients to be used in novel applications:

 Multi-slice excitation with a single band RF pulse.

Ertan K, et al. A z‐gradient array for simultaneous multi‐slice excitation with a single‐band RF pulse. MRM. 2018.
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INTRODUCTION Gradient Array Coils:

 Double & Shifted Double ROL

ROL-1

ROL-2

𝐵 field map 𝐵 field map

Half of primary 
array

Half of shield 
array

Takrimi M, Atalar E. Z-Gradient Array Coil Equipped With a Tunable Shield Array for Creating Multiple-Imaging Volumes. ISMRM, 2022. 
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Poynting Theorem  Quadratic Calculation

Consider the warm shield’s metallic body as a simple medium (𝜀, 𝜇, 𝜎 ∈ ℝ ) of volume 𝑉
enclosed by surface 𝑆. The integral form of the Poynting theorem reads:

where 𝐽 ̅ is the volume induced eddy current density.

It is observed that:

• Re − ∮  𝐸 × 𝐻∗ ⋅ 𝑎 𝑑𝑠 represents the time-average ohmic 

power loss caused by induced eddy currents within 𝑉.

• Im − ∮  𝐸 × 𝐻∗ ⋅ 𝑎 𝑑𝑠 represents the time-average stored magnetic energy within the 

𝑉.

−  𝐸 × 𝐻∗ ⋅ 𝑎 𝑑𝑠 = 𝐽̅ 𝑑𝑣 + 𝑗4𝜋𝑓 𝐻 𝑑𝑣 − 𝐸 𝑑𝑣

𝐸, 𝐻

𝜀, 𝜎, 𝜇

𝜌

𝑧

𝑎

𝑎

𝑎

𝐽 ̅

𝑉

  �̅� × 𝐻∗ ⋅ �̂� 𝑑𝑠 = �̅� 𝑄 (𝑓)�̅�

Quadratic form of the time-average 
complex power delivered into the 

cryostat defined by a closed surface 𝑆.

• 𝑄 (𝑓) is a 𝑁 × 𝑁 complex 

matrix to  be calculated once.
• �̅� is a vector representing the 

array driving currents.

𝑃 ( ) �̅� ≅ 2𝑐  Re �̅� 𝑄 𝑚𝑓 �̅�

• 𝑀 is the harmonic truncation number.
• 𝑐 is the complex Fourier series of 𝑠(𝑡).

For a given driving waveform 𝑠(𝑡)

Abstract #4573
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Results (I): & fields -Sinusoidal Excitation
Method: The proposed quadratic minimization using �̅�𝑄�̅� (𝑁 = 48):

FOV=45cm, Err=5%, G=40mT/m, RMS=186A, Ansys=8.34W (7.24W, 0.005W, 
1.10W), Proposed=8.32W, (x3.8 less), Time=3.9s.

Method: Stray field minimization on the cryostat’s surface (𝑁 = 48):

FOV=45cm, Err=5%, G=40mT/m, RMS=186A, Ansys=31.82W (23.61W,
0.043W, 8.16W), Proposed=31.36W, Time=44s.

(a) plots (b) plots

Abstract #4573
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INTRODUCTION Gradient Array Coils:

 Increasing PNS thresholds:

 Induced E-field minimization using field profiling.

Spherical ROL

Disk-shaped ROL

|E|max = 56.7 V/m

|E|max = 22.6 V/m

Reduced 60%

Babaloo R, Takrimi M, Atalar E. Increasing Peripheral Nerve Stimulation Thresholds Using Gradient Array Coils. ISMRM, 2022. 
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METHODS
 Coils geometry:

 X, Y, and Z gradients (including shield)

 X and Y coils: break down a conventional coil winding into multiple channels.

 Z coil: the entire surface of the coil former is covered with circular loops

uniformly spaced along the z axis.

 Primary coil diameters: X: 690mm, Y: 710mm, Z: 730mm.

 We use a simplified body model with uniform interior electrical properties.

Sim4Life: MRI gradient design

Abstract #0599

Roemer PB et al.. Electric field calculation and peripheral nerve stimulation prediction for head and body gradient coils. MRM, 2021. 
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METHODS: Field calculations

1. Sim4Life by Zurich Med Tech

 B-fields:

 E-fields:
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Unit: T

Unit: T/A

 Field calculations:

 Each channel is treated as a basis element.

 B-fields and E-fields of each channel are computed (unit current).

 We use low-frequency magneto quasi-static solvers available in Sim4Life1.

 Total B-field and E-field can be expressed as a linear combination of basis elements.
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METHODS
 Optimization problem:
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 B-field linearity error

Maximum tolerable magnetic field at the cryostat

Maximum current supported by amplifier

Torque matrix

 PNS thresholds:

 Linear magneto-stimulation formula:

 The PNS parameters:
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rb : Rheobase = 2.2 V/m

ch : Chronaxie =360µs
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RESULTS
 Spherical ROL with 225mm radius:
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RESULTS
 Spherical ROL with 225mm radius:
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RESULTS

For the same linearity error: 28% reduction in |E|max

|E|max reduction: 62%

 Spherical ROL with 120mm radius:
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RESULTS
 Spherical ROL with 120mm radius:

PNS thresholds increase: 38%

PNS thresholds increase: 25%
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RESULTS
 Disk-shaped ROL: at 𝑧=0 (20mm thickness)

|E|max reduction: 67%
PNS thresholds increase: 3-fold

Z gradient
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RESULTS
 Off-center oblique slice in X+Y direction: at 0.1m distance from the center with 40mm thickness

|E|max reduction: 27%
PNS thresholds increase: 36%
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RESULTS
 Alternative optimization:
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Z gradient
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RESULTS
 Considering a heterogeneous body model with E-fields at the exact location of nerves:


