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Nuclear Quadrupole Resonance (NQR) \\\g

A Clear Road Ahead

e “Zero Field NMR”
e Detection of “chemical fingerprint”
e High specificity
e Stimulation with RF pulses
* Near-field operation
e RF-coils (inductive coupling)
e Applications: Drugs, Explosive materials
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A Clear Road Ahead: Humanitarian Demining //Z\\\\

lear Road Ahead

e A Clear Road Ahead (ACRA)
* NQR for anti-vehicle mines detection
e Humanitarian demining setting
e Design w.r.t. socioeconomic impact
* Low-cost prototyping
e Local manufacturing
* Somalia, Angola, Afghanistan
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NQR detection system

A Clear Road Ahead
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Low-cost
Local manufacturing
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COMSOL — RF Module

A Clear Road Ahead

Aim: Comparative evaluation of geometrical parameters on coil’s performance
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e Copper tube thickness: 2mm, R, =6mm
e Air domain encapsulation: R ;,,=1000mm
* PML layer thicknes: R, ,=100mm

e Number of DOF: 1490962

e Average element quality 0.6481

e Minimum element quality 0.1999

e Number of elements: 222189

Modeling reference: COMSOL Application Gallery: “RF Coil”, ID 6126
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Port Impedance P4

A Clear Road Ahead
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Normalized Magnetic Field Decay along Zaxis /i

A Clear Road Ahead

Normalized Magnetic Field Decay [%]
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As the major radius and radial pitch combinations approach the dimensions of
the coil measured at the lab, the magnetic field decay behaves similarly
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r25p40: Influence of operational environment;&\
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« 10" Port Impedance matched with 454 pF (r25p40) [Ohm]
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T
Conclusions and Future Steps g

A Clear Road Ahead

e Spiral Coil Modeling

* Increase of major radius leads to improved field homogeneity

* Encouraging magnetic field decay patterns w.r.t. prototype coil field mapping
e Operation in a shielding box in agreement with observations at lab conditions
* Influence of Q-factor in presence of copper debris

e Future Work

e Further investigation on influence of operational conditions to bandwidth
resilience levels (soil properties, clutter, further debris)

 Magnetic field homogeneity assessed in the whole detection region

e Utilization of Optimization Module for retrieving optimal geometrical
properties w.r.t. magnetic field quality metrics

e Utilization of AC/DC module (Electrical Circuit Interface) and/or additional TR
circuit SPICE model coupled to the electromagnetic model
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Normalized Magnetic Field Decay for r25p40 [%]
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