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Shahzad A., Elahi A., 
O'Halloran M., Jones E., 
Glavin M.

A Massively Parallel SIMD Framework for Fast 3D Microwave 
Tomography

1477 1481
Marengo E.A., Solimene R. A new data-based method for linear inverse scattering

772 775
Berrabah N., Zhang Q., 
Franchet M., Vautrin D.

Estimation of a Cable Resistance Profile with Readaptation of 
Mismatched Measurement Instrument 1276 1279

Jouny I. Extraction of Scattering Centers for Target Recognition using Esprit
453 456

Ben-Harush M., Teneh N., 
Lukovsky G.

Simulative anomaly detection using 2D tomography
754 756

Wang M., Wang Z., Cheng 
Z.

Troposcatter OTH passive sensing with Cohen’s class distribution 
based on an equal-slope Hough transform 437 440



SESSION 22:Fast Computational Methods, organized by A. 
Boag

Rius J.M., Heldring A., 
Ubeda E.

About frequency extrapolation in IE-MEI
515 518

Ludick D.J., Botha M.M., 
Maaskant R., Davidson D.B.

Accelerating the CBFM-enhanced Jacobi Method

346 349
Cools K., Andriulli F.P. Calderon Preconditioning of the Local System in a Single Level 

BETI Method 1345 1348
Letrou C., Gershenzon I., 
Hariz M., Boag A.

Fast Beam-based Analysis of Monostatic Scattering
810 811

Hadad Y. Fast Mode-poles Search in Layered Media Using the Fourier-Pade 
Approximation 608 610

Sewraj K., Botha M.M. Generalized Characteristic Basis Function Definitions for Efficient 
Antenna Array Analysis in 2D 984 987

Sharshevsky A., Brick Y., 
Boag A.

Generalized source integral equation
1097 1098

Jiang M., Lin L., Hu J., Nie 
Z., Lee J.-F.

IE-DDM mixed with Phase-extracted Basis Functions and Reverse 
Operation Self-Consistent Evaluation Technique 878 880

Li M., Dang X., Liu T., Yang 
F., Xu S., Boag A.

Modeling and Analysis of Quasi-Periodic Arrays
998 1000

Chernokozhin E.V., Boag A. Multilevel Nonuniform-Grid Algorithm for Problems of Acoustic 
Scattering by Elastic Shells 433 434

Xiang D.P., Botha M.M. Performance Evaluation of Fast Multiple-Reflection Physical Optics 
for Scattering Analysis 1001 1003

Adams R.J., Thomas R.J., 
Young J.C.

Sparse solution of discrete multiple scattering problems in a 
directional plane wave basis 739 742

Beghein Y., Mitharwal R., 
Cools K., Andriulli F.P.

Spectral and Algorithmic Strategies for Penetrable Scatterers on 
Simply and non-Simply Connected Geometries 1735 1738

Taboada J.M., Solís D.M., 
Martín V.F., Larios D., 
Obelleiro F., Rodríguez 
J.L., Landesa L.

Surface integral equation-domain decomposition scheme for solving 
multi-scale radiation and scattering problems

1559 1561

SESSION 23:Electromagnetic modeling of devices and circuits 

Nel B.A.P., Botha M.M. Adaptive cross approximation (ACA) acceleration of 
superconducting circuit analysis 1186 1189

Munir A., Ludiyati H., 
Suksmono A.B.

Cylindrical coordinate system-based FDTD method for resonant 
frequency analysis of anisotropic circular dielectric resonator

              N/A
Elsässer M., Miralles 
Navarro E., Ziegler V., 
Vietzorreck L.

Development of a simple broadband microstrip to waveguide 
transition

1700 1703
Triandaf I. Spatiotemporal Chaotic Dynamics in a Multiconductor Transmission 

Line Model 673 676

SESSION 24:Printed and conformal antennas



Shamvedi D., McCarthy 
O.J., O'Donoghue E., 
O'Leary P., Raghavendra R.

3D Metal Printed Sierpinski Gasket Antenna

633 636
Cupal M.C., Raida Z.R. Circularly polarized substrate integrated textile antenna for ISM 

band 24 GHz 1154 1157
Wang F., Wang G. Design of a 20-element Inkjet-printed Antenna Array for Wearable 

Microwave Breast Imaging and Diagnosis 874 877
Sanusi O.M., Ghaffar F.A., 
Shamim A., Wang Y., Roy 
L.

Development of 2.45 GHz Compact Antenna for Wireless Sensors 

              N/A
Saini R.K., Dwari S. Dual-Band Dual-Sense Circularly Polarized Slot Antenna 472 475
Asaadi M.M., Sebak A. High Gain High Dense Dielectric Patch Antenna With A Holey 

Superstrate for 5G Applications 1109 1111
Shamvedi D., McCarthy 
O.J., O'Donoghue E., 
O'Leary P., Raghavendra R.

Improved Performance of 3D Metal Printed Antenna through 
Gradual Reduction in Surface Roughness

669 672

SESSION 25:Wireless Power Transfer, organized by P. Russer

Mastri F., Mongiardo M., 
Monti G., Tarricone L.

Characterization of Wireless Power Transfer Links by Network 
Invariants 590 593

Haider M., Russer J.A. Field Modeling of Dynamic Inductive Power Supply of Electric 
Vehicles on the Road 1490 1493

Lang H.-D., Sarris C.D. Power-flow considerations for optimal wireless power transfer 
networks 1628 1631

SESSION 27:Stochastic Electromagnetic Fields, organized by 
J. Russer

Flintoft I.D., Dawson J.F. 3D Electromagnetic Diffusion Models for Reverberant Environments
511 514

Liu K.A., Sarris C.D. Broadband uncertainty quantification with the FDTD method and the 
multi-complex step derivative approximation 1642 1645

Doncov N., Stosic B., 
Stankovic Z., Russer J., 
Haider M., Baharuddin 
M.H., Thomas D.W.P.

Characterization of EM field above a single aperture or air-vents of 
an enclosure for a variable degree of correlation between stochastic 
sources inside

1399 1402
Schaefer D., Lauer A., 
Baggen R.

Characterization of noisy EM Fields by Cross Spectral Density 
Eigenvalue Analysis 902 905

Stankovic Z., Doncov N., 
Milovanovic B., Milovanovic 
I.

Efficient 2D Localization of a number of mutually arbitrary positioned 
stochastic EM sources in far-field using neural model

1391 1394
Haider M., Russer J.A. Equivalent Source Localization for Stochastic Electromagnetic Fields

1486 1489
Creagh S.C., Blackburn J., 
Gradoni G., Hartmann T., 
Phang S., Tanner G.

Fluctuation of Correlation within Enclosures

1429 1432
Richter M., Mortessagne F., 
Legrand O., Kuhl U.

Introducing Enhanced Transport to the Effective Hamiltonian 
Approach via Random Matrices with a Pair of Connecting States

611 614



Wane S., Bajon D. Network representation of Biology-Inspired Analog Signal-
Processing: Correlated Neural Cells Array in Diffuse Noisy 
Stochastic EM Fields 1688 1691

Bastianelli L., Gradoni G., 
Micheli D., Barazzetta M., 
Diamanti R., Moglie F., 
Mariani Primiani V.

Reverberation chambers for testing LTE wireless communication 
systems

722 725
Baev A., Kuznetsov Y., 
Haider M., Russer J.A., 
Russer P.

Time-Domain Characterization of Probes for Two-Point 
Measurements of Stochastic EM Fields

1521 1524
Kuznetsov Y., Baev A., 
Haider M., Russer J.A., 
Russer P.

Time-Domain Far-Field Measurements for Cross-Correlation 
Analysis

1517 1520

SESSION 30:Technologies for mm and sub-mm waves
Xia D.H., Liu C.H., Wang 
Z.J.

Application of reflective gratings for electron cyclotron heating 
system 1342 1344

Diaby F., Clemente A., Di 
Palma L., Dussopt L., 
Pham K., Fourn E., 
Sauleau R.

Linearly-polarized electronically reconfigurable transmitarray 
antenna with 2-bit phase resolution in Ka-band

1295 1298
Mushin A., García Muñoz 
L.E., Lo M.C., Cruzoe 
Guzmán R., Carpintero G.

mmWave Photonic Emitter featuring a UWB Fermi Tapered Slot 
Antenna

1789 1792
Runke S., Clemens M. Numerical Nondestructive Testing Simulations for the Detection of 

Defects in Thin Multilayer Composite Material Models
1194 1198

Lin M.L., Guo Z.Q., Liu 
P.G., Gao Y.

Single-Layer SIW Corrugated Technique for Gain Enhancement
619 621

SESSION 31:Novel mathematical methods in electromagnetics, 
organizied by K. Kobayashi and Y. Shestopalov

Kim S.-Y. A new insight into the role of hidden rays in wedge diffraction 680 683
Daniele V., Lombardi G., 
Zich R.S.

An application of the Generalized WH technique
574 577

Ozaki R., Yamasaki T. Analysis of Pulse Response from Two Dispersion Media with Strips
1310 1313

Molinet F.A. Axial Radar Cross-Section of a Strongly Elongated Spheroid 
Truncated by a Plane Perpendicular to its Axis 541 544

Kidera S., Noritake K. Boundary Extraction Based Imaging Method by Incorporating FDTD 
Based Wavefront Analysis for Microwave Mammography

888 891
Jandieri V., Baccarelli P., 
Valerio G., Ceccuzzi S., 
Ponti C., Schettini G.

Efficient and Rigorous Analysis of Leaky Modes in 2-D EBG Guiding 
Structures

444 445
Kudrin A.V., Ivoninsky A.V., 
Es'kin V.A.

Electromagnetic resonance scattering from arrays of gyrotropic 
cylindrical objects 862 865

Nagasaka T., Kobayashi K. E-polarized Plane Wave Diffraction by a Thin Material Strip
796 799



Kuroda M. FDTD Method for the Analysis of Moving Boundary Problems - Over 
Set Grid Generation Method and Body Fitted Grid Generation 
Method with Moving Boundaries- 545 548

Yagitani S., Kanaura R., 
Ozaki M., Imachi T.

Numerical analysis and visualization of spherical waves absorbed 
by a thin metamaterial absorber 808 809

Andronov I.V., Shevnin D.A. On Numerical Artifacts in the Boundary Element Method for the 
Induced Currents Computation on a Large Spheroid 712 714

Vinogradova E.D. Plane wave diffraction by 2D rectangular cavity with flanges 937 939
Melamed T., Shlivinski A. Practical Algorithm for Designing Caustic Beams 391 393
Uslenghi P.L.E. Scattering by a metal wire inside dihedral and trihedral reflectors

450 452
Li Y., Liberal I., Engheta N. Scattering Properties of Epsilon-and-Mu-Near-Zero Metamaterials

523 526

SESSION 32:Electromagnetic scattering models for signals of 
opportunity, organized by M. Moghaddam

Park J., Buchanan M., 
O'Brien A., Johnson J.T.

A Comparison of Models for Predicting Near-Specular Bistatic 
Scattering from Rough Surfaces 1715 1718

Chew C., Podest E., 
McDonald K.C., Steiner N.

Advantages and limitations of L-band bistatic radar remote sensing 
of landscape freeze/thaw state

1743 1745
Azemati A., Moghaddam M. Circular-Linear Polarization Signatures in Bistatic Scattering Models 

Applied to Signals of Opportunity 1825 1827
Shah R., Zuffada C., Chew 
C., Lavalle M., Xu X., 
Azemati A.

Modeling Bistatic Scattering Signatures from Sources of Opportunity 
in P- Ka bands

1684 1687
Garrison J.L., Nold B., 
Pignotti G., Lin Y.-C., 
Piepmeier J., Vega M., 
Fritts M., Du Toit C., Knuble 
J.

Recent Results on Soil Moisture Remote Sensing Using P-band 
Signals of Opportunity

1604 1607

SESSION 33:Antenna systems for radio astronomy, organized 
by D.B. Davidson, E. de Lera Acedo, G. Virone, R. Wayth

Patra N., de Boer D., 
Parsons A., Day C., Shen 
D., Bhattacharyya T., 
Kundert K.

Antenna systems for 21 cm Cosmology

1116 1119
Wijnholds S.J. Calibration of Mid-Frequency Aperture Array Stations Using Self-

holography 967 970
Bui-Van H., Craeye C., 
Razavi-Gods N., de Lera 
Acedo E.

Correlation between SKA1-LOW Stations Including Mutual Coupling

1409 1411
Pienaar H., Davidson D.B. Design of a Dual Polarised Wideband Source Antenna Onboard an 

UAV for Radio Astronomy Element Characterisation
1174 1177

Nesti R., Orsi E., Pelosi G., 
Possenti L., Selleri S.

Design of the low C-band passive front-end for the beam waveguide 
focus of the Sardinia radio telescope 657 660

Zhang Y., El-Makadema A., 
Yang M., Brown A.K.

Dual Polarised Crossed Ring Antenna Array with High Polarimetric 
Purity 1358 1360



Ludick D.J., Carozzi T., 
Davidson D.B., Smirnov 
O.M.

Full-wave analysis of the Expanded Very Large Array

1762 1765
Chippendale A.P., 
Hellbourg G.

Interference Mitigation with a Modified ASKAP Phased Array Feed 
on the 64 m Parkes Radio Telescope 948 951

Phiri T.J., Davidson D.B., 
Wiid P.G.

Multipath Characterisation of the MeerKAT Core Site
929 932

Labate M.G., Stringhetti L., 
Dewdney P., Braun R.

Next step in the Aperture Arrays and Antenna design for the World’s 
Largest Radio telescope of the future 1925 1928

Arts M.J., Brethouwer M., 
Ruiter M.

Noise modeling of a 4x4 prototype array for the Mid Frequency 
Aperture Array 1415 1417

Withington S., Thomas 
C.N., Goldie D.J.

Probing the Dynamical Modes of Energy Absorbing Structures 
Using Interferometry 1813 1816

Paonessa F., Virone G., 
Bolli P., Pupillo G., 
Wijnholds S.J., Matteoli S., 
Lingua A., Piras M., Aicardi 
I., Maschio P.

Recent Results on the Characterization of the LOFAR radio 
telescope by means of a micro UAV

1752 1753
Wilke C.R., Gilmore J., 
Davidson D.B.

Reducing the Maximum Quantization Scan Error in Dense Phased 
Arrays 1268 1271

Klopper B., De Villiers D.I.L. Surrogate-based Antenna Element Optimization for Regularly 
Spaced Aperture Arrays 933 936

Carretti E. The Sardinia Radio Telescope (SRT): a large modern radio 
telescope for observations from meter to mm wavelengths. 1739 1742

Pupillo G., Pluchino S., 
Bolli P., Virone G., Mariotti 
S., Monari J., Paonessa F., 
Perini F.

UAV-based method for the sensitivity measurement on low-
frequency receiving systems

1232 1235

SESSION 34:Electromagnetic measurements
Martin T., Vallhagen B., 
Wallin M., Rahm J.

A novel method to increase the accuracy of material 
characterization using free space transmission measurements

1608 1611
Perna S., Esposito C., 
Pauciullo A., Gifuni A.

An algorithm for the Antenna Phase Center Calculation
1433 1435

Schlie C.H., Rozgic M., 
Dudzinski M., Schiffner J., 
Barbary I., Fichte L.O., 
Storjohann J., Hollan R., 
Potthast S., Schaarschmidt 
M., Sabath F., Stiemer M.

Constructive adjustment of characteristic parameters of a mode-
stirred reverberation chamber for EMC tests and power 
spectroscopy

1079 1082
Klygach D., Vakhitov M. Experimental Studies of Reflection Coefficient for Corundum-Based 

Material 1335 1337
D'Agostino F., Ferrara F., 
Gennarelli C., Guerriero R., 
Migliozzi M.

Nonredundant spherical spiral scanning for offset mounted long 
antennas

944 947

SESSION 35:Recent advances in electromagnetics for MRI, 
organized by D. Erricolo, G. Carluccio, R. Lattanzi



Zhang B., Chen G., Cloos 
M., Yu Z., Walczyk J., 
Collins C., Brown R., 
Lattanzi R., Sodickson D., 
Wiggins G.

29-channel Receive-only Dense Dipole Head Array for 7T MRI

1624 1627
Woo M., Lagore R.L., 
DelaBarre L., Lee B.-Y., 
Eryaman Y., Radder J., 
Erturk A., Metzger G., van 
de Moortele P.-F., Ugurbil 
K., Adriany G.

A 16-channel Transceiver Loop+Dipole Antennas Head Array for 
Human Head Imaging at 10.5T

1649 1652
Kozlov M., Bode J., Bazin 
P.-L., Weiskopf N., Möller 
H.E., Shajan G.

Comparison of 7T 16-channel dual-row transmit arrays

1264 1267
Kozlov M., Kainz W. Comparison of lead electromagnetic model and 3D EM results for 

helix and straight leads 649 652
Georgakis I.P., Villena J.F., 
Daniel L., White J.K., 
Polimeridis A.G.

Consistent Numerical Basis of Electromagnetic Fields in Realistic 
Human Body Models for MRI System Design and Optimization

1063 1063
Ianniello C., Madelin G., 
Lakshmanan K., Zhang B., 
Moy L., Brown R.

Design and performance of a dual tuned 7 T proton/sodium breast 
coil

1890 1893
Brink W.M., Paska J., Dai 
J., van Gemert J.H.F., 
Chen G., Wiggins G.C., 
Remis R.F., Collins C.M., 
Webb A.G.

Dielectric Enhanced Dipoles for MRI - Approaching the Ideal 
Current Pattern

1220 1223
Fontana N., Costa F., Tiberi 
G., Nigro L., Monorchio A.

Distributed trap FSS filter for dual tuned RF MRI coil decoupling at 
7.0T

1229 1231
Remis R., Webb A., 
Mandija S., Leijsen R., 
Fuchs P.S., Stijnman P., 
van den Berg C.

Electrical Properties Tomography Using Contrast Source Inversion 
Techniques

1025 1028
Ittermann B., Brühl R., 
Ihlenfeld A., Weidemann 
G., Seifert F.

Implant related safety issues in MRI 

              N/A
Collins C.M. Intuitive Understanding of RF Heating Patterns in MRI 1886 1889
Serrallés J.E.C., Boeru E., 
Polimeridis A.G., Sodickson 
D.K., White J.K., Daniel L., 
Lattanzi R.

Investigation of the feasibility of inverse scattering via Global 
Maxwell Tomography

1562 1562
Pfrommer A., Henning A. On the Superlinear Increase of the Ultimate Intrinsic Signal-to-Noise 

Ratio with Regard to Main Magnetic Field Strength in a Spherical 
Sample 684 687

Radder J.W., Woo M., Van 
de Moortele P.-F., Metzger 
G.J., Erturk M.A., Strupp 
J.P., Ugurbil K., Adriany G.

Optimization and simulation of a 16-channel loop and dipole array 
for head MRI applications at 10.5 Tesla

1828 1831



Niendorf T., Ji Y., 
Oezerdem C., Oberacker 
E., Kuehne A., Waiczies H., 
Winter L.

Radiative RF Antenna Arrays for Cardiac, Brain and Thermal 
Magnetic Resonance at Ultrahigh and Extreme Magnetic Field 
Strengths: Concepts, Electromagnetic Field Simulations and 
Applications 1567 1570

Carluccio G., Collins C. Safety Evaluation of Algorithms for local Excitation with a transmit 
array considering thermoregulatory responses 1883 1885

SESSION 36:Analysis and simulation of complex 
electromagnetic media, organized by I.Tsukerman

Bleszynski E.H., Bleszynski 
M.K., Jaroszewicz T.

Enhancing early-time diffusion through beam collimation in pulse 
propagation through slabs of discrete random media

1632 1635
Hollaus K., Schoebinger 
M., Tsukerman I.

Homogenization of Laminated Magnetic Cores and the Role of 
Surface Charges 971 972

Jandieri V., Yasumoto K., 
Erni D.

Modal Analysis of Post-Wall Waveguides and Waveguide-based 
Filters for Micro and Millimeter Waves                                                                   N/A

Hollaus K., Schöbinger M. Multiscale Finite Element Method and Geometric Perturbation of 
Laminated Cores 1262 1263

Tsukerman I., Markel V.A. Nonasymptotic and Nonlocal Homogenization of Electromagnetic 
Metamaterials 1385 1386

Mansha S., Chong Y.D., 
Tsukerman I.

Photonic Devices with Slab Geometries: Numerical Models with 
Trefftz Approximations 910 913

SESSION 37:Electromagnetic applications to biomedicine
Loizos K., Gámez 
Rodríguez E., Kosta P., 
Paknahad J., Machnoor M., 
Lazzi G.

Bioelectromagnetics for Neuroimplants            

              N/A
Shahzad A., Clausing D., 
Prakash P., Dennedy M.C., 
O'Halloran M.

Braodband Dielectric Properties of Adrenal Gland for Accurate 
Anatomical Modelling in Medical Applications

1465 1468
Caorsi S., Lenzi C. Can a MM-Wave Ultra-WideBand ANN-Based Radar Data 

Processing Approach Be Used for Breast Cancer Detection? 1236 1239
Bonello J., Farrugia L., 
Sammut C.V.

Effects of preservative solutions on the dielectric properties of 
biological tissue. 1216 1219

Sato H., Song H., Kono H., 
Miyake R., Xiao X., 
Kikkawa T.

Influence of Complex Permittivity on Confocal Imaging of 3D-Printed 
Breast Phantom

1318 1319
Kai S., Takahashi M. Investigation of the Film Antenna for Capsular Endoscope 1151 1153
Topsakal E. Long-Term Implantable Wireless Medical Telemetry 1845 1846
Fuhrer E., Jouda M., 
Gruschke O.G., Korvink 
J.G.

Optical gauge head to evaluate gradient eld induced vibrations of 
conductive structures during MRI

1555 1558

SESSION 39:Computational methods and experimental results: 
comparison and uncertainty analysis for antenna radiation, 
scattering and RCS applications, organized by C. Pichot

LaHaie I.J., Blischke M.A., 
Cossmann S.M., Fischer 
B.E., Hawks M.H.

: Model-based optimization using 1 minimization for reducing the 
uncertainty in radar cross-section (RCS) measurements and 
predictions 840 843



Manoochehri O., 
Darvazehban A., 
Emadeddin A., Erricolo D.

A new method for designing high efficiency multi feed multi beam 
reflector antennas

551 554
Clemente A., Bories S., 
Pintos J.-F., Keignart J., 
Delaveaud C.

Antenna Measurements from 50 MHz to Millimeter Wave 
Frequencies at the CEA-Leti Far-Field Facility

1327 1330
Bonnemason P., De Kat J., 
Etchessahar B., Massaloux 
P., Mazé-Merceur G.

Comparison of the measured and computed RCS of a target: 
criterion taking into account the measurement and computation 
uncertainties

1913 1916
Nsengiuymva F., Migliaccio 
C., Brochier L., Dauvignac 
J-Y., Pichot C.

Comparisons between Scattering Measurements and Simulations of 
2D Canonical Objects in W-band

             N/A
Hettak L., Saleh H., Dahon 
C., Casaletti M., Meyer O., 
Geffrin J.M., Roussel H.

DEMOS : a Domain dEcomposition MOdel for Scattering in forest 
environments compared with mono and bistatic measurements on 
scaled models

726 728
Abboud T., Barbier D. Fast BEM Solvers for Antennas and RCS Problems 1917 1920
Saleh H., Eyraud C., 
Geffrin J.-M.

Optimization of the Experimental Parameters and of the Noise of 
Scattering Measurements for Inverse Scattering Applications

1418 1422

SESSION 41:Computationally efficient solvers and stable 
discretizations, organized by F. Andriulli

Vico F.V. A decoupled potential integral equation for the impedance boundary 
value problem 1583 1585

Rahmouni L., Adrian S.B., 
Cools K., Andriulli F.P.

A Mixed Discretized Adjoint Double Layer Formulation for the 
Electroencephalography Forward Problem with High Brain-Skull 
Contrast Ratios 1817 1820

Gershenzon I., Brick Y., 
Boag A.

A Stable High Frequency Iterative Solver
896 896

Lasisi S.O., Cools K., 
Benson T.M., Gradoni G., 
Greenaway M.T.

An Enriched RWG Basis for Enforcing Global Current Conservation 
in EM Modelling of Capacitance Extraction

1369 1372
Taboada J.M., Solís D.M., 
Obelleiro F.

Evaluation of reaction integrals in the Galerkin’s Method of Moments
1590 1592

Iliopoulos I., Fuchs B., 
Sauleau R., Pouliguen P., 
Potier P., Ettorre M.

Scalar Near-Field Focusing in Lossy Media

718 721
Ijjeh A., Ney M. Stability issues in time-domain methods for unstructured block 

meshing using local time-steps 1127 1130

SESSION 42:Electromagnetic Properties of Nanostructures and 
Nanoantennas, organized by G. Slepyan and A. Boag

Forestiere C., Miano G., 
Maffucci A., Boag A., 
Slepyan G.

An Equivalent Circuit Model for the Electromagnetic Scattering from 
Coupled Quantum Dots

615 618



Shuba M.V., Milnikov A.V., 
Kuzhir P.P., Maksimenko 
S.A., Slepyan G.Ya, Boag 
A., Bellucci S., Pulchi O.

Bridging between integral equation technique of classical 
electrodynamics and Landauer-Buttiker formalism for quantum 
transport

900 901
Svirko Yu., Kaplas T., 
Batrakov K., Paddubskaya 
A., Kuzhir P.

Carbon based ultralight microwave shields

914 915
Segev E., Natan A. Effects of multiple atom doping in graphene 1365 1368
Batrakov K.G., 
Maksimenko S.A., Shuba 
M.V.

Enhanced electromagnetic response of ultrathin carbon films in THz 
frequency range

818 821
Lakhtakia A., Mackay T.G., 
Chiadini F., Diovisalvi A., 
Fiumara V., Scaglione A.

How Much Topological Insulation Does One Need? How Much Can 
One Get?

729 732
Shishkin I., Barhom H., 
Noskov R., Alon T., 
Markovich H., Ginzburg P.

Optical Properties of Trapped Nanoantennas and Loaded Vaterite 
Particles

743 745
Lakhtakia A. Periodically nanoarchitectured photovoltaic solar cells and planar 

optical concentrators 852 854
Saroka V.A., Hartmann 
R.R., Portnoi M.E.

Terahertz transitions in carbon nanotubes and graphene 
nanoribbons 1178 1181

Kuzhir P., Paddubskaya A., 
Volynets N., Kotsilkova R., 
Ivanov E., Biro I., Mark G., 
Biro L., Maksimenko S.

THz and microwave properties of 3D-printed nanocarbon based 
multilayers

822 823
Levie I., Kastner R., 
Slepyan G.

Time-Domain Dynamics and Spectrums of Rabi-Bloch Oscillations 
in Nano-Circuits and Nano-Antennas 923 925

Hadad Y., Vitteli V., Alu A. Topological solitons in dimmerized optical resonator arrays                                  N/A

SESSION 44:Surrogate modeling and optimization of devices in 
electromagnetics, organized by D. de Villiers

De Villiers D. A comparison of full pattern and feature based modeling of antenna 
radiation patterns 916 919

Mutonkole N., de Villiers D. A study on noise robustness of parameterized models of antenna 
responses 1052 1055

Koziel S., Kurgan P. Accelerated Design Of CMRC-Based Compact Rat-Race Couplers 
By Inverse Surrogate Modeling 832 835

Koziel S., Kurgan P. On Elementary Cell Selection for Miniaturized Microstrip Rat-Race 
Coupler Design 836 839

Jacobs J.P., Joubert J. On the Modeling of Non-Stationary Antenna Responses by 
Gaussian Processes 1320 1322

van der Herten J., Dutordoir 
V., Couckuyt I., Dhaene T.

Surrogate Modeling with Sequential Design for Design and Analysis 
of Electronic Systems

1403 1406
Cuyt A., Louw R., Segers 
C., de Villiers D.

Towards blended rational interpolation of multi-fidelity antenna data
1045 1048



SESSION 45:Numerical methods in electromagnetics, 
organized by R.D. Graglia and D.R. Wilton

Rivero J., Vipiana F., 
Wilton D.R., Johnson W.A.

4-D Interaction Integrals between Non-Coplanar Triangle Pairs

1307 1309
Yan S., Jin J.-M., 
Arslandbekov R., Kolobov 
V.

A Dynamically h-Adaptive Discontinuous Galerkin Time-Domain 
Method for Electromagnetic Field Simulation

1124 1126
Ma M., Jiao D. Accuracy Directly Controlled Fast Direct Solutions of General H²-

Matrices and Its Application to Electrically Large Electromagnetic 
Analysis 1669 1672

Kornprobst J., Eibert T.F. Accurate and Stable Solutions to Electromagnetic Scattering 
Problems By Means of the Electric Field Integral Equation 
Augmented by a Weak Combined Source Condition 1240 1242

Li X., Hu J., Nie Z., Wei X., 
Che Y.

An Efficient Solution of Scattering from Thin Dielectric Structures by 
Volume-Surface Integral Equation and Simplified Prism Vector 
Basis Functions 661 664

Dilz R.J., van Beurden M.C. Computational aspects of a spatial-spectral domain integral 
equation for scattering by objects of large longitudinal extent 637 640

van Gemert J.H.F., Brink 
W.M., Webb A.G., Remis 
R.F.

Designing High-Permittivity Pads for Dielectric Shimming in MRI 
using Model Order Reduction and Gauss-Newton Optimization

417 420
Moshfegh J., Vouvakis M.N. Direct Solution of FEM Models: Are Sparse Direct Solvers the Best 

Strategy? 1636 1638
Tihon D., Craeye C. Fast FMIR-MoM implementation using analytical singularity 

evaluation 1361 1364
Ubeda E., Sekulic I., Rius 
J.M.

Hierarchical discretization of the PMCHWT formulation with jump 
current discontinuities for the scattering analysis of ferromagnetic 
objects 1093 1096

Graglia R.D., Peterson 
A.F., Petrini P.

Hierarchical Singular Vector Bases for Quadrilateral Cell MoM 
Applications 1929 1932

Bojanic R., Lancellotti V. Hybrid LEGO-CBF method for the analysis of locally complex 
metallic structures 784 787

Florencio R., Boix R.R., 
Encinar J.A., Toso G.

Improved Integral Equation Approach for the Design of low Cross-
Polarization Multilayered Reflectarray Antennas 994 997

Rahmouni L., Pillain A., 
Merlini A., Andriulli F.P.

Integral Equation Modelling of Brain Fibers for Handling White 
Matter Anisotropies in the EEG Forward Problem 1809 1812

Russer J.A., Haider M., 
Russer P.

Network Methods for Full-Wave Modeling of Stochastic 
Electromagnetic Fields 1494 1497

Bettencourt M., Zinser B., 
Jorgenson R., Kotulski J.

Performance Portable Sparse Approximate Inverse Preconditioner 
for EFIE equations 1469 1472

Botha M.M., Rylander T. Quadrature Error Estimation for MoM Matrix Entries 973 975
Gur U.M., Karaosmanoglu 
B., Ergul O.

Solutions of New Potential Integral Equations Using Approximate 
Stable Diagonalization of the Green's Function

1894 1897
Wang S., Peng Z. Space-Time Parallel Computation for Time-Domain Maxwell's 

Equations 1680 1683
Labate G., Matekovits L. The Volume Electric Field Integral Equation for Dielectric Cloaking 

at Any Frequency Regime 460 463
Kavanagh I., Brennan C. Volume integral equation based modelling of in building propagation

1498 1501



SESSION 46:Novel Frequency Selective Structures and 
Applications, organized by Z. Shen

Tang W., Ge J., Yu Z., Lu 
H., Li B.

3-D Waveguide FSS by Coaxial Square Tubes
1746 1748

Deng T., Yu Y., Ning Chen 
Z.

A Broadband 3D Frequency Selective Rasorber By Using Magnetic 
Materials 1731 1734

Wang S., Geyi W. A Dual-Band Frequency Selective Surface with Planar-Dipole-Pair 
Elements 1749 1751

Shuai S., Li T., Dou W. A multifunction antenna composed by a dual polarization microstrip 
antenna and a waveguide slot antenna 688 691

Omar A.A., Shen Z. An ultra-wideband absorber based on multiple resonators in 3-D 
frequency-selective structure 1802 1804

Zhang L., Ding T., Zhao T. Design of A Single layer Broadband Tunable Frequency Selective 
Surface 988 990

Wang Z., Fu J., Yang G., 
Ding X., Zhang K., Meng 
F., Wu Q.

Frequency-Selective Rasorber Based on Equivalent Circuit Analysis

1863 1866
Chen L.-W., Ge Y. Manipulating the Differently-Polarized Radiation Waves by Thin 

Transmissive Metasurface Lenses 1164 1165
Wang J., Shen Z., Wu W. Planar helix for circular polarization conversion 400 402
Qu S.-W., Wu G.-B. Reflectarray Antenna Design 1839 1841
Li H., Li F.F., Fan D.G., 
Meng F.G., Wu R.X.

Wideband Electromagnetic Absorber Based on Array of Parallel-
Plate Waveguide 1224 1226

SESSION 47:Network Methods in EM Modeling, organized by P. 
Russer

Rozzi T., Mongiardo M., 
Mastri F., Mencarelli D., 
Monti G., Venazoni G.

Electromagnetic field modeling through the use of Dirac matrices 
and geometric algebra

757 760
Smartt C., Basford M.J., 
Greedy S., Thomas 
D.W.P., Sumner M.

EMC-oriented Multi-conductor Equivalent Circuit Cable Models for 
Spice, including Transfer Impedance Coupling and Incident Field 
Excitation 1283 1287

Garufo A., Carluccio G., 
Llombart N., Neto A.

On the use of equivalent Norton circuit model for photoconductive 
antennas 814 817

Phang S., Maricar M.I., 
Ivrlac M.T., Greedy S., 
Gradoni G., Creagh S.C., 
Thomas D.W.P., Nossek 
J.A., Tanner G.

Towards Near-Field Dense MIMO Communications

1458 1461
Wane S., Bajon D. Twin-Solver Formulation for Casting Green’s Functions into Causal 

and Non-Causal Partitions for Time-Reversal Analysis 1692 1695
Csaba G., Papp A., Porod 
W.

Using magnetization dynamics for simulating three-dimensional 
wave propagation                                                                                                   N/A

SESSION 48:Concealed object detection: below-ground 
imaging through-wall surveillance and contraband detection, 
organized by D. Erricolo and M.C. Wicks

Chattopadhyay G., Cooper 
K.

670 GHz FMCW Radar for Imaging and Science Applications
506 506



Nguyen N.T., Migliaccio C., 
Clementi G., Fortino N., 
Dauvignac J-Y., Willebois 
J., Chekroun C.

7m Wideband Antenna for Land-mine detection Radar

1076 1076
Hoshino T., Hara T. A Synthetic Aperture Processing for Detecting Underground Cavities

1112 1115
Hoorfar A., Zhang W. Advances in Real Time and Sparse Reconstructed Radar Imaging 

Through Multilayered Walls 952 955
Burns J.W., Subotic N.S., 
Thelen B.J., Masarik M.P., 
Xique I.J.

Decomposition Approaches to Separate Clutter/Background from 
Buried Object Signatures

1909 1912
Ilbegi H., Hayvaci H.T., 
Yetik I.S.

Distinguishing Electronic Devices Using Fourier Features Derived 
from Harmonic Radar 1502 1505

Alqadah H.F. Multi-Frequency LSM for Buried Object Detection 1323 1326

SESSION 49:EMC/EMI/EMP
Lu Z., Zhou D., Ding L., 
Wang C., Qin Y.

A Novel High Electromagnetic Pulse Partition Method for RF Front 
end Based on Delay Circuit 381 384

Ghosh A., Das S.K., Das A. Analysis of Crosstalk in High Frequency Printed Circuit Boards in 
Presence of Via 413 416

Korepanov V., Dudkin F., 
Pronenko V., Belyayev S.

Cubesats electromagnetic cleanliness problem study
920 922

Ruddle A.R., Teo Y.X., 
Chen J.

Electromagnetic Modelling Strategies for EMC Analysis of 
Automotive Traction Batteries 1395 1398

Lopez J.-M., Adam J.-P., 
Percaille J.-P.

Empirical Estimation of Measurement and Simulation Uncertainty 
Applied to an EMP Coupling Test Case 559 560

Štumpf M., Šed nka V., 
Kadlec P.

On Modeling of Excitation Ports in the Time-Domain Contour-
Integral Method 1292 1294

Omollo N.A., Wiid P.G. Toward Time Domain Shielding Effectiveness Investigations Using a 
Reverberation Chamber 1444 1447

Ding T., Zhang L., 
Trinchero R., Stievano I., 
Canavero F.

Worst-Case Analysis of Electrical and Electronic Equipment via 
Affine Arithmetic

991 993

SESSION 51:Antennas and Electromagnetic Devices Inspired 
by Electromagnetic Band Gap, organized by K.P. Esselle and L. 
Matekovits 

Zhang X.L., Yang F., Xu 
S.H., Li M.K.

A Reflectarray Element Design with both Amplitude and Phase 
Control 1049 1051

Cappello B., Labate G., 
Matekovits L.

A Surface Impedance Model for a Microstrip-line based Metasurface
429 432

Selga J., Coromina J., 
Vélez P., Fernandez-Prieto 
A., Bonache J., Aznar-
Ballesta F., Martin F.

Compact and Spurious Free Microwave Devices based on 
Electromagnetic Bandgap Structures

1338 1341
Lalbakhsh A., Esselle K.P., 
Afzal M.U., Smith S.

Design of an Artificial Magnetic Conductor Surface Using an 
Evolutionary Algorithm 885 887

Lalbakhsh A., Esselle K.P. Design of an Improved Resonant Cavity Antenna
1658 1660

Ceccuzzi S., Ponti C., 
Schettini G.

Lattice modes paving the way to printable efficient antennas
1089 1092



Hubert S., Vallecchi A., 
Schuchinsky A., Craeye C.

Modeling of Impedance-Loaded Sub-Wavelength Metasurfaces

1041 1044
Tcvetkova S.N., Kwon D.-
H., Díaz-Rubio A., 
Tretyakov S.A.

Nearly Perfect Conversion of a Propagating Wave into a Surface 
Wave

1426 1428
Valerio G., Quevedo-Teruel 
O.

Suppressing and enhancing band gaps with glide-symmetric 
surfaces 1506 1508

Afzal M.U., Esselle K.P. The Use of Near-Field Phase Transformation to Design A Low-
Profile Azimuthal Beam Scanning Antenna System 750 753

Baba A.A., Hashmi R.M., 
Esselle K.P., Weily A.R.

Two-Level Optimization of a Stepped Dielectric Superstrate to 
Increase Gain of a Resonant Cavity Antenna 1131 1133

SESSION 52:Innovative Methods of Synthesis for Aperiodic 
Antenna Arrays, organized by R. Vescovo and G. Buttazzoni

Prado D.R., Arrebola M., 
Pino M.R., Las-Heras F.

Application of the NUFFT to the analysis and synthesis of aperiodic 
arrays 708 711

Morabito A.F. Deterministic Optimal Synthesis of Radiating Sources: from Discrete 
to Continuous Sources, and to Isophoric Arrays 1254 1257

Buttazzoni G., Vescovo R. Phase-only reconfigurable aperiodic arrays
768 771

Moccia M., Castaldi G., 
Galdi V.

Some perspectives in aperiodically ordered antenna arrays and 
metasurfaces 733 735

Bucci O.M., Perna S., 
Pinchera D.

Some Recent Advances in the Synthesis of Isophoric Sparse Arrays 
for Satellite Communications 1170 1173

SESSION 54:System safety and security, organized by Y. Wen, 
X. Hei

Dai L., Yu N., Yang Y., 
Wang C., Xi X.

A Scan-Based Pre-Bond Test of Through-Silicon Vias with Open 
and Short Defects 1037 1040

Li M., Wen Y., Zhang J., 
Zhang D.

An EMC safety assessment model to analyze complex system in 
high speed railways 626 629

Yu N., Wang F., Yang Y., 
Wang C.

Combination of Electrical and Thermo-Mechanical Impacts of 
Through-Silicon Via (TSV) on Transistor 881 884

Zhang H., Xu J., Zhang 
Y.T., Jiang W.

Electromagnetic Interference on-site detection for satellite system
1012 1015

Wang J., Liu D., Jiang W., 
Lu D.

Evaluation on loosely and tightly Coupled GNSS/INS Vehicle 
Navigation System 892 895

Zhang Y.F, Wang Y.C, 
Wang L., Hei X.H., Xie G.

Fairness-power consumption re-topology strategies for mobile botnet
800 803

Liu Z., Liu S., Chen T. Metro Automatic Fare Collection System Safety and Security 604 607
Wei X., Yang Y., N.Yu N. Research on Broken Rail Real-time Detection System for Ultrasonic 

Guided Wave 906 909
Cheng L.L., Zhang H., 
Zhang Y.J., Li M.

Research on EMC Margin of Spacecraft System
1207 1211

Liu Y., Wang Z.-Li Safety Analyses of Different Intelligent Vehicle Driving Mode on 
Freeway 1190 1193

Wang X, He C. Safety Function Design and Application of CTCS On-board 
Equipment in High-speed Railway of China 677 679



SESSION 55:Microwave Imaging and Applications, organized 
by M. Pastorino

Tournier P.-H., Migliaccio 
C., Elkanfoud I., Aliferis I., 
Bonazzoli M., Dolean V., 
Rapetti F., Nataf F., 
Semenov S., Pichot C.

Microwave Imaging of Brain Strokes: Numerical and Experimental 
Error Modeling

594 595
Bisio I., Estatico C., Fedeli 
A., Lavagetto F., Pastorino 
M., Randazzo A., Sciarrone 
A.

A nonlinear iterative inverse scattering procedure in Lp Banach 
spaces for microwave biomedical imaging

1921 1924
Cuccaro A., Solimene R. Balancing resolution improvement and artifacts in back-propagation 

reconstructions for a host medium having point-like inhomogeneities
645 648

Petrovic N., Otterskog M., 
Risman P.

Breast tumor detection by two microwave antenna principles
1258 1261

Salahuddin S., La Gioia A., 
Adnan Elahi M., Porter E., 
O'Halloran M., Shahzad A.

Comparison of in-vivo and ex-vivo Dielectric Properties of Biological 
Tissues

582 585
Salahuddin S., Farrugia L., 
Sammut C.V., O'Halloran 
M., Porter E.

Dielectric Properties of Fresh Human Blood

356 359
Leone G., Maisto M.A., 
Pierri R.

Inverse source reconstruction for the synthesis on conformal 
domains 1299 1302

Costanzo S., Di Massa G. Microwave Imaging with Spatial-Domain Indirect Holography
1412 1414

Ponti C., Santarsiero M., 
Schettini G.

Modelling of through-the-wall scenarios with the CWA
1832 1835

Sun S., Kooij B.J., Yarovoy 
A.G.

Processing the Experimental Fresnel Data by the GMMV-based 
Shape Reconstruction Method 746 749

Bevacqua M.T., Isernia T. Solving inverse obstacle problems using inverse source, 
equivalence principles and sparsity promotion 1704 1706

Koutsoupidou M., Kosmas 
P., Ashan S., Miao Z., 
Sotiriou I., Kallos T.

Towards a microwave imaging prototype based on the DBIM-TwIST 
algorithm and a custom-made transceiver system

1004 1007

SESSION 56:Integral equations and finite methods
Soudais P. 3D MoM Computations with High Order Impedance Boundary 

Condition 340 341
Attia M., Ney M., Aguili T. A Hybrid FDTLM-IE Method for Efficient-Scattering Problems 

Modeling 1064 1067
Raucy C., Craeye C.V.G. A kernel-based method for dense-mesh problems 1653 1657
Chai S.R., Guo L.X., Xu 
W.L., Meng X.

A New Hybrid Method that Combining CS and FMM for Multi-Static 
Scattering Problems 1661 1664

Xu Y., Yang H., Yu. W. A Selection Scheme of Synthetic Functions for Synthetic Basis 
Functions Method 1120 1123

Seagar A. Accuracy of CCD technique for EM scattering from lossless and 
lossy dielectrics with different basis functions 425 428

Meng X., Guo L., Lu W., Li 
J.

Analysis of the Electromagnetic Scattering Characteristics from the 
Ship-induced Kelvin Wake on the Rough Sea Surface 1665 1668



Franek O., Zhang S., 
Olesen K., Eggers P.C.F., 
Byskov C., Pedersen G.F.

Application of numerical dispersion compensation of the Yee-FDTD 
algorithm on elongated domains

1243 1246
Özdemir S., Köksal A. Application of SFIE for Lossy Dielectric Bodies 788 791
Rachid E.A. Calibration and Accuracy of a Numerical Ray Launching Method for 

Complex Media 561 564
Lee J., Park Y., Kim J., 
Park H.

Experimental and Analytical Studies on Rod Position Indication 
System with Reed Switches for a Nuclear Reactor 389 390

Muth F., Euler T. Investigating an Equivalence Principle Based Stopping Criterion for 
a Black Box Framework for Domain Decomposition

715 717

SESSION 59:Optimization techniques in electromagnetic 
applications, organized by M. Gustafsson, L. Jonsson, D. 
Sjöberg

Malmström J., Jonsson 
B.L.G.

An Effective Method for Antenna Placement on Platforms Based on 
the Reaction Theorem 1547 1550

Lundgren J., Ericsson A., 
Sjöberg D.

An optimization strategy for dual band circular polarization selective 
structures                                                                                                               N/A

Schab K.R., Yang B., 
Adams J.J.

Antenna bounds for reduced basis problems
855 857

Bose G., Ferrero F., Lizzi 
L., Martinez D., Seyfert F.

Convex Optimization for the Synthesis of Matching Filters
1450 1453

Helander J., Tayli D., 
Sjöberg D.

Endfire pattern synthesis using convex optimization for large printed 
arrays                                                                                                                     N/A

Tayli D., Gustafsson M. Limitations on Q-factor for Arbitrary Geometries Using the 
Polarizability Dyadics                                                                                             N/A

Gustafsson M., Ehrenborg 
C.

MIMO antenna current optimization         
              N/A

Jonsson B.L.G. On directivity constraints and their influence on the lower Q-factor 
bound for embedded small antennas 1770 1773

Sjöberg D. On the use of Convex Optimization to Study Realizability of Dual 
Band Complementary Reflection/Transmission Structures

              N/A
Kadlec P., Šed nka V., 
Štumpf M., Marek M.

Solution of Inverse Scattering Problem Using Optimization with 
Variable Number of Dimensions 976 979

SESSION 60:Inverse problems and nonlinear media, organized 
by Y. Shestopalov

Khruslov M., Ivanchenko I., 
Popenko N., Plakhtiy V.

A New Approach to the Measurement of Dielectric Constants of 
Water Solutions in the Frequency Band 1083 1085

Smith P.D., Vinogradova 
E.D., Shestoplaov Yu.V.

A regularized approach to the calculation of the propagation modes 
in a perturbed waveguide 1727 1730

Kuzmina E., Shestopalov Y. Complex Waves in a Dielectric Rod and Goubau Line
963 966

Yukhanov Y., Privalova T. Constructive Synthesis of Reactance Polarizer 596 599
Smolkin E., Shestopalov Y., 
Snegur M.

Diffraction of TM Polarized Electromagnetic Waves by a Nonlinear 
Inhomogeneous Metal-Dielectric Waveguide 1288 1291

Samokhin A., Samokhina 
A., Shestopalov Y.

Fast Algorithms for the Solution of Volume Singular Integral 
Equations of Electromagnetics 776 778



Kudrin A.V., Petrov E.Yu. Nonlinear normal modes of cylindrical cavity resonators filled with a 
nondispersive medium 866 869

Alekseev G.V., Spivak 
Yu.E., Lobanov A.V., 
Saritskaya Zh.Yu.

Optimization Method in 3D Static Magnetic Cloaking Problems

1212 1215
Alekseev G.V., Tereshko 
D.A.

Optimization method in problems of independent manipulation of 
electrical current and heat transfer 1166 1169

Samokhin A., Lagovsky B. Superresolution in Signal Using Processing a Priori Information
779 783

SESSION 61:Electromagnetic theory
Gentili G.G., Nesti R., 
Pelosi G., Selleri S.

A perturbative approach for the determination of modes in slightly 
elliptical waveguides 653 656

Lotfalizadeh H., Ghaffari-
Miab M.

Dyadic Green’s Function of a Dielectric Sphere Covered by 
Graphene Layer                                                                                                     N/A

Torrisi G., Sorbello G., 
Mascali D., Naselli E., 
Castro G., Celona L., 
Leonardi O., Gammino S.

Microwave polarimetric setup for plasma density measurement in 
compact Ion Sources

1793 1797
Krraoui H., Mejri F., Aguili T. Modeling of Heterogeneous Materials Using Junction between 

Coaxial Probe and Rectangular Wave-guide by GEC Analysis 1571 1574
Kowalczyk L., Abramowicz 
A.

Rectangular waveguide filled with multilayered lossy dielectrics
1529 1530

Itin Y. Skewon media. Qualitative analysis. 844 847
Coatanhay A. Stochastic modeling of the electromagnetic field reflected by a sea 

surface in a turbulent marine atmosphere                                                              N/A
Kozhevnikov V.Y., Kozyrev 
A.V., Semeniuk N.S., 
Baranova E.M., Baksht 
E.Kh., Tarasenko V.F., 
Lomaev M.I., Sorokin D.A., 
Burachenko A.G.

The physical nature of electrons with “anomalous” energies in fast 
atmospheric discharges

489 492




