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10:00 – 12:00 
 
Session 1: Oral Presentations 
 
Chair: Professor Yang Hao (Queen Mary University of London, UK) 
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Tian Hong Loh (National Physical 
Laboratory, UK) 
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Yuanwei Liu (Queen Mary University 
of London, UK) 

 
Keynote Speech: 
Simultaneously Transmitting and Reflecting Surface 
(STARS) for 360° Coverage 
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Chika Worka (University of 
Huddersfield, UK) 
 

 
Reconfigurable Intelligent Surfaces (RISs) Assisted 
Non-Terrestrial Networks (NTNs) based 6G 
Communications 
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Tony Knightley, Alex Yakovlev, and 
Victor Pacheco-Peña (Newcastle 
University, UK) 
 

 
Temporal differential operator emulated by neural 
network designed multiplayer metamaterial 
 

 
11:20 – 11:40 
 

 
Valentina Cicchetti (Queen Mary 
University of London, UK) 
 

 
3D Printed Wideband Dual-Polarized Lens Antenna 
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Lawrence Carslake, James Skinner, 
and Tian Hong Loh (National Physical 
Laboratory, UK) 
 

 
Design and Preliminary Indoor Assessment of a Long-
Range sub-THz VNA-Based Channel Sounder 
between 500 GHz and 750 GHz 
 

 

 
12:00 – 12:40 
 
Session 2: Lunch and Poster Presentations 
 
Chair: Dr Yuanwei Liu (Queen Mary University of London, UK) 
 

 
Poster P1-1 
 

 
Jiahao.Hu (Durham University, UK), 
Silvi Kodra (University of Bologna, 
Italy) and Sana Salous (Durham 
University, UK) 
 

 
Multi-frequency Measurements of Material Reflection 
and Penetration Losses 
 

 
Poster P1-2 
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University of Technology, Czech 
Republic), R. G. Macdonald 
(Newcastle University, UK), C. 
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University, UK), N. Healy (Newcastle 
University, UK), V. Křápek (Brno 
University of Technology, Czech 
Republic), and V. Pacheco-Peña 
(Newcastle University, UK) 
 

On the performance of plasmonic sensors enabled by 
Babinet's principle 
 

 
Poster P1-3 
 

 
Dou Feng, Christopher Sumner, 
Morgan Dryhurst, Jie Qing, Olcay 
Altıntaş, Aleksandr Bystrov, and 
Miguel Navarro Cía (University of 
Birmingham, UK) 
 

 
Building a reliable THz material library 
 

 
Poster P1-4 
 

 
Ibrahim Gharbia, Atta Ullah, Abubakar 
Salisu, and Raed A. Abd-Alhameed 
(University of Bradford, UK) 
 

 
Multi-band UHF RFID Reader Antenna Design 
 

 
Poster P1-5 
 

 
Abubakar Salisu (University of 
Bradford, UK & MAU Yola, Nigeria), 
Atta Ullah (University of Bradford, 
UK), Umar Musa (Bayero University 
Kano, Nigeria), Mobayode O. Akinsolu 
(Wrexham Glyndwr University, UK), 
Ibrahim Gharbia (University of 
Bradford, UK), Ahmad Aldelemy 
(University of Bradford, UK), A. S. 
Hussaini (University of Bradford, UK & 
American University of Nigeria, 
Nigeria), and Raed A. Abd-Alhameed 
(University of Bradford, UK). 
 

 
Reconfigurable Dual Band Antenna with Ultra-wide 
Bandwidth Operating at Sub 6GHz and Millimeter 
Wave Bands For 5G Mobile Applications 
 

 
Poster P1-6 
 

 
Murray Brown and Hongjian Sun 
(Durham University, UK) 
 

 
Compact Implantable Antenna Design for Leadless 
Cardiac Pacemaker System 
 

 
Poster P1-7 
 

 
Abdullah Alshammari, Amjad Iqbal, 
Roy B.V.B. Simorangkir, and Ismail 
Ben Mabrouk (Durham University, 
UK) 
 

 
Ultra-Miniaturized In-Band Full-Duplex Implantable 
Antenna for Wireless Capsule Endoscopy 
 

 
Poster P1-8 
 

 
Eryk S. Skalinski, Roy B. V. B. 
Simorangkir, and Ismail Ben Mabrouk 
(Durham University, UK) 
 

 
300 GHz Stacked AFSIW LTCC Horn Array Antenna 
with Integrated Lenses for V2V 
 

 
Poster P1-9 
 

 
Abdulwahab Alghamdi, Roy B. V. B. 
Simorangkir, and Ismail Ben Mabrouk 
(Durham University, UK) 
 

 
Compact Implantable Antenna with Ultra-wide 
bandwidth for Leadless Pacemaker 
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Sihao Chen, Liyang Yu, and Wen 
Dang (Hangzhou DianZi University, 
China) 
 

Ultrashort Electromagnetic Pulse System for 
Biological Application 
 

 
Poster P1-11 
 

 
Zhaolin Wang, Xidong Mu, Yuanwei 
Liu (Queen Mary University of 
London, UK) 
 

 
Near-Field Velocity Sensing 
 

 
Poster P1-12 
 

 
Liu Chang (Durham University, UK), 
Amjad Iqbal (Durham University, UK), 
Abdul Basir (Tampere University, 
Finland), Roy B. V. B. Simorangkir 
(Durham University, UK), and Ismail 
Ben Mabrouk (Durham University, 
UK) 
 

 
A Compact Conformal Capsule Antenna For MIMO 
Operation 
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Haleh J. Basherlou, N. O. Parchin, L. 
Manjakkal, C. H. See (Edinburgh 
Napier University, UK), and R. A. Abd-
Alhameed (University of Bradford) 
 

 
Multiple-Element Smartphone Antenna Design with 
Broadband Resonators for 5G Cellular 
Communications in Sub 6 GHz Spectra 
 

 
Poster P1-14 
 

 
Martins Odiamenhi, C.H. See, N. 
Ojaroudi Parchin, H. Yu, and K. Goh 
(Edinburgh Napier University, UK) 
 

 
A Multiple-stage Uniform Transmission Line Matching 
Technique for Triple-Band RF-to-DC Rectifier with 
Harmonic Suppression for Wireless Power Transfer 
Applications 
 

 
Poster P1-15 
 

 
Muhammad Qamar (Queen Mary 
University of London, UK), Kamil 
Yavuz Kapusuz (Ghent University, 
Belgium), Mohamed A. Thaha (Queen 
Mary University of London, UK), and 
Akram Alomainy (Queen Mary 
University of London, UK) 
 

 
Challenges in Camera Integrated Antenna Design for 
WCE 
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Qi Li (Beijing University of Posts and 
Telecommunications, China & 
National Physical Laboratory, UK), 
Ben Chen (Beijing Jiaotong 
University, China), Ke Guan (Beijing 
Jiaotong University, China), Lawrence 
Carslake (National Physical 
Laboratory, UK), Yuan Yao (Beijing 
University of Posts and 
Telecommunications, China), and 
Tian Hong Loh (National Physical 
Laboratory, UK) 
 

 
A Ray Tracing Channel Modelling Study for Indoor 
Sub-THz Propagation between 500 GHz and 750 
GHz 
 

 
Poster P1-17 
 

 
William J. Bourne, Roy B. V. B. 
Simorangkir, and Ismail Ben Mabrouk 
(Durham University, UK) 
 

 
Optimising Optical Transparancy and RF 
Performance in Meshed 5G Vehicular Antennas 
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12:40 – 14:20 
 
Session 3: Oral Presentations 
 
Chair: Prof Anna Scaife (University of Manchester, UK) 
 

 
12:40 – 13:00 
 

 
Roland Timmerman (Durham 
University, UK) 
 

 
Radio-mode feedback in high-redshift galaxy clusters 
with the International LOFAR Telescope 
 

 
13:00 – 13:20 
 

 
James Petley and Leah Morabito 
(Durham University, UK) 
 

 
Understanding Supermassive Black Hole Outflows 
with International LOFAR 
 

 
13:20 – 13:40 
 

 
Sophie J. Maguire, A. G. Wood, D. R. 
Themens (University of Birmingham, 
UK), and D. McKay (Aalto University, 
Finland) 
 

 
Observing plasma structures at multiple scale sizes in 
the high-latitude ionosphere with a suite of ground-
based instrumentation 
 

 
13:40 – 14:00 
 

 
William McGenn (University of 
Manchester, UK), Hui Wang 
(Rutherford Appleton Laboratory, UK), 
Elle Franks (University of Manchester, 
UK), Brian Ellison (University of 
Manchester, UK), Gary A. Fuller 
(University of Manchester, UK), 
Danielle George (University of 
Manchester, UK), Peter G. Huggard 
(Rutherford Appleton Laboratory, UK) 
 

 
Low Noise Amplifier Based Heterodyne Highly 
Integrated Receivers for Millimetre and Sub-millimetre 
Wavelength Radio Astronomy 
 

 
14:00 – 14:20 
 

 
Emmy Escott (Durham University, UK) 
 

 
Unveiling AGN Outflows: [O III] Detection Rates and 
their Correlation with Low-Frequency Radio Emission 
 

 

 
14:20 – 15:00 
 
Session 4: Coffee and Poster Presentations 
 
Chair: Dr Keyur Mistry (Mangata Networks, UK) 
 

 
Poster P2-1 
 

 
Alex Ventisei, Alex Yakovlev, and 
Victor Pacheco-Peña (Newcastle 
University, UK) 
 

 
Design and Modelling of Waveguide Junction 
Topologies with Petri-Nets for Computing Applications 
 

 
Poster P2-2 
 

 
William Rogers, Christian Johnson-
Richards, Alex Yakovlev, and Victor 
Pacheco-Peña (Newcastle University, 
UK) 
 

 
Interconnected rectangular waveguides and their 
potential for perfect splitters 
 

 
Poster P2-3 
 

 
Rachel Black (University of Exeter, 
UK & British Antarctic Survey, UK), 
Oliver Allanson (University of 
Birmingham, UK & University of 

 
Investigating the variability of chorus waves in the 
radiation belts for improved understanding of 
nonlinear interactions 
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Antarctic Survey, UK), and Andrew 
Hillier (University of Exeter, UK) 
 

 
Poster P2-4 
 

 
Ross Glyn MacDonald, Alex 
Yakovlev, and Victor Pacheco-Peña 
(Newcastle University, UK) 
 

 
Towards partial differential equation solvers using 
light-matter interactions 
 

 
Poster P2-5 
 

 
Christian Johnson-Richards, Alex 
Yakovlev, and Victor Pacheco-Peña 
(Newcastle University, UK) 
 

 
Scattering Matrix Evaluation of a 6-port Valley 
Photonic Crystal 
 

 
Poster P2-6 
 

 
Ben Boyde, Alan G. Wood, Gareth 
Dorrian (University of Birmingham), 
Francesco de Gasperin (INAF - Istituto 

di Radioastronomia, Italy & University of 

Hamburg, Germany), Frits Sweijen 
(Leiden University, The Netherlands), 
Maaijke Mevius, and Kasia Beser 
(ASTRON – The Netherlands Institute 
for Radio Astronomy, The 
Netherlands) 
 

 
Statistics of Small-Scale Ionospheric Waves in 
European Mid-Latitudes Observed Using LOFAR 
 

 
Poster P2-7 
 

 
Prince O. Siaw (University of 
Bradford, UK), Mohamed Lashab 
(University of Oum El Bouagui, 
Algeria), Ebenezer Adjei (University of 
Bradford, UK), Ahmad Aldelemy 
(University of Bradford, UK), Raed A. 
Abd-Alhameed (University of 
Bradford, UK) 
 

 
Optimized Design of a Compact Rectangular 
Metamaterial Sensor for Bone Fracture Detection 
 

 
Poster P2-8 
 

 
Ali Ghaffarlouy Raef, Andy Marvin, 
Martin Robinson, Simon Bale, and 
John Dawson (University of York, UK) 
 

 
Shielding Effectiveness of Reverberant Equipment 
Enclosures Measured in Reverberation Chamber 
 

 
Poster P2-9 
 

 
Natalie Reeves (University of 
Birmingham, UK) 
 

 
Understanding the sensitivity of the thermosphere and 
ionosphere to solar and geomagnetic conditions using 
Global Sensitivity Analysis Techniques 
 

 
Poster P2-10 
 

 
Zohreh Ebadi (Queen’s University of 
Belfast, UK) 
 

 
Near-Field Localization with an Exact Propagation 
Model in the Presence of Mutual Coupling 
 

 
Poster P2-11 
 

 
Rahul Dutta, Flynn Castles, and Yang 
Hao (Queen Mary University of 
London, UK) 
 

 
Towards Minimal Negative Static Electric 
Susceptibility: Crystal Engineering in Active 
Metamaterials 
 

 
Poster P2-12 
 

 
Sanchita Kayal, Geoffrey Hilton, and 
Mark Beach (University of Bristol, UK) 
 

 
A RF Propagation Modelling Methodology for 
Determining the Level and Nature of Scattering from 
Measurements 
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(University of Manchester, UK) 
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the CryoMe Software Package 
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Extending Quasilinear Theory for Particles Near 90° 
 

 
Poster P2-15 
 

 
Ebenezer Adjei, Prince O. Siaw, 
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Enhancing Patient Monitoring Systems Through 
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Francesco Lisi (Heriot-Watt University, 
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George Goussetis (Heriot-Watt 
University, UK) 
 

 
Linear Precoding as an Interference Mitigation 
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Elif Dogu (Queen Mary University of 
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Jones (Queen Mary University of 
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(Queen Mary University of London, 
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Real-time Monitoring of Femur Fractures with AI-
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Dulwich, Jiten Dhandha, Thomas 
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Understanding spectral artefacts in SKA-LOW 21-cm 
cosmology experiments: the impact of cable 
reflections 
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Isabella Langdon and Martin 
Robinson (University of York, UK) 

 
Non-destructive identification of archeological objects 
using resonant cavity perturbation technique 
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Multi-frequency Measurements of Material Reflection and Penetration Losses 

 Jiahao.Hu(1), Silvi Kodra(2) and Sana Salous(1)

(1) Department of Engineering, Durham University, Durham, United Kingdom sanasalous@durham.ac.uk

(2) Department of Electrical, Electronic, and Information Engineering "Guglielmo Marconi"(DEI),CNIT,

University of Bologna, Italy 

Considering the present and future 5G and 6G multi-band communications, achieving seamless indoor 

wireless coverage is an important challenge in particular between different floors and partitions. Various 

measurement setups have been reported in the literature to estimate the penetration and reflection losses 

[1]-[3]: in [1] for 28, 39, 120 and 140 GHz, in [2] for 60, 73 and 81 GHz, and in [3] for 28 and 39 GHz. 

Within this context, continuous wave measurements were conducted to estimate the penetration and 

reflection loss of six different materials in indoor scenarios at 25, 77 and 153 GHz. 

The measurements were performed using the custom designed setup at Durham University to generate 

a Continuous wave (CW) signal at 25.6 GHz ,77 GHz and 153 GHz, respectively. For setting up the 

penetration loss measurements, the transmitter and receiver were facing each other at a distance of 3.6 

meters, while the materials were held on an aligned frame in the middle of their direct path. The 

reflection loss measurements were conducted where the transmitter and the receiver were placed at 45 

degrees towards the center of the material. To perform the reflection loss measurements, an aluminum 

sheet of the same specifications with other materials was taken as a reference (considered a total 

reflector). Table 1 shows penetration and the reflection loss of different materials, which indicates that 

the reflection loss is much higher than the penetration loss and both reflection and penetration loss 

increase with frequency, except in the case of wood floor and single glass.  

Table 1.  Penetration Loss and Reflection Loss (in Red) of Different Materials in (dB) 

Frequency 12 mm 

MDF 

14 mm 

Wood 

Flooring 

13mm 

Gypsum 

Plasterboard 

4 mm 

Plexiglass 

3mm 

Plywood 

4mm 

Single 

Glass 

24mm 

Double 

Glazed Glass 

28 GHz 1.98, 

(6.04) 

4.02, 

(9.52) 

1.06 

(7.66) 

0.12  

(11.23) 

1.35 

(7.97) 

1.49 

(2.33) 

13.27    

(0.513) 

77 GHz 5.43, 

(8.54) 

7.23, 

(7.85) 

1.28 

(9.37) 

0.71 

(8.03) 

2.73  

(8.66) 

4.06 

(13.06) 

18.65      

(2.29) 

153 GHz 7.25, 

(10.35) 

11.26 

(10.29) 

1.41 

( 11.06) 

1.14  

(10.2) 

4.64  

(8.33) 

5.96 

(6.91) 

23.06    

(5.037) 

1. Khatun, et,al ,“Indoor and outdoor penetration loss measurements at 73 and 81 ghz,” in 2019 IEEE Global

Communications Conference (GLOBECOM), 2019, pp. 1–5.

2. G. Barb, F. Danuti, M. A. Ouamri, and M. Otesteanu,“Analysis of vegetation and penetration losses in 5g

mmwave communication systems,” in 2022 Interna-tional Symposium on Electronics and Telecommunications

(ISETC), 2022, pp. 1–5.

3. S. El Faitori and S. Salous, "Reflection and Penetration Loss Wideband Measurements of Building Materials

at 28 GHz and 39 GHz," 2022 16th EuCAP, Madrid, Spain, 2022, pp. 1-4.



Unveiling AGN Outflows: [O III] Detection Rates and their Correlation 

with Low-Frequency Radio Emission 

Emmy Escott, Durham University

The nature of radio emission from radio quiet AGN (Active Galactic Nuclei) and how AGN 

feedback operates are two of the unsolved mysteries plaguing modern day radio astronomy. 

AGN show signatures of outflows which could explain how this feedback operates. The [OIII] 

emission line is a common tracer of ionised outflows and studies have connected [OIII] emission 

to the presence of radio emission. With radio surveys deeper than ever before, we can ask: 

What physical process causes the connection between [OIII] and radio emission?   

An instrument which can guide us closer to the answer is the ILT (International LOFAR 

Telescope). Using radio detected AGN in the LoTSS (LOFAR Two-meter Sky Survey) Deep 

Fields, I compare the outflow properties and kinematics of 75 radio detected AGN at z < 0.83 to 

47 radio non-detected AGN. We discover that 75% of radio detected AGN host an outflow 

compared to 56% of radio non-detected AGN, indicating that radio detected AGN are more 

likely to host an [OIII] outflow compared to radio non-detected AGN.  

To understand the origin of radio emission from radio quiet AGN, we use VLBI (Very Long 

Baseline Interferometry) techniques. I will present the first high resolution image at 144 MHz of 

the Boötes Deep Field. 



Design and Modelling of Waveguide Junction Topologies with Petri-Nets for 
Computing Applications 

Alex Ventisei(1, 2), Alex Yakovlev(2), and Victor Pacheco-Peña(1), 
1. School of Mathematics, Statistics and Physics, Newcastle University, Newcastle Upon Tyne, NE1 7RU, United

Kingdom; 
2. School of Engineering, Newcastle University, Newcastle Upon Tyne, NE17RU, United Kingdom

There is a growing interest in wave-based computing as an alternative to classical 
computing [1]. The application of waveguide junctions with transverse electromagnetic pulses 
(TEM) has been shown to perform pulse routing and switching operations, fundamental to 
emulating classical computing systems [2], [3]. Current research on combinations of 
waveguide junctions in cascaded configurations for the purpose of EM computing relies heavily 
on full-wave simulation methods. As the topologies of waveguide junctions become larger to 
emulate more complex computing processes, application of full-wave simulations may require 
more time and energy to compute. In this work, we exploit Petri-Nets (PNs) to aid the design 
and potential simulation of waveguide junction topologies. PNs are a graphical modelling 
system [4] which has been used to represent dynamic systems in a broad range of research 
areas such as chemistry [5] and verification of asynchronous computing circuits [6]. Because 
PNs are mathematically considered as matrices, they can be used to directly map scattering 
matrices of waveguide junctions to PN layouts [7]. Here, we explore how PNs can be utilised 
to represent and analytically model individual waveguide junctions. It will also be shown how 
this PN representation can be extended to represent interconnected waveguide junctions with 
potential applications in wave-based computing. More details of PNs and how this mapping is 
performed will be given in the conference. 
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Interconnected rectangular waveguides and their potential for perfect splitters 

William Rogers 1, Christian Johnson-Richards 1 Alex Yakovlev 2, Victor Pacheco-Peña 1 
1 School of Mathematics, Statistics and Physics, Newcastle University, NE1 7RU, Newcastle Upon Tyne, United Kingdom; 

2 School of Engineering, Newcastle University, NE1 7RU, Newcastle Upon Tyne, United Kingdom 

Recent examples in the field of photonic computing include devices for solving quadratic 
optimization problems [1], differentiation and integration [2], [3],  and optical neural networks 
[4]. The perfect splitting of electromagnetic (EM) waves at a junction of waveguides has also 
been shown to enable the design of photonic computing devices. For example, to solve partial 
differential equations [5] and to perform information routing and comparison operations [6], 
[7]. The structures in these works have been implemented using parallel plate waveguides 
which allow the perfect splitting of EM signals as they exhibit a large wavelength to waveguide 
width ratio. In this work, we propose and explore a structure that enables perfect splitting with 
interconnected rectangular waveguides. 

The cut-off frequency of rectangular waveguides poses a challenge to achieve perfect splitting. 
This is due to it is defined as 𝜆! = 2𝑎, where 𝑎 is the width of the waveguide, limiting the 
wavelength to waveguide width ratio to 2:1 [8]. The result is, in a four-port example, that the 
majority of transmission is obtained to the port opposite the input port, i.e., imperfect splitting. 
To overcome this challenge, we propose a method of perfect splitting whereby a rectangular 
waveguide junction, operating below the cutoff frequency of the connected waveguides, is 
excited by evanescent coupling from an outer waveguide operating above its cut-off frequency 
[9]. It will be shown how this method can be applied to rectangular waveguide junctions with 
N ports, and the use of this structure for routing and comparison operations. 
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 Temporal differential operator emulated by neural network designed 
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In recent years, metamaterials (MTMs) have gained significant interest as a means of 
manipulating wave-matte interactions [1]. Applications in this field include invisibility cloaking 
[2], lenses [3], [4], [5] and antennas [6], to name a few. Research and innovation in the field of 
MTMs has also enabled the proposal and demonstration of wave-based computing, with recent 
works reporting logic-based waveguide networks [7], [8] as well as analog signal processors 
for performing mathematical operations such as differentiation [9], [10], integration [11] and 
equation solving [12], [13].  

In this communication, we use deep learning techniques to design a multilayer MTM 
with the capability to perform temporal differentiation on an incident electromagnetic signal 
[10]. By training a neural network to accurately predict the transfer function of arbitrary 
candidate designs, we obtain a multilayer structure that emulates the transfer function of a 

temporal in the frequency domain, achieving a mean squared error of ~4 × 10−4.  
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Earth’s radiation belts can be described by two zones containing energetic charged particles; 
a more stable inner belt, and a highly dynamic outer belt. Wave-particle interactions have 
been identified as one of several processes responsible for the dynamics of electron 
populations within the outer region. Being able to describe these mechanisms is becoming 
increasingly important, given that the highest energy electrons present a risk to functioning 
satellites; the number of which is steadily growing. However, the dynamics of energetic 
electrons occur over many different time and length scales. This variability means that it is 
difficult to create a model capable of real-time prediction.  

The most common method used by the international community for reproducing radiation 
belt dynamics involves Fokker-Planck diffusion models. Whilst, in many cases, these models 
effectively describe the global changes and interactions within the region, the Fokker-Planck 
approach depends upon a quasilinear theory. This assumes "small" wave amplitudes; 
however, recent observations have shown that this assumption may not always hold, with 
chorus waves being one of the most notable cases of high-amplitude waves. Accounting for 
this type of wave would require an extension of the modelling to include nonlinear effects. 

Within two datasets of differing resolutions, the Van Allen Probe satellites provide multiple 
years' worth of information on the various waves and background fields inside the radiation 
belts. In this work, we present preliminary results of investigations comparing the lower 
resolution ‘survey mode’ data, with the high-resolution ‘burst mode’ data, captured during the 
mission. In particular, the work focusses on identifying chorus wave events in both datasets 
and assessing how the underlying variability may alter our interpretations of the wave 
properties. Utilising the higher resolution data in conjunction with the survey data allows 
closer inspection of the larger amplitude waves, and their potential implications for energetic 
electron dynamics in radiation belt modelling. 
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Localized surface plasmons (LSPs) resonances in metallic micro-/nanostructures can 
enable subwavelength confinement of electromagnetic waves at optical wavelengths [1], [2]. 
LSPs have been used in diverse areas such as single particle fluorescence [3] and optical 
tweezers [4], among others, with applications to sensing devices also being proposed and 
demonstrated. This is due to the spectral position of LSPs being highly sensitive to variations 
near the plasmonic structures [5]. Observable spectral shifts occur, for example, as the 
refractive index of an adjacent dielectric changes. To facilitate the design of LSP structures, 
classical concepts have been applied to LSPs, such as the well-known Babinet's principle [2], 
[6], where complementary LSP modes are excited at similar spectral positions using plasmonic 
particles and their complementary versions (apertures) [7], [8]. It is important to note that at 
optical frequencies, metals are imperfect electric conductors causing slight differences to occur 
when applying Babinet’s principle to plasmonics [6]. 

In this work, we present the design and experimental results of complementary cylindrical 
metallic particle- and aperture-dimers using Babinet’s principle in plasmonics. The sensing 
performance of the complementary plasmonic structures is evaluated and compared by 
varying the refractive index of a dielectric film positioned atop them. A comprehensive 
exploration of their complementary nature and sensing performance will be discussed during 
the conference [9]. 
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Electromagnetic (EM) wave based analogue computing has been proposed as a computing 
paradigm due to the intrinsic high-speed (computing at the speed of light in the medium) and 
potential for parallel computing1. In this realm, analogue EM wave-based processors have 
been reported to perform operations, such as differentiation, integration, and convolution2–6. In 
addition to this, comparably computationally intensive tasks, which require an iterative solving 
method by conventional computing techniques, have also been reported. For instance, 
ordinary differential equation7, integral equation8, and partial differential equation9 (PDE) 
solving.  

In regards to PDE solving, the introduction of metatronics10 has allowed for electrical PDE 
solving techniques11 to be implemented at higher frequencies. For instance, networks of 
metatronic elements embedded in epsilon-near-zero media9, have been exploited to calculate 
solutions to the Poisson equation. Inspired by the potential applications of metatronic circuits 
for high-speed analogue computing. In this work, we present a method of using waveguide-
based metatronic circuits to calculate solutions to PDEs in the form of the Helmholtz equation12. 
To do this we exploit a network of waveguide-based metatronic circuits emulating electrical T-
circuits connected in series13–15. Theoretical and numerical results of the magnetic field 
distribution will be presented, for the structure solving a range of Dirichlet and open boundary 
value problems.  
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The rapid expansion of the field of photonics has enabled an astonishing amount of ground-
breaking applications such as optical spectroscopy and sensing [1], metamaterials [2] and 
optical computing [3]. At telecommunication wavelengths, commonly used materials include 
Silicon (Si) and Germanium (Ge) given that they have high refractive index and low losses, 
enabling them to produce compact and efficient photonic devices [4], [5]. Recently, additive 
manufacturing processes have grown in popularity given that they can enable rapid prototyping 
and low-cost fabrication. Interestingly, polymers have been proposed as materials for photonic 
applications including sensors and waveguides [6]. Here, we will discuss our recent efforts in 
studying alternative materials for photonic applications by experimentally characterising the 
electromagnetic properties (complex refractive index) at telecommunication wavelengths of 
four commercially available 3D printable polymers, namely: polylactic acid (PLA), recycled 
polyethylene terephthalate (rPET), rPLA, and butene-diol vinyl alcohol (BVOH). Their complex 
refractive index is obtained within the telecom wavelength range of 1520 - 1630 nm [7]. It will 
be shown how they offer a promising alternative for 3D printed telecom photonic devices with 
low losses. Moreover, the chosen materials present important technological and societal 
attributes such as renewability, recyclability, or water solubility [8].  
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Valley photonic crystals (VPCs) have shown to enable the design of photonic waveguides 
including sharp bends [1] with low-loss [2], [3]  and unidirectional transport [4]. For this, it is 
required to design a lattice with hexagonal unit cells and with a broken inversion symmetry. A 
topological waveguide can then be formed by aligning two VPCs with opposing valley-Chern 
numbers [5]. There is a broad range of applications of VPCs including optical logic operations 
[6], routing [3] and quantum computing [7]. In order to enable efficient coupling between 
junctions in large 𝑁𝑁 × 𝑁𝑁 networks of VPC junctions, one can design individual rotationally 
symmetric junctions that can form seamless interconnects. This can be achieved  by, for 
instance, designing a rotationally symmetric 6-port junction with 6 identical waveguides [8], [9]. 
importantly, it has recently been demonstrated that scattering parameters can be numerically 
extracted from VPC-based interconnected waveguides [10]. In this communication we will 
discuss our recent efforts in applying VPCs to computing application with light [11]. A 6-port 
VPC junction will be discussed with the ability to enable equal power division to three output 
ports, with almost zero reflection. A detailed discussion into the extraction of a scattering matrix 
that defines the proposed structure will also be presented, showing how the proposed structure 
could be used for applications such as wave director. 
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The LOw Frequency ARray (LOFAR) is a radio telescope centred in the Netherlands, 
consisting of over 50 individual stations. The observed impact of the ionosphere on signals 
from astronomical radio sources can be used to derive differential Total Electron Content 
(dTEC) between the lines of sight from different LOFAR stations. The dTEC derived in 
calibration has extremely high precision (∼ 1 mTECu) and is available at high temporal (∼ 4 

s) and spatial (baselines from ∼ 100 m to ∼ 100 km) resolutions. This is routinely calculated
for astronomical observations as part of the calibration process required to mitigate
instrumental and ionospheric distortions to the images, however this data is not currently
widely available or used within the ionospheric community. These measurements provide a
new means of studying ionospheric disturbances in the mid-latitudes.

A method for identifying wave signatures in the dTEC data has been developed and shown 
to be capable of identifying waves with amplitudes as low as a few mTECu [1]. This method 
has been used to analyse over 2,500 hours of observations made as part of an astronomical 
survey. The statistical characteristics of the identified waves and their dependence on time 
of day, season, and geomagnetic activity are discussed, such as variations in dominant 
propagation direction. Potential source mechanisms, both terrestrial (e.g. convective 
systems, solar terminator) and space weather (e.g. auroral activity) are considered to explain 
the observed characteristics. These observations extend the range of ionospheric waves 
that can be identified to shorter wavelengths and lower amplitudes beyond what is currently 
detectable using GNSS derived TEC. This method complements established techniques for 
detecting ionospheric waves. 
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1 Extended Abstract

Quasars are some of the most luminous sources in the universe and are powered by the accretion of matter onto
supermassive black holes at the center of galaxies. These sources have produced some of the most awe-inspiring
images in astronomy. Unfortunately, most radio-detected quasars do not display such impressive features, they are
fainter and more compact, and we need to leverage the latest developments in VLBI radio astronomy to study their
physics in detail.

Around 10-20% of quasar spectra exhibit massive gas outflow features in their spectra. These quasars are known as
Broad Absorption Line Quasars (BALQSOs) [1]. Previous studies of BALQSOs have found a puzzling connection
to radio emission: BALQSOs are more likely to be radio-detected than other quasars but BALQSOs are still more
likely to be “radio-quiet” than other quasars [2]. Most recently this was investigated in [3] where we showed that
the shape of the wind signatures is also connected to radio emission. However, the physical origin of the radio
emission is still not decided.

We are undertaking an ambitious project to study BALQSOs, utilising the International LOFAR Telescope, which
will form part of a larger sky survey. We combine this data with observations from e-MERLIN, another VLBI
instrument, for the brightest 10 sources. e-MERLIN operates at a higher frequency but at the same resolution
allowing for complementary spectral data which may help to determine the source of radio-emission.

Figure 1. BALQSO image from the International LOFAR Telescope (left) and eMERLIN (right). These instru-
ments have the same resolution despite an order of magnitude difference in frequency.
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Falls Risk Screening with Millimetre-Wave Radar 

Elif Dogu1, Jose A. Paredes2, Akram Alomainy1, Janelle M. Jones3 and Khalid Z. Rajab1 

The incidence of falls in the older adults is a worldwide health problem, requiring innovative 

methods to screen for the risk of falls promptly and efficiently. Falls risk screening is the first 

step of the falls risk assessment and prevention process [1]. The American Geriatrics Society 

and British Geriatrics Society both recommend that all adults over the age of 65 should be 

screened for falls risk at least once a year [2]. However, effective falls risk screening is still 

underutilised and not routinely integrated into clinical practice [3]. There might be several 

reasons such as constraints of clinical time and environment. Radar technology can be a 

promising solution to automate these procedures, with its capabilities such as recognising 

activities [4] and capturing gait parameters [5]. This study explores the integration of 

millimetre-wave radar technology with the Timed Up and Go (TUG) test, which is a widely 

used falls risk screening tool that combines parameters measuring a person’s dynamic 

balance and functional mobility. Frequency Modulated Continuous Wave (FMCW) radar is 

used to assess the performance against video recordings in TUG completion time 

measurement. The completion time is inferred from radar measurements with two different 

methods based on distance and micro-Doppler (i.e. velocity). The TUG completion time 

inferred from the distance measurements of radar has achieved a level of accuracy (3.48% 

error, 0.9996 correlation) surpassing that of manual timing (4.26% error, 0.9960 correlation). 

Although micro-Doppler timings were less accurate than distance (6.49% error, 0.9936 

correlation), due to the radar’s high sensitivity in detecting small movements, both techniques 

had sufficient performance to satisfy the requirements set by healthcare professionals. This 

suggests a viable and effective incorporation of radar technology into falls risk screening 

protocols. 
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Non-destructive identification of archeological objects using resonant cavity 
perturbation technique

Isabella Langdon and Martin Robinson, University of York, UK 

Introduction 

In the field of archeology there is a pressing need for non-destructive identification methods. 

Historically, and indeed up to the present era, testing on archeological artifacts has been 

destructive in nature. This abstract introduces an innovative new technique, invented by Dr 

Martin Robinson and developed by PhD student Isabella Langdon, employs resonant cavity 

perturbation (RCP) for the non-destructive identification of archeological objects. This 

method stands out, due to its ability to accurately differentiate between dielectric materials 

without damaging artifacts.  

Methodology 

RCP has existed as a technique for decades, but historically its use has been limited by the 

shape requirements of the object being studied. This limitation is caused by the q-factor and 

frequency of the results being tied to shape, traditionally this is solved by milling or casting 

the object into a disc. Our novel technique instead compares the artifact against a 3D 

printed replica, or simulation, of which the material is known. By testing both original and 

replica to each other, we can eliminate shape dependency, giving us the loss factor and the 

permittivity.  

What we have done 

An initial version of the machine was built, colloquially known as “4M”. Testing was 

conducted with 3D replicas of the original, which found the machinery was capable of telling 

apart objects of very close composition, although a fault was found that made the machinery 

unable to distinguish objects that were not 90* rotationally symmetrical.  

What we are doing 

To solve the issue found in 4M, and to improve accuracy and speed of measurement, we 

have built 4M 2.0. Version 2 should solve the issue of shape dependency that was found in 

the previous version, as well as improving accuracy by decreasing chamber size and 

improving software. We have also replaced the 3D printing aspect with a simulated version 

using CST.  

Applications 

The most prominent application for this novel technique is its use in the reassembly of 

Ashurbanipal’s Library, one of the oldest surviving libraries in the world. Our method 

facilitates the sorting of the some 30,000 fragments that comprise the collection based on 

their origin, showcasing its practical utility in solving complex archeological tasks.  

Comparative Analysis 

We plan to compare our results to those gathered by pXRF, another technique that is 

nondestructive. There are fundamental differences between 4M and pXRF, namely the 

depth of their scanning, and the results taken. Nevertheless, we believe that pXRF, having 

been in use by the archeological community for the past 15 years, makes a good 

comparative technique to help verify our own results.  
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Wireless communication technologies have enabled health monitoring applications, notably body-centric 
systems. These devices' metamaterial sensors may detect bone fractures. They are vital antennae for body 
gadgets and external networks. These sensors respond to electromagnetic waves flowing through biological 
tissues and are very sensitive to material changes to detect fractures [1]. 

When a bone breaks, its physical properties change, affecting its electromagnetic wave interaction. 
Metamaterial sensors detect these changes and send the data to a receiver, which evaluates it for fractures. 
However, human closeness to the antenna reduces radiation efficacy, affecting pattern and gain. Electromagnetic 
radiation in human tissues reduces radiation efficacy for body-centric applications [2,3] 

A 0.80mm FR-4 substrate was used to simulate and build the proposed antenna in the CST microwave studio. 
The suggested antenna is 40.00 mm2 x 24.00 mm2, as indicated in figures 1&2. The suggested antenna's 
bandwidth, gain, efficiency, and radiation pattern are examined. Our results indicate that the suggested antenna 
retains its bandwidth whether in close contact with the human body or artificial femur phantom. 

Fig.1 antenna geometry model Fig.2. Prototype of the proposed antenna 

Fig.3. Simulated and measured results Fig.4. Body phantom model with the proposed antenna 
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Understanding spectral artefacts in SKA-LOW 21-cm cosmology experiments: the 

impact of cable reflections. 
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 The Aperture Array Verification System 2 is an engineering 
platform array for the Square Kilometer Array (SKA), 
featuring 7m coaxial transmission lines connecting the low 
noise amplifier of the SKALA4.1 antenna to the SMART box. 
An impedance mismatch between these components 
results in a partially reflected electromagnetic signal, which 
introduces chromatic aberrations in the instrument 
bandpass, and propagates the foreground power to higher 
delays, potentially contaminating the Epoch of Reionisation 
(EoR) Window. This talk presents an end-to-end simulation 
pipeline for SKA-LOW based on the Oxford Square Kilometre 
Array Simulator using a composite sky model that combines 
radio foregrounds from The Galactic and Extragalactic All-
Sky MWA Survey, Haslam 408MHz, and a simulated 1.5cGpc 
21-cm brightness temperature cube generated via a semi-
numerical code, 21cmSPACE. We implement a parametric
approach to account for the effects of the coaxial
transmission line and derive an analytical model that
expresses the scattering parameters in terms of the bulk
material parameters and is consistent with numerical
simulation to 5%. The delay power spectrum is subdivided
into The Foreground Wedge and two k-mode regions of The
EoR Window, those with suppressed foreground emission
and those dominated by supra-horizon emission, to quantify
potentially contaminated k-modes in a statistically
significant manner. We demonstrate that a coaxial
transmission line of length ≤ 15.0m with an impedance
mismatch ≤ 10Ω and thus SKA-LOW, will not prevent a
successful detection of the 21cm signal within the EoR
Window. However, experiments that implement
foreground removal must be trained with prior knowledge
of the cable specifications, tolerances and thermal variation.

Figure 1. For SKA-LOW, the interferometric response of 
each SKALA element will propagate from the low-noise 
amplifier (LNA) as an electrical signal along a coaxial 
transmission line towards the SMART boxes for long-range 
transmission to the beamformer. If an impedance mismatch 
is observed between the front-end components and the 
transmission line the signal will experience a partial 
reflection. As a result of these reflections smooth radio 
foregrounds typically confined below the horizon limit are 
pushed to higher delays contaminating the EoR window. 
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Abstract: The evolution of Non-Terrestrial Networks (NTNs) from 5G to 6G demands 

innovative solutions to address the increasing density of mobile users, the surge in mobile data 

traffic, and diverse service requirements. High-frequency electromagnetic waves, integral to 

these NTN environments, face obstacles and distance limitations. Reconfigurable Intelligent 

Surfaces 

(RISs) have emerged as a promising technology, dynamically enhancing wireless network 

capacity and coverage in NTNs by modifying the wireless propagation environment. Positioned 

as potential contributor to the sixth generation of communication networks in NTNs, RISs offer 

solutions to overcome existing challenges. Machine Learning (ML) stands out as an effective 

approach for optimizing RIS-assisted communication systems in NTN scenarios, particularly as 

computational complexity increases with user-infrastructure interactions. This paper thoroughly 

investigates ML algorithms in the context of RISs within NTNs, providing an overview of RIS 

technology, summarizing ML methods applied to RIS architecture, and comparing various 

methodologies.  

Keywords: Non-Terrestrial Networks (NTNs), Machine Learning (ML), Reconfigurable 

Intelligent Surfaces (RISs), Low-Earth Orbit (LEO) satellite communication. 



Radio-mode feedback in high-redshift galaxy clusters with the Inter-
national LOFAR Telescope

Roland Timmerman, Durham University

Abstract: As the intracluster medium (ICM) in galaxy clusters cools through 
the emission of X-ray radiation, it sinks down toward the central galaxy 
where it fuels the AGN. This AGN subsequently produces radio-mode feed-
back in the form of powerful jets of relativistic plasma which re-energize the 
ICM, completing the feedback cycle. Measurements of the energy injected 
by radio-mode feedback into the cluster environment have mostly relied on 
X-ray observations, which reveal cavities in the ICM excavated by the radio 
lobes. However, the sensitivity required to accurately constrain the dimen-
sions of these cavities has proven to be a major limiting factor, and forms the 
main bottleneck on high-redshift (z > 0.6) measurements. Recent develop-
ments by Timmerman et al. (2022) opened a new observational window on 
radio-mode feedback by demonstrating that low-frequency radio observa-
tions taken with the International LOFAR Telescope (ILT) provide the combi-
nation of sensitivity and resolution required to reliably map the radio lobes in 
detail. This resolves the primary bottleneck experienced with X-ray obser-
vations and enables radio-mode feedback studies toward the high-redshift 
regime for the first time. In this talk, we explain this method for measur-
ing the amount of radio-mode feedback in galaxy clusters and present the 
first results of applying this method using ILT observations on a sample of 
galaxy clusters at z > 0.6.
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Abstract 

Compared to the millimeter wave and SHF microwave, the huge bandwidth 

available at TeraHertz (THz) frequency makes it attractive for future data transmission 

and networking use. Although THz frequency signals are highly absorbed by the 

gases of the atmosphere, they are still very promising for high-bandwidth wireless 

networking systems, especially indoor systems. This report analyzed the material 

characterization of around hundred common indoor materials which can be classified 

as fabric, leather, wood, stone and plastics by using THz Time Domain Spectroscopy 

technique. Materials were measured with Toptica TeraFlash Pro Dual in both 

collimated and focused beam transmission configuration and then analyzed using the 

commercial software Teralyzer to acquire properties of refraction index, absorption 

coefficient, permittivity, and loss tangent. The results at 0.3 and 0.45THz are 

singled-out and further analyzed given the prospect of these frequencies for future 6G 

communication. An intercomparison of the results from Toptica TeraFlash Pro Dual, 

Menlo Tera K15 and Keysight N5247B PNA-X with VDI extenders was carried out to 

understand the influence of the system in the material extraction process and build up 

a reliable material library.  
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Femur fractures are a common orthopaedic injury, according to a study conducted by the GBD 2019 

Fracture Collaborators, there were 178 million new fractures globally in 2019, which is a 33.4% increase 

since 1990. The number of people living with fracture-related disabilities also rose by 65.3% during this 

period 12 [1]. The healing process of femur fractures is complex and can be challenging to monitor. 

Traditional methods, such as physical examination and radiographic imaging, can provide valuable 

information, but they are limited in their ability to provide real-time, detailed insights.[2]. This research 

introduces a ground-breaking approach that leverages Radio Frequency (RF) sensors and Artificial 

Intelligence (AI) to revolutionise real-time femur fracture monitoring, potentially transforming patient care 

and orthopaedic diagnostics. 

RF sensors offer a non-invasive method to monitor the healing of fractures by detecting changes in the 

dielectric properties of bone. While they provide valuable data, it's important to note that they complement 

rather than replace traditional imaging methods like X-rays. These sensors add a continuous monitoring 

dimension, which may capture certain aspects of healing not visible in intermittent imaging.[3]. 

Integrating AI with RF sensor data enables precise identification of bone healing stages and offers real-time 

insights for clinicians. This aids in the early detection of healing issues, informs personalised rehabilitation 

plans, and helps predict healing outcomes, enhancing 

patient care and reducing complications. 

This technology advances patient care by enabling 

continuous bone healing monitoring, which offers a 

comprehensive understanding of recovery and identifies 

any irregularities promptly. It also reduces patient 

discomfort by decreasing the need for repeated X-rays 

and lowers radiation exposure. Moreover, access to 

immediate and precise data supports clinicians in making 

well-informed decisions and tailoring treatment plans to 

individual patient needs. 

Initial simulations of a system for femur fracture 

management have shown promising results in 

distinguishing healing stages through distinct RF signal 

patterns, outperforming conventional methods in sensitivity 

and specificity. The system’s ability to distinguish healing 

stages could potentially enhance femur fracture 

management by providing more accurate diagnoses and 

treatment plans. As the simulations progress, we hope to 

see even better results that could revolutionise the way 

femur fractures are managed. This approach holds 

immense potential to improve patient outcomes, reduce 

healthcare costs, and transform orthopaedics by enabling 

personalised, data-driven care. 
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Shielding Effectiveness of Reverberant Equipment Enclosures Measured in 

Reverberation Chamber 

Ali Ghaffarlouy Raef, Professor Andy Marvin, Dr. Martin Robinson, Dr. Simon Bale, and 

Dr. John Dawson 

University of York - School of Physics, Engineering, and Technology 

The unwanted influence of electromagnetic waves on electronic devices or systems 

can originate from various sources. When these waves interact with susceptible electronic 

components, they can induce unwanted currents or voltages, disrupting normal operation and 

potentially causing malfunctions. The shielding effectiveness (SE) of an enclosure is a 

measure of how well an enclosure can attenuate or block electromagnetic waves, essentially 

shielding sensitive electronics from the harmful effects of electromagnetic interference (EMI). 

When measuring in a reverberation chamber, the SE can be defined as the ratio of the 

average power density of the incident electromagnetic waves to the average power density of 

the transmitted waves inside the enclosure. In metallic enclosures, the incident 

electromagnetic power density solely penetrates through apertures. The walls of the 

enclosure, and the enclosed objects contribute to attenuation through reflection and partial 

absorption, depending on the enclosures and object’s conductivity and the wave frequency.  

The average transmission cross section (ATCS) quantifies the ability of an aperture to 

transmit incident electromagnetic waves into the enclosure and the average absorption cross 

sections (AACS) measure the ability of the enclosure walls and the contents to absorb incident 

electromagnetic waves. For an electrically large enclosure, which can be considered 

reverberant, accurately predicting the SE of an enclosure becomes complex when its interior 

contents vary. 

Our proposed method is an advancement to the Power Balance technique and uses 

the ATCS of the aperture and the AACS of the walls to predict SE with diverse contents. The 

incident electromagnetic wave interacts with the apertures, walls, and contents within the 

cavity, leading to transmission, reflection, and absorption. By incorporating the measured or 

calculated ATCS and AACS of each element, we can mathematically model these interactions 

and predict the overall SE for a specific content configuration with known AACS. By accounting 

for the specific characteristics of both the enclosure and its contents, the predictions enable 

the SE of the enclosure with the specific contents to be evaluated rather than the SE of an 

empty enclosure as with other techniques. 

The method can be readily adapted to various enclosure designs and content 

configurations, making it a powerful tool for diverse applications even for the enclosure with 

electrically small apertures. By incorporating the concepts of transmission and absorption 

cross sections, our proposed method paves the way for more accurate and versatile SE 

predictions and can revolutionize the design of effective EMI shielding solutions, ensuring the 

reliable operation of electronic systems in an increasingly electromagnetically cluttered world. 

Figure 2. The enclosure and the aperture comprising an 
array of circular holes – the enclosure’s dimension is 

300×500×600 (mm) 

Figure 1. The comparison of predicted and measured 
values of the SE shown in Fig. 2 

This project has received funding from the European Union's EU Framework Programme for Research and Innovation Europe Horizon (Grant Agreement No 

101072881, for Doctoral Researcher Positions 1-4, 6-8 and 10-12) and UKRI (UK Research and Innovation, for Doctoral Researcher Positions DR5 and DR9). 
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Abstract 

The next-generation (beyond 5G and 6G) wireless 

technologies are envisioned to adapt to dynamic 

environments through intelligent and software-

reconfigurable paradigms to maintain the quality of 

service and seamless connectivity. In recent years, 

dynamically tunable coded metasurfaces have 

been explored widely whose operational status can 

be electronically reconfigured, such as 

reconfigurable intelligent surfaces (RIS) and coded 

reflect/transmit metasurface arrays. However, these 

surfaces work on the principle of “reflection” rather 

than “radiation”. Moreover, these passive surfaces 

need to be fed through an external source antenna 

and hence the whole network becomes quite bulky. 

On the contrary, Dynamic Metasurface Antenna (DMA) is an emerging antenna 

technology under the paradigm of “radiative metasurfaces”. A DMA offers agile and 

reconfigurable radiation pattern diversity and adaptability from a simplified, low-cost, and 

low-profile hardware platform with an active in-plane excitation feed. It avoids the use of 

complex and lossy feed networks as well as power-hungry and bulky phase shifters, thereby 

offering versatile and low-cost electronic beamforming capabilities. Recently some initial 

investigations on DMA prototypes have been reported at lower microwave bands, however, 

there is no practical DMA hardware prototype available at higher frequency bands, such as 

around 60 GHz and sub-THz.  

We have developed a DMA array hardware prototype at 60 GHz industrial, scientific, and 

medical (ISM) band that is fully programmable and offers dynamic electronic beam-steering 

controlled through an in-house designed high-speed FPGA. The constituent radiating 

elements of a DMA are magnetic dipoles which are fed through a low-loss planar substrate 

integrated waveguide aperture. The meta-elements are meticulously designed around 60 

GHz with fully addressable 1-bit control using integrated PIN didoes. A 4-layer PCB is 

designed with a compact size, and extensive optimization has provided -10 dB impedance 

bandwidth covering 59 GHz to 62 GHz, with beamforming gain of above 10 dBi at different 

coding sequences, high radiation efficiency, and below -10 dB side lobe level over a wide 

range of angular span. Our DMA prototype offers synthesizing various types of beam 

patterns such as narrow beams, wider beams as well as multiple beams from a single 

antenna aperture, based on selective coding sequence. performance in real-time with an 

overall beam-steering delay (agility) of about 5 ns.  

With a notion of adaptability to the dynamic reconfigurability of EM environment in 6G 

technologies, we designed the DMA prototype in a flexible and programmable manner to 

work with various beamforming and signal processing algorithms. The versatility of our 60 

GHz DMA prototype provides an off-the-shelf solution to explore and test a diverse range of 

next-generation mmWave applications encompassing 6G holographic communication, 

sensing and imaging, cognitive radars, high-resolution mmWave sensing and localization, 

contact-less smart healthcare, 60 GHz mmWave smart wireless factories, as well as 

integrated sensing and communication (ISAC) avenues. 
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Understanding the sensitivity of the thermosphere and ionosphere to solar and geomagnetic 
conditions is critical for space weather predictions. This study aims to use Global Sensitivity 
Analysis (GSA) techniques to evaluate how Kp and F10.7 daily averages can influence 
Thermosphere Ionosphere Electrodynamics General Circulation Model (TIE-GCM) output (e.g., 
electron density, total electron content and solar wind parameters). Each model input was varied 
individually, and the induced variations are visually and quantitatively compared to model 
predictions. This analysis looks at the robustness of simulated results with the purpose of 
generating better ensembles for the Advanced Ensemble Electron Density (Ne) Assimilative 
System (AENeAS) forecasting model. Since AENeAS uses TIE-GCM as a background model and 
to propagate the model densities forward in time.  
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Globally the UHF was divided into regions, such as 868MHz in Europe or 902-928 MHz in the USA and 

Australia, and lastly 2.4-2.4835GHz across the world. Circularly polarised patch antenna that was 

developed specifically for use with RFID readers. In multi-band antenna design, some proposed designs 

add some electronic devices to meet the frequencies needed and to cancel other frequencies. On the 

other hand, other designs meet the frequencies needed without the need to add any electronic 

components. In this study, the major emphasis is to design an antenna that has wideband CP without 

adding any electronic components [1-3]. This design can operate on all available UHF frequencies for 

RFID usage applications. The following acceptable results that this antenna achieved, for S11 are as 

follows:   S11 = -11.8 dB when the frequency is set to 0.868 GHz, S11 = -11.08 dB when the frequency 

is set to 0.902 GHz, S11 = -10.47 dB when the frequency is set to 0.928 GHz, S11 = -16.83 dB when the 

frequency is set to 2.4 GHz, and S11 = -13.25 dB when the frequency is set to 2.4835 GHz.  We introduce 

a multiband circular polarisation antenna with a question mark-shaped antenna that is partly shielded 

by the ground as shown in Figure 1. By adding a rectangular stub and substrate two other rectangular 

to the ground including the addition of a semi-circular to the upper terminal of the feeding line the 

proposed antenna significantly improved. The simulated results are quite promising compared to our 

previous work in [1]. The antenna is mounted on FR4 substrates with a dielectric constant of 4.3 relative 

permittivity and 0.025 tangent loss. The dimensions of the whole antenna structure are 250 x 250 x 1.6 

mm3. A 50Ω microstrip feed line connected to the proposed antenna to form a wideband planar 

monopole antenna; in addition, a stub has been attached to the ground plane to improve the axial ratio 

bandwidth (ARBW). Further enhancement in the ARBW has been acquired after engraving a slit on the 

patch of the proposed antenna in addition to attaching a semicircular stub with a radius 𝑟 = 15 at the 

top of the feed line.  

(a)                                                        (b) 
Figure 1: Proposed antenna geometry (a), and the spectrum reflection of multi-bands (b). 
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Near-Field Localization with an Exact Propagation Model in the 

Presence of Mutual Coupling 

Zhoreh Ebadi, Queen's University Belfast, UK

Abstract—Localizing near-field sources considering practical arrays is important in 

wireless communications. Array-based apertures exhibit mutual coupling between the array 

elements, which can significantly degrade the performance of the localization method. In this 

paper, we propose two methods to localize near-field sources by direction of arrival (DOA) 

and range estimations in the presence of mutual coupling. The first method utilizes a two-

dimensional search to estimate DOA and the range of the source. Therefore, it suffers 

from a high computational load. The second method reduces the two-dimensional 

search to one-dimensional, thus decreasing the computational complexity while offering 

similar DOA and range estimation performance. Besides, our second method reduces 

computational time by over 50% compared to the multiple signal classification (MUSIC) 

algorithm. 
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Developments in sub-100 nm gate length Indium Phosphide (InP) Pseudomorphic High 

Electron Mobility Transistor (pHEMT) technology has pushed the boundaries of Low Noise 

Amplifiers (LNAs) [1, 2], allowing the design and fabrication of LNA based heterodyne 

receivers for the millimetre and sub-millimetre wavelength bands of radio telescopes. Typically, 

radio telescope receivers are constructed from individual components that are packaged in 

separate metal blocks, as is the case for the recent state-of-the-art ALMA Band 2 receivers 

[3]. There are several benefits of this approach, but it does not result in the most space efficient 

receiver format, each of the sub-components needs to contain all of the associated circuity 

within its block and to have a predefined precision mechanical interface. Whilst this discrete 

approach is viable at lower frequencies or for a single receiver ‘pixel’, as operating frequencies 

increase and complex multi-pixel receiver topologies are required for enhanced observation 

speed, a more space efficient and integrated approach to LNA and overall receiver design is 

needed. 

The Millimetre Wave Technology Group and the Technology Department at the STFC 

Rutherford Appleton Laboratory and the University of Manchester Advanced Radio 

Instrumentation Group have recently completed the sixteen-pixel, W-band (70-116 GHz) 

Cryogenic Array Receiver for Users of the Sardinia Observatory (CARUSO) receiver. The 

development of this receiver pushed the designs of the individual components to the physical 

limits of what is achievable to ensure that the components of the receiver chain in each pixel 

will fit within the footprint of the closely packed feedhorns, while still allowing access for DC 

bias, local oscillator and intermediate frequency signal ports. Moreover, the complete 

assembly needed to be contained within a vacuum shroud and attached to a cryogenic cooler 

to support operation at temperatures ≤ 20K. 

With this in mind, we are now investigating methods of realizing a future fully integrated 
millimeter-wave receiver as part of the ESO funded TASER and EU funded RADIOBLOCKS 
projects. Here we will present the first steps towards this goal, of a study on the integration of 
the LNA and Subharmonic Image Rejection Mixer (SHIRM) [4] components, and discuss 
potential strategies for further miniaturization and integration, as well as the impact that these 
design choices will have on the fabrication and characterization process. 
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The discovery and development of materials with new or enhanced properties is an important 
driver of technological advance. In the area of electrostatics and low-frequency 
electromagnetics, a key material property is static electric susceptibility 𝜒(") [or, equivalently, 
static relative permittivity 𝜀("), related via 𝜀(") = 𝜒(") + 1]. Although well-established textbook 
arguments suggest that static electric susceptibility 𝜒(") must be positive in “all bodies” [1], it 
has been pointed out that materials that are not in thermodynamic equilibrium are not 
necessarily subject to this restriction [2-5]. The possibility of 𝜒(") < 0 in metastable systems 
with inverted populations has been discussed tentatively by Sanders [2,3], and Chiao et al. 
predicted unequivocally a 𝜒(") < 0 state in such systems [4,5]. More recently, it was proposed 
that 𝜒(") < 0 may also be achieved in completely different systems, e.g., active metamaterials 
[6]. In addition, a preliminary experimental affirmation in support of the general concept was 
also reported obtaining magnitudes of negative static electric susceptibility much greater than 
the systems of Sanders and of Chiao et al. [6]. This led to the understanding that alongside 
the existence of 𝜒(") < 0, relatively large magnitudes of the property can also be obtained 
which are expected to be crucial in the realization of devices capable of the novel phenomenon 
of levitation using static electric fields (analogous to the well-known phenomenon of 
diamagnetic levitation in static magnetic fields). With the ongoing practical development of 
condensed (meta)materials owning relatively large magnitudes of negative static electric 
susceptibility, it appeared timely to determine rigorously how negative one can expect the 
negative static electric susceptibility to be made in non-equilibrium condensed materials. In 
[6], it was claimed ¾ without full theoretical or experimental justification ¾ that negative static 
electric susceptibility is possible for all values in the interval (𝜒("): −1 < 𝜒(") < 0+; the 
theoretical basis on which this claim was made is presented in [7]. We have found that 𝜒(") <
0 values are possible for nonequilibrium cubic crystals, and that the lower bound for certain 
crystal structures (bcc and fcc) are exactly −1. We also found that the lower bound is structure-
dependant, differing for sc than for bcc and fcc. Determining the lower bound for a specific 
crystal structure is generally nontrivial and likely requires methods akin to those in [7]. While 
assumptions in [7] may introduce inaccuracies regarding real systems, our findings indicate a 
preference for bcc or fcc structure over sc structure when aiming to create isotropic material 
with minimum 𝜒(") from identical entities. 
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Wireless network evolution, spanning macro to micro elements, defies a universal modelling due 
to diverse channel responses. Tailoring accurate channel models for a dedicated applications like 
body area networks and urban communication [1-2] is paramount. Existing literature drawing 
from measurement and simulation [3-4] meets challenges, but a gradual surge of paradigm shift 
in millimeter-wave bands, emphasizes surface attributes (texture, granularity) over traditional 
properties [5]. While traditional tools suffice below 6 GHz, the ascent in frequency requires a 
profound understanding of scattering. Hence, the challenge involves comprehending the interplay 
between objects and waves across various angles, even in simulations. This pursuit necessitates 
resilience in scientific efforts to unravel wireless network complexities. 

This study proposes a robust channel modelling approach using sparse Angle of Arrival (AoA) and 
Angle of Departure (AoD). It establishes a foundational framework by gradually introducing 
objects, irrespective of applications. Centred on metal objects in non-line-of-sight (nLoS) links, it 
explores their impact on signal transmission. The investigation, considering co-polar and cross-
polar orientations, enhances understanding of electromagnetic polarization's role in signal 
quality and strength. Prior to taking on more intricate structures, it is imperative to master the 
correct procedures, the simplest case as a benchmark. Therefore, a sample metal plate is used to 
differentiate the reflection from the (baulk) material and the diffraction from its edges, thus be 
able to determine the scattering properties regardless of sample size considering the fact that a 
larger sample would tend to have a higher effective reflecting gain. Although, this measurements 
apply to any frequency, the data in this work will be presented at 3.5GHz. 

The analysis with the metal plate establishes foundational benchmarks in terms of gain, 
beamwidth, and sidelobes for comparisons with Radar Cross Section (RCS) of more complex 
structures, including those with corrugation, varied material properties, or advanced 
technologies like Reconfigurable Intelligent Surfaces (RIS). Controlled environment allows 
focused analysis of reflection, scattering, and diffraction phenomena associated with the metal 
object. Additionally, a specifically chosen configuration [6] prioritizes signals influenced by nLoS 
components over direct ones. The use of a 90-degree transmit-receive offset is crucial, 
establishing a direct link between measured beamwidth and twice that of the reflected signal at a 
fixed angle of illumination. This unique setup provides a fresh perspective on data, closely tied to 
signal arrival and departure angles, enhancing insights with relevance to literature. 
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Low Noise Amplifier Characterisation Automation with the CryoMe Software Package 
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The sensitivity of radio receivers can be optimised by using a high gain Low Noise Amplifier 

(LNA) as close to the front-end as possible in order to reduce the noise contributions from the 

following stages [1]. Because of this, radio telescopes operating in the microwave, millimetre, 

and increasingly the sub-millimetre wavelengths generally make use of cryogenically cooled 

High Electron Mobility Transistor (HEMT) based LNAs as their initial receiver gain blocks. 

LNA fabrication, assembly, and characterisation make sure performance specifications are 

met in the radio telescope production process. Part of the characterisation process is the 

measurement of LNA gain and noise performance over operational bandwidth, at the intended 

operating temperature. For each LNA, processing differences will cause different bias 

conditions (i.e. different drain voltages and currents) to give different performance, so ideally 

multiple bias points are tested as a part of instrument optimisation. Large-scale telescope 

arrays, focal plane arrays, and phased array feeds are increasingly common in radio 

astronomy, and all require many more LNAs than have been typical for previous projects. With 

the consequent demand increase, testing will become a very time-consuming part of a project. 

To speed up LNA testing on the recently completed CARUSO receiver project, which required 

over one hundred LNAs in the 67-116 GHz frequency range, we have built a three-channel 

cryostat and an automated measurement system. To automate the process of LNA 

characterization/measurement, we have developed a new software package named CryoMe. 

Features include automated cryogenic Y-Factor measurements, automated sweeps of bias 

conditions, a safe adaptive drain current seeking algorithm, and output data analysis. The test 

equipment is controlled to bias an LNA, retain desired ambient/load temperatures, and, over 

a requested frequency bandwidth, perform power measurements. A computer-controlled 

waveguide switch allows CryoMe to automate the measurement of each chain in a single 

cooling cycle, allowing three LNAs to be characterised in full overnight. Output data is 

analysed giving several characterisation metrics such as the calibrated gain and noise 

measurements of an LNA under test. In comparison to manual measurement, this is a far 

quicker, comprehensive, and reliable process. 

A major CryoMe output is heat maps of gain and noise performance plotted against the set 

bias conditions, which allows very easy identification of optimum bias points. CryoMe can be 

used on either single independent LNAs, or it can be used to tune amplifiers in a receiver in 

situ. Results can be easily reprocessed with different calibration data, and analysis can be 

performed on sub-bandwidths upon request. In comparison to a manual measurement 

system, CryoMe has shown it improves the speed of characterisation significantly. 

An overview of the cryostat setup, and discussion of the capabilities, and features of CryoMe, 

as well as its benefits (i.e. speed, utility, and throughput) will be presented. Sample outputs 

will be shown. I will also give examples of some of the use cases of this software package and 

testing approach.  
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Energetic electron populations that are present in the Earth’s outer radiation belt are an 
outstanding natural environment allowing us to discover the nature of how the dynamics of 
relativistic charged particles evolve, how they are lost, and how they are accelerated.   

These radiation belt electrons are trapped when pitch angles are outside the loss cone. Losses 
and acceleration are well accounted for when considering wave-particle interactions where 
particles have pitch angles in central values. However, current models rely on a quasilinear 
theory that does not explain the observable loss rates of particles with pitch angles near 90 
degrees. One possible solution to this 90-degree problem is resonance broadening, wherein 
wave-particle interactions can occur at a range of wavelengths near to the resonant value 
rather than only for perfect resonance. 

Here we will highlight a derivation of diffusion coefficients under the weak turbulence 
approximation before suggesting and analysing links with a potential nonlinear extension to 
quasilinear theory. 
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The growing population of elderly individuals in society has led to a significant advancement in the integration 
of IoT and wireless communication technologies [1]. This integration aims to enhance the patient monitoring 
system in healthcare services. The primary objective of this study was to determine the location of patients 
within a smart room setting by analysing the varying levels of received power from wireless sensors, specifically 
RFID technology. The proposed system is designed using four sophisticated intelligent models to accurately 
measure power for location and position detection. The neural network in MATLAB acquired knowledge about 
the measured power transfer to verify the accuracy of its predictions.  

Figure 1. An image depicting the system architecture of  
the proposed smart room system for remote monitoring. 

The Wireless Insite software was used to model a smart room with all material properties in the room included 
in the design to mimic a real-life standard room. A human model was designed with three different orientations 
(standing, sitting, and lying down). Each orientation was introduced to the empty smart room and simulation 
was run five times. This was repeated for the remaining orientations and the data obtained was fed to the 
neural network in MATLAB to train the system for real time prediction in future. 

Figure 1. A graph of received powers emanating from the RFID. 
 tags during the simulations. 

The simulation results indicate that the proposed smart room system can replace the existing techniques of 
remote patient monitoring with increased reliability.  
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Figure 2. image of the Neural Network indicating the accuracy 
of its predictions per the orientation of the patient. 

Figure 2. An image of the designed smart smart room using the 
Wireless Insite software. 
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Traceable sub-Terahertz (sub-THz) propagation channel characterization is necessary for the successful 

development of new applications of these sub-Thz frequencies.  Through published sub-THz channel propagation 

models, new devices can be designed and verified through simulations before prototyping decreasing the 

development time of new communications applications. This paper presents the design and initial testing of a 

novel long-range vector network analyzer based sub-THz channel sounding system with the capability of antenna 

separations up to 600m. Enabling the measurement of long-range 500 – 750 GHz channels and subsequent 

development of channel propagation models. 

The designed system addresses the technical difficulties encountered with co-axial cable losses that have restricted 

the antenna separations of current sub-Thz channel sounding systems. The overall propagation path of these 

previous sub-THz channel sounding systems between transmitter and receiver is limited to 10 m for [1], 0.23 m 

for [2], and 3.85 m for [3]. The use of a phase-compensated optical fiber system in this channel sounder, 

established in [4], allows for significantly increased measurement distances while maintaining system calibration 

and has been evaluated with connection lengths up to 600 m. A full link budget assessment has been performed 

with the 600 m optical and co-axial connections, to verify the measurement dynamic range and the operation of 

the remote frequency extender unit. 

The operation of the phase-compensated optical fiber system has been further verified at 500- 750 GHz, through 

the comparison measurements of the system with the optical fiber included and additionally removed. Operation 

in both these cases is shown to be closely matching, demonstrating the equivalence of measurements which have 

been extended by the optical fiber system. The system has then been used to perform preliminary indoor channel 

sounding, with an antenna separation of up to 4.48m, connected by 600m of optical fiber and co-axial cables. The 

peaks in the measured path magnitude located at 4.68 ns and 15.02 ns, in the two tested separations show 

correlation with the calculated line-of-sight path delays, 4.64 ns and 14.9 ns for 1.39 m and 4.48 m separations 

respectively. 
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Recently, Researchers have been interested in multi-band reconfigurable antennas with an improved bandwidth because 

of the potential for breakthroughs in the integration and reconfiguration of the sub-6 GHz and mm-wave bands. Small, frequency-

configurable antennas are needed for future 5G technology to use all available wireless bands (such as the sub-6 GHz and mm-wave 

bands). The fastest 5G services need roughly 100 MHz of bandwidth in the 5G mid-band (3.5 GHz) and 1 GHz bandwidth in the mm-

wave spectrum to accommodate enormous volumes of traffic at high data rates (28 GHz). In this study, a small, dual-band, frequency-

configurable antenna with a larger bandwidth for use in upcoming  5G mobile devices is presented. The suggested antenna uses a radio 

frequency (RF) PIN diode (SMP 1321-079LF)  switch to toggle between two operating modes, providing a maximum frequency range 

of 3.39-3.66 GHz (ON state) and 27.40-28.60 GHz (OFF state) for usage in 5G networks, by combining a meandering radiating patch 

with a truncated ground structure; a size reduction and bandwidth improvement were accomplished. 

Fig. 1. Geometry of the Dual Band  Antenna Fig2. Reconfigurable Antenna with PINDiodes Fig3. PIN Diode Configuration 

Fig4. S11 Results Before Configuration Fig5. Results After Configuration Fig5. Gain of the Proposed Antenna 

The proposed reconfigurable dual-band antenna switching between millimeter wave and sub-6 GHz bands is a necktie 

round shape patch design connected with a meandered radiating patch element at the top front with an H slot shape and a partial or 

truncated ground plane at the back to enhance the antenna's functionality and performance. The dual band antenna is designed using 

CST microwave studio on a substrate Rogers 3003 with a dimension of 27.8 mm x 14mm and thickness of 1.52 mm with a dielectric 

constant of 2.2 and a loss tangent of 0.0009 respectively. The PIN diode (SMP 1321-079LF) is placed between the two parts to resonate 

the antenna at 3.5 and 28 GHz by altering the switching state. During the ON state of the PIN diode, the antenna operates at both 3.5 

GHz and 28 GHz; whereas, in the OFF state, it operates in the mm-wave band at 28 GHz, thereby eliminating the 3.5 GHz band. The 

proposed antenna has an ultra-wide bandwidth of 19.65 GHz covering almost all the milli meter wave bands of 23 GHz, 28 GHz, and 

38 GHz (from 22.65 – 42.30 GHz) while the sub-6 GHz band has a bandwidth of 962 MHz (3.02 – 3.99 GHz) respectively. The return 

loss of the antenna is -31.33 dB and -49.72 dB at 3.5 GHz and 28 GHz respectively. However, this antenna is compact and combines 

two different frequency bands with a larger bandwidth, and the frequency ratio between the millimeter wave band to the sub-6 GHz 

band is 8. 
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Observing plasma structures at multiple scale sizes in the high-latitude ionosphere 

with a suite of ground-based instrumentation.  
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1 Space Environment and Radio Engineering (SERENE), University of Birmingham 

2 Metsähovi Radio Observatory, Aalto University, Finland 

The terrestrial ionosphere is a highly variable medium that affects the propagation of radio 

waves. Within the ionosphere, large-scale structures, such as polar cap patches, auroral 

forms, blobs, and polar holes, have been observed. Small-scale irregularities associated with 

these large-scale structures result from instability processes which can lead to scintillation of 

trans-ionospheric radio signals, such as those used for Global Navigation Satellite Systems 

(GNSS). To investigate plasma irregularities and scintillation in the high-latitude ionosphere, 

the Scintillation and Plasma Density Gradients (SGRAD) and the Scales of Ionospheric 

Plasma Structuring (SIPS) experiments were conducted using a suite of ground-based 

instrumentation across January of 2023 and 2024.  

SGRAD was conducted using the European Incoherent Scatter (EISCAT) radars. SIPS used 

a wider variety of instrumentation to observe the high-latitude ionosphere across several scale 

sizes, and this required an array of ground-based instruments, in conjunction with the Swarm 

satellites. This allowed for the observation and inference of large-scale (several hundred km), 

medium-scale (several km), and small-scale (less than 500m) plasma structuring using the 

EISCAT radars, LOw Frequency ARray (LOFAR), the Kilpisjärvi Atmospheric Imaging 

Receiver Array (KAIRA), and ground-based GNSS receivers. To assist in the interpretation of 

the results, the Swarm Ionospheric Scintillation (SWIS) methodology was also used, which 

utilises data from the Swarm satellites to give a spectrum of irregularities to scale sizes down 

to 500m (Spogli et al., 2022). 

These experiments aimed to observe different large-scale structures under varying 

geomagnetic conditions and to determine which of these are related to the scintillation of 

GNSS signals. From the SGRAD results, a polar cap patch was observed exiting the polar 

cap and becoming a boundary blob. We present the first direct observations of multiple plasma 

structuring mechanisms acting simultaneously to create a blob. Additionally, the scintillation 

data was analysed to explore the effects of these structures on GNSS scintillation. The 

analysis of the scintillation data revealed that it is difficult to determine the exact cause of the 

scintillation due to the presence of large-scale structures and auroral precipitation. The SIPS 

experiments ran between 3rd January 2024 and 15th January 2024.  

The combination of both ground-based and space-based instruments in this experiment, 

observing and modelling the ionospheric plasma, gives unprecedented coverage of varying 

scale sizes which is not possible with individual instrumentation alone. Using this array of 

observations, the relationship between irregularities of varying scale sizes will be discussed, 

along with the formation and generation of small-scale irregularities due to instability 

mechanisms and the subsequent scintillation effects which can occur.  

Spogli, L., Iman, R., Alfonsi, L., Cesaroni, C., Jin, Y., Clausen, L., Wood, A., & Miloch, W. J. 
(2022). Feasibility of a Swarm Ionospheric Scintillation (SWIS) proxy for L-band scintillation. 
AGU Fall Meeting 2022. 
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Abstract—This paper details an implantable antenna for lead-
less cardiac pacemaker (LCP) applications operating in the In-
dustrial Scientific Medical (ISM) frequency band (2.4–2.48GHz).
Compared to similar literature designs, the antenna uses a
shorting pin to achieve an improved simulated 10dB fractional
bandwidth of 20%. It implements a spiral-shaped meander
pattern in an ultra-compact 3x3x0.5 mm3 footprint.

I. INTRODUCTION

LCPs attempt to reduce complications and infections caused
by conventional wired pacemakers. The limited space inside
implantable medical devices (IMDs) necessitates miniaturising
implantable antennas.

II. ANTENNA DESIGN AND SIMULATION RESULTS

A key property of implantable antennas is they must be
biocompatible. This antenna would need to be coated in a
thin film of ceramic aluminium oxide, as the dielectric used
is not biocompatible. The antenna design is presented in fig.
1. The design includes a substrate and superstrate of dielectric

Fig. 1. Suggested antenna structure

material. Rogers6010 was selected due to its high dielectric
constant of 10.2. The antenna was modelled and optimised
at the centre of a homogeneous heart phantom 60x60x150
mm3. A conductivity of 2.215 S/m and dielectric permittivity
of 54.918 were used to model heart tissue at 2.45 GHz. Fig.
2 shows the S11 of the antenna.

III. CONCLUSION

This paper introduces a compact, implantable antenna de-
sign for LCPs operating at 2.45 GHz. The discussed antenna
uses a shorting pin to achieve a fractional bandwidth of

Fig. 2. Simulated reflection coefficient

20% in simulation. This is improved compared to current
antennas of similar dimensions at the cost of antenna gain,
as summarised in table I. The discussed antenna has an ultra-
compact structure at 3x3x0.5 mm2 [2]. Further research could
include implementing ground slots and fabricating the antenna
design to observe whether the improved simulated bandwidth
carries over to real testing.
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TABLE I
COMPARISON TO EXISTING LITERATURE (SIMULATED 10DB FRACTIONAL

BANDWIDTHS WERE ESTIMATED FROM FIGURES IN CITED LITERATURE)

Ref. Size
(mm3)

Freq.
(GHz)

Simulated
fractional
10dB BW

(%)

Measured
10dB BW

(%)

Peak
Gain
(dBi)

Phantom
Size

(mm3)

[1] 3×4×0.5 2.4 6.5 21.8 -25.9 80×60×120
[2] 3×3×0.5 2.45 7.0 22 -24.9 60×60×150

This Work 3×3×0.5 2.45 20.0 — -42.7 60×60×150



Ultra-Miniaturized In-Band Full-Duplex Implantable Antenna for 
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Wireless capsule endoscopy (WCE) is a medical diagnostic technique that utilizes a 

wireless capsule to visualize the gastrointestinal tract (GI). This technology has gained 

significant attention in recent years due to its non-invasive and painless nature, which provides 

a better alternative to traditional wired endoscopic procedures [1]-[3]. WCE allows the 

examination of complex portions of the gastrointestinal tract and overcomes the constraints 

on patient mobility [4][5]. However, one of the major challenges of WCE is the transmission of 

the captured images to the external receiver, as the capsule moves through the digestive 

system. This requires an efficient wireless communication system that can operate at low 

frequencies mainly because low frequencies can penetrate deeper into the body tissues. This 

involves a careful balancing of the trade-off between antenna size and transmission range to 

achieve the desired level of reliability without compromising patient comfort [4]-[6]. This study 

introduces a novel in-band full-duplex implantable antenna designed for Wireless Capsule 

Endoscopy (WCE) and operating at the 2.45 GHz Industrial, Scientific, and Medical (ISM) 

band. The antenna is simulated inside a human body phantom with a depth of 50 mm. The 

antenna’s size is kept ultra-miniaturized (π × (3)2 × 0.254 = 7.17 mm3) through the integration 

of multiple semi-circular slots and shorting pins. The antenna exhibits a nearly omnidirectional 

radiation pattern at both 2.45 GHz for port 1 and port 2, attaining gains of -44.5 dBi at port 1 

and -46.2 dBi at port 2. Achieving higher than 25 dB isolation between the two antenna ports 

is made possible by using a very thin superstrate and substrate, along with the addition of a 

middle slot in the ground plane. The antenna is simulated using Ansys High-Frequency 

Structural Simulator (HFSS) inside a bio-compatible capsule device. In conclusion, the 

proposed antenna is a promising candidate for implantable medical devices for capsule 

endoscopy applications, offering and simultaneous transmit and receive capability, high 

isolation, and compact size. 

Index Terms—In Band Full-Duplex, Implantable Antenna, Medical Implants, wireless 

capsule endoscopy. 
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300 GHz Stacked AFSIW LTCC Horn Array
Antenna with Integrated Lenses for V2V

Eryk S. Skalinski, Roy B. V. B. Simorangkir, and Ismail B. Mabrouk

Abstract—This paper explores the design of a 220-300 GHz
horn array in LTCC technology for vehicular communications.
An air-filled SIW approach allows compact horn elements with
0.51λ spacing to avoid grating lobes. The integrated Rexolite
plano-convex lenses provide additional gain and sidelobe sup-
pression. The 4x6x2.11 mm 1x4 array has a peak gain of 17.5
dBi from 220-340 GHz, a return loss below -10dB, and cross-
coupling below -18dB. At 300 GHz, the gain is 15.9 dBi with 30°
x 22° HPBWs. Beam steering up to 18° is achieved with only
1.1 dB gain reduction. The design enables practical sub-THz
antennas for connected vehicles.

I. INTRODUCTION

In the rapidly advancing realm of wireless communica-
tion, 6G holds promising prospects for autonomous vehicles.
Developing specialized antennas for sub-THz band vehicular
communication is crucial. This work focuses on creating an
electronically steerable linear array antenna using LTCC, en-
suring protection and mass-manufacturability. Unlike previous
methods [1], [2], this approach minimizes grating in the
radiation pattern. Simulation results using ANSYS HFSS are
detailed in this paper.

II. LTCC HORN ARRAY ANTENNA

A. Design of antenna

An Air-Filled-Substrate-Integrated Waveguide (AFSIW) H-
plane horn, integrated into a multilayer LTCC substrate, en-
ables lower power loss than traditional SIWs for increased
power handling [3]. Despite the H-plane horn’s ridged radia-
tion pattern, stacking them forms an array with optimal 0.5λ
spacing. Metal plates provide isolation, avoiding the need for
via fencing. A semicircular plano-convex Rexolite 1422 lens
enhances gain, squashing the sectoral horn pattern, and acts as
a practical radome. A modified WR-3 feed is driven by LTCC
layer thickness, with ϵr = 6.7 and tan δ = 0.02. The antenna
array design achieves 0.51λ spacing at 300 GHz with a 100
µm LTCC layer, reducible with a 50 µm variant.

B. Results
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Fig. 1: Antenna array simulation results: Reflection coeffi-
cients and total peak gain

In fig. 1a, return coefficients stay below -10dB across the
220-340 GHz bandwidth, and cross-coupling remains under
-18dB (max: -19.4dB). A peak gain of 17.5 dBi is achieved
at 318 GHz. At 300 GHz, figs. 1a and 2 show a total gain of
15.9 dBi, with horizontal HPBW of 30° and vertical of 22°.
The main lobe shifts from boresight to 18° in the xz plane
with only a 1.1 dBi gain reduction, maintaining a side-lobe
level below 13.8 dBi at 33°. The xy-plane radiation pattern
remains unaffected.
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Fig. 2: Simulated normalized total radiation pattern at 300
GHz: (a) 0 phase difference between each subsequent element
normalized in 2 different planes. H/xy-plane or (Red-star),
E/xz-plane (Blue), (b) 60 degree phase difference between
each subsequent element normalized to non-phased. Standard
(Blue), Shifted (Green-star) in E/xz-plane

III. CONCLUSIONS

In summary, a protective linear 1x4 H-plane sectoral horn
array with lenses, based on AFSIWs in LTCC, was introduced.
It offers broad bandwidth, low grating, and effective cross-
coupling, making it suitable for V2V. The design is nearly
ready for manufacturing and validation through measurements.
Integration of a microstrip to waveguide transition is pending,
demonstrating the potential for an RFIC integrated within
LTCC to serve as an antenna in a package module.
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3D Printed Wideband Dual-Polarized Lens Antenna for mm-Wave Communication 

Valentina Cicchetti, Queen Mary University of London

Abstract 

In the past few years, the popularity of millimeter-wave (mm-wave) frequencies has 

increased significantly because of the growing need for high-speed wireless 

communications and the introduction of new applications. The design of antennas for this 

frequency range should be characterized by high gain to prevent free-space attenuation 

and support wide bandwidths while maintaining good radiation efficiency and reliable 

radiation patterns [1]. These requirements lead to structural complexity, and to the 

miniaturization of antennas, challenging existing manufacturing processes. Three-

dimensional (3D) printing technology, also known as additive manufacturing, has gained 

wide attention as it enables rapid prototyping, low cost and high material utilization while 

producing high-quality structures. Through this technology, it is possible to realize structure 

using a layer-by-layer stacking process, allowing for the creation of complex shapes and 

the achievement of small-scale manufacturing. These advantages could potentially meet 

the requirements of the antennas at mm-wave frequencies [2]. The purpose of this work is 

to present a 3D printed wideband dual-polarized lens antenna useful for future mm-wave 

applications. The proposed antenna consists of a rectangular waveguide WR-10 used as 

the feeding for the input signal, a rectangular-circular transition that converts the 

fundamental mode TE10 of the rectangular waveguide to the fundamental mode TE11 of the 

circular waveguide placed at the end. In addition, a metal cone was designed to distribute 

the field radiated by the circular guide along the azimuthal plane through a 

reflection phenomenon [3]. Finally, a dielectric lens, characterized by a toroidal shape and a 

spherical-axicon section [4], was designed to improve the performance of the radiative 

structure. The antenna works in the 75-100 GHz frequency range, providing a maximum 

gain of 9 dBi in the azimuth plane. CST Microwave Studio, implementing a full-wave 

locally conformal finite integration technique (FIT), was employed to characterize the 

antenna and to guide its physical realization. A good agreement was found between the 

numerical results and the experimental measurements performed on an antenna 

prototype. The structure offers the advantages of robustness, cost-effectiveness, and 

ease of fabrication in waveguide configurations. 
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Active Electronically Scanned Arrays (AESA) constitute a promising technology for the 
replacement of reflector antennas as ground stations (GS) for a Low Earth Orbit (LEO) satellite 
constellation. While only one satellite can be tracked per antenna in the latter systems, the 
formers allow to simultaneously synthesize multiple beams from the same aperture by 
applying beamforming, ideally replacing an entire reflector-based antenna farm with a single 
AESA-based GS. While a teleport with several tens of reflectors could still be less expensive 
than one with a few AESA, the advancements in microwave monolithic integrated circuits 
combined with the growth of satellites in LEO constellation suggest that satellite operators will 
gradually transition to the latter technology[1]. Moreover, AESA guarantee several other 
benefits, such as graceful degradation, longer time to failure, ease-of-replacement, almost 
negligible downtime, full hemispherical coverage, and higher pointing accuracy. 

The most important feature of AESA systems consists in the possibility of exploiting a variety 
of beamforming techniques. While analogue beamforming is easier to implement and less 
expensive, it requires as many parallel beamforming networks as the number of beams to 
generate. Consequently, digital beamforming is likely to become the adopted technology for 
LEO constellations in the future decades. In a fully digital beamforming network, each radiating 
element is connected to an output port that integrates a digital-to-analogue converter, and all 
the beams’ signals are digitally generated. Despite matched filter (MF) precoding provides the 
highest composite pattern gain, several precoding techniques allow to mitigate the 
interference generated to adjacent satellites. Two of the most adopted linear precoding 
techniques are zero forcing (ZF) and minimum mean square error (MMSE) [2]. By slightly 
sacrificing the main beam gain, they allow to generate composite patterns with nulls located 
at the other satellites location as shown in Fig. 1. MMSE precoding consists in a trade-off 
between the MF and ZF ones and guarantees the best performance in terms of SNIR. This 
work investigates the impact of linear transmit precoding to mitigate the interference in a 
gateway antenna operating in V band. 

Figure 1. MMSE precoding composite pattern gain (dBi) of three different satellites. The 
black cross corresponds to the targeted satellite, the red ones to other satellites served by 

the gateway, and the green ones to non served satellites in the field-of-view.  

[1] G. He, X. Gao, L. Sun, and R. Zhang, “A review of multibeam phased array antennas as LEO satellite
constellation ground station,” IEEE Access, vol. 9, pp. 147142–147154, 2021.

[2] P. Angeletti and R. De Gaudenzi, “A Pragmatic Approach to Massive MIMO for Broadband
Communication Satellites,” IEEE Access, vol. 8, pp. 132212–132236, 2020.



Compact Implantable Antenna with Ultra-wide
bandwidth for Leadless Pacemaker
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Abstract—This article introduces a compact antenna designed
for leadless pacemakers (LPs), featuring a small size of 8.83mm3,
and a bandwidth of 4330 MHz, addressing detuning issues.
Covering frequencies from 0.67 GHz to 5 GHz, the antenna
ensures optimal performance in medical frequency bands. The
achievement of ultra-wide bandwidth is attributed to integrating
a meandered line in the ground plane and a large rectangular
slot in the patch. Moreover, the proposed antenna demonstrates
high gain values of -31.3 dBi, -25.7 dBi, and -22.7 dBi at 0.915
GHz, 1.4 GHz, and 2.45 GHz, respectively.

I. INTRODUCTION

The demand for compact antennas integrated into LPs for
heart telemetry is on the rise. These antennas aim to facili-
tate the transmission of diverse health-related data, enabling
continuous monitoring of patients’ cardiac activity during
their daily routines [1], [2]. [3]. Infections in conventional
pacemakers are a significant concern, affecting approximately
one in fourteen patients, with one-fifth of infected patients
facing fatal outcomes [4].

The integration of miniaturized implantable antennas into
(LPs) plays a pivotal role in enabling wireless data transfer
between LPs and external devices [5]. This integration further
allows physicians to conduct remote diagnoses and monitor
patients [6]. However, miniaturized antennas present unique
challenges. Smaller implantable antennas tend to be less
effective with lower gains compared to larger counterparts
in free space. Achieving impedance matching becomes more
challenging as antenna size is reduced, potentially leading to
decreased efficiency and signal degradation [7]. Additionally,
the issue of detuning arises due to frequency shifts caused by
variations in the electrical properties of bodily tissues [8].

II. ANTENNA DESIGN

The complete geometric model of the proposed implantable
antenna, with dimensions of 5.8 mm x 6 mm x 0.254 mm,
is illustrated in Fig. 1. In Fig. 1(a), the radiating patch
exhibits a rectangular configuration, featuring a significant
rectangular cut. Fig. 1(b) illustrates the ground plane in detail,
designed with a meandering shape and incorporating an open-
ended slot. This design significantly contributes to bandwidth
enhancement. The choice of Rogers 3003 material for both the
substrate and superstrate is driven by its specific properties,
which include a low tangent loss (tan δ) of 0.0010 and a
relatively low dielectric constant (εr) of 3.

Fig. 1. Geometry of the proposed implantable antenna. (a) Front view, (b)
back view, (c) Side view (units: mm).

III. SIMULATION SETUPS

The antenna design was implemented using the HFSS (High
Frequency Simulation Software). The implantable antenna is
positioned within a heart phantom (HP) with dimensions of
120 mm x 80 mm x 60 mm, as illustrated in Fig. 2(a). Its
electrical properties for different frequencies (0.915, 1.4, and
2.45 GHz) are adjusted according to Table I. The proposed
antenna maintains stable impedance matching in various sce-
narios, with and without LP, as depicted in Fig. 2(b).

TABLE I
DIELECTRIC PROPERTIES AT VARIOUS FREQUENCIES

Phantom
type

Frequency
(GHz)

Conductivity
(S/m)

Relative
permittivity

0.915 1.2378 59.796
HP 1.4 1.5132 57.538

2.45 2.2561 54.814

Fig. 2. (a) Antenna implantation in a heart phantom (units: mm), and (b)
results in simulated reflection coefficient S11.
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This brief introduces a high-voltage ultrashort electric pulse system with a repetition rate with 
1 Hz for stimulating cell electroporation tests [1, 2]. This system is designed for stimulating cell 
electroporation tests [1, 2]. The topology of the given system primarily comprises two parts: 
high-voltage controlled switch and charging/discharging energy module respectively. An 
optical-coupler plays a dual-roles, serving as a driver gate to supply the drive signal while 
providing high isolation [3,4]. A Silicon Carbide (SiC) metal-oxide-semiconductor field-effect 
transistor (MOSFET) is interconnected with the optical-coupler, collectively forming a voltage-
controlled switch. Subsequently, an energy capacitor in series is initially charged up to 1 kV 
through high-voltage power. The stored energy is then discharged in a controlled manner by 
the voltage-controlled switch into the cell. As a result, the presented system can provide a 
stable high-voltage pulse signal with a tunable pulse width ranging from 100 ns to 500 ns. 

The schematic diagram of the presented electric pulse generator is depicted as shown in Fig.1. 
As can be seen, the initial signal, a 3.3 V digital signal generated by the FPGA, triggers the 
optical-coupler, the ceramic capacitor with a value of 1 uF is connected in parallel to stabilize 
the operation of a high-gain linear amplifier. The energy capacitor Ce is under direct control of 
the high-voltage switch, facilitating the charging/discharging process into the cell load. 

Figure 1.  The Schematic Diagram of the Given Electric Pulse System 
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Abstract: The near-field and far-field are the two inherent electromagnetic field regions associated 

with antenna arrays. Due to the small aperture of the antenna array and the low carrier frequency, 

current wireless networks operate mainly in the far-field region. However, with the advent of 

Extremely Large Aperture Arrays (ELAA) and the use of higher frequency bands such as millimeter-

wave and terahertz bands, recent studies have shown that the near-field region may extend to 

tens or even hundreds of meters. There are two key differences in near-field systems when 

compared to far-field systems: 1) the signal phase changes have to be modeled accurately using 

the spherical-wave model and 2) the user/target has different velocity projections for different 

antennas, resulting in non-uniform Doppler frequencies. Generally, the velocity of the target is 

estimated based on the Doppler frequency encapsulated in echo signals reflected by the target. 

The far-field systems exhibit uniform Doppler frequencies across all antennas introduced by the 

radial velocity, i.e., the velocity projection aligned with the direction between the BS and the target. 

In this case, since only partial velocity information is available, determining the target’s motion 

status necessitates prior knowledge of the target’s motion model or collaboration among multiple 

sensing nodes. However, the near-field effect revolutionizes velocity sensing by introducing non-

uniform Doppler frequencies that capture not only radial but also transverse velocities. This 

unique characteristic enables the estimation of the target’s motion status, encompassing both the 

amplitude and direction of the velocity, using a single BS, without necessitating prior knowledge 

of the target’s motion model. With full velocity information, predicting the target’s subsequent 

location becomes simpler and more efficient. This heightened sensing capability can also greatly 

simplify various communication tasks like beam tracking, channel estimation, and cell handover 

that are sensitive to users’ location. 

Fig. 1: Illustration of the near-field velocity sensing. 
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Abstract—This paper presents a compact, mirror-symmetrical,
and meander-structured MIMO conformal antenna for wireless
capsule endoscopy. Measuring 30.5 mm x 5.65 mm x 0.04 mm
(6.893 mm³ volume), the antenna operates between 0.83 GHz and
1.06 GHz, with a peak resonance at 915 MHz, a bandwidth of
230 MHz (25.14% fractional bandwidth), and 21 dB isolation.
Simulations show a -46 dBi gain at 133 mm implantation
depth in the human body. The antenna’s performance is stable
across various tissue dielectric constants, ensuring sufficient Link
Margin and safe SAR levels, making it suitable for high-data-rate
bio-telemetry.

I. INTRODUCTION

Nowadays, as the next generation of communication tech-
nology developed, researchers increasingly prioritize the de-
velopment of remote health diagnosis and monitoring equip-
ment. Among these, the investigation of ingestion and im-
plantable medical devices hold particular significance. These
devices play a crucial role in the medical field, including
applications such as pacemaker [1], intracranial pressure mon-
itor [2], blood glucose monitor [3], and wireless capsule
endoscopy (WCE) [4]. Among them, WCE is generally used
to examine the gastrointestinal tract, particularly the small
intestine, which is a blind zone for traditional endoscopy.
WCE can help diagnose by transmitting real-time video or
high-resolution pictures, overcoming imposed by traditional
endoscope size. Generally, a WCE principally comprises a
power source, a camera or multiple sensor, and transmission
antenna. This antenna plays a pivotal role in sending data,
gathered by the sensor or imaging device, to an external
receiver. To guarantee efficient and uninterrupted data transfer,
it is important for the WCE’s antenna to possess robust
data transmission capabilities. Recent studies have introduced
various capsule antenna in [5], [6]. In [5], a proposal for
ultra-wideband antenna is presented, featuring a step-shape
and combined with an irregular rectangular loop. This design
achieves a bandwidth range from 2.15GHz to 14.75GHz and
measures 21.7 mm × 14.8 mm × 0.8 = 256.928 mm3.
Besides, in Paper [6], a meandering mode design is employed
to encompass both the Industrial, Scientific, and Medical
(ISM) band (433 MHz-434 MHz) and the Wireless Medical
Telemetry Services (WMTS) band (1.312 GHz-1.644 GHz).
The design achieves bandwidths of 442 MHz (210–652 MHz)
and 332 MHz (1.312–1.644 GHz) for the ISM and WMTS
bands, respectively. However, it is noted that the aforemen-
tioned designs are based on single-input single-output (SISO)
configurations. In contrast, multi-input multi-output (MIMO)
structured antennas typically offer greater channel capacity.

Consequently, to facilitate high-performance communication,
a compact dual-element antenna operating at 915MHz, with
dimensions of 6.893mm3, is proposed.

2
6
m
m

1
5
m
m

5
.5
m
m

0.5mm

Fig. 1. Loop antenna structure and capsule dimension

Fig. 2. Plane antenna structure with parameters

This paper introduces a compact, conformal capsule an-
tenna, specifically developed for wireless capsule endoscopes.
Utilizing a MIMO configuration, the antenna attains com-
pactness by incorporating mirror symmetry and a meander
structure, measuring 6.893 mm3 in dimensions. Both modules
of the antenna operate at 915 MHz, featuring a bandwidth of
230 MHz and a fractional bandwidth (FWB) of 25.14% with
isolation 21dB. The stability and safety of the antenna have
been thoroughly verified.
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This study proposes a novel MIMO antenna design comprising four pairs of compact dual-polarized 

antennas strategically positioned at the four corners of the smartphone's mainboard. The antenna structure 

is realized on an inexpensive FR-4 substrate. Each antenna element incorporates a trapezoid-shaped slot 

resonator complemented by an L-shaped stub. To enhance the isolation between adjacent slot antennas, an 

arrow-shaped strip serves as a decoupling structure. The compact antenna elements efficiently operate 

within the frequency range of 3.35-6 GHz, exhibiting dual-polarization functionality and providing full 

radiation coverage, ensuring comprehensive connectivity. The properties and performance of the CPW-fed 

slot antenna element, as well as the entire MIMO smartphone design, are meticulously evaluated using CST 

software. Through rigorous simulations, the MIMO antenna system's capabilities and efficacy are 

investigated, and acceptable results have been discovered.  

Figure 1(a) depicts the structural configuration of this multi-feed antenna system. The overall size of the 

antenna is 75×150 mm², and it features 8×8 closely spaced trapezoidal slot resonators with L-shaped stubs 

and CPW feedings. The S-parameters of the designed antenna array shown in Fig. 2(b) and (c) indicate that 

the antenna elements have similar performance and provide high matching offering better than -15 dB 

reflection coefficients (Snn) with mutual coupling (Sm1) less than -13 dB at the desired broad operation 

frequency of band of 3.2-6 GHz.  Figure 2 (a) displays a photograph of the prototype sample. The antenna 

is implemented on a single side of a low-cost FR4 substrate and features an 8×8 MIMO configuration. 

Figure 2 (b) illustrates the feeding method used for the antenna pair. The measured and simulated results 

of the S-parameters for two closely spaced elements under test are presented in Figure 2(b) for comparison. 

As observed, the antenna design achieves a quite good impedance bandwidth (S11 < -10 dB) that spans from 

3.2 GHz to over 6 GHz, making it suitable for a wide range of frequency applications. Moreover, the mutual 

couplings (S21) between the adjacent elements are measured to be less than -14 dB at the desired band. 

  (a)                                                            (b)  (c) 

Figure 1. Proposed MIMO antenna and its simulated (a) Snn and (b) Sm1. 

  (a)                                                (b)                                                (c) 

Figure 2. (a) Fabricated prototype, (b) feeding mechanism, and (b) measured/simulated S11/S21. 
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Conventional RF-to-DC single band rectifier has poor power conversion efficiency (PCE) due 

to only able to harvest one environment’s ambient radio frequency source [1]. This issue can 

be addressed by carefully integrating a nonlinear diode into the rectifier, which is crucial in 

determining both PCE and bandwidth. Despite this, achieving maximum PCE is hampered by 

the predominance of diode harmonic loss over network insertion loss [2], [3], limiting the 

rectifier's output power. To overcome this constraint, it's essential to simultaneously harvest 

RF energy from multiple sources and effectively terminate harmonics to maximize output 

power. 

The triple-band rectifier proposed in this paper makes use of a harmonic suppression network 

(HSN) made up of five microstrip transmission lines (TLINs) and a uniform transmission 

matching approach as shown in Figure 1(a). The HSN effectively suppresses the triple-band 

signal's second harmonic, resulting in infinite impedance, according to theoretical study based 

on closed-form equations [1]. 

The design started with a single-band rectifier and was expanded to dual- and triple-band 

versions by adding appropriate transmission lines and shorted stubs. To convert multiple RF 

signals into direct current simultaneously, a harmonic suppression network was introduced. 

The suggested rectifier achieves PCE of 75.5%, 72%, and 67.1%, respectively, and operates 

in the widely used frequency bands of 1.8, 2.45, and 5.8 GHz (see Figure 1(b)). 

Figure 1: (a) Proposed circuit triple band rectifier with harmonic suppression and (b) 

Simulated S11 results 
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Wireless capsule endoscopy (WCE) represents a groundbreaking advance in numerous potential imaging/diagnostics
applications and an increasing role in digestive pathological examination, providing a non-invasive method to visu-
alize the gastrointestinal (GI) tract. Recently, wireless endoscopy has been enabled by the realization of the swal-
lowable low-power capsule, which includes cost-effective miniaturized integrated circuits, batteries, light-emitted
diodes (LEDs), cameras, and antennas. In particular, several limitations, such as stable and robust performance,
high data rate, extensive camera viewing angle, and reliable communication link make camera-integrated antenna
design for WCE applications very challenging.

Firstly, the designated space for antenna integration without blocking the viewing of the cameras is confined to
the pill shaped capsule surface or the area between the camera and the capsule shell [see Fig. 1]. Secondly, the
capsule’s size and the camera’s shape impose limitations on the inclusion of an additional matching network inside
the 11×26 mm2 capsule. In particular, proper antenna feeding might be necessary at the top of the camera body,
necessitating meticulous consideration to ensure it does not impact the functionality of the camera lens. Thirdly,
the demand for a substantial camera viewing angle requires the deployment of LEDs and a transparent air dome
between the optical dome and the camera. Finally, as the capsule traverses through the heterogeneous gastroin-
testinal environment, it may encounter frequency-detuning effects, necessitating robust antenna performance. This
aspect adds a layer of complexity to the antenna design, making it a particularly challenging task.

This contribution describes a novel compact topology to realize camera integration in antenna systems for WCE
applications. Specifically, we showcased a planar antenna topology based on offset-fed meandered dipole antenna
fabricated by conventional cost-effective printed circuit board (PCB) technology, which can be part of a new
generation of cost-effective high-performance systems. The designed antenna was optimized for operation in the
[401-406] MHz range in the medical device radio communications service (MedRadio) band.

Capsule Shell

Optical Dome 
85

o

-85
o Antenna

z

Figure 1. GI tract that the biotelemetric capsule would be able to map and the visible components found within an
imaging capsule system with dimensions 11×26 mm2.
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Abstract 

This study focuses on the modelling and simulation of indoor channel scenarios within the 500 GHz-750 GHz 
sub-terahertz (sub-THz) frequency band, with the aim of enhancing our understanding of channel characteristics at 
these frequencies. The accuracy of the simulation platform was validated by comparing its results with measured 
data, thus confirming its reliability. Horn antennas and omnidirectional antennas were utilized during simulations to 
investigate channel behavior in both obstructed and unobstructed environments. By varying the distance between 
transmitting (Tx) and receiving (Rx) antennas, channel characteristics within the 500 GHz-750 GHz frequency band 
were systematically investigated. The figure below shows a comparison using an omnidirectional and a horn 
antenna in an obstructed scenario. 

Our primary contribution lies in the initial exploration of scenario modeling and simulation for indoor channels in 
the sub-THz frequency band, thereby addressing a critical research gap. This research serves as an indispensable 
reference for future design and optimization of indoor communication systems. The experimental results provide 
comprehensive insights into channel characteristics under varying antenna types and environmental conditions, 
offering valuable data support. Consequently, this work establishes a robust foundation for further research and 
applications, significantly contributing to the understanding of propagation characteristics for indoor channels within 
the 500 GHz-750 GHz frequency band. 
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Abstract—With 5G networks enabling new vehicular connec-
tivity services, there is a need for effective antennas to be
integrated into automotive glass. As a result, better optically
transparent (OT) conductive films are required. This paper
analyses micro-scale metal meshes as a promising OT conductor
technology. Theoretical analysis suggests that sheet resistance
and optical transparency can be tuned using the geometry of
the conductive mesh and simulation is conducted. The findings
provide design guidelines to optimise the optical and radio
frequency performance of metal mesh in vehicle windows.

I. INTRODUCTION

The advent of 5G networks can enhance road safety, reduce
energy consumption, and lower congestion [1] This requires
that the number and size of antennas increase in diverse
user equipment. In vehicle design, mounting antennas in the
windows has been suggested [2]. However, antennas can only
be placed on windshields if their overall optical transparency
(OT) remains greater than 70%. Gains have been made in
reducing sheet resistance by using metallic structures. In [3],
a silver micro-mesh is fabricated with Rs = 0.054 Ω/sq
and Tx = 81.3%. These are generally recognised as having:
optical properties, electrical properties, mechanical stability
and cost that are better than current alternatives. Recently,
additive manufacturing methods with lower wastage and costs
are being considered for micro-scale metal mesh fabrication.
Screen and gravure jet printing enable the mass-production
of this OT conductor, with significantly better characteristics
than TCOs. However, printed metal conductivity is typically
worse than in the bulk material [4]. Because of this, it is
important to improve the conductivity of printed metallic
meshes. Conductivity improvements have been made by al-
tering the mesh metallic layer at the nano-scale [4], but the
electro-optical characteristics also depend significantly on the
mesh structure itself. This work investigates how changing the
mesh geometry affects the trade-off between the optical and
electrical performance of micro-scale metal mesh in the 2 –
10 GHz band.

II. METHODOLOGY AND PRELIMINARY RESULTS
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Fig. 1. Layout of a metallic square mesh. The unit cell is shown enlarged.

An example metallic mesh structure is shown in fig. 1. From
the unit-cell, it is clear that the DC sheet resistance of the
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Fig. 2. Forward transmission – frequency relationship.

mesh decreases at larger values of b. However, for AC, the
current density falls off exponentially below the skin depth (δ)
in a good conductor. It follows that increasing the a : b ratio
(and so the OT) within each unit cell will have a negligible
impact on the mesh AC sheet resistance while b >> 2δ.
Simulation was used to investigate the effect of mesh geometry
on the impedance of a microstrip transmission line. A silver
mesh transmission line was modelled on a glass dielectric. The
mesh unit-cell length scale was selected as u = 589 µm. The
system response in the 2 − 10 GHz region was measured as
the a : b ratio within fixed unit cells was changed. This region
was selected to include 5G FR1. While the transmission line
remains well-matched throughout the parameter sweep, fig. 2
shows the frequency response of the forward transmission
through the line for different widths of b. This is compared
with a solid silver microstrip of identical dimensions (the
control). At 2 GHz, there is good transmission through all the
strips except as b approaches 2δ. As the skin effect becomes
stronger at higher frequencies, the mesh conductivity decreases
and reduces the forward transmission. It is notable that the
meshes generally outperform the bulk material in this region
i.e. the S21 is less attenuated. The forward transmission is also
shown not to improve where b > 20 µm.
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