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          Cell-free massive multi-input multi-output (MIMO) has recently gained much attention for its potentialin shaping the landscape of sixth-generation (6G) wireless systems. This paper proposes a hierarchical network architecture tailored for cell-free massive MIMO, seamlessly integrating co-located and distributed antennas. A central base station (CBS), equipped with an antenna array, positions itself near the center of the coverage area, complemented by distributed access points spanning the periphery. The proposed architecture remarkably outperforms conventional cell-free networks, demonstrating superior sum throughput while maintaining a comparable worst-case per-user spectral efficiency. Meanwhile, the implementation cost associated with the fronthaul network is substantially diminished.
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          This paper describes the design and implementation processes of a radio telescope suitable for the detection of the hydrogen line, proposing a receiver system based on Software Defined Radio (SDR). The design and fabrication of the antenna are presented, as well as the results of its characterization (electrical, radiation), both with simulations and measurements in an anechoic chamber. The functionality of the instrument is demonstrated by the satisfactory observations of the hydrogen line emitted by our Galaxy. This is an affordable project that allows the development and application of the skills of telecommunications students since it includes many of the fundamental aspects of electronics applied in this field.
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          In this paper, the novel concept of using heat flux sensors (HFS) to measure arterial pulse on the skin surface is validated. The heat flux (HF) signal is compared with simultaneously measured electrocardiogram (ECG) and photoplethysmography (PPG) signals during both rest and initial recovery from exercise. It is found that the waveform measured with the HF sensor above the radial artery has similar shape to PPG and demonstrates a clear temporal alignment between the HF pulse waves and both the PPG and ECG signals. Further, it is shown that HF measurement can be used to consistently track the arterial pulse at varying skin-to-ambient temperature gradients.
        

    

  








  

  
    
    


    
      
        
        Generative Adversarial Network Model to Classify Human Induced Pluripotent Stem Cell-...
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          Our study develops a generative adversarial network (GAN)-based method that generates faithful synthetic image data of human cardiomyocytes at varying stages in their maturation process, as a tool to significantly enhance the classification accuracy of cells and ultimately assist the throughput of computational analysis of cellular structure and functions. Methods: Human induced pluripotent stem cell derived cardiomyocytes (hiPSC-CMs) were cultured on micropatterned collagen coated hydrogels of physiological stiffnesses to facilitate maturation and optical measurements were performed for their structural and functional analyses. Control groups were cultured on collagen coated glass well plates. These image recordings were used as the real data to train the GAN model. Results: The results show the GAN approach is able to replicate true features from the real data, and inclusion of such synthetic data significantly improves the classification accuracy compared to usage of only real experimental data that is often limited in scale and diversity. Conclusion: The proposed model outperformed four conventional machine learning algorithms with respect to improved data generalization ability and data classification accuracy by incorporating synthetic data. Significance: This work demonstrates the importance of integrating synthetic data in situations where there are limited sample sizes and thus, effectively addresses the challenges imposed by data availability.
        

    

  








  

  
    
    


    
      
        
        Comments on the Application of Multidimensional Distributions in engineering problems
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          This material is dedicated to the rather old, but always actual, topic in theoretical analysis of applied problems: how to simplify an analytical investigation by applying multidimensional Probability Density Functions (n-PDFs). A brief overview of the applied interpretations for n-PDF approximation is presented, which allows to make choice of the practically useful analytical presentations for n-PDFs. For analytical solutions, two approximations for the n-PDF were chosen: Poli-Gaussian approximation (mix of Gaussian PDF's) and Functional Approximation or Gaussian-like. The first one is found to be suitable (and is recommended) for the class of scenarios better described by the term "scenarios of random structure". The second seems to be more adequate for analysis of the numerical characteristics of the communication system's behavior Recommendations for validation of the models with given n-PDF approximations, based on goodness of fit criteria's can be found as well.
        

    

  








  

  
    
    


    
      
        
        Tracking Technologies in Virtual Reality
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          In the realm of virtual reality (VR), immersive experiences are enhanced by sophis=cated tracking and inference technologies that me=culously monitor user movements, interac=ons, and behaviors. While these advancements offer unprecedented levels of engagement and personaliza=on, they also raise significant privacy concerns. This study explores the dual-edged nature of tracking and inference in VR, examining how these technologies influence user percep=ons of privacy, trust, and comfort within virtual environments. Through a mixed-methods approach that combines quan=ta=ve surveys with qualita=ve interviews, this research delves into the aJtudes of VR users towards the data collec=on prac=ces embedded within these digital realms. The study inves=gates the awareness levels among users regarding the extent of tracking and inference, their reac=ons to such prac=ces, and the poten=al impact on their con=nued use of VR technologies.
        

    

  








  

  
    
    


    
      
        
        A Novel 3D Camera-based ECG-Imaging System for Electrode Position Discovery and Heart...
    


    
      
        
  
    

  

    
      
    


	
        
          
            Nikhil Shenoy

            and 8 more

          

          March 11, 2024
        

        
      

    


    
      
        
          ECG-imaging has been receiving increasing clinical and commercialization interest as a non-invasive technology for computing cardiac electrical activity and facilitating clinical management of heart rhythm disorders. Despite its potential, the standard ECG-imaging pipeline requires thorax imaging for constructing patient-specific heart-thorax geometry – being outside standard-of-care clinical workflow, this component constitutes a major barrier to the clinical adoption of ECG-imaging. The advent of 3D cameras into ECG-imaging workflow to replace thorax imaging has shown promise, although existing works largely neglect the registration between camera-derived thorax models with an individual’s heart geometry. In this work, we address this gap with a novel system that generates patient-specific torso geometry using a 3D camera, registers the torso to heart geometry obtained from preexisting cardiac scans, and optimally deforms the torso to the skin surface of the patient. We evaluated the presented camera-based ECG-imaging system on five patients undergoing ablation of scar-related ventricular tachycardia, where we evaluate both the accuracy of the surface electrode localization and the ECG-imaging solutions in comparison to those obtained from computed tomography based thorax imaging. We further evaluate the use of the presented camera-based patient-specific heart-thorax model versus a generic heart-thorax model, highlighting the importance of the registration between the camera-based thorax models with cardiac scans. 
        

    

  








  

  
    
    


    
      
        
        A Multimodal Fusion Model for Depression Detection Assisted by Stacking DNNs
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          Depression is a severe psychosocial pathology that causes mood changes, characterized by a strong feeling of hopelessness and deep sadness. In advanced stages, it can predispose patients to suicidal thoughts, highlighting the importance of finding methods that provide more accurate diagnoses. Traditional diagnosis relies on semi-structured interviews and complementary questionnaires. Combining these methods with careful data analysis that incorporates audiovisual and textual characteristics can obtain valuable clues about the presence of depression in individuals. Therefore, this study proposes a multimodal Ensemble Stacking Deep Neural Network model based on the analysis of facial expression characteristics, audio signals, and textual transcriptions to automatically detect depression. A comprehensive model was evaluated on the multimodal Distress Analysis Interview Corpus-Wizard of Oz dataset. We incorporated substantial volumes of data into the analysis and achieved a degree of separability greater than 0.9. Our results demonstrate both the effectiveness of the method and its superiority to other reference approaches.
        

    

  








  

  
    
    


    
      
        
        Comparative Analysis of Machine Learning Algorithms for Predicting House Prices
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          This study conducted a thorough examination of residential property data in the Abbotsford area of M elbourne with the goal of identifying significant trends in housing, regional patterns, and variables aff ecting home values.The dataset contained a number of elements, such as neighborhood information, g eographic coordinates, transaction details, and property attributes.Using a variety of techniques, inclu ding mean imputation, forward filled imputation, machine learning algorithms, and discarding missin g data, the study started with the identification and treatment of missing values.Particularly in the pric e variable, outliers were found, and boxplots and other visualization tools were used for outlier analysi s.For additional analysis, numerical values representing the categorical variables were converted.To in vestigate the distributions of numerical variables and comprehend connections between variables with a focus on correlations with home prices-univariate and bivariate analyses were carried out. Feature engineering, covariance analysis, ANOVA testing, and predictive modeling with regression algorithms like Random Forest, XGBoost, and Support Vector Machine (SVM) were all part of the quantitative analysis process. Metrics like Mean Absolute Error (MAE) were used to assess the performance of the model; the results showed that XGBoost was the most accurate predictor of housing prices. Significant factors influencing home prices were identified by the study, such as building area, property type, number of rooms, and geographic considerations including proximity to important sites. Each component was analyzed in terms of its relative relevance, and the building area and land size. It was noted how the constructed model has limits, such as overfitting and the need for more model refining. The results offer insightful information to scholars, politicians, and real estate professionals who are interested in the dynamics of the housing market.
        

    

  








  

  
    
    


    
      
        
        DV-Hop localization based on Distance Estimation using Multi-node and Hop Loss in IoT
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          Sensor location awareness is a critical issue in internet of things applications. For more accurate location estimation, the two issues should be considered extensively: 1) how to sufficiently utilize the connection information between multiple nodes and 2) how to select a suitable solution from multiple solutions obtained by the Euclidean distance loss. In this paper, a DV-Hop localization based on the distance estimation using multi-node (DEMN) and the hop loss in WSNs is proposed to address the two issues. In DEMN, when multiple anchor nodes can detect an unknown node, the distance expectation between the unknown node and an anchor node is calculated using the cross domain information and is considered as the expected distance between them, which narrows the search space. When minimizing the traditional Euclidean distance loss, multiple solutions may exist. To select a suitable solution, the hop loss is proposed, which minimizes the difference between the real and its predicted hops. Finally, the Euclidean distance loss calculated by the DEMN and the hop loss are embedded into the multi-objective optimization algorithm. The experimental results show that the proposed method gains 86.11% location accuracy in the randomly distributed network, which is 6.05% better than the DEM-DV-Hop, while DEMN and the hop loss can contribute 2.46% and 3.41%, respectively.
        

    

  








  

    
      
        
      

  
    
    


    
      
        
        A Cost-Effective Compensation Hardware Solution for Electrical Current Fluctuations i...
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          In electrical impedance tomography (EIT) systems, various current sources were designed to deliver constant electrical current towards the electrodes, irrespective of the conductivity of the conductive medium under test. This, however, is not possible to achieve in practice since the water conductivity ranges from 5 S/m for sea water down-to 5.5 x10-6 and 5 x 10-3 S/m for pure and drinking water respectively which are substantially low values [1]. Thus, even in case of high water-cut fluid, unless the water is very salty, the usage of such current sources may not be appropriate and their substitution with an electrical capacitance tomography system or a dielectric measurement sensor may be required. Indeed, even if the conductivity of the medium is known and high, the gross conductivity formed between a given pair of electrodes depend heavily on the phase’s distribution pattern between them and can be excessively low, causing high electric current fluctuations. One of the contributions of this paper is to experimentally assess the effect of the electrical current fluctuations on the accuracy of the EIT image reconstruction using three different cutting-edge and most widely current sources designs. To the authors’ best knowledge, this study is the first of its kind as all other prior works assume that the electrical current is constant in the formulation of the EIT forward and inverse problems. The paper also suggests a new cost-effective measurement circuit design that overcomes the fluctuations. It continuously measures the electrical current consumed during every single excitation cycle using a very high-speed analog-to-digital (ADC) converter, interfaced with Cyclone V field program gate array (FPGA), to compensate for the associate voltage readings accordingly during the image reconstruction procedure. The assessment of the system was conducted experimentally, and the results were compared with those provided by the three current sources. The associated results show the higher accuracy of the suggested design, when using Gauss Newton (GN) method, in terms of mean-squared error, which was decreased by 75%, and the image correlation coefficient as well.
        

    

  








  

  
    
    


    
      
        
        A Feature Fusion Approach to Classifying Renal Cell Carcinoma Subtypes from Surgical...
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          Renal Cell Carcinoma (RCC) is the most common form of kidney cancer found in adults. Due to varying types of RCC such as oncocytoma and papillary RCC, distinguishing between these sub-types becomes vital for identifying and treating patients. A ResNet18 and EfficientNetV2 Small model was trained and evaluated on various whole slide images using a patch-based approach. These images consisted of both surgical and biopsy resection slides and were labelled with their corresponding diagnoses. In our study, the two models were combined in a feature fusion approach to predict a diagnosis on a whole slide image level. With the combined model reaching an accuracy of nearly 87%, there is potential for an accurate and usable method of diagnosing and distinguishing between different sub-types for RCC with deep learning and feature fusion.
        

    

  








  

  
    
    


    
      
        
        Stability Margin Improvement of Multi-Inverter, Multi-Vendor Power Station using Grad...
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          Inverters in a power station (PS) may have different control algorithms and be made by different manufactures. To ensure small-signal stability at different equilibrium points, systematic analyses and design are required. However, analytical small-signal models of each inverter are not available to the PS operator due to intellectual property (IP), which hinders the stability analysis and improvement. To overcome this problem, firstly, a gradient-based black-box modeling technique of the inverter is proposed. The gradient-based black-box model should be provided by the manufactures. Based on it, an optimization method is proposed to improve the stability margin of the PS, which should be completed by the PS operator. Under the given work-flow, the IP rights would not be infringed.
        

    

  








  

  
    
    


    
      
        
        Evaluating the Cybersecurity Robustness of Commercial LLMs against Adversarial Prompt...
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          This study presents a comprehensive evaluation of the cybersecurity robustness of five leading Large Language Models (LLMs)-ChatGPT-4, Google Gemini, Anthropic Claude, Meta Llama, and Mistral 8x7B-against adversarial prompts using the PromptBench benchmark. Through a dual approach of quantitative and qualitative analysis, the research explores each model's performance, resilience, and vulnerabilities. Quantitative metrics such as accuracy, precision, recall, and F1 scores offer a statistical comparison across models, while qualitative insights reveal distinct patterns of response and susceptibility to various adversarial strategies. The findings highlight significant variations in model robustness, underlining the importance of a complex approach to enhancing LLM security. This study not only sheds light on current limitations but also emphasizes the need for advancing evaluation methodologies and model development practices to mitigate potential threats and ensure the safe deployment of LLMs in sensitive and critical applications.
        

    

  








  

  
    
    


    
      
        
        Wideband SIW Based Frequency Selective Surface using Exponential Tapering Technique
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          In this paper, a new design approach is proposed for a frequency selective surface (FSS) based on surface integrated waveguide (SIW) technique using exponential tapering. Here, the unit cell of the FSS is an exponentially tapered cross-slot structure designed on either side of a low-loss substrate. The FSS exhibits good angular stability for TE and TM polarizations up to 30 0. The FSS element shows ≈ 34% wide bandpass response in the X-band region i.e., −3 dB transmission bandwidth from 8.69 GHz to 12.07 GHz, with low insertion loss of 0.1 dB and sharp roll-off characteristics. Extensive studies on various design parameters such as exponential tapering factor and via dimensions are performed using HFSS full-wave EM solver. To validate the proposed FSS design, a low-cost FR4 substrate is used for fabrication, and the measured results are compared to the corresponding simulation results.
        

    

  








  

  
    
    


    
      
        
        Every Prime Number Greater than Three Has Finitely Many Prime Friends
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          The sums of prime components of composite numbers lead to prime numbers, a remarkable phenomena in number theory that is examined in this paper. We present a constructive proof methodology to show that adding the prime components of the resulting composite numbers iteratively converges to prime numbers for any composite number higher than four. By applying logical reasoning and the fundamentals of number theory, we prove that all prime numbers larger than three have a finite number of "prime friends," or composite numbers whose prime factors add up to the prime number itself. We reveal the method by which prime numbers emerge from this iterative process by analyzing partitions of prime numbers and applying the function 2k + 3. This abstract summarizes our investigation into the convergence of prime numbers through the sums of prime factors of composite numbers, demonstrating a significant relationship between primes and composites in number theory. NOTE : We have created the term "prime friend"; it is not a term found in the traditional lexicon of mathematics.
        

    

  








  

  
    
    


    
      
        
        LO-SLAM: Lunar Object-centric SLAM using Point Prompted SAM for Data Association
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          To ensure long-term space missions, an autonomous visual navigation system for lunar rovers supporting selfexploration is demanded. While the object-centric localization and mapping problem can be solved through state-of-the-art methods, they greatly rely on human-in-loop remote operations, posing several challenges for the visual system of a rover when operating in a distant, unknown, and feature-sparse lunar environment. This paper presents a SAM-augmented object-centric SLAM framework which enable rovers to estimate the relative distance to the target on lunar surface, thus ensuring the safety of exploration task. Based on the feature-matching baseline and an auto-label segmentation approach, a prompted-based object instance extraction pipeline is first proposed to predict object correspondences at a pixel level. We then integrate with front-end outputs in the middle-end of SLAM to tightly associate reliable object-centric constraints between image frames. Moreover, the data association in LO-SLAM maintains robust camera-object relative position estimation between the camera and target object. Extensive experiments are conducted on our dataset, Stereo Planetary Tracks (SePT). Results show that the proposed LO-SLAM is validated on challenging lunar scenarios with dramatic viewpoints and object scale changes. The average pose errors are less than 0.37 meters in centroid, and the average object-centric trajectory error is less than 0.49%. An open-source dataset has been released at https://github.com/miaTian99/SePT_Stereo-Planetary-Tracks.
        

    

  








  

  
    
    


    
      
        
        ACOUSTIC SCATTERING BY A FLOODED INERTIAL SPHERICAL SHELL
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          The paper presents the exact solution to the problem of acoustic scattering by a thin shell immersed in a fluid. The shell is supposed to be sufficiently thin, so that its elastic properties can be neglected.
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