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Resonator. IEEE Transactions on Microwave Theory and Techniques, Vol. 53, No. 4, 2005.

Topics of the seminar
6 short reports presented by 6 PhD students.
Estimated time: 2 hours.

1. Reconfigurable Planar Fresnel Lens for Millimeter-wave 5G Frontends

Speaker: Qiangli Xi, PhD student, Zhejiang University

The development of millimeter-wave phased array based on digital beamforming
architectures needs to overcome a physical-level challenge due to the contradiction
between the massively integrated TR devices and the compact volume for thermal
dissipation. In this talk, we theoretically analyze and experimentally demonstrate a space-
fed, reconfigurable Fresnel lens, based on which a new-concept mmWave beamforming
frontend can be implemented with significantly reduced number of TR devices. It replaces
the convex lens used in the recently proposed hybrid beamforming solutions. The
implemented Ka-band lens is simple-structured, cost-effective and easy to control,

providing multiple modes for “beamspace” massive-MIMO communications.



2. Doppler Cardiogram Detected by a V-Band Doppler Radar Sensor
Speaker: Chengkai Zhu, PhD student, Zhejiang University

Capable of remote presentation of human heart activities, the doppler cardiogram (DCG)
can be detected by an agile Doppler radar sensor. However, as a recently developed
technology, its performance needs sustained improvements for the future practical
applications. In this talk, we introduce a continuous-wave, V-band Doppler radar sensor
to improve the discrimination of the receiver, for detecting micron-level details of
heartbeat motions conducted to the chest skin. Besides, new algorithms were derived to
achieve a high linearity, to demodulate the Doppler phases and retrieve the fine details of
DCG waveforms. Experimental measurements to different subjects showed significantly
enhanced robustness and accuracy. The obtained results imply a promising potential of
DCGs in wide application scenarios such as medical wisdom and personal healthcare.

3. Microwave Imager Implemented with a Space-Fed Randomized Aperture

Speaker: Qian Zhang, PhD student, Zhejiang University

Microwave imaging is a noncontact sensing technique capable of penetrating dielectric
materials and operating in all-weather conditions. It has gained significant attention in
various fields. However, the traditional microwave imaging methods often rely on fixed
beam scanning to densely sample the imaging objects, which would lead to increased
hardware complexity and cost, longer sampling time and higher computational demands.
This limitation has motivated researchers to explore new methods to reduce the hardware
cost and improve the efficiency of microwave imaging. The recently proposed
compressed sensing (CS) has provide promising and fundamentally different perspective
of microwave imaging algorithms and imager design. This talk will introduce the basic
concept, recent breakthroughs and case studies of the CS based microwave imaging. We
have designed a CS based microwave imager that implemented with a space-fed
randomized aperture. The theory and the guidelines for implementing such a microwave
imager will also be discussed.

4. Beam Steering for Coupled Apertures Interleaved by Multielement Subarrays
Speaker: Ke Huang, PhD student, Zhejiang University

In 5G communications, millimeter-wave phased arrays are faced with implementation
problem that the physical aperture is too compact to integrate massive T/R modules. This
issue also limits the development of terahertz phased arrays for the coming 6G
communication. This talk presents a phased array topology with a coupled aperture
interleaved by multielement subarrays. By feeding the array at subarray level, the quantity
and cost of the T/R modules can be significantly reduced. To avoid the grating lobe effect
and expand the field of view as much as possible, we narrow down the phase center
spacing between the subarrays, making the apertures of the subarrays partially overlapped



with each other. Different from reported arrays with interleaved subarrays, this work
forms the array with non-sparse subarrays, and provides a guideline on beam steering for
such arrays, considering the mutual coupling effect between subarrays. Simulation and
experiment results have proved its feasibility.

5. Beamforming Implemented on a Flexible Conformal Aperture
Speaker: Xiaoli Zhi, PhD student, Zhejiang University

Flexible conformal array antennas could perfectly conform to carrier surfaces, which have
gained increased attention in many areas, including military, communication, aerospace,
radar and healthcare. However, in practical applications, the conformal surface may
experience real-time deformations due to various environmental factors, which inevitably
degrade the radiation pattern. This talk introduces a self-adaptive phase compensation
system for the flexible array based on a six-axis microelectromechanical system (MEMS)
sensor array. The acceleration and angular velocity obtained from the MEMS sensors can
be used to calculate the rotation matrix allowing for the estimation of the array shape
which is the foundation for phase compensation. The implemented system is real-time
and lightweight, providing a reliable solution for maintaining optimal antenna
performance under dynamically deformable conditions.

6. Digital Remote Phase Coherence between Bistatic Microwave Systems
Speaker: Yue Yu, PhD student, Zhejiang University

Remote, distance-independent phase coherence is a key and challenging technology for
bi- and multi-static microwave systems. In this talk, we introduce a digital
implementation of the phase coherence based on distributed circuit systems designed with
remote phase-locked loops. Taking advantage of the high anti-interference performance
of digital circuits, analog signals can be discretized, and the closed-loop operation can be
easily implemented by a micro-controller unit (MCU). Analysis, simulation and
experiments show that the proposed system can be used to achieve a range-independent
phase coherence for remote bistatic systems, establishing phase synchronizations between
different microwave systems.



