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Lecture #1: Designing Low-power “Intelligent” Chips in the face of Statistical
Variations of Nanoscale Devices: The Neuromorphic Solution
As CMOS technology has been scaling down over the last decade, the effect of statistical
variations (or component mismatch) and their impact on circuit design have become
increasingly prominent. Further, new nanoscale devices like memristors and spin-mode devices
like domain wall memories have emerged as possible candidates for neuromorphic computing
at energy levels lower than CMOS—however, they also suffer from issues of variability and
mismatch. In this talk, I will present some of the work done by our group where we take
inspiration from neuroscience and show new approaches to perform machine learning with lowenergy consumption using low-resolution mismatched components. First, I will talk about
“combinatoric learning” using binary or 1-bit synapses—an alternative to weight based learning
in neural networks that is inspired by structural plasticity in our brains. Second, I will present an
example of utilizing component mismatch to perform part of the computation—an example of
algorithm-hardware co-design involving random projection algorithms like Reservoir Computing
or Extreme Learning Machine. Lastly, I will show an application of such a low-power machine
learner to perform intention decoding in low-power brain-machine interfaces.
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Lecture #1: Designing and micro/nano-fabricating portable impedance-based
point-of-care biosensors
Companion diagnostics are central to the success of personalized medicine. The portable
glucose sensor is indeed the most successful example of a companion diagnostic device. They
are used by millions of diabetics worldwide to monitor their health and help make decisions
about their medication usage. Building from this example, the lecturer will present the power of
metabolomics to develop a collection of multiplexed companion diagnostic systems on a unified
platform that can be used to diagnose, monitor, or predict multiple diseases. Metabolomics is an
emerging field of “omics” science. Metabolites are very sensitive to gene-environments or genepathogen interactions. In this talk, the lecturer will discuss their impedance-based biosensor
design to measure not just one metabolite, but dozens or even hundreds at a time from human
body fluids (such as blood, urine). The testing time is within 10 minutes at the cost of $1 US
Dollar per metabolite test. The sensor is also able to detect metabolites at the concentration of
nM. To avoid “false positive”, a competitive assay design was applied. Such a platform
technology can be easily extended for environmental monitoring, food-safety checking, cancer
screening and infectious disease diagnosing.

Lecture #2: Developing pulsed wave instruments for renewable biofuel and
therapeutic applications
Wireless power transmission is on the rise for a variety of applications from electric vehicles to
smartphone and implantable microelectronic devices (IMD). Unlike pacemakers, extreme size
constraints and high power consumption prevent many IMDs such as cochlear and retinal
implants from using primary batteries as their energy source. Moreover, such devices need to
deliver a sizable volume of information from external artificial sensors to the nervous system
while interfacing with large neural populations at high stimulus rates. Nonetheless, the skin
barrier should remain intact and the temperature should be maintained well within the safe
limits. In this talk I will cover the fundamentals of efficient power and wideband data
transmission across inductive links. I will discuss the optimization procedure to achieve the
highest possible power transmission efficiency using two, three, and four coil systems. I will
review some of the latest techniques to establish wideband bidirectional communication links
across the skin, and will also touch on efficient methods to convert the received AC power on
the IMD to DC and stabilize it at a desired level despite coupling variations due to coil
misalignments.

Tutorial #1: Engineering of Nanobiotechnological Systems
Nanotechnology is a newly developed engineering field, aiming to create nanomaterials ranging
10nm to 100nm in size. Nanotechnology has presented numerous new and exciting applications
across many frontiers of innovation. In particular, there are rapidly emerging new innovations in
the field of biotechnology and health technology. Innovations in microfluidics, nanoparticles and
DNA machinery have frequently being reported. Applications of these technologies are being
adapted and applied in uses, which improve upon existing medical technologies (such as more
affordable and portable diagnostic testing tools, as well as enhanced medical imaging).
Furthermore, applications of these technologies are also being used to create completely new

medical technologies (such as nanoparticles for cancer treatments and personalized medicine).
The core of this tutorial, nanobiotechnology, is very multidisciplinary in nature unifying a variety
of topics, presented in a cohesive way that can be introduced and understood by electrical
engineers. These varied topics include electromagnetics, fluid flow, thermodynamics and
microfabrication. Although there are certainly textbooks which cover these topics in great detail,
there are none, which integrate these diverse topics together, relate them to relevant topics in
nanobiotechnology, or that give a specifically engineering-oriented view on these topics.
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(iii) Using the Markov Random Field to design ultra low-power fault-tolerant nanoscale circuits.
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Lecture #1: Challenges and Opportunities of circuits and systems on Internet of
Things
This seminar aims to discuss the technical trends and challenges of circuits and systems on
Internet of Things. Rapid advancement of networking technologies together with extreme
miniaturization of computing and communication devices enable a host of new and exciting
applications and services that connect the physical and the computational worlds. In the future,
digital sensing, communication, and processing capabilities will be ubiquitously embedded into
everyday objects, turning them into the Internet of Things (IoT). In this new paradigm, smart
devices will collect data, relay the information or context to each another, and process the
information collaboratively using cloud computing and similar technologies. This paradigm shift
creates numerous challenges and opportunities for engineering. For example, in the future,
enormous numbers of sensors will be deployed. The costs of servicing such sensors will be a
major concern. It is often almost impossible to replace sensor batteries once they are in the
field. Therefore, one major challenge is low power sensor design, or designs which do not
require a battery change over the lifetime of the sensor. For example, if a sensor is deployed on
an animal for tracking purposes, the battery of the sensor should outlive the animal. This
creates a demand for energy-efficient designs. This seminar will discuss the challenges and
opportunities of circuits and systems on Internet of Things.

Lecture #2: Perpetual Wireless Video Camera for Internet-of-Things
Digital sensing, processing, and communication capabilities will be ubiquitously embedded into
everyday objects, turning them into an Internet of things (IoT). This is the next-generation
Internet – rather than data mainly produced by humans and for humans, in the new machine-tomachine-era Internet, data are generated by machines (sensors), communicated without human
involvement to other machines (servers or other computer systems) for automated processing
to enable automated or human actions, driving speeds and scales unseen by the existing
Internet. Distributed video cameras will play important roles in various IoT applications. To
resolve the problems of high data rate, high power consumption, and large deployment cost of
large-scale distributed video sensors, perpetual video cameras, where net energy consumption
is almost zero, are required. Many technologies and design challenges are introduced for
designing such cameras, such as energy harvesting, distributed video coding, distributed video
analysis, and the associated VLSI designs. In this seminar, we will provide (1) an overview of
challenges/opportunities in IoT, (2) an introduction to the rote and requirements of distributed
smart cameras in IoT, (3) the analysis of power consumption of wireless video cameras, (4) an
introduction of energy harvesting techniques, and (5) distributed video coding and distributed
video analysis, where both the state-of-the-art works and possible future research directions will
be shown.
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Lecture #1: Self-organizing control and synchronization of complex networks
Motivated by a strong interest from applications, the problem of controlling and synchronizing
networks of circuits and systems has been steadily attracting increasing attention from scientists
and practitioners alike. As the theory of complex networks becomes more mature, new
opportunities are becoming available to steer their collective behavior in a desired manner.
Specifically, new approaches inspired from Nature are emerging where the network can organize
its own structural properties in order to achieve and maintain some desired behavior. This opens
the exciting possibility of embedding technological networks such as power grids or road
networks with the ability of organizing their own structure so that some desired properties
emerge, similarly to what is observed when fish schools or flocks of birds perform complex
maneuvers in the absence of a central control intelligence. In this talk, we will discuss
decentralized and distributed self-organizing algorithms to control the collective behavior of
complex networks. As a representative example, we will focus on the problem of reaching
consensus or synchronization in a network of linear or nonlinear, possibly heterogeneous,
systems (that we shall term as the “open-loop network”). We will discuss pinning control and
synchronization strategies based on adaptation, contraction and evolution of the network
together with novel approaches based on the theory of multiplex and multilayer networks.
Applications will be discussed to networks of nonlinear circuits and power grids showing that it is
possible for the network to be adapted and rewired in real time so that it can self-organize to
best achieve the desired goal. All through the lecture open problems and current challenges in
the area of synchronization and control of networks will be presented in the context of the
existing literature to highlight some of the key open challenges and stimulate discussions.

Lecture #2: From power converters to walking robots: analysis, bifurcations and
control of piecewise-smooth circuits and systems
A large number of systems and devices are modeled by systems with discontinuities. This class
of systems can exhibit highly nonlinear phenomena leading to complex dynamics that depends
on the presence of such discontinuities. Classical examples include power converters, walking
robots, systems with friction and impacts in mechanics and, even, economic and social models.
This lecture will introduce the audience to the theory of discontinuity-induced bifurcations in
nonlinear circuits and systems affected by switchings, saturations and any other nonlinear effect

that can be modeled as a discontinuous event at a macroscopic timescale. Border-collision
bifurcations of fixed points in discrete-time maps will be discussed before introducing a
systematic classification of other bifurcation phenomena in systems modeled by continuoustimes models such as grazing bifurcations of limit cycles and sliding bifurcations. The theoretical
derivations will be complemented by applications to switched circuits and systems, power
electronic converters and vibro-impacting mechatronic devices. A combination of analytical tools
will be presented to study these nonlinear phenomena that often occur in devices and circuits of
practical interest. Current open problems and challenges will be highlighted both in the theory
and the applications of discontinuity-induced bifurcations. In particular the challenging problem
will be discussed of studying the complex dynamics of networks of nonsmooth systems
interacting with each other. The lecture will be self-contained and introduce the audience step
by step to the current state-of-the-art on the analysis of complex phenomena in piecewisesmooth circuits and systems.
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Lecture #1: Microelectronic Systems for Improved Quality of Life
Microelectronic revolutions come in waves that are driven by necessity. Currently, the aging
population is creating a need for various kinds of electronic systems to improve their quality of
life. These include the restoration of lost functionality via electronic implants, better health
screening technology and non-invasive monitoring in the home environment. In this talk I will
present work that has been done towards addressing these needs, whether it be through the
development of new required building blocks or through the development of more complex
systems that combine custom built hardware and software. In particular the talk covers work
done towards developing a vestibular implant for balance restoration, a single chip low-power
imager for a bionic eye, a cancer screening capsule for detecting early-stage carcinomas in the
small intestine and a bio-inspired acoustic scene analysis system.

Lecture #2: A Fluoroscopic Cancer Screening Capsule for the Small Intestine
The detection of cancer at an early stage is crucial for successful cancer therapy. An ingestible
prototype capsule, which is able to detect very low concentrations of indocynine green (ICG)
based fluorescent-labeling contrast agents, is presented. The capsule does not collect images
but records infrared fluorescence levels, thus eliminating the need for an external receiver belt
to transmit the data in real-time or the need of large onboard data storage capacity. The need
for labour-intensive image analysis is also eliminated. Through ex-vivo tests with swine intestine
it has been shown that the capsule is able to detect concentrations of ICG in the nanomolar and
micromolar region, which is in the range required for the detection of microcancers.
Julius Georgiou (IEEE M’98-SM’08) is an Associate Professor at the University of Cyprus. He
received his M.Eng degree in Electrical and Electronic Engineering and Ph.D. degree from
Imperial College London in 1998 and 2003 respectively. For two years he worked as Head of
Micropower Design in a technology start-up company, Toumaz Technology. In 2004 he joined
the Johns Hopkins University as a Postdoctoral Fellow, before becoming a faculty member at
the University of Cyprus from 2005 to date.
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Lecture #1: The Coming of Age of Microfluidics: Connecting Algorithms and
Foundations of Chip Design to Biochemistry and the Life Sciences
This seminar offers attendees an opportunity to bridge the semiconductor ICs/system industry
with the biomedical and pharmaceutical industries. This talk will first describe emerging
applications in biology and biochemistry that can benefit from advances in electronic “biochips”.
The presenters will next describe technology platforms for accomplishing “biochemistry on a
chip”, and introduce the audience to both the droplet-based "digital" microfluidics based on
electrowetting actuation and flow-based “continuous” microfluidics based on microvalve
technology. Next, the presenters will describe system-level synthesis includes operation
scheduling and resource binding algorithms, and physical-level synthesis includes placement
and routing optimizations. In this way, the audience will see how a “biochip compiler” can
translate protocol descriptions provided by an end user (e.g., a chemist or a nurse at a doctor’s
clinic) to a set of optimized and executable fluidic instructions that will run on the underlying
microfluidic platform. The problem of mapping a small number of chip pins to a large number of
array electrodes will also be covered. Finally, sensor feedback-based cyberphysical adaptation
will be covered.

Lecture #2: Design Automation, Test, Error Recovery: Toward Secure,
Dependable, and Adaptive Large-Scale Lab-on-Chip (LOC) Systems
The seminar offers attendees an opportunity to bridge the semiconductor ICs/system industry
with the biomedical and pharmaceutical industries. The seminar will first describe emerging
applications in biology and biochemistry that can benefit from advances in electronic “biochips”.
Next, the presenter will describe reliability-aware system-level synthesis includes operation
scheduling and resource binding algorithms, and physical-level synthesis includes placement
and routing optimizations. In this way, the audience will see how a “biochip compiler” can
translate protocol descriptions provided by an end user (e.g., a chemist or a nurse at a doctor’s
clinic) to a set of optimized and executable fluidic instructions that will run on the underlying
microfluidic platform. Testing techniques will be described to detect faults after manufacture and
during field operation. A classification of defects will be presented based on data for fabricated
chips. Appropriately fault models will be developed and presented to the audience. Design for
testability and fault diagnosis techniques will be presented. Security vulnerabilities of
microfluidic biochips by identifying potential attacks will be described. The feasibility and
stealthiness of possible attacks will be evaluated. Practical and fully integrated cyberphysical
error-recovery system that implemented by FPGA will be demonstrated. Finally, a number of
case studies with recent applications and future challenges and several open problems in this
area will also be presented.
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Lecture #1: Face Recognition in the Wild
Automated face recognition is one of the oldest and probably best understood tasks in computer
vision. Due to the plethora of applications, it is also the basis for a fast evolving technology
drawing attention from researchers and practitioners in several fields including forensics,
biometrics, visual information retrieval, automated surveillance and internet driven social
networking. Despite its maturity, face recognition algorithms fail badly when the image capturing
conditions are not ideal. Furthermore, in most critical applications it requires extremely high
accuracy under very adverse conditions including significant variations in image quality, scale,
orientation, noise and distortions induced by other faces or objects in the same image. This
makes an already difficult problem even harder.
In this talk important aspects of face recognition and few crucial applications will be presented.
Starting with key open technical challenges, some important generic aspects of face recognition
will be discussed. The state of the art in face recognition technology will be then outlined. The
talk will subsequently refer to essential mathematical and statistical methods used to achieve
highly accurate face recognition, as well as, the advantages and disadvantages of available
algorithmic solutions. The usefulness of face recognition, as a tool to help forensic investigators
when mining the vast amounts of data in crime solving, will be presented. Furthermore,
examples of recent technological developments in two specific application scenarios will be
presented. The first one relates to the recognition of people across a social networks and
consumer photo collection by exploiting contextual information extracted from social semantics.
The second refers to recent theoretical developments that promise to deliver a quantum leap in
the accuracy of face extraction and recognition under very adverse conditions.

Lecture #2: Visual Information Retrieval: From Machine Vision to Human
Computation
The performance of any visual information retrieval rest in the accuracy of algorithms for image
understanding. Here the main challenge is to overcome the disparity between low-level image
features and the richness of semantics in user interpretations of digital images: The semantic
Gap. This talk illustrates important technological developments that have contributed to
narrowing the semantic gap over the last few years. It will also outline remaining critical
challenges in automatic image understanding. Specific successful models to tackle these
challenges will be shown in the context of key cutting-edge visual information retrieval
applications.
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Lecture #1: Just-Noticeable Difference (JND) Formulation: Turning Limitations of
Human Senses into System Advantages
As a result of the evolution, the human has developed unique characteristics in perception of
viewing, hearing, smelling, touching and tasting. Just Noticeable Difference (JND) refers to the
minimal amount of “X” that must be changed for the difference to be sensed by the human,
where X can be any signal, derived quantity from signals such as emotion and user-experience,
or even technical specifications such as resolution, asynchrony, accuracy, etc. “Perception is
reality”, so JND plays an important role both explicitly and implicitly throughout our work and life,
from sound to smell and from engineering to marketing (e.g., advertisement, logo management,
personalization, and recommendation). The scientific measurement and formulation for JND are

the prerequisite for user-centric designs and for turning human perceptual sensitivities into
many system advantages. In this seminar, a holistic view will be first presented on JND
research and practice, followed by an in-depth case study in visual signals. JND modeling for
visual signals has attracted much research interests so far, while those for audio, haptics,
olfaction, gestation and other forms of signals are expected to intensify. In essence, factors to
influence JND also include utility, culture and personality, as will be highlighted.

Tutorial #1: Perception-driven Visual Signal Modeling, Evaluation and Processing
There are at least three good reasons to make machines that process visual signals (image,
video, graphics, animation, screen content, and their combinations) perceive as humans do: 1)
Most visual signals we manipulate are for human consumption; 2) Human perception is effective
and efficient so machines that emulate human functioning have technical advantages; 3) There
is an increasing need for harmonious human-machine interaction (in the near future we may
have to deal with robots acting as salespersons or care-givers). So far, we have been able to
build machines that perform significantly better and quicker than our body parts like arms and
legs. However, when it comes to modeling human perception, the odyssey proves to be much
more difficult. In this tutorial, the major problems and research progress in perceptual signal
processing will be introduced. The basic computational models (e.g., visual attention, justnoticeable difference, and perceptual signal quality metrics) will be discussed with the latest
research and development highlighted. Afterward, different perceptually-inspired signal
processing techniques will be presented for signal acquisition, enhancement, communication,
retrieval/search, adaptation and understanding. Much of the materials will be drawn upon my
substantial experience in related academic and industrial projects. The last part of the tutorial
discusses future research and development possibilities, including those enabled by the
emerging big data and cloud media.
Tutorial table of contents (bulleted list, max 20 lines):
1. Introduction
1.1 Traditional Measures/Metrics/Criteria/Approaches
1.2 Relevant Physiological/Psychophysical Findings, Subjective Tests and Databases
1.3 Overview of the Progress in the Relevant R&D Community
2. Basic Computational Modules
2.1 Visual Attention (VA), Saliency and Co-saliency
2.2 Just-noticeable Difference (JND)
2.3 Visual Quality and Quality of Experience (QoE) Evaluation
3. Modelling Methodology
3.1 Classification of Models
3.2 Embedded Modules & Standalone Systems
3.3 Emerging Trend: Learning-based Approaches
4. Applications of Perception-driven Techniques
4.1 Signal Compression, Transmission and Management
4.2 Signal Enhancement
4.3 Retargeting
4.4 Computer Graphics
5. Concluding Remarks and Possible Future Work
5.1 Modelling Advancement; Extension of Scope and Applications
5.2 Possibilities Enabled by Emerging Big-Data and Cloud-Media

Biography
Weisi Lin obtained his PhD from King’s College, London Univ., in 1993, and is an active
researcher in image processing, video compression, quality metrics and perceptual modeling of
visual signals, and multimedia communication. He served as the head of the Visual Processing
Lab and the Acting Manager of the Media Processing Department in Institute for Infocomm
Research (I2R), Singapore. He is currently an Associate Professor, School of Computer

Engineering, Nanyang Technological University. He published 150 international journal papers,
220+ conference papers, 2 authored books, 3 edited books, 9 book chapters and 7 patents, and
successfully delivered R&D projects with $6m funding as the PI. He has been elected as a
Distinguished Lecturer for Asia-Pacific Signal and Information Processing Association (201213), and given keynote/invited/tutorial/panel talks to over 20 international conferences. He is an
AE for IEEE Trans. on Image Processing, IEEE Trans. Circuits and Systems for Video
Technology, IEEE Signal Processing Letters and Journal of Visual Communication and Image
Representation, and a past AE for IEEE Trans. on Multimedia. He has been elected as a Fellow
of IEEE and IET. He believes that good theory is practical, and has kept a balance of academic
research and industrial deployment (and business development) throughout his working life.

Shih-Chii Liu
shih@ini.uzh.ch
University of Zurich and ETH Zurich

Lecture #1: Event-Based Auditory Processing with Spiking Silicon Cochleas and
Deep Networks
Audio processing based on conventional regular sampling, process audio frames unnecessarily
even when the frames carry no information. They also require high sampling rates for auditory
scene parsing where source localization and separation are essential. Event-based
neuromorphic audio sensors and processing algorithms offer a potential solution to these
applications for IoT, mobile, and always-on applications by asynchronously sampling and
processing the audio input in a data driven way. This talk covers the latest audio sensing
systems including a new sub milliwatt binaural silicon cochlea, event-based algorithms that
process the outputs of these cochlea sensors, and example system applications such as
auditory localization using a factor of 40 less computing power than conventional Nyquist-rate
systems. The talk also covers event-driven deep networks that use the output of the cochleas
and the impact of bit precision of such networks on their performance.

Lecture #2: Silicon Cochlea Design and Processing Hardware
Event-based neuromorphic sensors such as the silicon cochlea sample the world
asynchronously by responding only to changes in the input stimuli. This is in contrast to the
regular sampling method used by many conventional sensor systems resulting in unnecessary
processing of audio frames even when the frames carry no information.
The first hour will cover the evolution of silicon cochlea designs, including design details of
current sub-milliwatt cochleas. The second hour will cover algorithms and deep neural networks
that process the sensor outputs in solving real-time auditory scene processing for localization
and classification of auditory sources. The third hour will cover the hardware digital FPGA
implementations of event-driven deep networks for auditory processing.
The tutorial will include hands-on participation in hardware demonstrations of the cochlea and
applications.
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Lecture #1: An Anatomy of Social Media Popularity
How did a video go viral? Or will it go viral, and when? These are some of the most intriguing
yet difficult questions in social media analysis. This talk will first provide a broad overview of
recent research in understanding the predicting popularity, driven by larger amounts of online
data and more understanding of human perception and psychology. I will then cover a few
recent results from my group on understanding and predicting popularity, especially for
YouTube videos. I will start by describing a unique longitudinal measurement study on video
popularity history, and introduce popularity phases, a novel way to describe the evolution of
popularity over time. I will then discuss a physics-inspired stochastic model that connects
exogenous stimuli and endogenous responses to explain and forecast popularity. With such
novel representation and new models, we can correlate video content type to popularity
patterns, make better predictions, describe the endo-exo factors driving popularity, and forecast
the effects of promotion campaigns.

Lecture #2: Understanding of Images and Language with Knowledge and Styles
Building an artificial agent that can see and read has been one of the long-standing challenges
in artificial intelligence. Recent progress in a few areas has changed the landscape of these
problems. Statistical language models made leaps and bounds into analyzing and synthesizing
realistic language. Non-trivial amounts of labeled visual data, coupled with efficient and effective
feature learning approaches has made visual recognition closer to reality. Finally, massive
amounts of structured and semi-structured data that directly or indirectly encode human
knowledge became widely available, turning the knowledge representation problems into a
computational grand challenge with feasible solutions in sight. This talk will start with an
overview of the related research topics under rapid development, language modeling and visual
recognition, data-driven construction of knowledge graphs, large-scale machine learning. We
will then cover a few topics under active development in the Computational Media lab and
elsewhere: the fusion of commonsense, lexical, and encyclopedia knowledges, approaches for
efficient learning of knowledge graphs, synthesizing image descriptions with naturalistic
properties such as human cognition and style, beyond encoding factual knowledge.
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