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Guest Editorial—ISCAS 2014 Special Issue

HIS special issue of the IEEE TRANSACTIONS ON

BIOMEDICAL CIRCUITS AND SYSTEMS highlights a selec-
tion of biomedical related research papers from the 2014 IEEE
International Symposium on Circuits and Systems (ISCAS
2014), in Melbourne, Australia, from June 1-5, 2014. These
papers were selected based on technical review scores from
independent experts worldwide who reviewed these papers for
the conference program. The authors of the 17 most highly
ranked papers were invited to submit extended versions for
consideration in the special issue. A second round of peer
review in the TRANSACTIONS resulted in the following 10
papers in this special issue. The papers cover four broad topical
categories, which are briefly outlined below.

A. Microfluidic Design

In “Reconfigurable Prototyping Microfluidic Platform for
DEP Manipulation and Capacitive Sensing,” Miled et al.
present a new rapid prototyping platform dedicated to di-
electrophoretic microfluidic manipulation and capacitive cell
sensing. The authors also present a new assembly technique
for reusable microfluidic chips based on anisotropic adhesive
conductive film, epoxy and PDMS. The main advantage of the
proposed platform is to provide a versatile tool for research
purpose to study and analyze lab-on-chip behavior.

B. Neuromorphic Circuits and Systems

In “Spin-Transfer Torque Magnetic Memory as a Stochastic
Memristive Synapse for Neuromorphic Systems,” Vincent et al.
introduce fundamental concepts relating to spin-transfer torque
magnetic tunnel junction (STT-MTIJ, the STT-MRAM cell)
behavior and its possible use to implement learning-capable
synapses. Three programming regimes (low, intermediate and
high current) are identified and compared. System-level simu-
lations on the task of vehicle counting highlight the potential
of the technology for learning systems. These results open a
new way to explore applications of STT-MTIJs in robust, low
power, cognitive-type systems.

In “Astrocyte on Neuronal Phase Synchrony in CMOS,”
Irizarry-Valle et al. present a CMOS neuromorphic circuit to
emulate the role of astrocytes in phase synchronization of neu-
ronal activity. They also show possible implications of phase
synchronization on the firing of neurons and show that the way
the astrocytes interact with each other could potentially elicit
synchronization at different locations in a group of unrelated
neurons. Using neuromorphic circuits, the authors show the
role of astrocytes in the integration of neuronal activity leading
to a conscious episode.

In “Turn Down that Noise: Synaptic Encoding of Afferent
SNR in a Single Spiking Neuron,” Afshar et al. introduce the
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Synapto-dendritic Kernel Adapting Neuron as a simplified neu-
romorphic model of Spike Time Dependent Plasticity. The re-
sulting neuron model is the first to perform synaptic encoding
of afferent signal-to-noise ratio in addition to the unsupervised
learning of spatio-temporal spike patterns. The results show that
simultaneously learning common patterns in input data is pos-
sible while dynamically weighing individual afferents based on
their signal to noise ratio.

In “Memristive Hebbian Plasticity: Device Requirements
for the Emulation of Hebbian Plasticity Based on Memristive
Devices,” Ziegler et al. discuss the requirements of individual
memristive devices for the emulation of Hebbian plasticity in
neuromorphic applications. The paper also presents a plasticity
model suitable for memristive devices based on advanced novel
learning rules, which provide Hebbian plasticity in accordance
to the Bienenstock-Cooper-Munro (BCM) rule.

C. Visual Circuits

In “1 kHz 2D Visual Motion Sensor Using 20 x 20 Silicon
Retina Optical Sensor and DSP Microcontroller,” Liu et al.
present a flexible and compact hardware motion system con-
sisting of a custom retina vision sensor and a microcontroller.
The system can compute global translational motion vectors at
a sample rate of 1 kHz, for speeds up to +1000 pixels/s, using
less than 5 k instruction cycles (12 instructions per pixel) per
frame. At 1 kHz sample rate the DSP is 12% occupied with
motion computation. The sensor is implemented as a 6 g PCB
consuming 170 mW of power.

D. Health Monitoring Circuits

In “Self-powered Monitoring of Repeated Head Impacts
Using Time-Dilation Energy Measurement Circuit,” Feng
et al. present a helmet-sensor technology based on self-pow-
ered piezo floating-gate injectors for sports-related concussion
detection. The array of sensors embedded in the helmet allows
for sensing of both direct and rotational impact using 0.5 mi-
cron technology. The field experiments presented in the paper
indicate that concussions during the course of normal play can
be reliably detected using this low cost technology.

In “A Visual-Aided Wireless Monitoring System Design
for Total Hip Replacement Surgery,” Chen et al. present a
sensory technology for determining the position of hip implants
during total hip replacement surgery. The proposed system
measures and displays the contact distribution and estimates
the relative pose between femoral head and acetabulum pros-
thesis during the surgery to help surgeons obtain accurate
position of implants. The signal conditioning circuits of the
system are implemented in 180 nm technology and operate
under a 1.2-3.6 V supply voltage with 116-160 pA current
consumption. The measured relative error of the hip rotation
and translation is less than 10%.

In “A Low Voltage Chopper-Stabilized Amplifier for Fetal
ECG Monitoring with a 1.41 Power Efficiency Factor,” Song
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et al. present a low-voltage current-reuse chopper-stabi-
lized frontend amplifier achieving 0.34 1 Vrms noise level at
1 W power consumption. Power management circuitry is also
integrated to achieve improved system efficiency.

In “The PennBMBI: Design of a General Purpose Wireless
Brain-Machine-Brain Interface System,” Liu et al. the authors
present a general-purpose wireless Brain-Machine-Brain Inter-
face (BMBI) system. The system integrates four battery-pow-
ered wireless devices for the implementation of a closed-loop
sensorimotor neural interface, including a neural signal ana-
lyzer, a neural stimulator, a body-area sensor node and a graphic
user interface implemented on a PC.

The guest editors would like to thank all of the authors,
ISCAS Technical Program Committee members, and the
reviewers. Finally, this special issue would not be possible
without the help and guidance of Dr. Gert Cauwenberghs,
the editor-in-chief of IEEE TBioCAS, and the support of the
editorial board.
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