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Abstract—In this paper, we introduce a soft and stretchable 

robot skin. There are two novel technologies. One is the “cell-

bridge system”; a communication system that consists of two 

dimensional areas called “cells” and signal transmission 

devices called “bridges”. The other is the “nonlinear tactile 

element”; a sensor element that has a several-centimeter-

square sensing area and acquires a contact area in addition to 

a contact force. The two parameters are obtained from two 

capacitances in the sensor structure. The elements are also 

utilized as the cells, and the bridges measure the capacitances. 

Using soft materials, we can develop a large-area, soft, and 

stretchable robot skin without long wires. In the array 

structure, a contact position can be estimated with finer 

resolution than the size of the sensor element by calculating a 

spatial centroid from the measured contact forces.  

I. INTRODUCTION 

Recently, there is a growing interest in home robots [1]-
[4] that can care for the aged and young children and that can 
be alternatives to companion animals. Such robots have need 
of tactile sensor skins [5] which (i) cover their whole 
surfaces, (ii) sense rich tactile information, and (iii) are soft 
and stretchable to interact with humans safely and to be 
mounted on free-form surfaces. To realize such a robot skin, 
various arrays of pressure-sensitive tactile sensor elements 
have been tried [6]-[11]. One approach to enhance ability of 
the sensors for practical uses is arraying tactile elements in 
high density. However, we have no practical techniques 
available now with which we can mount a million of tactile 
elements with 1 mm spacing in a stretchable sensor skin.  

To solve this problem, we proposed a novel signal 
transmission system in which the network is constructed by 
"cells" and "bridges" [12]. The bridge is a communication 
chip that can transmit and receive electric signals. The cell is 
a two dimensional medium through which the bridges 
exchange signals each other. Many kinds of such materials 
as conductive rubber or fabric are available for it. By 
connecting sensor elements to the cells, we can realize a 
high-density sensor network. Furthermore, the cell-bridge 
system is more effective when the cells are given some 
additional function of sensor or actuator. For example, the 
cells are given a function of electrostatic speaker in [13].  

In this paper, we apply this system to a robot skin (Fig. 1). 
The cells are also components of our tactile sensor elements 
proposed in [14]. The sensor element has a several-
centimeter-square large sensing area and acquires not only a 
contact force but also a contact area using nonlinear 
elasticity. Owing to the additional sensing parameter, i.e. the 
contact area, a robot skin which detects minute shape 
features is easily realized by arraying the elements in low 
density. In consequence, we can cover a whole surface of a 
robot with a small number of the elements. This proposition 
is inspired by the characteristics of the human tactile 
sensation. While Two Point Discrimination Thresholds 
(TPDT) of humans are as large as several centimeters except 
on especially sensitive parts, faces and hands [15], sharpness 
of objects can be discriminated sensitively even on such 
large TPDT parts. From these facts, we suppose that 
sharpness is one of the key components to produce general 
human tactile sensation [16], and that sensitivity to sharpness 
is a high priority for human-like sensor skins. Besides, the 
resulting robot skin can estimate a contact position with finer 
resolution than the size of the sensor element owing to the 
array structure. 

The rest of this paper is organized as follows. Firstly, 
Section II describes the proposed tactile sensor skin. After 
that, we demonstrate how to estimate the contact position in 
Section III.  

 

Figure 1.  Illustration of proposed robot skin. 
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II. CELL-BRIDGE BASED ROBOT SKIN 

A. Structure 

Fig. 1 shows the structure of the proposed robot skin. 
There are two compressible insulator layers which have 
different stiffness. Besides, there are four stretchable 
conductive layers; the conductive layers A, B, C, and D are 
the ground layer, the sensor/cell layer, the other sensor layer, 
and the power layer, respectively. The conductive layers A 
and B sandwich the soft insulator layer forming the capacitor 
named C1, and B and C sandwich the hard insulator layer 
forming C2. This pair of the capacitors is one tactile sensor 
element. The conductive layers C and D are isolated by a 
thin stretchable insulator layer. The bridge is mounted in the 
structure and connected to the conductive layers locally by 
short wires. It is supplied power from the layers A and D (the 
ground and power layers). These two layers also function as 
electrostatic shields. It measures the capacitances Cn [F] (n = 
1, 2) and sends measured data to the host computer through 
the conductive layer B (the cell layer) by multi-hoping 
method. The structure described here can maintain softness 
of the robot skin because it contains no long wires.  

B. Nonlinear tactile element [14] 

In this section, we explain the sensing theory of the 
tactile element. Here, we suppose a uniform pressure 
distribution σ(x, y) [Pa] is vertically loaded to the surface of 
one of the sensor elements in a contact field S; that is  
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the shape, so we suppose that S is circular for simplicity. We 
also assume as follows. First, the nonlinear elasticity of the 
insulator layers is the entropy elasticity [17] expressed as  
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where n is the layer identification; n=1 means the upper soft 
layer and 2 the lower hard layer. )(1λ 0nnnn ddd −∆−≡ is the 

extension ratio of the layer n. En [Pa], dn [m], and dn0 [m] are 
the elasticity modulus, the initial thickness, and the saturated 
thickness, respectively. E1 is 4.8 kPa and E2 is 15 kPa by 
actual measurement. Second, the conductive layers have 
negligible tension and the Poisson's ratios of the insulator 
layers are zero, which means that a displacement distribution 
∆dn(x, y) [m] is simply determined by a local value of σ(x, y).  

We measure the electric capacitances Cn [F] between the 
conductive layers to detect ∆dn(x, y). Ignoring fringing fields, 
the capacitance is formulated as  
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where εn [F/m] is the dielectric constant of the layer n. If we 
can make the second assumption mentioned above, (C1, C2) 
is uniquely determined by (F, S). Then the key question is 
whether the inverse mapping from (C1, C2) to (F, S) is 
possible or not for the layers 1 and 2 having different 
hardness.  

Fig. 2 shows the results of a numerical simulation for the 
elasticity moduli E1 = 4.8 kPa and E2 = 15 kPa. It shows that 
the plot of (∆C1, ∆C2)s for various (F, S)s spans a two 
dimensional space, where (∆C1, ∆C2) are the capacitance 
differences by the applied force, and πSD 2≡  is a 

parameter to represent the diameter of S for a circular object. 
It implies that we can determine (F, S) uniquely from (∆C1, 
∆C2) when F is larger than a threshold, now around 1.0 N.  

We conducted an experiment to examine the feasibility 
of the proposed sensing method. We measured Cn of the 
sensor element prototype by a self oscillation method; we 
generated an RC oscillation including the sensor element as 

 
Figure 2.   Simulation results. Calculated (∆C1, ∆C2)s for various (F, 

S)s. D is a parameter defined as π/2 SD ≡  to represent a diameter of 

S for a circular object. [14] 

 
Figure 3.  Experimental results of five trials. Averaged trajectories of 

(∆C1, ∆C2)s for various (F, S)s with error bars representing maximal 

deviations. [14] 
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the capacitor, and counted pulses per 2 ms by a 16-bit 
counter. A PC imported data via a digital I/O, and achieved 
about 40 Hz effective sampling rate. We used six acrylic 
stimulators with diameters D = 10, 16, 20, 26, 30, and 40 
mm. Each stimulator was vertically pressed at the center of 
the sensor element. It was operated quasi-statically by a 
mechanical z-stage, with measuring the pressing force F by a 
weighting machine. Fig. 3 shows how (F, S)s are represented 
in the (∆C1, ∆C2) space. It is confirmed that the plot of (∆C1, 
∆C2)s spans a two dimensional space sufficiently. The 
reason of the quantitative difference from the simulation 
result (Fig. 2) is considered to be the tension of the actual 
conductive fabric.  

C. Bridge chip 

The first prototype of CMOS LSI for the bridge is based 
on 0.35 µm rules. While the size of the LSI is 5×5 mm

2
, the 

total area of the analog-digital mixed circuits is within 1.5 
mm

2
. The operating frequency of the LSI is 50 MHz. Each 

bridge measures Cn by an 8-bit A/D converter and it has a 
function to transmit signals to the neighboring chip. We 
packaged the LSI in 9×16×2 mm

3 
using a flexible substrate.  

D. Prototype 

We have developed a test model of the robot skin (Fig. 4) 
using the first prototype of the LSI. The test model is a 2×2 
array and the size of each element is 40×40 mm

2
 and 9 mm 

thick. It is verified that the bridges measure the capacitances 
of the sensor elements and the measured data are transmitted 
to the host computer successfully.  

For simplicity of the protocol, there are additional layers 
for signal transmission (i.e. the layer B in Fig. 1 is only used 
as the sensor layer) in this version. Meanwhile, we have 
completed fabrication of the next version of the LSI, which 
utilizes the layer B for signal transmission, and we are 
checking its performance now.  

III. ESTIMATING CONTACT POSITION 

A. Basic theory 

The proposed sensor element has no sensitivity to a 
contact position within its sensing area because Cn is a 
spatial integrated value (see (3)). In consequence, the 

localization ability of the robot skin seems to be limited by 
the size of the sensor element.  

Generally, in fact, it is possible to estimate a contact 
position from output data of discrete sensor elements if their 
receptive areas overlap each other. For example, we suppose 
two adjacent sensors of which the sensitivity distributions fi 
(i = 1, 2) are the Gaussian distributions (Fig. 5 a) expressed 
as  
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where i is the element identification. xi [m] and s [m] are the 
means and the standard variation, respectively. When a force 
F is applied to the elements at xC [m], their outputs are 
expressed as F×fi(xC). So the ratio of the outputs are 
calculated as  
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(5), we can derive the contact position xC (Fig. 5 b) as  
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While the theory explained here is based on the Gaussian 
sensitivity distribution, its basics also hold true with other 
types of sensitivity distributions.  

B. Experiments and results 

We conducted experiments to examine the possibility of 
the estimation of the contact position. Fig. 6 shows ∆C1 and 
∆C2 of the two adjacent elements A and B when the pressing 
position moves along their center line. It turns out that both 
sensor elements respond at the same time when the 
stimulator contacts both of them. This fact indicates that it is 

  
(a)                                                     (b) 

Figure 4.  Developed 2×2 tactile sensor array. Each sensor element is 

40×40×9 mm3. (a) and (b) are top and bottom views of the test model. 

 
Figure 5.  (a) Supposed Gaussian sensitivity distribution, f1 and f2.   

(b) Ratio of f1 to f2. The contact position xC can be estimated from the 

ratio of the measured data.  
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possible to estimate the contact position in our robot skin 
when the stimulator moves beyond the boundaries between 
the sensor elements, although it is still impossible to estimate 
the contact position when the stimulator moves within one 
sensor element.  

The estimation of the contact position is demonstrated in 
Fig. 7. In this demo, we calculate simply a spatial centroid 
from the measured contact forces and consider it as the 
contact position.  
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Figure 6.  Experimental results. ∆C1 and ∆C2 of the two adjacent 

sensor elements. The stimulator (D = 10 mm) was vertically pressed at 

F = 3 N. A and B respond together when both of them are pressed. 

 
Figure 7.  Demonstration. The two adjacent sensor elements are 

pressed by the spherical stimulator. The height and the standard 

variation of the Gaussian means F and D/4, respectively. In addition to 

the two parameters, the contact position is also estimated.  

1-4244-0376-6/06/$20.00     2006 IEEE

IEEE SENSORS 2006, EXCO, Daegu, Korea / October 22~25, 2006

830


	Main
	Welcome Message
	Committees
	Sponsors
	Highlights
	Table of contents
	Technical Session
	SPECIAL SESSION: Piezoelectric MEMS Sensors & Devices
	Thick Sol-Gel PZT Film Integrated in SOI-Based, Micromachined Ultrasonic Transducers
	Self-Powered Wireless Sensor System Using MEMS Piezoelectric Micro Power Generator
	Sputtered AlN Thin Films for Piezoelectric MEMS Devices

	Optical Sensors
	Comparison of 4H-SiC Separate Absorption and Multiplication Region Avalanche Photodiodes Structures for UV Detection
	Electrooptic Properties of Lithium Niobate for Optical Sensors
	Synthesis and Optical Properties of Colloidal Core-Shell Semiconductor Nanocrystals Quantum Dots for Sensory Application
	Miniaturized InSb Mid-IR Sensor for Room Temperature Operation
	160x120 Uncooled IRFPA for Small IR Camera

	On-Chip Sensor & Interface Circuits
	Evaluation of Monolithically Integrated Antennas and RF Transmitters for Silicon Smart Micro Sensors with Wireless-Communicatio
	A CMOS Micromachined Gripper Array with on-Chip Optical Detection
	Configurable Hardware-Efficient Interface Circuit for Multi-Sensor Microsystems
	Specific Nearby Electronic Scheme for Multiplexed Excitation and Detection of Piezoelectric Si-Based Micromembranes Resonant Fr
	Adaptive Multi-Sensor Interface System-on-Chip
	Thin SOI NEMS Accelerometers Compatible with in-IC Integration

	SPECIAL SESSION: Biomedical Sensors
	Merits and Pitfalls of Implantable Wireless Monitoring Systems
	Diffuse Optical Tomography in a Spinal Cage: Monte Carlo Simulation and in-Vitro Studies
	SU8-Based Micro Neural Probe for Enhanced Chronic in-Vivo Recording of Spike Signals from Regenerated Axons
	Development of a Novel Flexural Plate Wave Biosensor for Immunoglobulin-E Detection by Using SAM and MEMS Technologies
	Conductive Rubber Belt to Monitor Respiratory Changes

	Gas Sensors I
	First Observation of Hydrogen Sensing by Trap Assisted Conduction Current in Pd/TiO2/SiC Capacitors at High Temperatures
	A New Type of Highly Sensitive Portable Ozone Sensor Operating at Room Temperature
	Online Gas Diagnosis by a Capillary-Attached Gas Sensor Coupled to a Pattern Recognition System
	Gas Diagnosis by the Application of System Identification Technique on the Response of a Thermally Modulated Semiconductor Gas 

	Biosensors I
	On-Chip Electrochemical Impedance Spectroscopy for Biosensor Arrays
	Humidity-Sensitive SAW Device Based on TPPS4 nanostrip Structure
	Microfluidic Cell Counter/Sorter Utilizing Laser Tweezers and Multiple Particle Tracing Technique
	A Microfluidic Flow Sensor for Measuring Cell Adhesion
	Technique for Plug Dispersion Compensation in Moving Field Cappillary Electrophoresis Applications
	Optical Detection of Different Single Biological Cells in an Integrated Projection Cytometer

	Biosensors III
	Fabrication of Protein Chip with Ni-Co Alloy Coated Surface
	Surface Modification of SU-8 by Photografting of Functional Polymers for Lab-on-a-Chip Applications
	Microchannel Integrated Comb-Type Electrode System for Electrochemical Detection
	Effect of Acid Treatment on the Single-Wall Carbon Nanotube-Based Gas Sensors
	Development of a Label-Free Optical Biosensor Using Porous Anodic Alumina (PAA) Layer Chip
	A Field-Portable Toxicity Tester Using Bacterial Bioluminescence

	Biosensors IV
	Electrophysiological Biosensor with Micro Channel Array for Sensing of Signals from Single Cells
	Sensing Characteristics of Charge Transfer Type Ph Sensor by Accumulative Operation
	Enhancement Method of Limit of Frequency Resolution Using Magnetic Bead on the Microcantilever
	A Novel Lab-on-Tip Device for pico-Newton Lateral Force Measurement
	Novel Biomolecular Finger Printing with an Active Dual-Band Antenna Biosensor
	BioMEMS for the Electrochemical Detection of Troponin I
	Droplet-Based Magnetically Activated Cell Separator (DMACS): Evaluation of Separation Efficiency Versus Variance of Magnetic Fl

	Optical Sensors & Applications I
	Plastic Coated Fiber Bragg Gratings As High Sensitivity Hydrophones
	DC Characterization of Highly Sensitive 1 by 128 NIR Photodetector Arrays with CMOS Readout IC
	Ultra Thin-Film MSM Photodetector with Low Parasitic Capacitance
	Magnetic Shape Memory Alloy Based Fiber Bragg Grating Magnetic Field Sensor
	A 160 X 120 Bio-Inspired Vision Chip for Edge Detection Using a MOS-Type Photodetector for Logarithmic Active Pixel Sensor
	The Micro-Optic Mach-Zehnder Interferometry : Application to the UV Sensors
	Refractive Index Measurements of Liquids Using a Dual-Color Optical Fiber SPR Sensing System

	Optical Sensors & Applications II
	Enhanced Sensitivity in Humidity Sensors Based on Long Period Fiber Gratings
	Characteristics of InAs QDs/GaAs RC-SACM APD on the Etching Process of the Active-Mesa
	Optical Fiber Sensors Coated with Carbon Nanotubes, Tin Dioxide and Nanoporous Polymers for Cryogenic Detection of Hydrogen
	Characterizations of a Fiber-Optic Scintillating Detector for High Energy Electron Beam Therapy
	256 X 256 CMOS Image Sensor Using a Pseudo 3-Transistor Active Pixel Sensor for Low-Illumination Level Application

	Gas Sensors IV
	Micro Hydrogen Gas Sensor of SnO2-Ag2O-PtOx System Using the MEMS Process
	Sensing of Gas Concentration Using Photonic Bandgap Fiber
	Gas-Sensor Interface Circuit Based on Calibration Free Novel Frequency Measurement Approach with 16-Bit Digital Output
	A 4x4 Tin Oxide Gas Sensor Array with Surface Micro-Machined Convex Micro-Hotplates
	Carbon Monoxide Gas Sensor Based on Titanium Dioxide Nanocrystallite with a Langasite Substrate
	Nanostructured Molybdenum Oxide Gas Sensor
	PPB Level Benzene Gas Detection by Portable BTX Sensor Based on Integrated Hollow Fiber Detection Cell
	NO Sensing Characteristics of ZnO Nanorod Prepared by Ultrasound Radiation Method
	Development of Ultra Low Power Consumption Hotplates for Gas Sensing Applications
	Functionalized Single Wall Carbon Nanotubes Based Gas Sensor
	Gas Sensing Property and Humidity Effect of Polypyrrole and SnO2 Composite Films

	SPECIAL SESSION: Impedance Spectroscopy Sensors
	Detection of Receptor-Ligand Interactions with an GHz-Impedance Sensor
	Biosensor Arrays Based on the Degradation of Thin Polymer Films Interrogated by Scanning Photo-Induced Impedance Microscopy
	Impedance Spectroscopy on Solid State Electrochemical Sensors and Devices: Potentials and Pitfalls
	Impedance Spectroscopy to Identify the Conduction Mechanisms in Wo3 Sensors
	A Resonance-Induced Sensitivity Enhancement Method for Conductivity Sensors

	Optical Measurements
	Distance Measurement Line Sensor with PIN Photodiodes
	Design of a Thin Film Photodetector with Angular Sensitivity for Optical Micro-Encoder
	Long-Range Displacement Mini-Sensor with Submicrometric Resolution
	Low Cost Optical Array Sensing Platform
	Study of Laser-Induced Breakdown Spectroscopy from Micro-Droplet of NaCl Solution
	Dynamic Capabilities of the Hybrid Fiber-Optic Voltage and Current Sensors

	Image
	A Novel Self-Adaptive Photosensing Active-Pixel Structure with Tunable Sensitivity for High Performance CMOS Image Sensors
	A Multi-Chip Analog VLSI Vision Sensor with Selectivity to Orientation and Spatial Frequency
	Dynamic Braille Display Utilizing Phase-Change Microactuators
	Enhanced Frequency Resolution in Parametrically Resonant Microcantilever Sensors
	3D Objects Tracking Using Smart Image Sensor
	An Ultrasonic 3D Image Sensor Employing PN Code

	SPECIAL SESSION: Tera Hertz Sensing
	GAN Heterodimensional Schottky Diode for THz Detection
	Millimetre Wave Radar Vision for the Mining Industry
	Trace Sensing with Miniaturized Mid-Infrared Sensors
	An Inline-Type Microwave Power Sensor Based on MEMS Technology

	Gas Sensors II
	Photoacoustic Monitoring of CO2 in Biogas Matrix Using a Quantum Cascade Laser
	Development of Nanofibers Composite Polyaniline/CNT Fabricated by Electro Spinning Technique for CO Gas Sensor
	Work Function As a Useful Feature for Development of SnO2 Nanowires Based Gas Sensing Devices
	New Selective Gas Sensing Device Based on Metal Oxide Layer with Suspended Catalyst

	Biosensors II
	Study of 4,4- Dithiodibutyric Acid As a Monolayer for Protein Chip
	Behavior of a Microelectrode with a Concentrated Enzyme-Immobilized Layer
	Genetic Field Effect Devices for DNA Analysis
	Miniaturized Fluorescence Detection Chip for QUECHING Assay of Atrazine
	Towards Electrical Bio-nanotransistors for Electrical DNA Sensing

	SPECIAL SESSION: Intelligent Sensor Systems
	Intelligent Interface Using Natural Voice and Vision for Supporting the Acquisition of Robot Behaviors
	Charge Based Capacitive Sensor Array for CMOS Based Laboratory-on-Chip Applications
	Intelligent Sensor System for Real Time Tracking and Monitoring
	A Sensor to Measure Hardness of Human Tissue
	Development of Welding Profile Measuring System with Vision Sensor

	Image Sensor & Spectrometer
	Wide Dynamic Range CMOS Image Sensors for High Quality Digital Camera, Security, Automotive and Medical Applications
	A CMOS Image Sensor for Fluorescence Lifetime Imaging
	A Wide Dynamic Range CMOS Image Sensor with Gated Charge Storage and a Multiple Sampling Technique
	New Concept of Compact Optical Fourier-Transform Spectrometer
	Chip-Scale High-Speed Fourier-Transform Spectrometer Based on a Combination of a Michelson and a Fabry-Perot Interferometer

	Chemical & Flow Systems
	Robotic System for Localizing a Chemical Source Underwater by Mimicking Crayfish Behavior
	Estimation of Gas-Source Location Using Gas Sensors and Ultrasonic Anemometer
	Random Forests, Nearest Shrunken Centroids and Support Vector Machines for the Classification of Diverse E-Nose Datasets
	Body-Heat Powered Autonomous Pulse Oximeter
	Experiments on Hydrodynamic Focusing of Non Coaxial Sheath Flows
	Design, Simulation and Fabrication of a Dielectrophoretic Separation Device Using Topographic Channel Structure

	SPECIAL SESSION: Nano-Tech Based Sensors
	Capacitive Humidity Sensing Using Carbon Nanotube Enabled Capillary Condensation
	Nanomaterials Enabled Chemical Sensors: The Detection of Hydrocarbons with a High Degree of Sensitivity and Selectivity
	Fabrication of Nanotips for Microelectrode Array Sensors Using Meniscus Etching

	Gas Sensors III
	Investigation on Novel Poly (3-hexylthiophene)-ZnO Nanocomposite Thin Films Gas Sensor
	PEG Lipopolymers as Coatings for QCM Odor Sensors - Effect of Tether’s Chain-Length
	SOI-CMOS Based Single Crystal Silicon Micro-Heaters for Gas Sensors
	Gas Sensing Response Improvement of Well-Aligned TiO2 Nanowires Array
	Formaldehyde Gas Sensor Utilizing Self-Heating NiO Thin Film and Pt Electrodes

	Bio-Medical I
	Design and Application of a DEP-Based Cell Sorter for Efficiently Separating Two Types of Human MCF Cells
	Transferrin Electronic Detector for Iron Disease Diagnostics
	New Method for the Detection of Enzyme Immobilized on Si-Based Glucose Biosensors
	A Novel Impedimetric Immunosensor Based on Sol-Gel Derived Barium Strontium Titanate Composite Film
	Flow Type Electrochemical Immuno Sensing Systems
	New Ultrasound-Based Wearable System for Cardiac Monitoring

	SPECIAL SESSION: Tomography Sensor
	Ad Hoc Wireless Sensor Tomography
	Key Issues in Designing Capacitance Tomography Sensors
	Effect of Current Injection Patterns on Dynamic Electrical Resistance Imaging for Fast Transient Processes
	High-Resolution Gamma Ray Detector for Process Tomography
	Sinogram Enhancement for Tomographic Sensing Systems with Limited Resources

	Healthcare & Sensor Network Devices
	Vital Sign Monitoring System with Life Emergency Event Detection Using Wireless Sensor Network
	Security Enhanced Indoor Location Tracking System for Ubiquitous Home Healthcare
	A Mobile Robots PSO-Based for Odor Source Localization in Extreme Dynamic Advection-Diffusion Environment with Obstacle

	Sensor-Actuator Device
	Fabrication of a MEMS-Based Fine-Pitch Cantilever-Type Probe Unit
	New Non-Contacting Linear Displacement Inductive Sensors for Industrial Automation
	Electro-Thermally Activated Polymeric Stack for Linear in-Plane Actuation
	Integrated Gigant Magnetic Resistance based Angle Sensor
	Thermo-Elastic Behavior of Buckled Multi-Layered MEMS Bridge: Model and Experiment

	SPECIAL SESSION: Tactile Sensors for Human-Like Tactile Perception
	Novel Tactile and Nearness Sensing Properties of Carbon Microcoils (CMCs)
	Development of a Sensor System for Measuring Tactile Sensation
	Tactile Perception Using Micro Force/Moment Sensor Embedded in Soft Fingertip
	Flexible Multimodal Tactile Sensing System for Object Identification
	Conductivity and Mechanical Properties of a Single-Helix Carbon Microcoil Prepared by Thermal Chemical Vapor Deposition

	Chemical Sensors I
	Micro-Heater on Membrane with Large Uniform-Temperature Area
	Diamond Ultramicroelectrode Chemical Sensing Arrays
	Smart Microplates: Integrated Photodiodes for Detecting Bead-Based Chemiluminescent Reactions
	On-Chip pH-Regulator and its Application to Bio/Chemical Sensing
	Site-Specific Magnetic Assembly of Nanowires for Sensor Arrays Fabrication

	Biochemical & Biomedical Sensors
	Plastic-Silicon PCR Amplification System Made Using Microfabrication Technologies
	Fully Integrated Enzymeless Biosensor for U-Health Care Applications
	Label-Free, Capacitive Immunosensor for Protein Detection
	Lithium Tantalate Surface Acoustic Wave Sensors for Bio-Analytical Applications
	Nano-Hole Arrays in Thin Au/Pd Film on Glass, for High Speed Molecular Analysis
	Post-CMOS Compatible Microfabrication of a Multi-Analyte Bioelectrochemical Sensor Array Microsystem

	Bio-Medical II
	An Optical Halitosis (Bad Breath) Sensor with MAO-A
	Flexible Glucose Sensor Using Biocompatible Polymers
	Bio-Sniffers with Enzyme for Breath Analysis After Drinking
	Real-Time Detection of Protein Interactions Using Pyrolyzed Carbon
	Infrared Radiation Thermometer Using a Silver Halides Optical Fiber for Biomedical Applications

	Microfluidic Biosensors
	Process Development for the Formation of Post-Bonding Biorecognition Layers in Microfluidic Biosensors
	Single-Cell Level Array of Yeast Cells in Pumpless Microfluidic Channels Induced by Receding Meniscus
	Development of High-Throughput Compartmental Microfluidic Devices for Multiplexed Single-Cell Sorting, Manipulation and Analysi

	Sensor-Actuator Systems II
	Application of Sn-Doped InSb Single Crystal Thin Film Magneto-Resistance Devices to Detecting Gear-rotation Speed
	Multi-DSP Hierarchical Architecture with Field-Programmable Logic for Hard-Field Tomography Sensors
	Improving Accelerometers Performance Using Smart Sensing Techniques
	Smart Flexible Turbidity Sensing Based on Embedded Neural Network
	Integrated Silicon-Polymer Laterally Stacked Bender for Sensing Microgrippers
	Development of a 3D Motion Sensor Module

	Gas Sensors V
	Direct Integration of Carbon Nanotubes on Micro Gas Sensing Platforms
	Enhanced Sensitivity of SAW Gas Sensor Based on High Frequency Stability Oscillator
	Sensitive and Selective Photo Acoustic Gas Sensor Suitable for High Volume Manufacturing
	A Proto-Type Hydrogen Sensor Using Palladium Nanowire Array
	A Room Temperature Polyaniline/In2O3 Nanofiber Composite Based Layered ZnO/64° YX LiNbO3 SAW Hydrogen Gas Sensor
	A ZnO Nanorod Based 64° YX LiNbO3 Surface Acoustic Wave CO Sensor
	Sensing Characteristics of Nano-Network Structure of Polypyrrole for Volatile Organic Compounds (VOCs) Gases
	A Low Temperature Potentiometric CO2 Sensor Combined with SiO2:B2O3:Li2O:Bi2O3 Composite Metal Oxide
	A Novel Method for Manufacturing of Portable Oxygen Sensor
	Electrical and Gas Sensing Properties of Cr2O3-TiO2 Thin Films Made by Pulsed Laser Deposition
	Fast Detection of Hydrogen at Room Temperature Using a Nanoparticle-Integrated Microsensor
	Development of Thermoelectric Gas Sensors for Volatile Organic Compounds

	Sensor Networks
	A Feasibility Study of Multi-Node Sensor Network Based on Free Space Optics Using Adjustable Mirror Devices
	A Proposal of the Co-Existence MAC of IEEE 802.11b/g and 802.15.4 Used for the Wireless Sensor Network
	Design and Implementation of Efficient Base Station for Wireless Sensor Networks

	Tactile Sensors
	Flexible Tactile Sensor Fabricated Using Polymer Membrane
	Technology Development of Silicon Based CMOS Tactile Senor for Robotics Applications
	A PVDF Tactile Sensor for Static Contact Force and ContactTemperature
	Fabrication of Polymer-Based Flexible Tactile Sensing Module with Metal Strain Gauges and Interconnecter

	SPECIAL SESSION: Cantilever & CMOS Sensors I
	MOSFET-Embedded Microcantilevers: An All-Electronic Label- and Optics-Free Signal Transduction Paradigm for Bio-Chem Sensing
	Trace TNT Vapor Detection with an SAM-functionalized Piezoresistive SiO2 Microcantilever
	Vibrating Microcantilever Used As Viscosimeter and Microrheometer
	Symmetrical Wheatstone Microcantilever Sensor with on-Chip Temperature Sensors
	Development of SPICE Compatible Thermal Model of Silicon MEMS Piezoresistive Pressure Sensor for CMOS-MEMS Integration

	Wireless Passive & Active Sensor Networks
	Wireless Powering of Implanted Sensors Using RF Inductive Coupling
	Advanced Telemetric Powering of Sensors Using Multi-Wire Coils
	2.45 GHz Passive Wireless Temperature Monitoring System Featuring Parallel Sensor Interrogation and Resolution Evaluation
	Staggered Sampling for Energy Efficient Data Collection
	Racemote: a Mobile Node for Wireless Sensor Networks
	Synchronized Access to Sensor Networks

	Sensor-Actuator Systems I
	A Magnetic Field Response Recorder: A New Tool for Measurement Acquisition
	A Self-Contained Active Sensor System for Health Monitoring of Civil Infrastructures
	A Tunable Resonant Vibration Measurement Unit Based on a Micromachined Force Coupled Sensor-Actuator System
	VHDL-AMS Modeling for Simulation of MEMS Array-Based Smart Surface Applied in Microfluid Air-Flow Environment
	Comparison of Lifting and B-spline DWT Implementations for Implantable Neuroprosthetics
	A Multifunctional Self-Calibrated Sensor for Brake Fluid Condition Monitoring

	SPECIAL SESSION: Tactile Sensors for Human-Centered Robots
	A Tactile Sensing for Human-Centered Robotics
	Development of Force Sensor for a Linear Object
	A Large Area Robot Skin Based on Cell-Bridge System
	Development of Soft Areal Tactile Sensors for Human-Interactive Robots
	An LED-Based Tactile Sensor for Multi-Sensing Over Large Areas

	Chemical Sensors II
	Development of Methanol Sensor Using SH-SAW Sensor for Direct Methanol Fuel Cell
	Nanostructure Dependence of Conductive Polymer Chemical Sensors
	High Temperature SOI CMOS Tungsten Micro-Heaters
	Influence of Layers Morphology on the Sensitivity of SnO2-Based Optical Fiber Sensors
	Web Based Colorimetric Sensing for Food Quality Monitoring
	Compact Digital Compass with PCB Fluxgate Sensors

	SPECIAL SESSION: Cantilever & CMOS Sensors II
	Chemical Sensors Based on Functionalized Microcantilever Arrays
	Incremental Sigma-Delta Modulators for 3D-Imaging: System Architecture and Signal Processing
	Efficient CMOS Preamplifier Dedicated for a MEMS-Based Electrostatic Field Sensor

	Algorithm & Database for Sensor Networks
	A Novel Creating Method of Ground Blockage Database by Civil GPS Receivers As Distributed Sensors
	Ensuring Area K-Coverage in Wireless Sensor Networks with Realistic Physical Layers
	Multi-Hop Network Re-Programming Model for Wireless Sensor Networks
	Interacting Particle-Based Model for Missing Data in Sensor Networks: Foundations and Applications
	Energy Controlled Reporting for Industrial Monitoring Wireless Sensor Networks

	Simulation & Evaluation
	Microfabrication of Single-Walled Carbon-Nanotube One-Dimensional Unit
	Contact UV Lithography Simulation for Thick SU-8 Photoresist
	Characterization and Evaluation of Smart Concrete Modules Embedded with Piezoelectric Devices
	Extraction of Physically Based High-Level Models for Rapid Prototyping of MEMS Devices and Control Circuitry
	A Filtering Approach of Iterative Tikhonov Regularization Method in ECT
	On-Line Directional Algebraic Reconstruction Technique for Electrical Capacitance Tomography

	SPECIAL SESSION: High Performance Electromagnetic Sensors & Sensing Technologies
	Application of Giant Magnetoresistive Sensor for Nondestructive Evaluation
	A Novel Bio-Sensor for Noninvasive Meat Inspection
	Application of the Magnetoresistive Tensor Model to the Hard Axis Behavior of 81/19 Permalloy Magnetoresistive Sensor Elements
	Proposal of Coil Structure for Air-Core Induction Magnetometer
	Shielded Fluxgates for Open-Loop Current Transducers ? Measuring High Flux Densities Fast

	Humidity & Gas Sensors
	Proposal of Novel Absolute-Humidity Sensing Method using a Pair of Diode-Thermistors and a Micro-Heater on a Micro-Air-Bridge
	A Novel Simple Humidity Sensor Constructed by Sandwiched Cantilever
	High Performance Humidity Sensor Based on Deliquescent Salt Diffused PI Film
	Qualitative and Quantitative Analysis of Toxic Gases Using a Metal Oxide Sensor Array
	Gas Sensing Characterization of TiO2-ZnO Based Thin Film

	Medical & Health
	Data Consistency Within a Pervasive Medical Environment
	Sensor Validation Within a Pervasive Medical Environment
	Highly Sensitive Detection of Labeled Microparticles in Blood
	Investigating the Translational and Rotational Motion of the Swing Using Accelerometers for Athlete Skill Assessment
	Size Effect on the Device Performance of K31 Type pMUTs : Experiments and Equivalent Circuit Analysis
	Everyday Grasping Behavior Measurement with Wearable Electromyography

	SPECIAL SESSION: Bioanalytical Microfluid Sensors
	Bioanalytical Microfluidic Sensors
	Freeze-Dried Matrix As an Alternative to Solution Mixing for Enzyme Analysis in a Micro Flow Channel
	Microdialysis Glucose Sensor System Compared with Needle Type Glucose Sensor in Vivo During OGTT and Physical Exercise
	Highly Sophisticated Electrochemical Analysis System with an Integrated Microfluidic System Based on Electrowetting

	Magnetic Sensors
	An Integrated Hall Sensor Platform Design for Position, Angle and Current Sensing
	Single-Core Giant Magnetoimpedance Sensor with AC Bias
	Field Concentrator Based Resonant Magnetic Sensor
	Customized GMR Spin Valve Sensors for Low Field apllications
	Micromachined Thin Film MI Element for Integrated Magnetic Sensor
	Inverse Wiedemann Effect Sensor with Pulse Excitation

	Pressure Sensors
	Modeling and Performance Evaluation of 2.4GHz SAW-Based Pressure Sensor
	Fringe Amplitude Modulation Method for Differential Pressure Sensor
	Differential Pressure Sensor Using Common Optical Fiber Path
	Design and Analysis of Electro-Mechanical Characteristics of Micromachined Stainless Steel Pressure Sensor
	A Monolithic Multi-Sensor for Three-Axis Accelerometer, Absolute Pressure and Temperature
	Design of an Acoustic Transmitter for Temperature-Pressure Dual Sensing in Injection Molding

	Modeling & Characterization
	Impact of Casimir Force on Nano Accelerometers Modelling
	Coupled Fabrication Process Simulation and Mechanical Performance Analysis of Microstructures Based on Cellular Automata
	Research on Resonant Low-Velocity Gas Flow Microsensor Based on Trichoid Sensillum of Insects
	Characterizing Resonating Cantilevers for Liquid Property Sensing

	Vapor & Gas Sensors
	A CMOS MEMS Gold Plated Electrode Array for Chemical Vapor Detection
	Response Properties of the Gold Nanoparticle Sensors Toward Benzene and Toluene Vapors
	Organic Vapor Sensors Based on Single-Walled CNTs
	Porous Silicon Based Organic Vapor Sensor Array for E-Nose Applications
	Selective Sensor to LPG in Presence of CO Using Nanogold Filter, Operating at Low Temperature, with Pt/SnO2

	Transportation
	Implementation Aspects and Offline Digital Signal Processing of a Smart Pebble for River Bed Sediment Transport Monitoring
	Online Application of Sensors Monitoring Lubricating Oil Properties in Biogas Engines
	Position Detection in Automotive Application by Adaptive Inter Symbol Interference Removal

	Various Mechanical Sensors
	A GaAs Acoustic Sensor Based on Resonant Tunnelling Diodes
	Fabrication of High-Temperature Ceramic Pressure Sensor and its Characteristics
	Piezoresistive Gas Flow Sensors by Deep RIE Technology
	A Novel CMOS MEMS Accelerometer with Four Sensing Finger Arrays
	Study on a Diode-Bridge Type Capacitance Detection Circuit for Differential Capacitive Sensor
	A Pull-in Operation Mode Accelerometer
	Integrated CMOS-Based Sensor Array for Mechanical Stress Mapping
	A Low-Noise CMOS Readout Circuit for Capacitive Micro-Sensors

	Applications
	A Semi-Cylindrical Capacitive Sensor with Signal Conditioner for Flow Meter Applications
	A Wireless Patch-Type Physiological Monitoring Microsystem
	A Conjunctiva Oxygen Sensor for Transcutaneous Monitoring
	Chemiluminometric FIA System for Food Nutrient Analysis
	Design, Fabrication and Mechanical Characterization of Vertical Micro Contact Probe
	Blind Image Watermarking Technique for Digital Phone Camera
	A Palm-Sized Gas-Chromatographic System for Sub-ppb VOC Detection in Air Quality Monitoring Applications
	Driver's Thermal Vision Enhancement Using Concentration Region on the Vehicles
	Electrochemical Sensor for Determination of Metallothionein As Biomarker
	Rapid Detection of Adenine and Cytosine Nucleotides in Short Hetero-Oligodeoxynucletides
	Electrical Characteristics of an Intra-oral Dental Imaging Device Based on the CMOS Imager Coupled with Integrated X-Ray Conver
	Pedestrian Localization System Based on Kalman Filter and Fuzzy Logic
	Si via Interconnection Technique for 3D MEMS Package

	Position, Motion & Tilt Sensors
	Thermal Characteristics in Motion Sensor for High Temperature Environments
	A Full-Range Space Angular Position Sensor Based on Multifunctional Method
	A MEMS-Based Electrolytic Tilt Sensor

	Sensor Characterization
	A Novel Method to Investigate Dependence of SAW Resonator Sensor Signatures on Localized Surface Perturbations
	Field Emission As Transducer for Sub-Micron and Nano Resonators
	Study of Humidity Properties of Zinc Oxide Modified Porous Silicon
	FEM-Based Analysis of Micromachined Calorimetric Flow Sensors
	Effect of the Porosity of PZT Thick Films on Mass Sensitivity and Resonance Force for Cantilever Type Bio Sensors
	Thermal Characterization and Temperature Control of Piezoresistive Microcantilevers

	Various Physical Sensors
	A Miniaturized Turn-Counting Sensor Using Geomagnetism for Detecting Flight Range of Ammunition
	Heteroepitaxial Growth of 3C-Sic Thin Films on Si(100) Substrates by Single Chemical Vapor Depositions for MEMS Applications
	A Comparison Among Different Technological Processes for the Fabrication of Polysilicon-Based Thermoelectric Transducers
	Wafer-Level Measurement of Thermal Conductivity on Thin Films

	Chemical Sensors III
	New Growth Methods of ZnO Nano Structures Fully Compatible with the Bio-Chemical Sensor Platforms
	A Novel Combined biomonitoring System for BOD Measurement and Toxicity Detection Using Microbial Fuel Cells
	Fabrication and Application of Enantioselective TiO2 Nanofilms by Molecular Imprinting
	Nanopatterned Working Electrode with Carbon Nanotubes Improving Electrochemical Sensors
	Carbon Nanotubes Paste Versus Graphite Working Electrodes in Electrochemical Analysis
	Characterization of Nafion Solid Polymer Electrolyte for an Electrochemical Sensor Using Scanning Probe Microscope and Electroc

	SPECIAL SESSION: Nano-Based Biomedical Sensors
	Biosensor with Oxide Nanowires
	Fabrication of Silicon Nanowire for Biosensor Applications
	Nanotube Molecular Probes: DNA Hybridization Using Single-Walled Carbon Nanotubes As Biomarkers
	Ultra High Aspect Ratio Buried Silicon Nano-Channels for Biological Applications
	Blood Separation for Reduction of Noise in Glucose Sensing

	Resonators & Mass Sensors
	Mass Detection Using Capacitive Resonant Silicon Sensor
	Wine Glass Mode Micro-Mechanical Resonator
	New Manufacturing Method for Capacitive Ultrasonic Transducers with Monocrystalline Membrane
	A Temperature-Compensated ZnO-on-Diamond Resonant Mass Sensor
	QCR Measurements on Formation of multilayers Using SAM Technique
	Fabrication of Micromachined Quartz-Crystal Resonators Using Surface Activated Bonding of Silicon and Quartz Wafers

	Force & Tactile Sensors
	Distributed Tactile Sensors for Tracked Robots
	Polysilicon Piezoresistive Tactile Sensor Array Fabricated by PolyMUMPs Process
	Design and Fabrication of Non-Silicon-Based Piezoresistive MEMS Tactile Sensor
	Development of 4-DOF Soft-Contact Tactile Sensor and Application to Gripping Operation of Robotics Fingers
	Inertial Force Sensing System for Partner Robots
	Multifunctional CMC/Silicone Composite Sensor Elements As the Tactile and Proximity Sensors

	Sensor Evaluation
	Energy Loss Mechanisms in a Bulk-Micromachined Tuning-Fork Gyroscope
	A High Speed, High Bandwidth On-Chip Current and Voltage Sensor
	Liquid Crystal Sensors with Capacitive Transduction
	Nano-Resolution Reconstruction of Magnetic Fields Near a Magnetic Probe Using a Thin-Film Magnetic Sensor
	Traceable Dynamic Calibration for High Temperature Sensors Using CO2 Laser

	Accelerometers & Gyroscopes
	Fabrication and Characterization of 2-DOF Micro Convective Accelerometer
	Performance Trade-Offs of an Interferometric Micro-g Resolution Accelerometer
	Wafer-Level Packaged Accelerometer with Solderable SMT Terminals
	High-Q Silicon Flexural Resonators for Vibrating Inertial Sensors: Investigation of the Limiting Damping Mechanisms
	Development of a Dual Axis Convective Gyroscope with Embedded Heater and Low Thermal-Stress Thermistors

	Sensors for Environment & Disaster
	Temperature Compensation of Novel NDIR CO2 Gas Sensor
	A Novel Method Based on Gas Microsensors to Analyze Diesel Engine Oil Contaminated by Diluent Unburned Diesel Fuel
	Integration of a SAW Sensor System Into Penetration Cones for In-Situ Soil Gas Analysis
	Penetrating Microelectrode Sensor for in Situ Dissolved Oxygen Measurements
	Bomb Detection in Magnetic Soils: AC Versus DC Methods
	Pressure Sensor Based Tsunami Detection System: A Laboratory Study

	SPECIAL SESSION: Carbon Nanotubes in Gas Sensing
	Carbon Nanotubes - Towards Artificial Nose Implementation
	Single-Walled Carbon Nanotube Based Gas Sensor with Nanoscale Electrode Interval Using Sacrificial Oxide Layer
	Simplified Identification of Compounding Ratio and Dispersion of Carbon Nano-Tube / Polymer Composite Material
	Telescoping Self-Aligned Metal-Catalyzed Carbon Nanotube Piezoresistors As Starin Gauges

	Novel Measurement Methods
	Determining Thermal Properties of Liquids: Membrane-Based Versus Bridge-Based Micromachined Sensors
	A Novel Converter for Sinusoidal Encoders
	A Micromachined Electrostatic Field Sensor with Vertical Thermal Actuator
	A Novel Lift Off Process and its Application for Capacitive Tilt Sensor
	Design Optimization of Scanning Resistive Microscopy (SRM) Probe for Spatial Resolution Improvement
	Residual Stress and Membrane Deflection Influences on the Ultrasonic Sensor Device

	Flow Sensors
	Microfabricated Platform for Nanoscale Flow Sensing and Control
	Highly Sensitive Sensor for Flow Velocity and Flow Direction Measurement
	High-Sensitivity Bi-Directional Flow Sensor Based on Biological Inspiration of Animal Haircell Sensors
	SPICE Model with Lumped Circuits for a Thermal Flow Sensor
	Gas Flow Sensing with a Piezoresistive Micro-Cantilever
	Commercialized CMOS Compatible Micro Anemometer

	SPECIAL SESSION: Sensors for Intelligent Robot
	A Robust Depth Imaging Sensor Based on Signal Separation Coding
	Artificial Ear for Robots
	Temperature Sensor Array for a Tactile Sensation Using FBG Sensors
	Development of Tactile Sensor with Functions of Contact Force and Thermal Sensing for Attachment to Intelligent Robot Finger Ti
	Wide Dynamic Range Vision for Robot Eye Based on Double Capturing Scheme

	Accelerometers & Optical Sensors
	MEMS Accelerometer with Screen Printed Thick Film PZT
	An Axial-Beam Piezoresistive Accelerometer for High-Performance Crash Detection of Automotive Industry
	One Bulk Micromachined Single-Chip Inertial Measurement Unit
	Integrated Optical Sensor Platform Based on Evanescent Field Coupling for Biochemical Sensor Applications
	CMOS Schottky Diodes for Photo-Detector and Thermal Detector Applications

	Manufacturing
	New Embedded ASIC Integrated Measurement System for Control Responses from TFT Sensors
	Low Power Programmable Prototype Sensor for Remotely Pressure Monitoring
	Metal Embedded Micro Sensors for Manufacturing Applications
	A 2D Ternary Barcode Detection System with a Dual Threshold
	ThermalSkin: a Distributed Sensor for Anemotaxis Robot Navigation
	Wearable Sensing Clothes Embedding a Hetero-Core Optic Fiber for Recognizing of Arm Segment Posture and Motion


	Author Index
	Copyright
	Search
	Help
	Exit

