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Welcome 

CEA is a French government-funded technological research organization. 
Drawingon its excellence in fundamental research, its activities cover three main 
areas: Energy, Information and Health Technologies, and Defense and Security. 
As a prominent player in the European Research Area, with an internationally 
acknowledged level of expertise in its core competencies, CEA is involved in 
setting up collaborative projects with many partners around the world.  
 
Within CEA Technological Research Division, three institutes lead researches 
in order to increase the industrial competitiveness through technological 
innovation and transfers: the CEA-LETI, focused on microelectronics, information 
& healthcare technologies, the CEA-LIST dedicated to technologies for digital 
systems, and the CEA-LITEN devoted to new energy technologies. 
 
The CEA-LETI is focused on micro and nanotechnologies and their applications, 
from wireless devices and systems, to biology and healthcare or photonics. 
Nanoelectronics and Microsystems (MEMS) are at the core of its silicon activities. 
As a major player in the MINATEC innovation campus, CEA-LETI operates 8,000-
m² state-of-the-art clean rooms, on 24/7 mode, on 200mm and 300mm wafer 
standards. With 1,700 employees, CEA-LETI trains more than 240 Ph.D. students 
and hosts 200 assignees from partner companies. Strongly committed to the 
creation of value for the industry, CEA-LETI puts a strong emphasis on intellectual 
property and owns more than 1,880 patent families. For more information, visit 
http://www.leti.fr.  
 
Systems and Solutions Integration research activity is mainly devoted to 
Telecommunications, Internet of Things and Power Management areas. This 
activity includes architecture design of fixed or nomadic devices with embedded 
power management, sensors, data and information processing, RF 
communications and security functions. The R&D works are performed with 
academic or industrial partners with the strategic objective to improve the next 
generation of industrial products thanks to the integration of emerging 
nanotechnology techniques. Industrial partners range from SME to large 
international companies. Typical internal equipments are available to partnership 
R&D works such as RF Anechoic Chamber, Information Technology Security 
Evaluation Facility, Magnetometers Test Facility, Multidisciplinary Creative Team, 
Students Platform for Industrial Innovation and Technological Showroom. 
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Interview with Roland Blanpain, 
Head of Systems and Solutions Integration Division 
 
 
Dear reader, 
 
Two years ago, CEA-LETI decided to focus drastically on SMI/SME support for 
innovation and technological transfer. The objective was, when relevant, to enrich 
or to upgrade future industrial products with advanced electronic functions to 
boost industry. DSIS Division was created at CEA-LETI to coordinate this action in 
the field of Technologies for Information and Communication and Energy 
Management. 
 
Based on MINATEC Campus in the Laboratory for Electronics & Information 
Technology (CEA-LETI), the Systems and Solutions Integration Division is today 
offering a large spectrum of technological solutions to foster the industry 
competitiveness. To propose such innovative capabilities, relevant research 
projects have to be raised and achieved. This document will introduce you on 
basic technological bricks investigated in the DSIS Division, sometimes in 
collaboration with other Leti or CEA laboratories or with external partnership. 
 
Of course, a large part of research in Information and Communication 
technologies is devoted to new wireless transmission techniques. These works 
cover a large spectrum of our future daily life such as cellular networks, indoor 
communications, short range high data rate radio links but also contactless 
systems.  
 
A second key point is to provide technologies for miniaturized, efficient and smart 
sensors. This domain includes both conceptual physical approach and smart 
integrated interface chips in order to deliver solutions close to industrial 
requirements. 
 
Finally, the most emerging and promising works are dedicated to energy 
management, including improvement of global efficiency and environmental 
preserving aspects. Beyond the mandatory energy management for both the 
future electrical vehicle and the smart grid, this strategic area unveils new energy 
harvesting solutions for nomadic devices. 
 
Now, it is time to shift to the core of the different technologies developed inside 
the DSIS division and to hope that a large part of them will be integrated in our 
future daily applications. 
 
Roland Blanpain 

Interview 
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132 Permanent researchers, 
40 PhDs and Post-docs 

 

3 technical facilities:  

Anechoic chambers,  
Magnetometer test ground,  

and ITSEF. 
 

45 granted patents 

45 Book Chapters & journals 

135 conferences & workshops 

2 Locations: 
MINATEC campus (Grenoble) 

Centre Georges Charpak (Gardanne) 

 

24M€ budget 

85% funding from contracts 

2011 Key Figures 
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Scientific Activities 

Publications 
180 publications in 2011, including Top conferences like ICC, VTC, ISSCC, ISIT, 
and HOST. 
 

Prize and Awards 
Best Paper Award IARIA/COCORA’11 “Cyclostationarity detection of DVB-T 
signal: testbed and measurement” M. Gautier,M. Laugeois and Ph. Hostiou 
Best Paper Award IFIP/IEEE NTMS 2011: “Topology Dynamics and Network 
Architecture Performance in Wireless Body Sensor Networks ”, E. Ben Hamida, 
R. D’Errico, B. Denis 
Best Student paper Award SoftCOM’11 “On the Weakness of Contactless 
Systems under Relay Attacks” P-H. Thevenon, O. Savry, S. Tedjini 
Best Demonstration Award FuNeMS’11 FP7 European Ultra-WideBand (EUWB) 
project 
Celtic Excellence Award in Gold 2011: project WINNER+ for its outstanding 
performance and results  
 

Experts 
21 CEA experts: 1 international expert 
5 Researchers with habilitation qualification (to independently supervise 
doctoral candidates) 
 

Scientific Committees 
EuCAP 2011, - JNWC 2011, - PIMRC'11 – WNHC 2011, ICUWB 2011 – 
Euromicro DSD 2011, - Wireless VITAE 2011 - IEEE ICC 2011 - IEEE 
GLOBECOM 2011, IEEE VTC spring 2011- CROWNCOM 2011 – AICT 2011 – 
ERRT 2011 - COCORA 2011 - IEEE RFID 2011 - MEMSWAVE 2011 - IEEE 
ICUWB’11, - Journées Nationales Microondes 2011, EuCAP 2011. 
 

Conferences and Workshops organizations 
Physic 2011, International Workshop on Practical Hardware Innovations in 
Security Implementation and Characterisation.  
Convened session “Propagation Aspects in Body Area Networks” at EUCAP 2011 
Session on Flexible Digital Radio at Euromicro Conference on Digital System 
Design - Special session on Cognitive Radio and TV White Space Operations at 
Wireless VITAE 2011 
 

International Collaborations 
Institute for Infocomm Research (I²R), A*STAR (Singapour), University of 
Bologna (Italy), University of Surrey (GB), FhG (Germany), GFZ (Germany), 
DTU (Denmark), VTT (Finland), CSEM (Switzerland) 
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Adaptive Packet Error Rate Target for 

Energy Efficient Packet Delivery 

Research topics: Energy Efficiency, Link Adaptation, OFDMA 

E. Calvanese Strinati, R. Gupta 

ABSTRACT: Link adaptation mechanisms are viewed as one of the key techniques for 
increasing the diversity order, robustness and effectiveness of a wireless communication 

system. In this technical report, we present a novel algorithm in which we co-design 
Adaptive Modulation and Coding (AMC), Hybrid ARQ (HARQ) and power control in order to 
enhance the energy efficiency of packet delivery, while meeting the QoS constraints. 

Telecommunication has experienced tremendous 

success causing proliferation and demand for 

ubiquitous heterogeneous broadband mobile 

wireless communications. Up to now, innovation 

has targeted to improve wireless networks 

coverage and capacity while meeting the QoS for 

users admitted in the system. With this report, we 

aim to investigate how adaptive mechanisms can 

be exploited to improve the energy efficiency of 

wireless communications. Specifically, we focus on 

Adaptive Modulation and Coding (AMC), Hybrid 

Automatic Repeat Request (HARQ) and power 

control algorithm, in order to improve the energy 

efficiency of transmission. We propose to 

adaptively achieve the optimization tradeoff 

between power, spectral efficiency and delay, by 

adapting at each transmission attempt of a packet, 

the risk of unsuccessful packet delivery. QoS 

constraints of heterogeneous application services 

are taken into account in terms of residual packet 

error rate after a pre-fixed number of maximum 

retransmission attempts.  

We call the proposed algorithm Variable PER 
Adaptation. 

 
Fig. 1: Energy Efficiency gain(%) Vs UE Downlink traffic 

compared to PERtg = 10% for Residual PER, PERres = 0.01 

Fig. 1 shows the Energy Efficiency (EE) gain Vs UE 

downlink traffic compared to fixed Packet Error 

Rate (PER) target, PERtg = 10%. The residual PER, 

PERres for the application is 0.01. We plot the 

results of EE gain Vs User Equipment (UE)

downlink traffic for users with varying distance, D

from Base-Station (BS). We can see from fig. 1 

that the UE closer to the BS gains much more in 

terms of EE than the UE farther away from BS. 

The reason for this behavior is that whenever 

there is a better channel compared to the spectral 

efficiency requirement of the user based on

downlink traffic, we have more degrees of freedom 

to optimize the target packet error rate. Hence, 

the UEs which have better momentarily channel 

are more suited to gain from the variable PER 

adaptation. The EE gain for low load scenarios 

especially for UEs closer to the base-station can be 

as high as 20%. The EE for high load scenarios is 

very little due to the fact that high data rate 

requirement from the application limits the degree 

of freedom available to the algorithm to reduce 

power consumption.  

We also plot the gain in average number of 

retransmissions Vs UE downlink traffic for the two 

schemes in fig. 2. The variable PER adaptation 

increases the delay of packets, but, this delay is 

acceptable as long as its below the tolerance level 

desired by the application. The variable PER 

algorithm exploits the classical tradeoff between 

delay and energy consumption.  

 

Fig. 2: Average number of retransmissions gain(%) Vs UE 

downlink traffic for PERres = 0:05  

References: 
[1] E. Calvanese Strinati and R. Gupta, “Adaptive packet error rate target for energy efficient packet delivery”, 
EUSIPCO 2011, Barcelona, Spain. 
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Scheduled PEG construction of LDPC codes 

for Upper-Layer FEC 

Research Topics: Upper-Layer FEC, LDPC codes 

L. Pham Sy, V. Savin, D. Declercq (ENSEA), N. Pham (Eutelsat) 

ABSTRACT: The Progressive Edge Growth (PEG) algorithm is one of the most widely-used 
methods for constructing finite length Low Density Parity Check (LDPC) codes. In this work 

we introduce scheduling distributions for the PEG algorithm, and show that they can be 
optimized by genetic algorithms. As a result, we also exhibit Scheduled-PEG codes whose 
decoding overhead is less than half of the decoding overhead of their classical-PEG 
counterparts. 
 

Low Density Parity Check (LDPC) codes with belief 

propagation decoding have attracted an increased 

interest over the last decade, due to the fact that 

they can be optimized to perform very close to the 

channel capacity, for a broad class of channel 

models. However, this capacity approaching 

property holds in the asymptotic limit of the code 

length, and codes optimized from the asymptotic 

perspective may suffer significant performance 

degradation at practical lengths. This performance 

degradation is mainly due to short cycles that 

inevitably appear in the bipartite (Tanner) graph of 

a finite-length LDPC code.   

One of the most widely-used methods for 

constructing finite length codes is the Progressive 

Edge Growth (PEG) algorithm. It constructs 

bipartite graphs with large girth, by establishing 

edges progressively: the graph grows in an edge-

by-edge manner, optimizing each local girth. 

Consequently, there is an underlying edge order 

within the PEG, corresponding to the order in which 

edges are established in the graph. Although this 

order may significantly impact the performance of 

the constructed code, it is rather difficult to 

formalize and has practically not been investigated 

in the literature.  

In this work we consider the PEG algorithm 

together with a scheduling distribution, which will 

be referred to as scheduled-PEG or SPEG for short. 

Within the SPEG algorithm, symbol-nodes of the 

bipartite graph are divided into subsets, each 

subset containing symbol-nodes of same degree. 

Edges incident to the symbol-nodes of a subset are 

established in a degree-by-degree manner, before 

moving to the next subset. The scheduling 

distribution specifies the fraction of nodes within 

each subset. Our purpose is to find a scheduling 

distribution that gives the best performance in 

terms of decoding inefficiency (performance metric 

widely used for Upper-Layer FEC). 

We rigorously formulate this optimization problem, 

and we show that it can be addressed by using 

genetic optimization algorithms. The proposed 

Scheduled-PEG algorithm allows the enhancement 

of the classical PEG algorithm. By varying the 

scheduling distribution, one can explore the 

ensemble of LDPC codes with fixed code-length 

and degree distributions, which allows us to find 

codes with very small average decoding 

inefficiency. Figure 1 presents a comparison 

between the average inefficiency of LDPC codes 

constructed by using the SPEG algorithm and 

LDPC codes constructed by using the classical PEG 

algorithm. It can be seen that the SPEG algorithm 

significantly improves the decoding inefficiency, 

which quickly approaches a value of 1, 

corresponding to the performance of ideal 

Maximum Distance Separable (MDS) codes. 

 

 

Figure 1. Average decoding inefficiency of SPEG (blue curve) vs. 

PEG (red curve) LDPC codes. 

 

This work has been published in [1]. 

 

 

References: 
 
[1] L.S. Pham, V. Savin, D. Declercq, N. Pham, “Scheduled PEG construction of LDPC codes for Upper-Layer FEC”, 

International Workshop on Coding and Cryptography (WCC), Paris, France, April 2011. 
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Linear growing minimum distance of ultra-

sparse non-binary cluster-LDPC codes 

Research Topics: Non-binary LDPC codes, cluster codes 

V. Savin, D. Declercq (ENSEA) 

ABSTRACT: In this paper, we study the asymptotic minimum distance of non-binary cluster- 
Low Density Parity Check (LDPC) codes whose subjacent binary parity-check matrix is 

composed of localized density of ones, concentrated in clusters of bits. We derive a lower 
bound on the minimum distance of non-binary cluster-LDPC codes and we show that there 
exist ensembles of ultra-sparse codes whose minimum distance grows linearly with the 
code length. 

 
Low Density Parity Check (LDPC) codes over non-

binary alphabets have been first proposed by 

Gallager, by using modular arithmetic. In this work 

we consider a very general construction of non-

binary codes, which will be referred to as non-

binary cluster-LDPC (NB-cluster-LDPC) codes. Such 

codes are defined by locally dense parity-check 

matrices, with dense clusters of bits, but which are 

cluster-wise sparse. Each non-zero cluster is further 
assumed to be a full-rank (possible rectangular) 

submatrix. The case of square clusters corresponds 

to the family of non-binary LDPC codes defined 

over the general linear groups, while the case of 

rectangular clusters corresponds to the more 

general codes studied in this work.  

The case of codes for which the underlying 

bipartite (Tanner) graph is ultra-sparse, meaning

that each symbol node is of degree dv = 2, is of 

particular interest. First, very large girths can be 

obtained for Tanner graphs with dv = 2. It has also 

been pointed out that when the size of the non-

binary alphabet grows, best decoding thresholds 

are obtained for average density of edges closer 

and closer to dv = 2. Practically, for non-binary

codes over finite fields GF(q) with q ≥ 64, the best 
codes, both asymptotically and at finite lengths, 

are ultra-sparse codes. Despite those advantages, 

the ultra-sparse LDPC codes over general linear 

groups or finite fields suffer from a serious 

drawback, as their minimum distance is limited and 

grows at best logarithmically with code length. 

In this work, we show that the new class of NB-

cluster-LDPC codes does not suffer from the same 

limitations. Precisely, we show that the minimum 

distance of ultra-sparse cluster codes grows 

linearly with the code length, provided that the 

minimum distance of the component code, which 

defines the generalized parity-checks, is above the 

second eigenvalue of the bipartite graph. Using 

the Gilbert-Varshamov bound on the minimum 

distance and the Friedman theorem on the second 

eigenvalue of regular graphs, we show that there 

exist ensembles of ultra-sparse cluster codes with 

linear growing minimum distance.  

Although this result holds in the asymptotic limit 

of the code length, it gives some confidence that 

we can find NB-cluster-LDPC codes of moderate 

lengths with good minimum distance properties. 

In order to support this statement, we also 

present the minimum distance of several small 

length NB-cluster-LDPC codes, with rate 1/2, 

which were built following the above guidelines 

(namely, built from graphs with small second 

eigenvalue, with a proper choice of the component 

code). The minimum distance we obtain is not too 

far from the Gilbert-Varshamov bound, and in any 

case far better than in existing comparable binary 

or non-binary LDPC codes. 

 

 
Figure 1. Estimated minimum distance of NB-cluster-LDPC codes. 

Comparison with other codes and the Gilbert-Varshamov bound. 

 

This work has been published in [1]. 

References: 
 
[1] V. Savin, D. Declercq, “Linear growing minimum distance of ultra sparse non-binary cluster-LDPC codes”, IEEE 

International Symposium on Information Theory (ISIT), St-Petersburg, Russia, July 2011. 
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Green Communications: an Emerging 

Challenge for Mobile Broadband 

Research topics: Green Communications, Cellular Networks 

E. Calvanese Strinati, A. De Domenico, and L. Hérault   

ABSTRACT: Worldwide mobile broadband communication networks are increasingly 
contributing to global energy consumption. Here, we tackle the important issue of 

enhancing the energy efficiency of cellular networks without compromising coverage and 
users perceived Quality of Service. 

Up to now, innovation aimed at improving wireless 

networks coverage and capacity while meeting the 

QoS requested by users admitted to the system. 

An undesired consequence of the success of 

wireless communications is the growth of the 

network’s energy consumption that will cause an 

increase of the global carbon dioxide (CO2) 

emissions, and impose more and more challenging 

operational costs for operators.  

The enhancement of wireless communication 

Energy Efficiency (EE) can be achieved only if 

improvements are experienced in the whole 

communication chain for different operational load 

scenarios.  

Therefore, the FP7 EARTH project [1] (where CEA-

LETI actively participates in) aims to develop a 

holistic methodology to characterize the energy 

consumption of cellular networks including suitable 

metrics. This methodology is composed of three 

major investigation axes: 

• EE Optimization Methodology Framework 

• EE Design of Green Networks 

• EE Design of Green Radios 

 

 

Fig.1: Framework to enhance the EE of broadband cellular 

networks 

The first point is related to the fact that currently

there are neither suitable methodologies nor 

metrics established to enable a fair and objective 

comparison of energy efficient techniques for 

cellular networks.  

Thus, an important prerequisite for efforts to 

enhance the EE of cellular networks is to provide a 

framework to evaluate the potential benefits 

brought by innovative solutions. 

Network deployment and management solutions 

have been optimized for the high load system 

operating point [2]. Nevertheless, this approach is 

inefficient because systems are most of the time 

under loaded [3].   

On the other hand, innovative design of green 

radios would require innovation of the following 

three topics: 

• Reduction of dissipated power of base station 

hardware components. 

• Design of link interfaces and application of 

innovative radio transmission techniques. 

• Energy efficient RRM [3]. 

 

Fig.2: Green radio innovation axes 

Regarding the last item, solutions were highlighted 

in [3] based e.g. on the definition of a green 

adaptive scheduler allowing gain up to 30% with 

respect to energy efficiency.  

References: 
[1] Energy Aware Radio and neTworking tecHnologies European Community’s Seventh Framework  Programme, 
https://www.ict-earth.eu/. 
[2] A. De Domenico et al , ”Cognitive Strategies for Green Two-Tier Cellular Networks: A Critical Overview,” in 
Handbook on Green Information and Communication Systems, Wiley, 2012. 
[3] E. Calvanese Strinati, A. De Domenico and L. Hérault, “Green Communications: An Emerging challenge for 
Mobile Broadband Communication Networks”, Journal of Green Engineering, River Publishers 2011. 
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Ghost Femto Cells: A New Radio Resource 

Management Algorithm for OFDMA Based 

Research topics: Green Communications, Cellular Networks.  

F. Calvanese Strinati, A. De Domenico and A. Duda (LIG) 

ABSTRACT: Femtocell dense deployment scenarios set new challenges in terms of 
Interference and Radio Resource Management. Here we present a strategy to achieve 

effective spectral reuse between macro and femto cells while guaranteeing the QoS of 
users served by both macro and femto base stations. 

Femtocell networks have recently gained attention 

as a technical solution to offer uniform broadband 

service in indoor environment. Femto users 

experience larger coverage, high quality link, and 

prolonged battery life. However, such a novel 

architecture sets new challenges to interference 

mitigation techniques and radio resource 

management schemes. 

Most of the literature does not consider joint 

mitigation of femto-to-femto interference and 

femto-to-macro interference in co-channel 

femtocell deployment. Some authors consider 

static or orthogonal resource allocation amongst 

femtocells and macrocells to avoid cross-tier 

interference; however, this approach limits the 

cellular network capacity. 

Classically, designers tried to develop spectral 

efficient systems to enable heterogeneous 

networks to coexist in the same bandwidth. 

However, femtocells require a different paradigm 

because of two main reasons. First, femto users 

(F-UEs) can benefit from a high quality downlink 

signal due to the short range communication 

characterizing femtocell deployments. Second, only 

few UEs locally compete for a large amount of 

resource in a femtocell. Therefore, a femtocell 

benefits from a huge amount of transmission 

resources. 

Hence, we apply techniques based on modulation 

and coding scaling to trade-off energy for 

frequency resources [1]. In this way, we can 

reduce the downlink transmission power per RB 

that is required to obtain a target bit rate in 

femtocells and subsequently decrease the overall 

generated interference [2]. 

We evaluate the effectiveness of the proposed 

approach in different femtocell deployment 

scenarios based on the 3GPP/LTE specifications. 

Simulation results show how the proposed Ghost 

algorithm permits to notably improve the 

communication reliability for both user associated 

to the macro and femto cells. Furthermore, the 

downlink transmission power at femtocells can be 

significantly reduced. 

 

 

Fig.1: Average indoor Macro UE (M-UE) normalized throughput 

as a function of the power budget at each femto in different 

deployment scenarios 

 

 

Fig.2: Average H-UE throughput as a function of the power 

budget at each femto in different traffic scenarios 

 
References: 
[1] G. Miao, N. Himayat, and Y. Li, “Energy-efficient transmission in frequency-selective channels,” in IEEE Global 
Telecommunications Conference, November 2008, pp. 1–5.  
[2] E. Calvanese Strinati, A. De Domenico, and A. Duda,”Ghost femtocells: A novel radio resource management 
scheme for OFDMA based networks,” IEEE Wireless Communications and Networking Conference (WCNC 2011), 
pp.108-113, Cancun, Mexico, 28-31 March 2011. 
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Duplexer-less RF Front-End for LTE Pico-Cell  

using a Dual Polarization Antenna 

Research topics: Green Telecom – Antenna Design – RF Front-end 

S. Bories, L. Dussopt, A. Giry and C. Delaveaud 

ABSTRACT: A global optimization of the Tx front-end uses the opportunities offered at the 
antenna level to reduce the constraint on other components. It aims to improve the energy 

efficiency of the front-end in classical FDD architectures for LTE small cell applications. The 
key idea consists in eliminating the duplexer by using a dual polarization antenna.  

Reducing energy wastage and thus improving 

energy efficiency of mobile broadband 

communication systems is becoming a strong 

trend in wireless infrastructures. 

Standard RF front-end architectures for   

Frequency Division Duplexing communications are 

based on a 50 Ω reference impedance and make 

use of a duplexer to connect the Tx and Rx chains 

to the antenna(s), Fig. 1. While this approach 

allows the distinct optimization of each block of 

the system, significant efficiency losses are 

caused in the matching network and duplexer by 

the requirements on impedance matching and 

isolation. 

Typical state-of-the-art duplexers for small-cell 

base-stations, which are based on SAW or BAW 

technologies, exhibit isolation levels between Tx 

and Rx ports in excess of 50 dB. Insertion losses 

depend on the Tx and Rx frequency-bands 

separation and are typically in the range 2-3 dB. 

 

 

Fig. 1. Comparison between standard and proposed 

architectures with different places of the duplexing function 

The dedicated UpLink (UL)/DownLink (DL) antenna 

has two accesses: one for the Tx chain which 

covers only the DL frequency band (2110 – 2170 

MHz) with a vertical polarization and the second for 

the Rx chain which covers only the UL frequency 

band (1920 – 1980 MHz) with an horizontal 

polarization. 

The Dedicated UL/DL antenna presents a better 

impedance matching (|S11|<-15 dB) and a 

simulated isolation better than 45 dB on the more 

critical Rx frequency band, Fig. 2. 
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Fig. 2. Return Losses and isolation of the proposed antenna 

In conclusion, the use of this duplexing antenna is 

expected to avoid the use of a duplexer and 

significantly reduces the requirements on the Tx 

filter resulting in lower losses, Tab. 1. This 

approach will also enable the choice of specific 

reference impedance in the Tx chain leading to the 

best trade-off for the efficiency of the matching 

network, filter and antenna in accordance with 

optimized PA output impedance. 

 
TABLE 1. Loss for the different components and energy efficiency 

of the standard & proposed architectures 

 Standard Arch. Proposed Arch. 

Duplexer/Relaxed 

Filter Loss 

2 – 3 dB 0.5 dB 

Antenna Loss 0.5 – 1 dB 0.5 dB 

Total Loss 2.5 – 4 dB 1 dB 

Antenna Interface 

energy efficiency  

56 % – 40 % 80 % 

Reference: 
[1] Bories, S.; Dussopt, L.; Giry, A.; Delaveaud, C.; "Duplexer-less RF Front-end for LTE Pico-Cell using a Dual 
Polarization Antenna," Wireless Conference 2011 - Sustainable Wireless Technologies (European Wireless), 11th 
European , vol., no., pp.1-3, 27-29 April 2011 
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Distributed Turbo Coding Techniques with 

HARQ at relays for LTE-A 

Research topics: Turbo Codes, HARQ, cooperative transmissions 

A. De Domenico, L. Maret and D. Kténas 

ABSTRACT: In this study, several HARQ (Hybrid Automatic Repeat reQuest) schemes for 
cooperative networks are investigated, where relays take part in the retransmission 
process. In order to improve the communication robustness it is important to determine 
which node retransmits and also what is retransmitted. A novel approach is proposed based 
on the exploitation of the instantaneous mutual information knowledge at the receiver. 
 

Cellular networks are facing a constant growth of 

traffic due to an increasing number of subscribers 

and new services requiring high throughput 

(Internet and multimedia services). In order to 

face this issue, the ITU has launched the IMT-

advanced project to establish common 

specifications for 4G systems. In the LTE-Advanced 

Study Item, ways to extend LTE are being explored 

in order to reach very high data rates up to 1Gb/s 

and a spectral efficiency equal to 30 b/s/Hz in peak 

and 2.6b/s/Hz in average. Among these 

techniques, advanced relaying concepts that 

provide higher capacity on top of coverage are

investigated in order to offer ubiquitous user 

experience over the entire cell. 

As can be seen in the literature [1], retransmission 

comes from a relay whenever possible and 

cooperative HARQ techniques are based on quite 

simple methods, e.g. cyclic redundancy check 

(CRC) or CRC combined with SNR. In our work, a 

smart ACK/NACK feedback with additional 

information is exploited in order to efficiently select 

which agent(s) of the cooperation scheme has to 

retransmit when a packet decoding error is 

detected. Furthermore, advanced distributed turbo 

coding techniques [2] is evaluated, as well as their 

coupling with cooperative HARQ techniques, so as 

to improve transmission reliability within the entire 

cell. In order to select the node that retransmits, 

outage probability is computed to evaluate the 

quality of source/relay to destination links and 

estimate/predict if retransmissions will fail. 

Based on these considerations, several 

retransmission strategies are envisaged, trying for 

instance to increase the reliability of the received 

codeword at User Equipment (UE) in order to 

obtain better PER (Packet Error Rate). Performance 

of these algorithms is evaluated in [3]. The two 

most promising schemes are the following. In the 

first one (labelled “Retx both – partner info”), both 
nodes retransmit their complementary codeword. 

In such a way each of the two codewords, which 

construct the distributed turbo code, experience 

both the source -to-destination and the relay-to-

destination links. With this scheme, better 

performance is achieved due to the increased 

maximum diversity order experienced by the 

system. In the second one (labelled “Retx outage –

partner info”), it was decided based on channel 
outage detection which node(s) retransmits, relay 

R only, source S only or both R and S. In this 

case, the retransmitting node sends to the 

destination its partner codeword trying to increase 

the reliability of the turbo code and to improve the 

overall system performance through the spatial 

diversity. The former scheme achieves the lowest 

PER while the latter offers the best average coding 

rate and achieves the highest link throughput. 

 

 

Fig.1: Normalized throughput vs SNR (dB), asymmetric scenario 
In future investigations, the study will be extended 

to more complex scenarios, increasing the number 

of available relays and allowing turbo-code 

transmission directly at the source. 

References:  
[1] J. N. Laneman, G. W. Wornell, and D. N. C. Tse, “Cooperative diversity in wireless networks: Efficient protocols 
and outage behavior”, IEEE Transactions on Information Theory, vol. 50, no. 12, pp. 3062–3080, Dec. 2004.  
[2] M. Valenti and B. Zhao, “Distributed turbo codes: towards the capacity of the relay channel”, in IEEE 58th 
Vehicular Technology Conference, VTC 2003-Fall, pp. 322-326 Vol.1, 2003. 
[3] A. De Domenico, E. Calvanese Strinati, D. Kténas, “Distributed Turbo Coding Techniques with HARQ Relays for 
Future Mobile Networks”, Future Network & Mobile Summit, 15-17 June 2011, Varsaw, Poland.   



 19 

 

Mobility and density aware access method 

in wireless heterogeneous networks 

Research topics: Mobility models and estimation, MAC protocol, nodes density 

G. Corbellini, E. Calvanese Strinati, C. Abgrall (GIPSA-Lab) 

ABSTRACT: In heterogeneous wireless networks, channel access must be scheduled 
efficiently in order to avoid collisions and achieve acceptable quality of service (QoS) while 

preserving low energy consumption, despite mobility and dynamic density of devices. In 
this work a density and mobility aware access method for efficient forwarding is proposed 
to achieve these objectives. 

In the landscape of wireless communication 
networks, a new trend is emerging with the 
coexistence of numerous and heterogeneous 
wireless networks that compete for the same 
resources, while their traffic types may be quite 
different. For instance, LTE-A cellular network is 
designed for an average number of users with 
average to strict QoS constraints and high data 
load per user (HTTP, VoIP, NRT traffics). At the 
same time, it may coexist with femto-cells 
networks which include lower user density but 
possibly higher QoS constraints; and even with 
wireless sensor networks (WSN) and machine-to-
machine (M2M) networks. WSN and M2M networks 
are designed for interconnecting a plethora of 
devices (like sensor nodes), potentially deployed in 
harsh areas, with stringent energy constraints. 
Such devices exchange small packets with low data 
rate. These packets are forwarded by capillarity 
from or until a gateway device. 
Besides heterogeneity of entities, traffics or QoS 
constraints, such networks are facing another 
constraint which is the mobility of their nodes. 
Indeed the entities can move from one network to 
another (roaming, handover) or go out from 
service coverage. Mobility is an important issue 
since it may prevent a packet to reach its 
destination. Indeed the route can change or even 
disappear between the schedule instant when 
resources are allocated for a communication and 
the instant when data are transmitted to the 
destination, e.g. in multi-hop networks. 
Nevertheless, each entity (fixed or mobile) must be 
able to communicate or to be accessed, whatever 
its current position. Mobility management is then a 
crucial issue that should be addressed at all layers 
of the protocol stack (Fig.1 and [1]). 
In dynamic networks where entities and radio links 
may appear and disappear over time due to 
battery exhaustion, propagation conditions or 
network management operations, density and 
mobility are closely related. Indeed the local 
density changes between two close ‘snapshots’ of 
mobile node deployment. To address such an issue 
in heterogeneous networks, we propose a density- 

and mobility-aware access method for efficient 
forwarding in multi-hop dense wireless networks. 
We enhance our Density Aware-MAC (DA-MAC) 
protocol [2] by adding a mobility classifier that 
provides an estimation of mobility patterns used 
by mobile devices [1]. Some quality indicators are 
assessed to distinguish and select the most 
suitable mobility models. These estimations on 
mobility are then processed to compute local 
nodes density required by DA-MAC. Then, the DA-
MAC protocol tunes efficiently parameters for 
sensing phase to avoid collisions and reduce idle 
listening, which lower energy consumption. 

 

Fig. 1: Illustration of the protocol stack for most of devices in 
wireless networks, with consideration of cross-layer issues 
such as mobility management 
 

As can be seen in the previous paragraph, our 
proposal aims at handling load fluctuations and 
heterogeneous channel access requests. At the 
same time, it allows reducing latency and power 
consumption and improving packet delivery ratio, 
in comparison to other adaptive access methods 
proposed in the literature (B-MAC, SCP-MAC), 
even in case of highly congested networks.   
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Compact MIMO Antenna 

Research topics: Small antenna design, MIMO 

L. Rudant and C. Delaveaud 

ABSTRACT: Leti presented a compact multi antenna for MIMO applications. The key concept 
of this design is an heterogeneous combination of antennas. An electric-like PIFA and a 

magnetic-like notch can be co-located in a single volume without strong coupling despite 
complete overlap. 

 

Modern wireless networks have to meet the 

increasing needs in terms of throughput and 

reliability. Broadband communication and Multiple 

Input Multiple Output (MIMO) techniques are 

promising solutions. If multi-antenna are widely 

developed and used at base station and access 

point side, a key challenge is without a doubt the 

design of compact and wideband MIMO antennas 

for small terminals. 

Due to small size of modern terminals, 

multiantenna has to be integrated in restricted 

volume with respect to the wavelength. When 

space between antennas is too reduced, diversity 

must be achieved with an optimization of radiation 

i.e. pattern shape and electromagnetic field 

polarization. In addition to classical antenna 

miniaturization effects on radiation efficiency and 

bandwidth, multi-antenna performances is 

impacted by high coupling when antennas are very 

close. 

 

Figure 1: PIFA notch combination in compact multiantenna for 

MIMO applications 

Polarization diversity is commonly performed with 

linearly polarized radiating elements which are 

orthogonally oriented. Planar Inverted-F Antenna 

(PIFA) is electric-like radiating element and notch 

antenna is considered as magnetic-like radiating 

slot. The combination presented in Fig. 1 enables 

achieving complementary electric/magnetic 

diversity with a compact multi-antenna since both 

elements are quarter-wavelength resonators. One 

other advantage is that the two combined 

elements have collinear resonant lengths and 

multiantenna can fit a thin volume in the terminal. 

 

Figure 2: Compact MIMO antenna prototype for WiMax 

In [1], PIFA and notch antenna are combined 

within a compact 2-port MIMO antenna for 

broadband network applications. A prototype is 

presented in Fig.2 for WiMax in the 3.4 – 3.8 GHz 

frequency band. In Fig. 3, ports 1 and 2 are PIFA 

and notch antenna respectively. A low reflection 

coefficient is simultaneously reached at the two 

ports in WiMax band. The coupling between the 

two combined antennas in this bandwidth is low 

|Sij| < -20 dB. We obtain a quite good agreement 

between simulation and measurement. 
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Miniature Switchable Wideband Notch 

Antenna for Multistandard Terminals 

Research topics: miniature and reconfigurable antennas 

M.A.C. Niamien, L. Dussopt, C. Delaveaud. 

ABSTRACT: A miniature switchable wideband antenna covering multiple wireless radio 
standards from GSM (880-960 MHz) up to LTE (2500-2690 MHz) has been demonstrated 

with excellent matching and efficiency performances. The planar and miniature form factor 
makes it suitable for integration in thin hand-held smartphone terminals. 

 

 

Multistandard wireless terminals require miniature 

multiband antennas with the capability to handle 

multiple radio standards. This project addresses 

this issue with a miniature wideband antenna that 

integrates an active switch, in order to achieve a 

good mix between wideband antenna techniques to 

cover adjacent standard bands (e.g. cellular and 

WLAN standards in the 1.7-3 GHz band), and 

frequency-switching techniques to reach far-off 

standard bands (e.g. GSM-900 band at 880-

960 MHz). 

The structure of the antenna is derived from 

developments made around the quarter-wave 

antenna notch. It includes an active load at its 

open constituted of a switched discrete capacitance 

(Fig. 1). Depending on both states (ON, OFF) of 

the PIN diode switch, a resonant band is selected 

covering either the 880-960 MHz band (GSM-900) 

or the 1710-3300 MHz band (DCS-1800, IMT-

2000, LTE, WiFi-802.11b/g/n). 

The optimized antenna is 6 mm wide and has a slot 

length of 24 mm, which corresponds to λ/14 at the 
lowest frequency (880 MHz). The slot is etched in 

the ground plane and the microstrip elements are 

printed on the back-side of a 0.8 mm-thick FR4 (εr 
= 4.4, tanδε = 0.02) substrate. This planar 

configuration is expected to result in a smooth 

integration in modern ultra-thin terminals. 

Fig. 1. Schematic of the switchable notch antenna. 

The ground plane size is 110×50 mm2, which 

typically corresponds to the size of a smartphone. 

The experimental performance shows a good 

impedance matching (VSWR < 3:1) for both states 

(ON, OFF) over the frequency bands 880-960MHz 

(ON state) and 1710-3200MHz (OFF state). The 

relative bandwidth is 27% in the ON state covering 

the GSM band (880-960MHz) and 58% in the OFF 

state with the following standards covered: DCS-

1800 (1710-1880MHz), IMT-2000 (1885-2025MHz 

and 2010-2070MHz), Wi-Fi-802.11 b/g/n (2400-

2483MHz), and LTE (2500-2690MHz). Future 

developments may permit to reach an upper 

frequency of 3.6 GHz, which would enable to 

include the WiMax (3400-3600 MHz) standard. The 

antenna exhibits a total efficiency between 50% 

and 85% over these frequency bands. 

The compact size and good efficiency of this 

antenna element are of significant interest for the 

design of multi-antenna diversity systems in the 

terminal. Future works will focus on this point in 

order to build and estimate the expected diversity 

performances of dual-switchable notches 

integrated on the same board in various locations. 

 

  

0

-4

-8

-12

-16

-20

R
ef
le
ct
io
n
 (
d
B
)

0.5 1 1.5 2 2.5 3 3.5 4
Frequency (GHz)

ON state

OFF state

GSM 880-960 MHz

DCS/UMTS/WiFi/LTE

Meas. (ON)

Meas. (OFF)
Sim. (ON)

Sim. (OFF)

 

References: 
[1] M.A.C. Niamien, L. Dussopt, C. Delaveaud, “Miniature switchable wideband notch antenna for multistandard 
wireless terminals,” 6th European Conf. on Antennas and Propagation (EuCAP 2012), Prague, Czech Republic, 26-30 
March 2012. 
 



 22 



 23 

        

2 Cognitive Radio & 

TV White Spaces 

Reconfigurable Hardware 

Regulation & Standardization 

Antennas 



 24 

 

Regulation for Secondary Usage in the TV 

White Space 

Research topics: Cognitive Radio, TV White regulation 

Dominique Noguet, Vincent Berg, Matthieu Gautier 

ABSTRACT: TV Digital Switch Over resulted in new regulatory regimes, which offer the first 
large-scale opportunity for cognitive radio and networks. This study considers the most 
recent regulatory rules for TV White Space (TVWS) opportunistic usage, and provides high 
level requirements for TVWS operation.  

Cognitive radio (CR) has been a major research 

topic in the radio communication community since 

it was first introduced by Mitola in the early 2000s. 

CR capitalizes on the flexible radio concept by 

setting the configuration of a flexible radio 

according to sensing and decision-making 

capabilities. Unfortunately, large-scale deployment 

of CR in civil telecommunication systems was 

somewhat limited. This is mainly because its full 

benefits would require disruptive regulation rules, 

where spectrum resources would be allocated 

according to actual needs at a specific location in 

space and time, rather than ruled by fixed 

frequency assignments [1]. Therefore, first 

experimental over-the-air testbeds were restricted 

to the ISM bands and/or to the research 

community. In some countries, the so-called digital 

switch over (DSO) in TV bands has recently 

resulted in relaxed regulatory regimes, where 

unlicensed spectrum sharing is allowed, provided 

that non-harmful interference to incumbent 

systems is guaranteed. This move was first 

initiated in the USA, where the first proposed rules 

for the “Unlicensed Operation in the TV Broadcast 

Bands” were published as early as 2004, with the 

final set of rules in 2009 and an additional notice in 

2011. A similar trend is currently under way in 

other countries: for example, in the UK, Europe, 

and Australia. As a consequence, the unused TV 

spectrum, referred to as TV White Space (TVWS), 

has become one of the very first portions of the 

spectrum where the concepts of CR meet 

regulatory and actual deployment-driven 

requirement figures [2,3]. 

In all countries where TVWS opportunistic access is 

allowed or considered, the opportunistic system 

has to ensure that the target band is vacant of 

incumbent operation. In fact, the actual constraint 

is that no victim device (i.e., incumbent receiver) 

should be in the coverage area of the opportunistic 

system while using the same carrier frequency. 

The likelihood of interference is tied to the choice 

on parameter values, whether it is sensor 

sensitivity or positioning accuracy, and of course 

emission power levels. In any case, incumbent 

protection has to be traded against the inhibition 

of opportunistic access. The main values are 

recapped in table 1. 
 

Parameter FCC OFCOM Note 

Sensing sensitivity for DTT −114 dBm −120 dBm  

Sensing sensitivity for 

wireless microphones 

−114 dBm −126 dBm In 200 kHz 

bandwidth 

Fixed Device  Power in 

adjacent band 

Not 

allowed 

Not applicable  

FDP in non-adjacent band 

with geo-location capability 

30 dBm Not applicable FCC: 36 dBm 

EIRP with gain 

antenna 

Power for Porable Dev. in 

adjacent band  

16 dBm 4 dBm Gain antenna not 

allowed 

PPD in non-adjacent band 

with geo-location capability 

20 dBm 17 dBm Gain antenna not 

allowed 

PPD in non-adjacent band 

without geo-location 

17 dBm   

Out-of-band performance <55 dB <−46 dBm Relative to in-

band power  

(FCC) 

In-service monitoring 

period 

60 s 1 s  

Evacuation time 2 s Not specified  

 
Table 1: TVWS parameter values in the US (FCC) and the UK 

(OFCOM) 
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Non-Invasive Radiation Patterns 

Measurement of Small Antenna using Fiber 

Research topics: Antenna Measurement – RF-Optic Instrumentation 

S. Bories, G. Le Fur, L. Cannavo, C. Lach and C. Delaveaud 

ABSTRACT: The developed method is based on fiber-optic link connected to the antenna 
under test in order to measure the radiation pattern of electrically small antennas without 
any metallic cable effect.  

The experimental radiation characterization of 

electrically small antennas reveals significant 

effects of the RF measurement cable which can 

strongly disturb the antenna gain and radiation 

patterns for both polarization components. The 

system developed in [1] can accurately 

characterize radiation properties of compact 

antennas (narrow and wide band) in the 0.1-4 

GHz frequency band, Figure 1. The system a 

very simple use and is low cost, 

 

Fig 1. Measurement setup for the characterization of small 

antenna radiation properties 

The developed Fiber Optic Link (FOL) has a non-

linear behaviour and a quasi-constant output 

power level (about -12 dBm). Nevertheless its 

transfer function (between both RF ports) is 

stationary and very stable (offset smaller than 

0.2 dB on the UHF bandwidth) as regards moving 

measurements, plug/unplug operations and 

optical connectors small misalignment. This last 

point is crucial for the application (about 6 hour 

measurements) and for the comparative 

calibration method. The Optic-Electric (O/E) 

converter structure connected to antenna under 

test is small enough and is packaged with a 

plastic  material to limit its effect on antenna 

response.  

 

Fig 2. FOL E/O converter (left) and miniature and autonomous 

O/E converter (right) 

Figure 2 shows the developed optical receiver with 

a size of 42 x 20 x 23  mm3 mainly due to the 

battery dimensions and SMA male connector.

Figure 3 illustrates the benefit of the method by 

considering a miniature slot antenna designed for 

DVB mobile receiver application. Its size is 110 x 

50 mm (λ0/5.7 x λ0/13 at 473 MHz). 

On the left, Figure 3 presents the comparison 

between gain patterns measured with a cable and 

those obtained by simulation (no cable). The cable 

radiates the leakage currents and strongly disturbs 

both the gain patterns and the energy distribution 

on each polarization (x and co-pol at same level). 

On the right, the comparisons show good 

agreement (±1dB for the co-polarization) between 

simulation and FOL measurements results. 

 

Fig 3. Slot antenna Gain patterns (dBi) in xOy cut plane at 

473  MHz, comparison RF câble measurements/simulation (left) 

;comparison FOL measurements/simulation (right) 

 

Limitations of the proposed method are also 

addressed. For very low gain levels (at 473 MHz 

for the presented antenna, cross polarization level 

below -30 dBi) the 42 x 20 x 23 mm3 autonomous 

optical receiver is too large and alters the 

radiation of the antenna under test. In this latter 

case, and for a use at higher frequency, it is 

recommended to miniaturize the optical receiver 

whose size is mainly governed by the 6 hour 

autonomy of the battery. 
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Investigation of Magneto-Dielectric 

Conductive Thin Films as Substrate for 

Microstrip Antennas 
Research topics: miniature antenna, magneto-dielectric materials, thin film 

F. Grange, C. Delaveaud,  K. Madjoubhi (IETR) 

 

ABSTRACT: A study of the effect of a natural thin film magneto-dielectric material on 
microstrip antenna properties is described. Firstly, the radio-electric parameters of 
magneto-conductive thin films for a patch antenna substrate application are analytically 

determined. Then, the influence of material properties are studied on the performance of 
the antenna including the prospects for miniaturization. 

 

permeability and the expression of complex

permittivity was used. Using this model, the 

interaction between electromagnetic waves and 

materials has been studied to identify the suited 

antenna configuration. Microstrip patch antennas 

have been firstly selected with regard to the 

uniaxial anisotropic character of thin films. The 

characteristics of a patch antenna incorporating a 

thin film magnetodielectric conductive material 

have been thoroughly studied. A model was 

derived to estimate fundamental TEM mode 

resonant frequency (see fig. 2 for comparison with 

3D simulation results) and antenna radiation 

efficiency. 

 

Fig. 2 : Resonant frequency as a function of magnetic layer 

thickness for different material conductivities 
 

This work has highlighted some interesting 

perspectives in using thin film conductive 

magnetic material in UHF antenna structures. 

Some limitations were also identified and some 

guidelines were proposed to improve the material 

properties in a context of antenna miniaturization. 
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[3] F. Grange; C. Delaveaud; K. Mahdjoubi; “Modeling of Magnetic and Conductive Heterostructures for 
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RF devices, such as antennas, strongly depend on 

material development to achieve higher 

performance and integration. One area of 

importance for RF designers is magnetodielectric 

materials having both ε and µ larger than unity 
with low losses at high frequency. Magneto-

dielectric thin films are composite material with 

alternations of Titanate Strontium and 

Ferromagnetic (F) layers coupled to an Anti-

ferromagnetic (AF) layers. This material combines 

exchange coupled high-magnetization 

ferromagnetic thin films and SrTiO3 materials as 

dielectric lamination. Thin film heterostructures, 

so-called multiferroics, provide an outstanding 

opportunity for designing new materials with high 

permeability properties [1]. 

 

Fig. 1 : SEM view of a CoFe/NiMn/CoFe stack  
The purpose of this work is to investigate the 

potential of such magneto-dielectric thin films for 

UHF antenna applications. The large scale factor 

between the dimensions of the antenna working 

around 3 GHz (10 cm) and thin films thickness (25 

nm) leads to 3D simulation limits (mesh, 

computation time, memory). To overcome this 

problem, theoretical developments were carried 

out to evaluate the effective radio-electric 

parameters of the thin multilayer magnetic and 

conductive stacks. The AEMT method was extended 

to take into account the highly conductive 

magnetic layers. The contribution of eddy currents

was introduced in the calculation of the complex 
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IEEE Standardization Activities on Spectrum 

Sensing Interfaces in DYSPAN SC 

Interfaces  Research topics: Cognitive Radio, Dynamic Spectrum Access, Standardization 

IEEE DYSPAN P1900.6 working group including D. Noguet (CEA) 

ABSTRACT: Dynamic Spectrum Access Networks (DYSPAN) has gained interest over the 

past decade. One key step in the adoption of this technology resides in its standardisation, 
which is the main objective of the IEEE DYSPAN Standardization Committee (former 
SCC41). CEA has coordinated the first EU project on opportunistic radio (FP6-ORACLE [1]), 
from which concepts for a new working group on spectrum sensing interface have emerged. 
Sensing is an important element of cognitive radio systems, and a standardized interface 
enables to make the development of spectrum sensors independent of the evolution and 
development of wireless communication systems. It ensures the compatibly and 

coexistence of different sensors from various manufacturers that implement a variety of 
sensing techniques. This standard was filed in April 2011 as IEEE1900.6-2011. 

The FP6 ORACLE project has investigated enabling 

technologies for opportunistic radio (OR). The 

principle of an OR is that it will use portions of 

spectrum according to its actual occupancy, rather 

than based on pre-assignments from regulation. 

This is a fundamental shift in the way spectrum is 

managed compared to todays’ situation [1]. This 

dynamic management is used in DYSPANs.  

Spectrum sensing is one of several methods 

envisaged to assess spectrum occupancy. It can be 

identified as a specific module of an OR system. 

The sensing techniques can be independent of the 

evolution of wireless communication systems and 

can be designed independently to these systems. 

That was one of the key drivers to standardize an 

interface that would leverage sensor.  

To this aim some partners of ORACLE have 

approached IEEESCC41 (now IEEE DYSPAN) in 

2008 to open a new working group on “Spectrum 

Sensing Interfaces and Data Structures for

Dynamic Spectrum Access and Other Advanced 

Radio Communication”. 

IEEE 1900.6 standardizes the information 

exchange between spectrum sensors and their 

clients in advanced radio communication systems 

in a technology neutral way [2]. The logical 

interface and supporting data structures used for 

information exchange are defined abstractly 

without constraining the sensing technology, client 

design, or data link between sensors and their 

clients (figure 1). The standard was filed in 2011 

and CEA-LETI was one of the contributors. 

 

P1900.6 interfaces*

Sensor A

Cognitive Engine/

Data Archive

Sensor B

Cognitive Engine

*The client role can be taken by cognitive engine, sensor and data archive

CE/DA-S interface between Cognitive Engine or Data 

Archive and Sensor to exchange sensing information and 

sensing control information

S-S interface between Sensor and Sensor to exchange 

sensing information and sensing control information

CE-CE/DA interface between Cognitive Engine and 

Cognitive Engine or Data Archive to exchange sensing 

information and sensing control information

 

Figure 1: IEEE 1900.6 architecture definition 

 

IEEE 1900.6 logical entities rely upon platform 

services that are by intention not specified further 

by the standard. Instead, the standard specifies

the service access points as well as the data 

structures exchanged across these service access 

points. 

The working group filed the IEEE1900.6-2004 

standard in 2011. An amendment of this standard 

is currently carried out by the group under the 

P1900.6a project. The amendment aims at refining 

the standards to provide more guidelines to 

manufacturers. 
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Cyclostationarity Detection of DVB-T Signal: 

Testbed and Measurement 

Research topics: TV white space, cognitive radio, spectrum sensing 

M. Gautier, M. Laugeois (CEA) and P. Hostiou (Teamcast) 

ABSTRACT: Performance of terrestrial Digital Video Broadcasting (DVB-T) spectrum sensing 

testbed is investigated for cognitive radio applications. To this end, an implementation of a 
cyclostationarity detector is proposed as an efficient means for DVB-T signal detection 
under low Signal to Noise Ratio conditions. This study focuses on the design of a hardware 
testbed that performs cyclostationarity detection, and introduces a measurement campaign 
aiming at a realistic validation of the proposed solution. 

The performance of sensing algorithms is 
fundamental in establishing the opportunistic 
communication of a cognitive radio (CR) system. 
Many scenarios have been investigated in the 
context of CR network. The most likely to occur in 
the short term is the unlicensed usage of TV bands 
often referred to as the TV White Space (TVWS) 
scenario. This scenario relies on some restrictions 
which include high-sensitivity requirements for 
primary user detection. 
In Europe, the TV bands primary user is the DVB-T 
transmitters and cyclostationarity detector has 
been proposed as the most promising technique for 
DVB-T signal sensing. In [1], an efficient 
implementation of a detector was proposed by our 
team. The a priori knowledge of the DVB-T signal 
nature helps avoid the implementation of a large 
FFT operator as used in the state of the art 
architectures. 
This study [2] focuses on the design of a tesbed 

that implements this cyclostationarity detector for 

the TVWS scenario and provides measurement 

over realistic conditions.  

 

 

Figure 1: Ideal autocorrelation signal of an OFDM 
symbol burst 
 

A key characteristic that is exploited in the 
architecture design stems from the broadcast 
nature of the DVB-T signal. This means that 
detector sensitivity can be increased significantly
by very long integration time. This is a relevant 
feature since sensitivity requirements for primary 
user detection are very challenging (typically 
SNR=-10dB). The detector needs to consider a 
reference noise value which is independent of the 
signal presence. This task is undertaken during a 
calibration phase. 

When considering long integration time, the 
autocorrelation function used in the detector tends 
to a rectangular signal as depicted in Figure 1, the 
cyclic ratio being D/(N+D). In this case, the 
Fourier coefficients can be computed, and the 
decision variable can be expressed by the ratio of 
the sum harmonic power over the power 
estimation of the noise. 
 

 

Figure 2: Platform overview 
 

Figure 2 presents the testbed used to validate the 
detection of DVB-T signal. It consists of a 
modulator and a receiver that includes the 
detector. Detection and false alarm probability 
measurements have been performed for different 
received power levels of the primary signal (-
90dBm<Pin<-70dBm) [2]. The experimentation 
concluded that architecture and performance 
trade-offs are very dependent on the detection 
scenarios envisaged. Realistic performance target 
have been proposed for TVWS. 
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Filter Bank Multicarrier for TVWS Operations 

Research topics: TVWS, FBMC, Cognitive Radio, White Space, Filter Bank 

D. Noguet, M. Gautier, V. Berg  

ABSTRACT: Modulation schemes for the opportunistic radio in the TV white space (TVWS) 
are considered, showing the limitations of classical multi-carrier techniques and the 

advantages of Filter Bank multicarrier (FBMC) modulations. In particular, low adjacent 
band leakage and spectral efficiency of a CR operating in fragmented WS are highlighted. 

Orthogonal Frequency Division Multiplexing 

(OFDM)   has developed as one of the most 

adapted techniques for wireless communications. A 

relatively simple equalization and high spectral 

efficiency have been so far the main motivations 

for using OFDM when data is to be transmitted 

over a wireless multipath channel. Due to the 

narrowband subcarriers, the cyclic prefix in 

combination with channel coding, OFDM 

modulation techniques have led to very robust and 

reliable systems.  

The main shortcoming of OFDM originates from the 

large side-lobes due to the rectangular shaping of 

the temporal signal. TVWS regulation imposes 

severe out-of-band leakage constraints to 

guarantee non-interference to adjacent incumbent 

transmission. Therefore, OFDM-based 

opportunistic radio transmitters require either very 

complex transmit filters, or large frequency guard 

[1]. An alternative solution known as Filter Bank 

Multicarrier Communication techniques (FBMC) is 

analyzed. 

 

FBMC allows the control of the frequency response 

of each carrier by introducing a filter bank, 

centered on every active carrier and based on the 

same prototype response. The orthogonality of 

overlapping carriers is not preserved as for OFDM 

techniques and the symbol spans over more than 

one symbol duration. Instead, an offset-QAM 

(OQAM) transmitted at twice the symbol rate 

enables to mitigate the impact of inter-symbol 

and inter-carrier interference while keeping the 

same overall bandwidth. As no guard interval is 

required and frequency guard is reduced, FBMC 

provides also an improved spectral efficiency [2]. 

 

Figure 1: Power Spectral Density – CP-OFDM versus FBMC  

 

Another key advantage has been identified for 

FBMC in the TVWS fragmented spectrum context. 

The input of the IFFT can be fed with zeros at 

frequencies where incumbent users are present, 

while vacant subbands are used for transmission 

by the opportunistic radio. Adjacent channels 

rejection cannot be met without a very complex 

and programmable band-pass transmit filter in the 

CP-OFDM case, whereas FBMC would simply 

requires “switching on and off” the appropriate 

carriers at the transmitter. 
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UHF Reconfigurable Multi-Antenna 

Research topics: Small antenna design, Reconfigurable antenna 

L. Rudant and C. Delaveaud 

ABSTRACT: Leti designed reconfigurable notch antenna for integration in handheld 
terminals. UHF IV/V frequency range is covered with diversity capability. This 

reconfigurable multi-antenna is a potential solution for DVB reception or MIMO 
communication in low UHF frequencies at terminal level. 

 

 

UHF signal reception with a small handheld 

terminal is a tough challenge for antenna design 

due to decimeter wavelength in low frequency 

band. Nevertheless there is an increasing number 

of wireless services in sub-gigahertz frequency 

bands such as Digital Video Broadcast DVB and 

next-generation cellular. 

Notch antenna 1 

Notch antenna 2 

Reconfigurable capacitance 

Reconfigurable capacitance 

 

Figure 1: Reconfigurable notch antennas for UHF reception at

handheld terminal 

In recent years, Leti has been investigated 

frequency reconfigurable antenna. In Fig. 1 a 

prototype of dual notch antenna is proposed for 

integration in smartphone terminal. The resonant 

frequency of radiating notches can be changed by 

means of reconfigurable capacitances. 

Consequently the proposed antenna covers a wide 

frequency range in the UHF band with high 

radiation efficiency [1]. 

In Fig. 2 we present the antenna gain in the whole 

frequency range. The antenna performances are 

suitable with reference recommendations for DVB 

reception. 
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Figure 2: Antenna peak gain and recommendation for DVB 

reception at handheld reception 

Two notch antennas can be integrated in order to 

mitigate multipath propagation effects or for MIMO 

communications. Diversity performances have 

been evaluated in [2]. From Fig. 3, we can 

observe a better diversity gain than performances 

of classical space diversity within the terminal. 
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Figure 3: Diversity performances of UHF reconfigurable multi 

antenna (blue line is for 470MHz, red line is for 730 MHz) [2] 
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GPU Integration in Software Radio 

Research topics: GPGPU, OpenCL, Software Radio, SIMD parallelism 

P.-H. Horrein, C. Hennebert, F. Pétrot (Grenoble-INP) 

ABSTRACT: The use of GPGPU for software radio appears attractive but is very challenging. 
Offsetting data transfer duration and SIMD architecture control are necessary to benefit 
from the large computing power available. Our study focuses on the data computing 
parallelization for complete radio operations based on a centralized architecture. 

Graphics Processing Units (GPU) are conventionally 

used by graphic boards to execute identical 

operations on a large quantity of pixels. Recently, 

the emergence of GPGPU (General Purpose 

Graphical Processor Unit) offers an architecture for 

non graphical applications. Simultaneously, an 

environment such as OpenCL, designed to manage 

heterogeneous computing units from the same 

host, opens up a novel opportunity for applying 

GPU to software radio [1]. 

 

A new approach [2], suggests a kernel that 

includes complex functions of wireless radio. 

Several radio functions with different data 

dependencies are studied: 

- mapping function (independency of the data), 

- FFT operation (operation on data vectors), 

- IIR filtering (temporal link between the data). 

Instead of optimizing each operation for a GPU, a 

big kernel executes the whole function for a large 

amount of data. The results are encouraging as 

they give a significant throughput gain (Fig. 1). 

 

 

Figure 1: Results for a FFT 1024 pts with threshold topt as a 

varying parameter 

The GPU blocks should be correctly scheduled to 

get the most out of the GPU computing power. 

The proposed scheduling runs on a continous data 

flow and is typical of radio applications. An optimal 

threshold is noticed: the number of parallel data 

blocks to execute. But latency is quite significant 

and may actually be restrained for real-time 

application. 

Two implementation strategies are envisaged: the 

first one is distributed (Fig. 2) and offers flexibility 

for data management, but suffers of long memory 

data transfer. The second one is centralized (Fig. 

3) in order to reduce the memory data transfer 

and is best suited to GPU architecture. It leads to 

conclusive results as the throughput can be 

multiplicated by four compared to a GPP use. 
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Figure 2: Distributed implementation scheme 
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Figure 3: Centralized management scheme 

 

The GPU is an option to study for very high 

throughput radio applications. For low 

communication rates, the GPU is not perceptive. 

The SoC processors with an integrated GPU (ARM 

Mali-400 for example) dedicated to the embedded 

domain should be considered in the future to 

improve the performance of radio systems.  

References: 
[1] Pierre-Henri Horrein, Christine Hennebert, Frédéric Pétrot, “Adapting a SDR environment to GPU architectures”, 
SDR’2011 -WinnComm, Wireless Innovation Forum European Conference on Communications Technologies and 
Software Defined Radio, 22-24 June 2011, Brussel, Belgium. 
[2] Pierre-Henri Horrein, Christine Hennebert, Frédéric Pétrot, “Integration of GPU computing in a SDR 
environment”, Journal of Signal Processing Systems, Springer, December 2011, DOI 10.1007/s11265-011-0639-1. 



 32 

 

A common operator for FFT and FEC 

decoding 

Research topics: Flexible architectures, Parameterization, FFT, FEC decoding. 

M. Naoues, D. Noguet (Y. Louët, K. Grati, A. Ghazel) 

ABSTRACT: In the Software Radio context, reconfiguration is becoming an important topic, 
in particular when it comes to multi-standard designs. The present research project 

capitalizes on the Common Operator (CO) technique to propose a number of 
reconfiguration-supporting architectures for the FFT and FEC decoding algorithms. 

 

In the last few years, a proliferation of 

communication standards has substantially 

increased the need of flexibility for mobile radios. 

The present research project addresses the 

thematic area of reconfigurability, identifying the 

main functional requirements and proposing a 

number of reconfigurable architectures based on 

the Common Operator technique (CO) [1]. 

The Common Operator technique is a 

parameterization approach that can be considered 

to build a generic modem capable of supporting a 

large range of communication standards. The main 

principle of the common operator technique is to 

identify common elements based on smaller 

structures that could be heavily reused across 

functions. This technique aims at designing a 

scalable terminal based on medium granularity 

operators, larger than basic logic cells and smaller 

than functions. Similarly to flip flop or logic gate, a 

common operator is used regardless of the 

function executed. The implementation result is 

expected to be more flexible and scalable to a wide 

range of standards. 

The present work deals with the pooling of two 

types of widely used algorithms in wireless 

communication systems: FEC decoding and Fast 

Fourier Transform (FFT) algorithms. A set of 

reconfigurable cells that can be reused across 

these algorithms are proposed [2,3]. 

In [1] the commonalities between the FFT and FEC 

decoding algorithms are investigated. Then the 

similarity between the algorithms are exploited to 

start by defining an operator for Reed-Solomon 

(RS) decoding based on a FFT butterfly over 

GF(q=2m) Galois field (Fig.1). 

Then, in [2,3] two operators for the FFT/Viterbi 

computation are defined by exploiting similarities 

between FFT butterflies and trellis decoding 

structures used in the Viterbi algorithms (Fig.2). 

 

Fig. 1. FFT/RS butterfly Common Operator 

 

The key benefit of the proposed COs is the 

regularity of the global architecture, making the 

design open to future function mapping and 

adapted to accommodated silicon technology 

variability. In addition, the gain in flexibility is 

done at no overhead cost since the complexity is 

even decreased in some configurations [1,3]. 
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Fig. 2. FFT/Viterbi Common Operator 

 

Future work consists on implementing FFT/Viterbi 

algorithms based on COs. This implementation 

uses a flexible processor-based architecture to 

support an efficient resource sharing between the 

two algorithms. 
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An Environment for Reconfiguration 

Management of Flexible Radio Platforms 

Research topics: Flexible radio, Reconfiguration, HW/SW co-design, Cross-Layer  

P.-H. Horrein, C. Hennebert, F. Pétrot (INP-Grenoble) 

ABSTRACT: In recent years, several hybrid radio platforms have been proposed in the 
literature. However, the configuration of the heterogeneous elements of the radio chain still 
remains an issue. The Flexible Radio Kernel (FRK) is introduced to manage platform 
reconfiguration for multi-mode, multi-standard operation, with different levels of 
abstraction. It consists on a configuration and execution environment for hybrid 

hardware/software flexible radio platform. 

The emergence of wireless technologies in many 

communication scenarios (PAN, LAN, WAN) leads 

to the co-existence of several wireless standards in 

a single device. Simultaneously, power 

consumption becomes a major issue in devices 

design with the increased demand of mobility. 

Flexible radio tries to address these challenges by 

offering reconfigurable radio systems. Some FPGA-

based flexible radio platforms can be modified 

while they are not in operation. They are statically 

reconfigurable. Other solutions called “Software 

Defined Radio” are based on processors only.  

The flexibility is not only achieved through a 

flexible platform. It also requires a flexible 

environment that can offer great improvement for 

the upper layers. 

FRK aims to define a flexible radio execution and 

reconfiguration environment, able to stand real-

time constraints, with support for physical layer 

and MAC layer, and with unified interfaces. The 

FRK environment must natively support 

reconfigurable hardware platforms. It is based on 

software layers defined to provide control over the 

platform at all the development levels. 

As shown on Figure 1, these layers are additions to 

a classical kernel designed to handle flexibility. The 

Radio Hardware Abstraction Layer (R-HAL) acts as 

an interface between the operation implementation 

and the upper layers. It manages the 

reconfiguration and the control of the physical 

resource allocation. It also manages conversion of 

a unified application representation, called the 

waveform, into a platform state. 

The Protocol Layer (PL) acts as a networking 

standard scheduler. It stores all implemented MAC 

layers, controls their activation, and ensures the 

cooperation between the different MAC layers. 

 

 

Figure 1: Flexible Radio Kernel architecture 

 

Application representation is done using a 

waveform representation. The translation 

operation works in two distinct modes: the first 

one aims to build the waveform, as the second 

one is used at runtime in order to reconfigure a 

given Configuration Instance (CI). 

Given a platform supporting multiple radio 

operation, FRK is made compatible thanks to the 

OPM development. Executing a standard implies 

the creation of several structures registered in the 

system. The tasks defined by the MAC layer are 

added in the system scheduler. When the PHY 

layer requests a communication, the MAC layer 

takes tasks in the FRK scheduler. These tasks are 

then achieved according their priority and their 

characteristics. FRK is still under development with 

encouraging first results. Practical use cases on 

real platforms should be run in a near future. 
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A Sub-gigahertz UWB Positioning System 

with Automatic Network Configuration 

Research topics: Ultra wide Band, Localization 

Christophe Villien, Nicolas Deparis, Serge Bories, Norbert Daniele, David Lachartre 

ABSTRACT: This paper presents a full 2-D positioning system based on sub-gigahertz ultra-
wideband (UWB) radio, which does not rely on a pre-existing infrastructure and is intended 

for emergency scenario. Measurements have shown a 2-D positioning accuracy of 25 cm, a 
range of 85m and the system has been successfully tested in an underground parking with 
coverage of 1000 m². 

 

One of the most appealing features of UWB 

technology is the ability to perform accurate 

ranging measurements. Because the allowed 

output power is very limited, UWB is well suited for 

short range applications which do not exceed a few 

meters. Many short range positioning systems 

have been reported with typical accuracies of a few 

centimetres. However, there are some applications 

that require medium range (50-100m), high 

accuracy and indoor availability which are 

addressed properly neither by the short range 

positioning systems aforementioned nor by global 

positioning system (GPS) since it is limited to 

outdoor and exhibits a positioning error which is of 

the order of several meters. For instance, there is 

a great interest of monitoring and tracking first 

responders while they intervene in confined spaces 

in order to increase their security and 

effectiveness. Moreover, in such a scenario the 

positioning system cannot rely on existing 

infrastructure; in particular relative positions of the 

reference beacons are not known and must be 

determined by the system itself, whereas the 

constraint on power consumption is relaxed since 

the operating time of the system does not exceed 

a couple of hours.  

 

Figure 1. The UWB module 

Our solution is based on coherent integration of 

very long sequences of pulses to reach the 

required processing gain. The received signal is 

quantified on a single bit at Nyquist frequency in 

order to keep the receiver complexity as low as 

possible.  

We have demonstrated that, for low SNR, the 

processing gain of the integration process of 1-bit 

signals is close to the gain of an optimal 

integration with only 2dB losses. 

All modules of the system are based on the same 

hardware platform which is illustrated on Figure 1. 

Only slight software differences exist between the 

coordinator and the others beacons.  

A measurement campaign has been conducted to 

test the whole positioning system in a 100 m² 

office at CEA Grenoble, France. The root mean 

square error between the position calculated by 

the system and the reference trajectory is about 

26 cm for this experiment (Figure 2) 

 

Figure 2. Results of the measurement campaign 

This system can refresh positions of up to eight 

beacons four times per second and does not rely 

on existing infrastructure. It also features medium 

range capabilities (85 m) based on coherent 

integration of very long sequences of UWB pulses 

(up to 65k pulses). Some tests have been 

conducted showing an accuracy of about 25 cm 

and coverage of 1000 m². 
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Pedestrian Navigation Fusing Impulse Radio 

Handsets and Ankle-Mounted Inertial Units 

Research topics: Hybrid Data Fusion, Inertial Sensors, Navigation, Radiolocation  

J. Youssef, B. Denis, C. Godin and S. Lesecq 

ABSTRACT: The pedestrian navigation problem is herein addressed by loosely coupling an 
impulse radio – ultra wideband handset with an ankle-mounted inertial sensor. To this aim, 

a tracking filter is designed to cope with the two non-collocated and asynchronous building 
sub-systems. Real indoor experiments illustrate the benefits achieved from adaptive fusion 
strategies (depending on the local geometrical and/or radio conditions), while providing 
interesting perspectives in terms of parsimonious low-cost hybridization.  

Despite unprecedented time resolution capabilities, 

Impulse Radio – Ultra Wideband (IR-UWB) 

tracking systems still hardly guarantee sub-metric 

precisions under generalized Non-line Of Sight 

(NLOS) conditions, typical in practical indoor 

environments. Radiolocation solutions operating in 

harsh radio environments can hence benefit from 

dual means such as Inertial Measurement Units 

(IMU). In this context, we address in [1] the 

indoor pedestrian tracking problem by loosely 

coupling an IR-UWB handset transmitter with a 

shoe-mounted IMU embedding a 3-axis 

Accelerometer and a 3-axis Gyroscope (3A3G). A 

dedicated Extended Kalman Filter (EKF) was 

designed to optimally hybridize the radio and 

inertial modalities, while coping with specific 

system architectural constraints (i.e operating with 

non-collocated and asynchronous sub-systems). 

Our formulation integrates UWB Time of Arrival 

(TOA) measurements adapted to low complexity 

energy detection receivers [2] into low-dimension 

filter observations, defined as Combined Times 

Difference Of Arrival (CTDOA) [3]. Besides, a TOA 

quality indicator was also defined, as a function of 

the instantaneous Signal to Noise Ratio (SNR) at 

the receiver. While reducing the filter complexity, 

the proposed solution enables to remove outlier 

measurements or to dynamically adapt the 

observation covariance without reconfiguring the 

whole tracking filter structure or omitting relevant 

information. Regarding the IMU, one benefit lies in 

the particular IMU placement that helps identify 

stance phases and to mitigate the drift that usually 

impacts the estimated velocity. The resulting 

pedestrian heading and average body velocity 

finally feed the tracking filter to control state 

predictions. Real indoor experiments (See Fig. 1) 

were carried out to evaluate this fusion scheme 

and to illustrate the complementarities of the two 

sub-systems (See Fig. 2). It was particularly 

shown that the IMU sub-system can assist IR-UWB 

in generalized NLOS situations and/or in penalizing 

locations where degraded geometrical 

configurations would be experienced with respect to 

the receivers (e.g. room B on Fig. 1). 

 

Fig.1: Experimental navigation scenario - Pedestrian equipped with 

an IR-UWB transmitter handset and an ankle-mounted 3A3G IMU 

(a); Real 100m-long trajectory and indoor layout, with 4 receivers 

(BSs) in Room A. 

Overall, coupling both systems enables reliable and 

robust tracking with uniform spatial quality of the 

location service. But the results also disclose new 

perspectives in favor of parsimonious fusion 

schemes to save energy/complexity at the price of 

slight performance degradations. The idea consists 

in switching on-demand from one standalone sub-

system into the fusion-oriented scheme, depending 

on the operating conditions (i.e. NLOS/LOS or 

poor/favorable geometric dilution of precision). 

Future works concern cooperation between inertial-

enabled mobile terminals, aiming at enhanced 

group navigation experiences.  

 

Fig.2 Average location error for various tracking options: UWB 

(Deep blue), UWB with adaptive observation covariance (Blue) and 

outliers removal (Green), IMU (Orange), Fusion UWB/IMU (Brown) 
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UWB Backscattering System for Passive RFID 

Tag Ranging and Tracking 

Research topics: Ultra Wideband (UWB), Radio Frequency Identification (RFID)  

V. Heiries, K. Belmkaddem, F. Dehmas, B. Denis, L. Ouvry, R. D'Errico 

 

ABSTRACT: In this study, a performance evaluation of passive Ultra WideBand (UWB) radio-
frequency identification (RFID) system has been carried out.  The main focus was on 
ranging and tracking of the passive tags. For that purpose, a UWB channel model, derived 
from antenna backscattering measurements, has been proposed to investigate the time of 

arrival (TOA) estimation and position accuracy in UWB passive RFID. 

RFID technology provides real-time identification 

for several applications including logistics, supply 

and retail chain management, access control and 

vehicle security. One of the new important 

requirements for this technology is the accurate 

localization at the submeter level, which cannot be 

achieved by the standard continuous wave oriented 

communication in the ultra-high frequency (UHF) 

band, because of the intrinsic limitation of narrow 

band signals. Recently it has been shown that 

impulse Ultra Wide Band (UWB) is a very promising 

technique which could meet the stringent 

requirements of passive tag localization in terms of 

accuracy [1]. UWB passive RFID schemes could 

provide the typical accuracy of UWB real time 

location systems (RTLS) by employing a very 

simple tag, which implements the backscattering 

modulation instead of using a complete UWB

transmitter. Nevertheless, a performance analysis 

of the ranging capabilities and the location 

accuracy in passive RFID has to take into account 

the backscattering channel properties as well as 

the hardware system constraints. 

 

Figure 1: Backscattering measurement setup (left), measured 

antenna response (right) 

It is well known that antenna backscattering is 

composed of two components, i.e. the structure

and mode of the antenna. The first one is related 

to the antenna as an object, which has a given 

radar signature due to its shape, dimensions and 

material. The second one depends on the antenna 

radiation properties and the load on antenna port. 

UWB passive RFID schemes are based on the load 

modulation between the open and short circuit 

condition, which allows the extraction of the 

antenna mode and the suppression of the 

structural one together with clutter from 

surrounding environments.  

The backscattering properties of different 

antennas have been measured in anechoic 

chamber at CEA-LETI.  In Fig. 1 we show the 

measurement setup and an example of antenna 

response, showing the sign inversion of the 

backscattered pulse. 

 

Figure 2: 2D positioning estimation simulation result 

A tracking performance analysis was carried out 

by employing a hybrid channel model which 

combines antenna backscattering measurements 

and dynamic IEEE compliant channel [2]. The 

Time of Arrival (TOA) estimation was based on the 

architecture of a realistic receiver and performed 

by means of Serial Backward Search for Multiple 

Cluster and threshold comparison combination. 

Results show that TOA error quickly increases 

starting from 11 m, because of the poor link 

budget in passive schemes. The derived TOA 

model was used to evaluate the performance of 

the Kalman filter in tracking algorithms. It has 

been shown that a four readers grid in a 10 meter 

squares room allows a submeter accuracy in 

tracking of UWB passive tag (Fig. 2). 

In the framework of the European FP7 project 

SELECT, CEA-LETI is now working on the 

development of passive or semi-passive UWB-UHF 

RFID systems. Further works will focus on the 

propagation modelling and HW implementation.  
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Anchor-less Tracking and Room Dimensions 

Estimation through IR-UWB Communications 

Research topics:  Indoor Mapping, Radiolocation, Wireless Sensor Networks 

V. La Tosa, B. Denis and B. Uguen (IETR) 

 

ABSTRACT: We propose to jointly perform node location tracking and indoor mapping in a 
mobile ad hoc context, based on peer-to-peer impulse radio links. The arrival times of 
significant multipath components are estimated at low complexity energy-based receivers 
and mapped onto a single-bounce reflection model to retrieve the nodes coordinates and 
the room dimensions through filtering. Despite promising simulation results in the steady-

state tracking regime, structural geometrical ambiguities are pointed out in such single-link 
cases, thus opening the floor to new research investigations on cooperative mapping. 

Emerging applications such as context-aware 
network optimization, self-reconfigurable Hi-Fi, 
augmented reality for gaming or assisted 
navigation, would require simultaneous Low Data 
Rate (LDR) communications, self-localization and 
environment mapping capabilities within 
opportunistic Wireless Sensor Networks (WSN). 
In this context, as an alternative to specific 
mono-static radar or costly infrastructure-based 
imaging solutions using multiple antennas, 
previous works in [1-2], based on the Impulse 
Radio Ultra Wideband (IR-UWB) technology, 
aimed at joint static positioning and room 
dimensions estimation through single-link 
communications. Considering a deterministic 
propagation model, multipath echoes resolved at 
the receiver were “interpreted” through cross-
correlations to determine their Times Of Arrival 
(TOA) and angles (i.e. arrival, departure and 
incidence to reflecting walls). Following a 
Maximum Averaged Likelihood (MAL) approach in 
a path-by-path estimation tree, nodes 
coordinates and room dimensions were finally 
estimated through non-linear optimization. One 
step further, a novel approach was recently 
proposed in [3] aiming at alleviating complexity 
and coping with mobility. Coarser energy-based 
TOA estimates are still associated with direct and 
single-bounce reflected paths (Fig. 1) but 
provided as observations into a multi-hypothesis 
Extended Kalman Filter (EKF). In comparison with 
[1-2], computational and hardware capabilities 
are significantly relaxed on the radio device side, 
assuming a simple Energy Detection (ED) 
receiver. Further system constraints are also set 
to partly comply with the LDR IEEE 802.15.4a 
standard, which covers ranging-enabled, low-cost 
and low-power IR-UWB applications. Mobility 
shall enable to compensate for losses in the 
received signal dynamics, by providing 
measurements on spatial correlation and 
redundancy. In the EKF, multiple hypotheses are 
then tested to handle a continuous data 
association between the measured TOA and the a 
priori model that accounts for wall reflections.       

 

Fig.1: Single-bounce multipath reflection model for 2 nodes

communicating over line of sight links in a rectangular room with 

arbitrary prior wall numbering  

Based on realistic Ray-Tracing channel simulations, 

promising (though non-definitive) simulation results 

could be obtained in a steady-state tracking regime, 

under unbiased TOA measurements and well-

differentiated walking speeds. The error on nodes 

coordinates (Fig. 2) is in the order of that achieved 

with classical anchor-based approaches and room 

dimensions are estimated within a few percents of 

their nominal values. However, adversely combined 

Tx/Rx and mirror ambiguities, inherent to the single-

link context, were also pointed out, emphasizing the 

need for cooperation between more than two nodes. 

 

Fig.2: Empirical probability density of estimated Tx (left) and Rx 

(right) normalized nodes coordinates in a 6mx5m room (True 

values, red squares/Mirror values, yellow triangles) 

 
Current extensions to this work comprise cooperative References: 
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An Adaptive TDMA MAC for BAN Using a 

Space-time Dependent Channel Model 

Research topics: Body Area Network, Low Power Consumption, MAC Protocol, Relay.  

M. Maman, L. Ouvry 

ABSTRACT: Wireless communications for body area network (BAN) applications require an 
adaptive, dynamic and flexible medium access control (MAC) to cope with a variety of 
application requirements. As body posture highly affects the performance of MAC protocols, 

we evaluate the benefits of relaying purpose to reinforce links. We propose a BAN Adaptive 
TDMA MAC (BATMAC) which automatically detects the shadowing effect and adjusts its 
communication protocols and the parameters of the IEEE 802.15.4 superframe. 

In BANs, shadowing effects caused by the body 

itself and changing with the body movements are 

highly dependent on the actual location of the  

communicating devices on the body (space  

dependency) and on the instantaneous body 

posture during movements (time dependency). 

This study focuses on a BAN Adaptive TDMA MAC 

(BATMAC) which automatically detects the 

shadowing effect and adjusts its communication 

protocols. The proposed Super Frame (SF) 

structure has to be flexible and efficient enough to 

mitigate the fading effect and to be best suited to 

monitoring application (e.g. health oriented) with 

various QoS requirements. The SF format is an 

adaptation of the IEEE 802.15.4 SF and has 

features from the one proposed by the 

IEEE802.15.6 Working Group (Figure 1). 
 

 
 

Figure 1: BATMAC SuperFrame Structure 

Each device listens to the Beacon Period and uses 

the channel reciprocity. The first beacon reception 

will define the instantaneous reliability of a link. If 

a device receives the beacon from the coordinator, 

it will send back an ACK to the coordinator 

indicating the direct transmission of the monitoring 

packet. After the reception of this ACK, the 

coordinator will update its list of monitoring slots to 

listen. If a device receives the beacon from a relay, 

it will send back an ACK to this relay indicating the 

need for this relay to listen and to aggregate its 

monitoring data in its own monitoring packet. 

Thanks to the Indicator Period of BATMAC, the 

coordinator and relays learn the relaying procedure 

themselves. Thus, BATMAC automatically manages 

the relaying procedure depending on the 

shadowing condition. BATMAC is highly reactive to 

channel changes without introducing any additional 

latency i.e. potential relays do not have to wait 

before being able to relay. 

Based on the fact that the coordinator knows from 

which devices the data transmission in the 

Monitoring Period succeeded or failed, Advanced 

BATMAC may improve the performance by learning 

methods including prediction criteria on the link 

behaviour. It can analyze the PER statistics and 

decide to force some additional relays. 

As already presented in [1], MAC simulations are 

performed with a joint mobility and channel model. 

Figure 2 shows the mean outage probability on 

latency i.e. the probability that the tolerated 

latency is not respected. 

 

Figure 2: Mean outage probability on the latency as a function of 

the SF size for different MAC strategies 

BATMAC automatically mitigates shadowing effect 

thanks to relaying for human monitoring 

applications. Beacon provides a set of tool to 

schedule relaying toward the different device that 

will need it without signalling protocol for each 

relay assignment as proposed in IEEE802.15.6 

standard. From the BAN perspective, many 

interesting properties have been pointed out such 

as the effect of the transmitted power, the relay 

selection and the potential improvements in terms 

of packet error rate. The effect of the SF size on 

the redundancy and the latency have also been 

analyzed, showing the superiority of the proposed 

BATMAC, at the expense of a reasonable increase 

in the power consumption of the nodes elected as 

relays. 
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A Performance Evaluation of Cooperative 

Schemes for On-Body Area Networks  

Research topics: Body Area Networks, MAC Protocols, Relaying, Reliability. 

R. D’Errico, R. Rosini, M. Maman 

ABSTRACT: The evaluation of cooperative approaches in Body Area Networks needs to take 
into account the channels, related to the different on-body nodes, change during the human 

movement. For this purpose, the radio channel results of an extensive full mesh BAN 
measurement campaign at 2.4GHz were used to estimate the reliability of each on-body 
link, and evaluate the performance enhancement given by relay approaches. 

In Body Area Networks (BAN), a coordinator should 

be able to communicate with any other node in the 

network at any moment. The classical star network 

topology becomes unstable and experiences a 

time-varying packet error rate probability. Since 

the relay node experiences a different fading 

condition, it could be able to forward the data even 

if the direct path is momentarily broken. This 

aspect is obviously important considering possible 

real medical applications in order to continuously 

and reliably collects all the sensitive information 

from sending devices, and also handles alarm 

situations. The aim is to estimate the reliability of 

each on-body link, and evaluate the performance 

enhancements given by relaying. 

A time-variant channel measurement campaign [1] 

was carried out at CEA to investigate the potential 

use of cooperative approaches in BANs. In order to 

perform a complete characterization of a full mesh 

network, every single node has to be able to both 

receive and transmit information (Figure 1). 

 

Figure 1: Body Setup 

The performance analysis is based on 

measurement results keeping both spatial (i.e. the 

node position on the body and body posture) and 

temporal correlation, which is fundamental to 

analyze the cooperation schemes.  

A link can be considered reliable if its outage 

probability i.e. the probability that the PER is 

larger that a threshold of 0.1 is higher that 5%. 

Figure 2 shows the cumulative distribution 

function of the direct Back-Hip link (4-3), the 

double hop path (4-5-3), the combination of both 

and the double direct transmission. 

 

Figure 2: CDF of PER with cooperation for the Back-Hip (4-3) link 

and relay on the Shoulder (5)  

Direct Back-Hip link does not meet this system 

requirement and its outage probability is 22%. 

Moreover outage probabilities for the double-hop 

transmission and the combined approach are 

respectively 4% and 1%. Thus, both solutions 

sensibly improve the reliability of the link and fulfil 

the system requirements. 

Double transmission outperforms the direct path, 

since it is able to mitigate the fast fading effect 

that can locally affect the data transmission. 

Nevertheless its performance is lower than both 

relaying schemes, since the Hip-Back link is 

strongly affected by human body shadowing.  

Finally, the results show that the redundancy 

given by the double transmission is not able to 

supply the needed diversity to mitigate the 

shadowing. On the other hand combined path 

approach mitigates both fast fading and slow 

fading during the human movement, while a 

double hop is suited only for long-term shadowing. 
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Doppler Characteristics and Correlation 

Proprieties of On-Body Channels 
Research topics: Body Area Network, On-Body Channel, Doppler Spectrum 

R. D'Errico 

 
ABSTRACT: An analysis on Doppler and correlation properties in on-body propagation 
channel has been carried out on measurement results at 2.4 GHz in an anechoic chamber 
and indoor. The results show that the Doppler spectrum of on-body channels cannot be 
represented by the classical Jakes’ bath tube-like model. Thus, a specific Doppler model for 
on-body scenarios has been proposed . 

The deployment of Body Area Networks (BANs) 

demands specific system designs which should 

take into account the user state and his mobility, 

since they determine the temporal variation of the 

wireless channel. Given the numerous motion 

conditions of the human beings, statistical 

approaches are often used to describe the channel 

characteristics for a specific scenario. Time-variant 

BAN channel characterization have shown the 

presence of slow fading, due to the shadowing by 

human body, as well as a fast multi-path fading 

[1]. However, the characterization of Doppler 

spectrum, which is of practical importance for the 

understanding of the channel time variance, is 

often neglected. 

 

Figure 1: Average power of effective scattering distribution in dB: 

Hip- Wrist link in office environment 

A Doppler Spectrum analysis has been carried out

and is based on the results obtained from a time-

variant wide band channel measurement 

campaign, for the analysis at 2.4 GHz. 

In BANs the antennas are placed on the body, and 

the human subject is set free to move. The 

scatterers are given by the surrounding 

environment and the human body itself. In 

practical situations the antennas reciprocal

positions do not vary significantly, while the 

scatterers position, with respect to the TX-RX link, 

can change with the human movement. Thus the 

on-body channel can be assumed, in a first

approximation, as a fixed TX-RX situation with 

moving scatters, producing the time variance of 

the channel. In anechoic chamber no scatters are 

present with the exception of the body itself. In 

this case the Doppler function is centred at 0 Hz.

In the anechoic chamber, since no off-body 

scatterers are present, most of the energy is 

concentrated around 3ns, which is close to time of 

flight between the node locations. When the 

human subject is in an indoor environment one

can clearly identify some off-body scatterers, far 

away from the on-body ones (Fig. 1). The

asymmetric scattering distribution is mainly due to 

the fact that the antennas are placed on the front 

side of the body. As a consequence the scatterers 

in half the space behind the body are strongly

masked by the shadowing of the body itself. The 

effect on the Doppler spectrum is a component at

around 10 Hz when the Tx is on the Hip, which is 

related to mobility of the human subject, who 

walks at about v = 0.7m/s. A mathematical model 

of the Doppler spectrum for on-body and off-body 

scatterers has been proposed and shown to be in 

good agreement with measured results (Fig.2). 

Based on the developed model, the time-

correlation properties of the channel have been 

investigated by extracting the coherence time 

from the knowledge of the Doppler Spectrum [2]. 

 

Figure 2: Normalized Doppler Spectra: human walking in Indoor, 

Hip- Wrist Channel 

 

Figure 3: Coherence time in ms for dynamic scenarios 

This work has been partially funded by the EC 

under the IST-FP7 WiserBAN project. 

References:  
[1] R. D’Errico, L. Liu, P. De Doncker, L. Ouvry and C. Oestges “Dynamic Channel Modeling at 2.4 GHz for On-Body 
Area Networks”, Joint NEWCOM++ / COST 2100 Joint workshop 1-2 Mars 2011, Paris, France 
[2] R.D’Errico and L. Ouvry “Doppler Characteristics and Correlation Proprieties of On-Body Channels”, the 5th 
European Conference on Antennas and Propagation (EuCAP 2011), Rome, Italy, 11-15 April 2011 



 43 

 

60-GHz Wideband Antenna Integrated on 

Silicon using a High-Impedance Surface 

Research topics: Millimeter-wave integrated antennas 

R. Siragusa, L. Dussopt, R. Espiau de Lamaestre, M. Ledieu (CEA-DAM). 

ABSTRACT: High-Impedance-Surfaces are investigated as a technique to improve the 
impedance bandwidth and radiation efficiency of on-chip integrated antennas designed for 

60 GHz wireless communications. 

 

The interest for wireless communication systems in 

the 57-66 GHz band is growing dramatically with 

many applications in the fields of video streaming, 

personal area networks, and wireless sensor 

networks. For short-range applications, the 

integration of antennas with the transceiver on a 

single CMOS die (System-on-Chip) is of paramount 

interest in terms of size and cost. However, such 

integration usually comes at the expense of low 

efficiency and reduced bandwidth performances 

due to the high permittivity of the silicon substrate 

and the small thickness of the die (implying a short 

distance between the antenna and the bottom 

metallic plane). 

High-Impedance Surfaces (HIS), also called 

Artificial Magnetic Conductors, are periodic 

structures composed of a large number of sub-

wavelength unit-cells, acting collectively as an 

artificial material with controlled reflection 

coefficient.  

HIS Dipole
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Au 
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Au

DipoleHIS 
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Fig. 1. Schematic description of the antenna; top view (a) and 

cross-section (b). 

This research work presented in [1] aims at 

demonstrating for the first time the use of HIS to 

improve the efficiency and bandwidth of 60 GHz 

integrated antennas. The HIS is fabricated on a 

200 µm-thick silicon substrate with a metallic 

plane on the back side and an array of square 

metallic patches on the top side with a periodicity 

of 220 µm. The dipole antenna is placed above 

this HIS at a distance of 30 µm on a BCB layer 

(Fig. 1). The size of the HIS and its coupling with 

the dipole antenna are optimized for maximum 

impedance matching bandwidth. The total antenna 

size is 1.98×2.42×0.23 mm3. The antenna 

achieves a wideband response larger than 25% 

(49-66 GHz) (Fig. 2) with a gain of about 5 dBi 

and an efficiency above 90%. 

This first implementation, with a bandwidth larger 

than needed by the standard (57-66 GHz), shows 

that there is still room for further miniaturization 

of the antenna both in terms of thickness and 

lateral dimensions. 

 

 

 

 

Fig. 2. Reflection coefficient and photograph of the antenna. 

References: 
[1] R. Siragusa, L. Dussopt, M. Ledieu, R. Espiau de Lamaestre, “Effet d’une surface haute impedance sur 
l’impédance et le rayonnement d’une antenne dipole sur silicium à 60 GHz,” 17èmes Journées Nationales 
Microondes, 18-20 mai 2011, Brest, France. 
 



 44 

 

A Framework of Deployment Strategy for 

Hierarchical WSN Security Management 

Research topics: WSN, Security Cryptography, PKI, Identity-based, Hash key chain 

C. Hennebert and V. Berg 

ABSTRACT: The heterogeneity and limited resources of the nodes deployed in hierarchical 
wireless sensor networks (WSN) impose new strategies to guarantee security and 
confidentiality. We propose a framework allowing the use of three different cryptography 
mechanisms: PKI distribution, Identity-based Encryption and Symmetric cryptography 

using Hash key chain. Each mechanism highlights drawbacks and advantages analysed in 
this study in order to choose the most relevant mechanism according to the environment. 

The large scale, the heterogeneity and the limited 

resource constraints of the Internet of Thing (IoT)

devices pose new challenges, which should be 

addressed before their successful deployment. The 

SmartSantander project aims to deploy 12000 IoT 

devices dedicated to Smart City applications in 

Santander, Spain. The majority of these nodes 

relay information using wireless radio access and 

therefore the question of security, privacy and 

trust of the data exchanges is raised. 

 

 

Figure 1: Architecture of the heterogeneous WSN 

 

In this study [1], a common strategy to deploy 

nodes and meet security needs over the lifespan of 

the WSN is proposed. It consists on 7 tasks of 

security management: (a) node deployment, (b) 

renewal of trust, (c) reconnection of a node to the 

network, (d) resynchronisation of a node, (e) 

maintenance or reprogramming of a node, (f) 

revocation of a node, (g) test of a node. To 

achieve these tasks, a set of steps is defined. A 

dedicated security protocol is written for each step 

and for every of the envisaged security 

mechanism. 

 

Three cryptographic mechanisms are envisaged: a 

PKI distribution, which requires a trust authority, 

signs the node certificates using its master key 

and manages the revocation list. The Identity-

based Encryption method requires a secure server 

associated with a Private Key Generator (PKG). It 

uses the node identity to produce a singular secret 

key for the node. The symmetric cryptography is 

more adapted to resource-limited nodes. The 

offered security is weak but may be improved by 

the use of hash key chains. 

Figure 2: Advantages of the different schemes analyzed (more * 

means better suited)  

 

A qualitative comparison is summarized in 

Figure 2. It helps decide the security scheme to 

deploy according to the nodes constraints and 

environment. The practical deployment in the city 

will confirm the relevance of this choice. 
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Fig. 1. Constellations received at the card and the reader 

 
 Reader to card Card to reader 

Half-duplex 44 dB 45.7 dB 

Full-duplex 42.3 dB 41.4 dB 

 

Table 1. Modulation error rate function of the scheme 

 

The MER measurements report clearly that the 

bidirectional transmission does neither impact the 

signals nor the demodulated symbols. Phase and 

load modulations could be considered as 

orthogonal in this system, and so be used in a full-

duplex transmission. 

 

 

Fig. 1. BER for half and full duplex function of the distance 

 

The full-duplex communication presented in [3] 

requires no additional hardware developments on 

the transmission and reception parts. We 

demonstrated that these two modulations are 

orthogonal and do not affect the transmission 

robustness compared to half-duplex. Moreover the 

global system bitrate is significantly increased. 

A true full-duplex communication between 

HF contactless reader and card 

Research topics: Contactless, RFID, full-Duplex, Very High Bitrate (VHBR) 

F. Pebay-Peyroula, J. Rerverdy 

 

Abstract: The work presented in this study is based on ISO 14443 very high bitrate (VHBR) 
modulations, which are defined for a half-duplex communication scheme. These 

modulations appear to be orthogonal when transmitted simultaneously over the same 
carrier. The proposed innovation is to increase data-rate performance of the system 
without affecting transmission robustness or modifying analog front-end designs. 

Nowadays contactless system use-cases and 

applications require the transfer of very large 

amount of data almost instantaneously. An 

instance of such a requirement for the end user is 

the fast transfer of biometric data stored in an e-

passport, or media files between NFC devices. 

This work focuses, more precisely, on the physical 

layer defined in ISO 14443 and its very high bitrate 

extension (VHBR) [1, 2]. VHBR provides 

communication between reader and card with 

bitrates beyond one megabit per second. Based on 

the 13.56 MHz carrier technology, it defines a half-

duplex scheme. 

In order to transmit data in both directions from 

reader to card and card to reader simultaneously, 

the information shall be transmitted in an 

orthogonal way. The full-duplex transmission takes 

benefit from the orthogonal phase and load 

modulations, defined for VHBR [3]. 

From the reader to the card, ISO 14443 VHBR 

proposal defines a phase modulation at 13.56 MHz. 

The data bits to be transmitted are mapped into 

symbols and phase modulated. From card to 

reader, VHBR proposes the load modulation as 

defined in ISO 14443/B. Data bits are mapped into 

subcarrier phase shifts and modulated by 

modifying the load of the antenna inside the card. 

In order to characterize the orthogonality of phase 

and load modulation, constellation diagrams and 

modulation error rate (MER) are measured. 

Symbols are emitted from the reader and the card 

through their antennas, field signal is measured 

with a wideband sensecoil. 

First, the measurements for the phase and load 

modulation are done separately. Then, the two 

modulations are evaluated simultaneously. 

Modulation error rate is reported in table 1. 
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On the Weakness of Contactless System 

under Relay Attacks 

Research topics: RFID, Security, Cryptography, Relay attacks 

O. Savry and P.-H. Thevenon 

ABSTRACT: Contactless technology is a well explored area used in many different fields. 
However, the lack of security in the physical layer has recently delayed its use in many 
applications like payments. Among the possible attacks, the relay attack can create 
unauthorized transactions between two contactless devices. For now, the current 
cryptographic algorithms are not able to circumvent it. Three new designs of relays with 
introduced delays lower than 2 µs were developed. By doing this, the requirements of 
countermeasures based on delay assessment are demonstrated. Finally, a new protocol 

resistant to mafia and terrorist frauds is proposed and experimental results to prove its 
reliability are presented. Based on the HF physical layer properties, this solution 
authenticates the two communicating devices and uses correlation to measure delays. 

Relay attack is the main threat on the 

physicalllayer of contactless devices [1]. An 

attacker may be able to create a communication 

link between a reader and a card without the 

consent or knowledge of the owner and even if the 

card is outside the working range of the reader 

(Fig.1). An attacker with a fake contactless card 

can approach a payment terminal and relay the 

transaction to a second attacker who will skim the 

card of a victim with a fake reader. 

 

Môle Contactless

communicationContactless

communication

Proxy

Payment

terminal

Figure 1: Relay attack scenario 

 

 

The implementation of different kinds of relay 

attacks enables to find the fastest link (wired relay 

and wireless relay) between the two attackers.  
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Figure 2: Delays introduced by various kinds of relay 

 

 

 

Introduced delays shorter than 2 µs and shorter 

than delays mentioned in the literature were 

measured. The response time is not only due to 

the propagation but mainly to setup time in the 

antennas and in the different components. 

To detect such a delay which can be compared to 

the carrier period (73 ns @13.56 MHz), a 

correlation method was used. It is included in a 

challenge–response authentication protocol 

between the reader and the card. 
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Figure 3: Protocol between reader and card to assess the 

presence of a relay. 

 

 

This solution was implemented in configurable 

reader and tag with low-power FPGAs. Our 

demonstrator shows that it is possible to 

discriminate the fastest relays. 
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Influence of the temperature on True 

Random Number Generators  
Research topics: TRNG, temperature, post-processing 

M. Soucarros, C. Dumas, J. Clédière 

 

True Random Number Generators (TRNGs) 

produce random numbers that should verify 

properties of uniformity, independence and 

unpredictability. A TRNG should not be able to 

deviate from its normal behavior and output non-

random numbers, in particular when used in 

security applications. 

Studies of the robustness of TRNG against 

perturbations can be found in the literature. For 

example voltage, clock frequency and temperature 

variations as well as intense surrounding activity 

where applied. 

 

Fig.1 Bit. distribution of 20000 bits sequences for the TRNG based 

of thermal noise : the smaller the temperature the higher the 

bias. 

Generally TRNGs are composed of a randomness 

source and a post-processor (whose utility is to 

correct flaws in the sequences of random 

numbers). This work presents the consequences of 

temperature variations on the quality of generated 

random numbers and on the efficiency of the post-

processors, more details can be found in [1]. Two 

randomness sources are used: the first one 

samples the amplified thermal noise of two 

resistors and the second one samples the result of 

a XOR operation on a free-running oscillator an 

another with a fixed frequency. The post-

processors applied are either an LFSR or a von 

Neumann corrector. 

For all four configurations of randomness sources 

plus post-processors, temperatures from -30°C/-

80°C up to 70°C/120°C are applied. Test benches 

include the use of liquid nitrogen, a Peltier cooler 

and a resistor heater. 

Statistical tests allow evaluating the performance 

of the generators under the perturbation. Fig.1 

and Fig.2 show the evolution of the bias in the bit 

distribution of the randomness sources outputs 

depending on the temperature. Other tests 

highlight the inadequacy of the post-processors in 

rectifying the defects introduced by the 

temperature variations. 

Fig.2 Bit distribution of 20000 bits sequences for the TRNG based 

on oscillators : the higher the temperature the higher the bias.  
 

Future work shall focus on the exploitation of the 

observed defects with regards to flaws in term of 

security requirements. 
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ABSTRACT: True Random Number Generators are used in many applications and more 

particularly in cryptography. Security requirements demand that the quality of the 
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ElectroMagnetic Analysis (EMA) of Software 

AES on Java Mobile Phones 

Research topics: Side channel attacks, AES, Java phones 

D. Aboulkassimi (ENSMSE), M. Agoyan, J. Fournier, L. Freund (ENSMSE), B. Robisson & A. Tria 

ABSTRACT: Smart phones use cryptographic algorithms like the AES for data confidentiality 
or for device authentication. In this study, we developed a dedicated test bench along with 

the relevant analysis tools to demonstrate that smart card physical attacks such as EMA 
could be achieved against the AES of the Bouncy Castle library used in such devices.  

The market share of high added value smart 
phones has increased by 54% between 2009 and 
2010. On such devices, sensitive applications use 
cryptographic algorithms like the AES (Advanced 
Encryption Standard) either to encrypt confidential 
data or for symmetric key based authentication 
schemes. The AES is available in commercial 
libraries like Bouncy Castle or the JSR177. In [1], 
we describe how the Correlation Electromagnetic 
Analysis (CEMA) first developed on smart cards 
was set up for a given mobile phone and 
successfully carried against software AES 
implementations. The study was carried out in 3 
stages: a set-up stage, a characterisation stage
and an attack-implementation stage. 
In the set-up stage, we adapted a typical attack 
bench used to perform CEMA on smart cards to 
meet the constraints of smart phones. Two major
technical difficulties were addressed: 
- The choice of a suitable EM probe with a 

bandwidth of 30MHz to 30GHz. 
- The generation of a synchronisation signal 

between the phone and the oscilloscope 
collecting the electromagnetic (EM) curves. In 
this case we devised an adaptor for the 
MicroSD slot of the mobile phone (Fig. 1).  

 

 
Figure 1: MicroSD adaptor 

 

In the characterisation stage, we implemented our 
own AES algorithm in Java™ which we ran on the 
phone. In order to properly carry a CEMA, the 
major drawback met came from the fact that from 
one execution of the AES to the other, there were 
erratic de-synchronisations among the collected 
curves (due to intrinsic features of the Java Virtual
Machine like the Garbage Collector and the Just-In-
Time Compiler). To circumvent this difficulty, two 
re-synchronisation approaches were studied:  
- Spectral Density based Approach (SDA): the 

curves were re-synchronised in the frequency 
domain based on the fact that the Power 
Spectrum Density of a “shifted signal” and that 

of a “not shifted signal” are the same. The 
CEMA was then carried in the frequency 
domain. 

- Template Resynchronisation Approach (TRA): 
the curves are re-synchronised in the temporal 
domain based on pattern recognition 
techniques. 

With both methods, the re-synchronised EM curves 
allowed us to successfully carry out EMA attacks. 
The TRA one was found to be the most efficient 
method since it required less curves and less 
computations. 

 

 
Figure 2: EMA test bench for mobile phone 

 

Finally, in the attack-implementation stage, we 
used the above tools to test the AES library 
embedded in the Bouncy Castle library. With 250 
EM curves, individual bytes of secret AES key were 
found using our CEMA set-up with the TRA 
method. 

 

 
Figure 3: Correlation curve for one correct key byte 

 

Retrieving cryptographic key bytes using such a 
method could either be used to evaluate the 
security level of the security tools embedded in 
mobile phones or to provide forensics tools to 
recover encrypted data stored in the device.  
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Low-cost recovery for the code integrity 

protection in secure embedded processors 

Research topics: Secure implementation, Fault tolerance 

M.-H. Nguyen, B. Robisson, M. Agoyan, N. Drach-Temam (LIP6) 

ABSTRACT: To ensure code integrity in secure embedded processors, most previous works 
focus on detecting attacks without considering recovery. This paper proposes a novel 

hardware recovery approach allowing the processor to resume the execution after 
detecting an attack. The experimental results demonstrate that our scheme introduces a 
very low impact on the performance while requiring a reasonable hardware overhead. 

Security is one of the most important concerns in 
embedded processor designs for portable 
applications such as cellular phones, smart cards 
etc. Various attacks have been reported in the 
literature. Their main goal is the extraction of 
secret data stored in these devices. Among those, 
fault attacks are considered as efficient means to 
deduce secret information. They consist in 
modifying the physical condition of the integrated 
circuit, for example by means of a laser beam or 
power glitches or over-clocking to corrupt the 
computations executed in the processor. 
Various solutions have been proposed to ensure 
the integrity of the execution of a code. Many of 
them are based on the basic block (BB) signature 
monitoring technique. In this scheme, a BB is 
simply defined as a set of consecutive instructions 
in which the program flow always enters from the 
first instruction and exits via the last instruction. At 
compile time, each BB is assigned to a signature. 
At runtime, a similar signature is recalculated from 
executed instructions of each BB and compared 
against the previously stored one to validate code 
integrity. However, most solutions focus on attack 
detection and do not pay attention to a post-
detection strategy. Several researchers have 
suggested simple strategies such as terminating 
the program execution. Others have provided 
recovery capability to the processor, allowing 
resuming the operation after detecting an attack. 
In both cases, the strategy deployed in case of 
fault detection can be visible to the attacker (for 
example by monitoring the power consumption), 
leaving the system potentially vulnerable to a kind 
of attack called “safe-error” which can deduce 
secret information based on the faulty behavior of 
the device under attack. We propose a novel 
hardware-implemented recovery approach which 
overcomes this shortcoming.  
The proposed recovery mechanism is coupled with 
BB signature monitoring based schemes. When an 
entire BB has been executed, its signature is 
checked. In the case of mismatch, the recovery is 
triggered and the BB is re-executed. In such a 
case, the data in the register file or in the memory 

which are used during the recovery operations 
may have been modified (and possibly in a wrong 
way) during the first execution of the BB. To 
ensure a correct execution of the recovery 
operations, the registers and the memory have to 
be restored to their values at the begining of the 
first execution of the BB. To this aim, the whole 
register file is saved at the begining of each BB 
(and backed-up if necessary) and the 
modifications of the memory are « logged ». That 
is: when a location in the memory is modified, this 
modification will be performed and its previous 
value as well as the location address will be stored 
in a buffer. During the recovery operation, the 
previous values saved in the buffer are restored 
according to the stored addresses. The associated 
architecture, implemented on a 32-bit DLX 
processor, is described above: 

 
The main contributions of our work are: 
-the reduction of the size of the buffer by saving a 
memory location only when it has been read and 
later written.  
-the securization against « safe-error » attacks by
restoring each memory location “on the fly” i.e. 
when it is read for the first time during the 
recovery operation.  
The experimental results obtained on FPGA 
prototypes demonstrate that our recovery 
mechanism introduces very low performance 
impact and reasonable hardware logic overhead 
(about 20% for the combinatorial part and 70% 
for the memory elements). 
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EM fault injection for security 

characterization of integrated circuits 

Research topics: Security characterization, Fault attacks 

A. Dehbaoui, F. Poucheret, B. Robisson, J.-M. Dutertre (EMSE), P. Maurine (LIRMM) 

ABSTRACT: Several methods have been proposed to create computation errors in an 
integrated circuit. This work aims to evaluate the potential of a fault injection method 

based on the emission near the circuit of an intense electromagnetic field. We have set up 
an EM injection bench, modeled the effect of EM field on IC, performed EM pulse on an 
general purpose microcontroller and performed EM harmonic perturbation on a TRNG. 

Since the electronic devices that implement 
cryptography (such as « smart cards ») are key 
components to secure communications, they are 
subjected to 'attacks'. Among them, fault attacks 
are considered as very powerful. First, they consist 
in modifying the behaviour of the chip with 
dedicated experimental setups. Then the secret 
information is recovered by using cryptanalysis 
techniques such as Differential Fault Analysis (or 
DFA), safe-error, fault sensibility analysis, collision 
or round reduction. 
Various experimental setups (or benches) are of 
common use to modify the behaviour of the chip. 
Under powering or over clocking a device leads to 
setup time violations resulting in error in
computations. Transient deviations under nominal 
values of the power supply or of the clock, also 
offer similar fault injection abilities, besides 
providing higher timing accuracy. Another 
important means of fault injection is the use of 
optical radiations: intense white light (e.g. from an
ash bulb) or a laser beam. The latter is widely used 
while assessing the security of cryptographic 
systems against fault attacks for certification 
purposes. The use of intense electromagnetic (EM) 
field in order to induce faults in a circuit is also 
suggested in a couple of scientific articles but the 
specifications of the benches and the effects of EM 
fields on these circuits are not detailed. Our work 
aims to evaluate the potential of such a fault 
injection method. We have set up an EM injection 
bench, modeled the effect of EM field on IC, 
performed EM pulse on a general purpose 
microcontroller and performed EM harmonic 
perturbation on a TRNG.  
As illustrated in the figure 1, the fault injection 
bench is built around a control PC, a device under 
test (DUT), a motorized x-y-z stage, a smart card 
reader, a waveform generator (creating pulse or 
harmonic waves), and a micro-antenna (of 
magnetic or electric field).  
This bench is first used to experimentally 
demonstrate that an effective EM coupling 
between a micro-antenna and the buried power 
ground network of a digital IC could be obtained 

with such a platform. The obtained 
experimental results also highlight the shielding 
effect of upper metal wires interconnecting 
CMOS gates. These wires are characterized by 
infinite impedance at both ends when the DUT 
is not supplied. 

 
Figure 1: EM injection test bench description 

 
Next, intense harmonic electromagnetic fields is 
applied on ring oscillators (RO) based TRNG (True 
Random Number Generator). Experiments show 
that in a TRNG featuring fifty ROs, the impact of a 
local electromagnetic emanation on the RO 
behaviours is so strong, that it is possible to lock 
them all on the injected signal and control the 
monobit bias of the TRNG output even when low 
power electromagnetic fields are exploited. 
At last, intense electromagnetic pulses have been 
applied on a non protected software 
implementation of an AES (Advanced Encryption 
Standard), running on an 8-bit micro-controller.
This technique enables to mount a classical DFA 
scheme on this target but also should be suitable 
to implement any DFA method that requires the 
injection of the byte-wise fault. 
These results confirm practically that the 
electromagnetic waves used for harmonic or pulse 
signal injection may represent a serious security 
threat for secure circuits. 
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EM Probes Characterisation for Security 

Analysis 

Research topics: electromagnetic analysis, probes, correlation analysis 

B. Mounier (ENSMSE), A-L. Ribotta (ENSMSE), J. Fournier, M. Agoyan & A. Tria 

ABSTRACT: Two characterisation approaches are illustrated for EM probes used for CEMA-
like analyses. Measurements done on Si lines provide an analysis tool for determining 

routing and lay-out factors that influence EM emanations. The second approach focuses on 
measurements done on a computing device to qualify the importance of the measurement 
conditions.  

Side-channel attacks based on electromagnetic 
analysis (EMA) are a major threat to the security of 
cryptographic devices. In [1], we reported the 
work done on the characterisation of EM probes for 
attacks like Correlation EMA (CEMA). Table 1 
summarizes the characteristics of the probes under 
analysis.  

 

Probe Geometry Loops Diameter 
Bandwidth at  

10 dB 

Max 

Intensity 

A-H Horizontal solenoid coil 5 150 µm 50 MHz – 750 MHz -10.84 dB 

A-V Vertical solenoid coil 5 150 µm 50 MHz – 750 MHz -10.23 dB 

B-1 Horizontal loop 1 40 µm 750 MHz – 1.4 GHz -40.81 dB 

B-2 Horizontal loop 1 250 µm 750 MHz – 1.5 GHz -30.11 dB 

B-3 Horizontal loop 1 70 µm 750 MHz – 1.5 GHz -37.33 dB 
 

Table 1 : Probes under study (characteristics measured on an 
isolated 50 Ω Copper wire of width 600 µm & length 3 cm). 

 

Measurements were done on basic silicon lines 
(Fig.1) having different typologies and widths 
(110-790 µm). The wires were connected to an RF 
synthesizer providing a sinusoidal signal with a 
fixed power and frequency (90 MHz). For 
measurements done on single wires, we saw that 
probes A-H and A-V gave EM profiles that were the 
closest to the theoretical expected ones. Corners 
tended to amplify the EM signals. Measurements 
done on pairs of wires showed that with currents in 
opposite directions, there was a constructive 
interference (Fig.3) and with currents in the same 
direction, two close wires behaved like one large 
wire (Fig.4). 
 

    
 

Figure 1: Si Lines©Gemalto       Figure 2: ARKSBOX operation 
 

Measurements were also done on a chip in 0.35 
µm technology bearing a CPU running a small OS 
communicating outside of the chip with APDU 
commands. The command under analysis is an 
ARKSBOX (Fig.2) where the SBOX is the one of the 
AES, the objective of the CEMA being to 
characterise to what extent the secret k can be 
found. With the A probes (Fig.5), the correct key 
was found with higher correlation peaks than the B 

probes (Fig.6). We also demonstrated that the 
measurement conditions are important: increasing 
the number of messages increases the signal to 
noise ratio (Fig.6 v/s Fig.7); for each input m, 
replaying the same value several times and 
averaging increases the max correlation (Fig.6 v/s 
Fig.8). 
 

        
 

Figure 3: 2 lines with opposite    Figure 4: 2 lines with same 
    currents scanned by A-H           current scanned by A-H 
 

We hence illustrated the relevance of the 
measurement conditions for CEMA-like attacks and 
the relevance of performing analyses on 
elementary Si lines which might provide valuable 
inputs as to the understanding of leakages’ 
sources and as to how to route sensitive lines and 
buses. 
 

     
 

  Figure 5: Correlation curves      Figure 6: Correlation curves 
      for A-H for 1000 values            for B-2 for 1000 value 
        of m, no averaging,                 of m, no averaging,  
       with correct k at 88%              with correct k at 29% 

 

     
 

  Figure 7: Correlation curves      Figure 8: Correlation curves 
      for B-2 for 256 values              for B-2 for 1000 values 
        of m, no averaging,              of m, repeated 10 times,  
       with correct k at 29%              with correct k at 50% 
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A Framework for Motion Capture System 

Design using Cramer-Rao Lower Bound 

Research topics: motion capture, sensor network, estimation theory 

S. Aloui, C. Villien, S. Lesecq 

 

ABSTRACT: This paper presents a theoretical approach based on Cramer-Rao Lower Bound 
allowing the designer of a human body motion capture system to choose a configuration 

(i.e. modality, placement) of sensors, compare different approaches and validate the 
efficiency of the estimation algorithm to be used in estimating the pose of a subject.  

Motion capture system design is becoming an 

important subject since the number of its 

applications is steadily growing and new 

technologies are introduced into the market. 

This paper uses Cramer-Rao Lower bound to 

predict the best achievable performance by a 

system prior to its creation allowing the designer to 

compare different sensors. A generic computation 

algorithm adapted for human motion capture is 

derived and used for the optimization of the design 

of a human machine interface system based on 

arm, forearm and hand pose capture using 

magnetic sensors. 

 

Figure 1. Human body model 

The paper presents two complementary models 

needed to develop the proposed method. The first 

one is a body model derived from human anatomy 

models. This model is then transformed into a 

more abstract mathematical model (a rooted tree 

model) based on graph theory representations. The 

second is a measurement model that describes the 

relationship between the measurement and spatial 

coordinates of sensors inside the body. 

A new version of Cramer-Rao lower bound is then 

derived for this model. The bound is then used to 

compare a discrete number of system 

configurations in order to predict the best 

achievable accuracy of the system. 

A computation algorithm is presented and has

been used to find the best among three candidate 

configurations to develop a motion capture system 

based on magnetic field measurements used to 

estimate the pose of the arm. 

A tri-axis magnetic emitter (3 orthogonal coils 

emitting a magnetic field at different frequencies) 

is linked to the chest of the subject. Two or three 

tri-axis magnetic field receivers are placed on the 

upper limbs in one of the three candidate 

configurations as follow (Figure 2). 

 

Figure 2. Three candidate configurations 

Real motion data (Boxing movements) obtained 

from an optical motion capture system were used 

to calculate the Cramer-Rao Lower Bound for the 

three proposed configurations: CF1 uses three 

sensors on Arm/ForeArm/Hand; CF2 uses two 

sensors on ForeArm /Hand; CF3 uses two sensors 

on Arm /Hand. 
 

 

Figure 3. Results 

This Framework enabled us to notice that it is 

possible to reduce the number of sensors while 

keeping good accuracy (Figure 3). It also enabled 

us to choose among the three proposed 

configurations the one who gives a best 

compromise between accuracy and number of 

sensors which is in this case CF3. 
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A Reconstruction System for  

Whole Body Dynamic  

Research topics: motion capture, MEMs, intertial measurement unit 

P. Grenet, F. Mansour, V. Cattin, C. Godin, Y. Caritu (Movea), B. Flament (Movea) 

ABSTRACT: Attitude measurement units are composed of MEMs and provide signals to 
realize body motion capture. This work has shown the feasibility of a low cost system based 

on a limited number of gyroscopes, accelerometers and magnetometers, associated with a 
priori knowledge on the segments forming the body to capture. 

 

 

MEMs progress allowed the development of 

attitude measurement unit: a group of sensors to 

assess the orientation relative to the Earth’s frame. 

There are several types of sensors used in such 

unit: accelerometers (A), magnetometers (M) and 

gyroscopes (G). Only the combination 

accelerometers – magnetometers – gyroscope 

(AMG) allows a good estimation of the kinematic 

orientation, without a priori knowledge of the 

motion, that is to say the estimation of the 

orientation in presence of an unknown 

acceleration. In the context of whole body motion 

capture [1], the subject of this work is precisely to 

add a priori knowledge to limit the number of 

gyroscopes, or even eliminate them completely. 

This knowledge is the information that the MEMS 

are mounted on a skeleton and that their relative 

moves can only be compositions of rotations. To 

test the efficiency of this concept, we first applied 

the method to a pendulum with one or three 

degrees of freedom, then to many groups 

segments (shoulder - arm (see Figure 1) - 

forearm, for example) and finally on the whole 

body (see Figures 2 and 3). In this work, we 

developed the theory and compared the results 

obtained with different solving methodologies. 

 
Table I. MEMs solutions comparison 

 

MEMs 
group 

AM+6G 
mulitpoint 

AMG multipoint 

AMG monopoint 

Cost 0.6 1 

Electrical 
consumption 

0.6 1 

 

 

Figure 1. Motion capture of a human arm with limited number of 

gyroscopes (G). 

 

Figure 2. Errors comparison of MEMs groups on set of BVH 

moves. 

 

 

Figure 3. Full body motion capture comparison between BVH 

model and estimation from group of MEMs with a priori 

knowledge. 
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Motion Capture of a Surface in 

Deformation 

Research topics: geometric modeling, interpolation, surface reconstruction 

N.Sprynski, M.Huard 

ABSTRACT: This work deals with the motion capture of physical surfaces via ribbons of 
sensors, providing tangential measurements, and allowing to reconstruct the 3D shape via 

geometric methods. We focus here on the problem of reconstructing animated surfaces, 
from a finite number of curves running on these surfaces.  

The Morphosense is a device consisting of micro-

sensors distributed along a rigid ribbon. At each 

node of sensors, accelerometers and 

magnetometers are combined so as to allow the 

reconstruction of the tangential frame to the 

surface at their location. Using only the tangent 

vectors at each node of the ribbons, several 

methods for the reconstruction of the spatial 

curves according to 3D deformations of the 

Morphosense were developed. Furthermore, the 

reconstruction of 3D surfaces was also addressed, 

by placing a network of Morphosense ribbons and 

reconstructing the corresponding curves, then 

filling the patches of the network with Coons-like 

methods.  

 

Figure 1: the acquisition device (left) and the reconstructed 

surface (right) 

 

This work aims to improve the previous methods, 

focusing on two steps of the reconstruction 

process. Until now, the ribbons were reconstructed 

using only the tangent vectors obtained from the 

sensors. Since the sensors actually provide the 

whole tangential frame at each location, we now

develop a new interpolation method taking into 

account the whole Serret-Frenet Frame of a spatial 

curve. This led us to study the problem of 

interpolating smooth curves on a sphere with 

constrained derivatives [3]. 

The other focus of our work is to improve the 

surface reconstruction step. Once the curves on a 

3D surface are reconstructed, we want to fill the 

patches induced by the network of curves, so as to 

match the physical surface that we aim to 

reconstruct. These patches can be n-sided for any 

n greater than 3. We improved this step according 

to a previous work [1] where it was noticed that 

the curves followed by the Morphosense ribbons 

on a surface are geodesic curves of this surface. 

Therefore, given the curves we first reconstruct, 

we develop methods for reconstructing a surface 

that interpolates these curves as geodesics. 

Previous algorithms were developed for patches 

with three or four side curves, and they were 

extended to patches with any number of side 

curves. 

 

Figure 2 : Paraboloid portion reconstructed from a patch of five 

geodesic curves  

 

The surfaces we aim to reconstruct are almost 

developable, and therefore our methods led to an 

extensive investigation of the theoretical case of 

developable surfaces. Our methods are first 

developed for this more restrictive case that is 

then extended or used as an initialization step for 

the algorithms developed for the quasi-

developable surfaces that match the broader 

context of the physical surfaces captured by the 

Morphosense [4]. 
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Ward Identities for Visco-Acoustic and 

Visco-Elastic Propagation Media 

Research topics: Structural Health Monitoring, Ambient Sources 

M. Carmona, O. Michel (GIPSA), J-L. Lacoume, B. Nicolas (GIPSA), N. Sprynski 

ABSTRACT: This work deals with the passive structural health monitoring of civil structures 
by using an embedded sensors network and only ambient sources. This domain is called 

passive identification of propagation media and admits many applications in acoustic, 
seismology and structural mechanics. We have extended the classical results of passive 
identification to the case of dissipative and elastic propagation media. 

 

We study the physical and geometrical parameters 

retrieval of civil structures in order to monitor their 

state of health by using only ambient sources. The 

main result of our work relies on the derivation of a 

general formula, called Ward identity, relating the 

Green correlation (C) to the Green function (G) in 

visco-acoustic and visco-elastic propagation media. 

We recall that the Green function is the impulse 

response of a propagation media seen as a linear 

system. On the other hand, the Green correlation 

is the cross-correlation of a propagated white 

noise. The derived Ward identity is important as it 

relates a function which can be reconstructed by 

using ambient noises, the Green correlation, to a 

function which can be used to extract physical and 

geometrical information on the propagation 

medium, the Green function. For example, in the 

visco-acoustic case, the derived Ward identity is:  

 

 

 

where v is the propagation speed, α is the viscous 

coefficient of the propagation medium, and Odd G 

is the odd part of the Green function.  

 

   

Figure 1. Experimental setups using two microphones (20 Hz - 20 

kHz). Left: the medium is an air room. Right: the medium is a 

cement bloc.  

 

 

The new Ward identity has been experimentally 

validated in a fluid (air room) and in a solid 

(cement bloc). We can see on figure 1 the 

experimental setups. The figure 2 presents an 

example of the obtained result in passive Green 

function reconstruction by using the derived Ward 

identity and in the air room context. 

 

Figure 2. Approximation of the odd part of the Green function by 

applying the derived Ward identity to the estimated Green 

correlation. We can see that we perfectly reconstruct the time of 

arrival at time t = 6.7 µs which corresponds to the ratio t=d/v 

where d = .35 m is the distance between the microphones and v 

= 340 cm is the propagation speed in the air at 20°C. 

 

To conclude, this work shows that we can use 

ambient noises to reconstruct physical and 

geometrical parameters in viscous propagation 

media. It can also be seen as a proof of concept of 

passive structural health monitoring using an 

embedded instrumentation.  

 

 The perspective of this work is to apply those 

results in a real civil engineering context.  

References: 
[1] ] M. Carmona, O. Michel, J-L. Lacoume, B. Nicolas, N. Sprynski, Passive identification of acoustic propagation 
media with viscous damping, EUSIPCO 2011. 
[2] M. Carmona, O. Michel, J-L. Lacoume, B. Nicolas, N. Sprynski, Ward identities for visco-acoustic and visco-
elastic propagation media, Wave Motion, In Press 
 



 58 

 

High Resolution Acoustic Probing, 

Nano-Membranes Implementation 

Research topics: Acoustic probing, vibration, nanotechnology, carbon nanotubes  

N. Sridi, B. Lebental (IFSTTAR), A. Ghis 

ABSTRACT: Acoustic probing at the micrometric scale is a new tool to be developed. This 
work presents the first step toward the development of an elementary transducer by 
validating the feasibility of putting a micrometer square surface into significant vibration. 
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Acoustic probing at the micrometer scale can today 

be seen as a new tool for the observation of short 

range morphological arrangements or polyphasic 

media characterization. The inspection of 

composite and porous materials for durability 

purpose in civil engineering is the leading target of 

this collaborative study with Ifsttar. More, the 

applicative opportunities opened by the venue of 

the acoustic probing into the micrometric scale 

measurement techniques include material science, 

nano and microengineering, biological endoscopy 

or chemical graft checking.  

The core of the transducer is a capacitively 

actuated membrane. Only ultrathin membranes 

can make acoustic transducers to fit the 100MHz-

1GHz frequency and the micrometric wavelength 

requirements (fig1). 
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Fig. 1 : C-MUT schematics description. a=1µm, b=200nm 

 

The technical feasibility challenge regarding the 

elementary probe is multiple: 

- the membrane material and the elaboration 

process : a 10nm thin layer, suspended over a 

1µm² cavity, and made out of a material with a 

Young modulus in the TPa range.  

- the close sensor read out electronic : to measure 

the amplitude of the membrane deflection, the 

cavity is considered as the gate insulator of a field 

effect transistor, and its position variation 

modulates the current flowing in the transistor 

channel. 

Our first realizations are made using carbon 

nanotubes. These nano-objects are particularly 

convenient to tackle the subject thanks to their 

highly suitable geometry, their physical properties, 

and the accessible implementation processes. 

These membranes, qualified, appear to be at the 

best level compared to the state of the art (fig2) 

 

Fig 2 : suspended aligned nanotubes for early membrane 

realization and characterization 

 

They have been tested for amplitude of vibration 

using a laser vibrometer. Though optical 

measurements are not accurate for micrometer 

range patterns, we detected an amplitude of 

deformation higher then 5,6nm at an excitation 

frequency of 5.3MHz. We thus actually 

demonstrated that a micrometric membrane can 

be made suspended and induced into significant 

vibration. 

Amplitude results will allow designing a readout 

electronics. A testing protocol for accurate 

measurement of the amplitude of deformation is 

currently being set up using Atomic Force 

Microscopy (AM).  

We are also now exploring other suitable materials 

like graphene, to realize ultrathin membranes, 

looking for more compliant technologies and 

optimum performances in acoustic wave 

generation.  
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Multi-channels Circuit for  

Neural Signal Recording 

Research Topics: Brain-computer-interface (BCI), ECOG, LFP, Action Potentials 

S. Robinet, C. Condemine, P. Audebert,  G. Régis, B. Zongo, J-F. Beche, S. Filipe, G. Charvet 

 

ABSTRACT: Monitoring of electrocorticography signals using multi-electrode array creates 
new opportunities for neural prosthetic applications. To this purpose a 32-channel 

recording ASIC was designed. It provides low-noise amplification and analog filtering, 
includes a 12-bit analog to digital conversion function, and offers programmable output 
rates through a Serial Peripheral Interface (SPI).  
 

CINESIC32 (Circuit for Neural SIgnal Conversion) 

is a 32-channel recording ASIC [1]. This device 

offers two signal bandwidths, different voltage 

gains, and different sample frequencies and data 

rates to address several applications.  

The targeted extracellular neural signals are in the 

range of 5µV to 3mV for a 0.5Hz to 5kHz frequency 

range. To take advantage of the whole voltage 

swing and to maximize the signal-to-noise ratio, 

the total amplification gain for each channel was 

set to 60dB in a 3.3V maximum power supply 

technology. 

CINESIC32’s first stage uses an AC-coupled 

differential input with a sub-Hz high-pass filter to 

suppress the offset voltage caused by the 

electrochemical potentials at the electrode-medium 

interface (Fig. 1).  

 

 

Figure 1 : ASIC block diagram 

 

Each channel provides low-noise differential 

amplification between signal and reference 

electrodes. The voltage amplification is performed 

by a dual stage structure: a low-noise amplifier 

(LNA) followed by a voltage amplifier. This 

amplification channel has been sized for a [0.5Hz-

5kHz] bandwidth with a sub-Hz high-pass cut-off 

frequency. It is followed by an analog filter with a 

selectable bandwidth of either [0.5Hz-300Hz] or 

[0.5Hz-5kHz]. Two signals paths are available at 

the analog filter output (Figure 2): a fully analog 

output for large bandwidth applications ([0.5Hz-

5kHz]), and a digital Serial Port Interface for the 

[0.5Hz–300Hz] low-frequency range applications.

In that case, for each 8-channels group, the 

analog signals are time-multiplexed and digitized 

at 3KS/s, using an internal, low-power 12-bit 

analog-to-digital converter (ADC). Digital filtering 

and decimation can also be performed on chip to 

lower data rates. The mixed-signal path is 

preferred for highly integrated applications such as 

ECOG implants.  

 

Analo g chann el

ADC-SAR

Impedance
measurement

Chann el  reg isters

SK fi lter

LNA

Voltage 
ampli fier

Analo g chann el

ADC-SAR

Impedance
measurement

Chann el  reg isters

SK fi lter

LNA

Voltage 
ampli fier

 

Figure 2 : Die photo 

 

The chip was fabricated in 0.35µm CMOS process 

and is 13.5mmx6.6mm (Fig. 2). 

In high gain and bandwidth configuration, the 

measured overall input-noise voltage is 0.7µVrms 

on [0.5Hz–300Hz], for an analog power 

consumption of 120µW/channel. With these 

measured performances this chip presents one of 

the best noise figures for a multi-channel high-

resolution EcoG digital output recording ASIC. 
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Towards Plug'n'Play Vibration Energy 

Harvesters 

Research topics: Vibration Energy Harvesting 

B. Ahmed Seddik, S. Boisseau, G.Despesse 

ABSTRACT: Vibration Energy Harvesting is a promising way to develop Wireless Sensor 
Networks powered by ambient energy. Unfortunately, Vibration Energy Harvesters are still 

shunned by industry because they are not Plug’n’Play devices. The most important 
improvement they need is an increase of their working frequency bandwidth which is the 
aim of this work. 

Vibration Energy Harvesting is a field of growing 

interest with applications in industry, transport, 

aerospace… Unfortunately, most of Vibration 

Energy Harvesters (VEH) are based on resonant 

mass-spring structures and harvest energy only if 

their resonant frequency is tuned to ambient 

vibration frequency. 

As a consequence, VEH present three main 

drawbacks: (i) they are specific to one 

environment, (ii) they are not able to harvest 

energy if vibration frequencies change and, (iii) 

due to mechanical fatigue, VEH resonant frequency 

may change through time and may not fit ambient 

vibration frequency anymore. Therefore, today’s 

VEH are not Plug’n’Play, versatile, robust and 

simple to setup devices: this greatly limits VEH 

adoption and mass deployment by industry. 

In order to make Plug’n’Play VEH, the essential 

step consists in developing structures with a wide 

frequency bandwidth and/or able to adjust their 

resonant frequency according to ambient vibrations 

frequency. Three main approaches to achieve this 

goal have been investigated in this work. 

The first one consists in taking advantage of 

mechanical non-linear behaviors that appear when 

springs leave their linear domain (for high 

displacement amplitudes). This passive 

phenomenon allows VEH to follow vibration 

frequency changes and is particularly suitable on 

motors with varying rotation speeds. By enlarging 

VEH frequency response (Fig.1), non-linear 

behaviors allow VEH output power to be increased 

up to +50% compared to standard linear devices. 
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Fig. 1. Linear VEH vs non-linear VEH output powers 

The second solution consists in gathering the 

resonance phenomenon conditions at off 

resonance. This is done by using a rebound 

mechanism that reverses the seismic mass speed,

when the vibration source speed reaches an 

extremum. Hence, both seismic mass speed and 

displacement are amplified. This approach is 

useful for vibration harvesters operating in 

environments presenting a variable frequency or 

even for random vibrations. A relative 

displacement gain, six times greater than a simple 

resonator, was obtained using this technique. 

The last solution is aimed at enlarging frequency 

bandwidth by tuning the resonant frequency. This 

concept, which is probably the most promising 

way to increase VEH frequency bandwidth, is 

known as “tuning of frequency”. Its objective is to 

change VEH resonant frequency by modifying its 

spring stiffness. One way to proceed consists in 

changing the load on highly-coupled piezoelectric 

devices as presented in Fig.2. The value of the 

load is controlled by an active circuit aimed at 

searching the optimal parameters to maximize 

output power. A resonant frequency change up to 

40 % was measured with this solution. 
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Fig. 2. Tuning of frequency on piezoelectric devices 

 

Developing devices able to work on a large 

frequency bandwidth is an essential step to 

develop Plug’n’Play VEH and to facilitate their 

adoption by companies. LETI’s studies show that 

this great objective will be reached in the near 

future. 
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Energy Harvesting System for Cardiac 

Implant Applications 

Research topics: Vibration Energy Harvesting 

S. Boisseau, J.-J. Chaillout 

ABSTRACT: The miniaturization process in active medical implantable devices is driving the 
development of novel energy sources such as small volume, high longevity energy 

harvesting systems. In this study, we present an approach for the design of an inertial 
energy scavenger powering cardiac implants from heart generated vibrational energy. The 
heart acceleration spectrum has been measured and analyzed. Achievable power level and 
design parameters are determined from a spectral analysis. 

Advances in microfabrication techniques are now 

enabling a large variety of miniaturized implantable 

systems for sensing, health monitoring or 

deficiency treatments. This progress will offer less 

invasive implantation procedures, greater comfort 

for the patient, improved performance, and often 

provide innovative measurements and treatments. 

These devices need to include an energy source 

but batteries have more and more difficulties to 

follow the size reduction rhythm. An alternative 

approach is to harvest the energy available from 

the surrounding environment.  

The humangenerated energy is available at various 

locations in the body and can take different forms: 

heat, inertia, contraction, etc… This phenomenon is 

now reaching the pacemakers, where power 

consumption and theoretical generated power from 

a reasonably sized energy harvester are both 

reaching a value of several tens of microwatts. 

The vast majority of energy harvesters are based 

on inertial power generation because vibrations are 

widespread in environment. Heart beats are 

providing a continuous source of vibrational 

energy. Additionally, the inertial harvesting device 

can be properly encapsulated in a rigid package 

which helps biocompatibility and integration. 

Under the assumption that the transducing force is 

acting as a viscous damper, the inertial energy 

harvesting system can be modeled as in Fig. 1. 

 

Fig. 1. Mechanical system of an inertial energy harvester. 

The limitation comes from the travel range of the 

mass, as its amplitude movement is largely 

amplified by the quality factor. When the 

excitation spectrum is wide or has an unsteady 

peak, energy harvesters should be damped further 

in order to provide mechanical amplification for a 

broader range of frequency, even though the 

amplification magnitude is lower.  

To predict the amount of energy that can be 

harvested from the heart acceleration, the 

acceleration spectrum of the heart has been 

measured by Sorin CRM. It has been found that 

the main excitation component is concentrated on 

the heartbeat frequency and in an interesting 

plateau in the 10-30 Hz frequency range. 

One of the principle challenges in the design of a 

heart inertial harvester consists in the 

considerable variations of the acceleration shape 

and amplitude from a patient to the next. For this 

reason, it has been chosen to model the 

acceleration spectrum with a typical shape of what 

can be found in the right atrium (Fig. 2). 

 

Fig. 2. Model of the acceleration spectrum in the right atrium. 

This typical shape of the heart acceleration 

spectrum will be used now in the study of an 

inertial energy scavenger. The volume of the 

whole system is expected to be in the order of 500 

mm3. This energy harvester module could be 

implanted in a pacemaker and provide enough 

energy for battery-less autonomous operation. 
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[1] M. Deterre, R. Dalmolin, S. Boisseau, J.J. Chaillout, E. Lefeuvre, E. Dufour-Gergam, “Energy Harvesting system 
for cardiac implant applications”, Proc. DTIP'2011,. 
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ABSTRACT: Electrets are man-made materials able to keep a permanent electric field after 
polarization. They have already proven their benefits in many areas such as acoustic, 
microfluidic or measurement. We focus here on a new and growing domain: vibration 
energy harvesting. 

With the will to increase the number of sensors 

around us and to respect several economic and 

environmental constraints, researchers and R&D 

engineers are looking for new green and unlimited 

energy sources that will allow to remove batteries 

or wires and to develop autonomous wireless 

sensor networks with theoretical unlimited 

lifetimes. These new sources are based on ambient 

energy.  

Among them, vibration energy harvesting has 

proven attractive especially when solar EH is not 

possible (applications in tires, building 

infrastructures, engines…). To convert mechanical 

energy from vibrations into electricity to power 

autonomous sensors, a transducer is required. 

Actually, many transducers have already been 

developed; they use three main principles: 

piezoelectricity, electrostatic and 

electromagnetism. Electromagnetic and above all 

piezoelectric devices have known an important 

development for 10 years. To explore a new field, 

we have chosen to focus on electret-based 

electrostatic converters that present some 

advantages compared to other converters such as 

the possibility to develop low-cost devices. 

Electrets are dielectrics able to keep an electric 

field for years thanks to charge trapping. The 

structure able to turn vibrations into electricity 

using electrets is introduced in figure 1: the system 

is made of a counter-electrode and an electrode on 

which is deposited an electret, spaced by an air 

gap and connected by an electrical load (here a 

resistor). The electret has a constant charge Qi, 

and, due to electrostatic induction and charges 

conservation, the sum of charges on the electrode 

and on the counter-electrode equals the charge on 

the electret: Qi = Q1+Q2. 

When a vibration occurs, it induces a change in the 

capacitor geometry and a reorganization of charges 

between the electrode and the counter-electrode 

through the load. This induces a current across the 

load and part of the mechanical energy is 

therefore turned into electricity. 

 

Figure 1. Electrostatic converter using electret. 

 

We have developed three kinds of electret-based 

vibration energy harvesters (VEH) (figure 2):  a 

simple out-of-plane clamped-free cantilever VEH 

(a), a bulk in-plane macroscopic device (b), and a 

MEMS in-plane device (c). Output powers are 

presented in table 1. 

 

(a)  

(b)       (c)  

Figure 2. Electret-based vibration energy harvesters. 

 

Table 1. Output powers of electret-based VEH. 

Structure Output power 

Cantilever (a) 50µW@0,1G(50Hz) 

Bulk in-plane device (b) 8µW@0,15G(39Hz) 

MEMS in-plane device (c) 0.25µW@0,06G(73Hz) 

  

Results obtained for the in-plane devices are at 

the state of the art. The cantilever VEH has given 

better results, above the state of the art. 

Thanks to this work, we have proven the interest 

of electrets to develop viable VEH with good 

output powers, comparable to the ones of 

piezoelectric or electromagnetic devices. 

 

 

 

S. Boisseau, G.Despesse 
A 
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Electret-based vibration energy harvesters 

Research topic: Vibration Energy Harvesting 
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User-centric approaches for innovation 

Keywords: User-centric – technological innovation – creativity – design  

Verchère C., Aubouy M., Jobert T., Géraud N., De Medeiros O.  

 

ABSTRACT: Introducing non technological type of competencies (e. g. design, sociology...) 
in the conception of technological innovations raises many questions, such as: what would 

be the appropriate time to introduce these skills in the process? Under which circumstances 
would it be most relevant? When would it be more efficient? What kind of tools or formal 
documents would affect the design? These issues have been the subject of the recent 
activity presented here, which explored the topics of interdisciplinarity, methodology and 
formal documents.  
 

The issue of action-research may be rephrased in 

simple words: in collaborative type of projects 

(which are fairly common in the CEA LETI), how do 

we make sure that the various disciplines and the 

diversity of skills that are involved talk to each 

other, such that they will eventually achieve 

together a common goal (e. g. producing a 

prototype that will advertise for the "technology 

portfolios")? How do you ensure that they will not 

just superpose their expertise, as is current,

without ever confronting each other? Our 

hypothesis is that cross fertilizing the various 

territories and disciplinary skills will give innovation 

a chance to emerge. The chance is even greater if 

the territories are distant. 

1. First, the research carried out in 2011 focused 

on the tools suitable to achieve an interdisciplinary 

work. Then we concluded that the tools matter less 

than the bridges that can be set up between the

disciplines and skills. Our method aims at 

articulating Design, Technology, Creativity and 

User-centered approaches in technological 

innovation projects. Providing clues about what are 

the most significant difficulties in the innovation 

process suggests simple ways to cross-fertilise the

various domains concerned by the innovation. 

Providing clues about what are the most significant 

difficulties in the innovation process suggests 

simple methodological ways to cross-fertilise the 

various domains concerned by the innovation. This 

work also resulted in two articles that will appear in 

the first half of 2012 [1] [2].  

 

 

Figure 1: Tipping Point Method TM 

 

2. Then, this issue led us to a research on formal 

documents (multimedia type of support, technical 

specifications…) and the tipping points which are able 

to facilitate interdisciplinary work and skill cross-

fertilisation (from two ANR projects carried out by 

our laboratory). Our findings highlight the difficulty 

of interdisciplinary work: the media, the shared 

knowledge and the skills remain localized. They 

appear to be hardly extendable to other projects. 

Similarly, laboratory organization and project 

(possible degrees of iteration, flexibility) strongly 

influence the potential for innovation. These aspects 

were discussed in conferences and communications 

in [3] [4]. 
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 PhD Degrees Awarded in 2011 

Name: Sahar GHANDOUR  
University: Université de Grenoble 

Title: Design and fabrication of an innovative MEMS based DC/DC 

converter 

Current trends towards miniaturization of electronic circuits had led to the advent of System on 
Chip containing different types of circuits indented to perform different functions. These sub-
systems require different supply voltages that are delivered from the SoC supply voltage using 
several DC/DC converters. Currently, most of the electronic circuits of portable applications use 
SMPS (switch mode power supply) DC/DC converters containing an inductor element to stock 
temporally the electrical energy. In this case the converter is outside the chip since the 
integration of the inductor is very difficult and that resistive losses increase when the coil 
diameter decreases. The alternative to use switched capacitor converters, which can be easily 
integrated on silicon, presents some limitations because of the dependence of the required 
number of capacitors on the conversion ratio, and because of switching losses due to the 
charge and the discharge of the capacitors inducing a decrease of the conversion efficiency. For 
that reason, it is interesting to develop a new alternative that allows the fabrication of a 
compact and efficient DC/DC converter in order to get a completely integrated system. This 
thesis focuses on a novel solution based on electrostatic MEMS in order to make an integrated 
DC/DC converter with high efficiency. A mechanically variable capacitor is used instead of the 
inductor element to store the transient electrical energy. In this work, we explain the principle 
and the operation of a step down and a step-up converter using our novel approach through an 
energetic analysis, we design a MEMS device optimized with respect to the voltage conversion 
application, and we present our converter control method using a zero voltage switching 
technique. 

Name: Sébastien BOISSEAU 
University: Université de Grenoble 

Title: Electret based vibration energy harvesting 

Developed from the microelectronics industry, MEMS (Micro-Electro-Mechanical Systems) 
gradually invade the market with applications in many fields such as aerospace, medicine, 
industry or the general public. One of the purposes of these microstructures is to allow the 
deployment of autonomous sensor networks, that is to say a set of structures that can collect 
information from their environment, process, transmit and interact between them, without any 
human intervention. How to power these autonomous Microsystems? Use batteries… 
Unfortunately, the major flaw of batteries is their lifetimes, since it will be necessary to replace 
or to refill them after some months or some years. Actually, thanks to miniaturization, 
microsystems consume less and less energy, giving them the opportunity to harvest energy 
from their surrounding environment (sunlight, temperature gradients…). It is also possible to 
harvest energy directly from ambient vibration using piezoelectric, electromagnetic or 
electrostatic devices. In this thesis work, we focus on the study of electrostatic structures using 
electret (electrically charged dielectrics). From the study of electrets to the fabrication and the 
optimization of electrostatic energy harvesters, we expose in this report, the system modeling, 
the optimization process, the electret material study and the results reached on two fabricated 
structures. 
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Name: Guy WALTISPERGER 
University: Université de Grenoble 

Title: Power Management Architectures for autonomous microsystems 

 
Enhancing the life time of battery or being able to work without it is today mandatory for 
microsystems. Most of systems are nowadays limited by the capacity of the embedded battery. 
Moreover the replacement and waste of baterries is no more possible at this scale. One way to 
achieve longer life time is the use of renewable energy sources (solar, thermal, or kinetic). This 
work proposes to develop a new energy harvesting platform with numerous sources and loads 
(MANAGY) able to adapt itself to the surrounding environment in order to extract the maximum 
of energy while answering to various of applications. The architecture is composed of directs 
and indirects power paths where the extracted energy coming from renewable sources is firstly 
transferred to a storage unit before being used by loads. This novel architecture makes it 
possible to optimize the energy transfer between sources and loads and to achieve a 33% gain. 
Before developing this architecture with numerous sources, we have searched to enhance the 
efficiency of the photovoltaic source which has the best power density at the state of the art. 
Looking for improving the efficiency of the PV source is the same as tracking the maximum 
power point (MPPT). There is for each irradiance, temperature and quantity of energy extracted 
a couple of voltage and current enabling the PV source to deliver the maximum of power (MPP). 
Thanks to the two power paths used we are able to create a low power feedback loop adjusting 
the duty cycle from the power management unit (MPPT) while having a second feedback loop 

optimizing the power transfer and regulating the output voltage. Thanks to a high level model we 

have specified the system performances. To achieve the performances required we have realized 

novel architectures protected through three patents. Moreover, blocs are only activated when 

the system changes its state and furthermore there are designs, when achievable, with 

transistors working in weak inversion. All these optimizations make the system working for a 

large range of irradiance (from inside conditions higher than 500 lux to outdoor conditions) with 

an efficiency close to 90%. 

 

Name: Nhat Hai NGUYEN 
University: Université de Grenoble 

Title: Development of Intelligent Methods for the Building Energy 

Management System, USING WIRELESS SENSOR 

 
Load management in an active and intelligent way is one of the major concerns of distribution 
systems operators, suppliers and consumers of energy, particularly in the context of the smart-
grid project. The aim of this thesis is to develop and implement a real-time energy 
management system based on wireless sensor networks in buildings (residential and tertiary 
sector). The methods of load management have been developed to minimize peak demand, 
maintain thermal comfort, and minimize the cost of consumption. A concept of real-time load 
management using a wireless sensor network has been proposed, based on the ZigBee 
communication standard. Demonstrators of adaptive control of heating and air conditioning and 
of intelligent load shedding for electrical cookers have been developed. The prototypes of the 
proposed systems have been built and tested on an experimental apartment to demonstrate 
the usefulness and effectiveness of these methods. The developed system allows to avoid the 
use of predictive models that are very difficult to identify and self-reconfigure when new 
electrical devices are added in a building. 
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Name: Pierre GRENET   
University: Université de Poitiers 

Title: A reconstruction system for whole body dynamic: exploitation and 

fusion of MEMs data 

MEMs progress allowed the development of attitude measurement unit: group of sensors to 
assess its orientation relative to the Earth’s frame. There are several types of sensors used in 
such unit: accelerometers, magnetometers and gyroscopes. Only the combination of 
accelerometers – magnetometers – gyroscopes allows a good estimation of the kinematic 
orientation, without a priori knowledge of the motion, that is to say the estimation of the 
orientation in presence of an unknown acceleration. In the context of whole body motion 
capture, the subject of the PHD is precisely to add a priori knowledge to limit the number of 
gyroscopes, or even eliminate them completely. This knowledge is the information that the 
MEMS are mounted on a skeleton and that their relative moves can only be compositions of 
rotations. To test the efficiency of this concept, we first applied the method to a pendulum with 
one or three degrees of freedom, then to many groups segments (shoulder - arm - forearm, for 
example) and finally on the whole body. This PHD develops the theory and the results obtained 
on different solving methodologies. 

Name: Mickael CARMONA  
University: Université de Grenoble 

Title: Passive identification of elastic propagation media. Application to 

sensors network geometry retrieval and structural health monitoring 

Passive identification of a system relies on the estimation of the parameters which describes 
that system only by using ambient sources. In civil engineering, we can apply this technique to 
monitor the state of health of structures. This is called passive SHM (Structural Health 
Monitoring). Passive SHM is generally realised by using an instrumentation distributed on the 
surface. This thesis focus on the possibility given by the use of a buried instrumentation. 
In the first part, we establish new results associated to passive identification in visco-elastic 
media. The originality of this work relies on the consideration of a realistic dissipation model, 
the viscosity, and the vectorial aspect of elastic waves. Those theoretical results, which are 
experimentally validated, prove the portability of surface passive SHM to volume passive SHM. 
In the second part, we focus on two problems related to a buried sensors network: the passive 
estimation of sensors position (SNL problem - Sensor Network Location problem) and attitude 
(SNA problem - Sensor Network Attitude problem). Those problems are solved by using passive 
identification which gives, besides physical information on the medium, geometrical information 
on the network. In particular, we can estimate the distances and relatives attitudes between 
sensors. With that partial and noisy information we have developed algorithms solving SNL and 
SNA problems and we have validated them experimentally. At last, we synthesize the 
contribution of the thesis and we identify the technological locks to release in order to justify 
the feasibility of passive SHM using a buried instrumentation. 
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 PhD Degrees Awarded in 2011 

Name: Alexis LE GOFF 
University: Université de Grenoble 

Title: Magnetism: A new way for monitoring and diagnostics in automobile 

 

 In this thesis the various sources of magnetic field in an automobile with heat engine are 
presented. The aim of this work is to make use of the measures on the magnetic field in an 
automobile in order to extract useful information for monitoring or diagnosis of the vehicle. The 
experiments we made led us to measure, to identify, to characterize and to model the various 
sources of magnetic field in an automobile. The electric circuits, the electric generator, and also 
the displacements of ferromagnetic pieces can create magnetic field. All those sources are 
mixed on the sensor network. We have developed source separation algorithms and noise 
removing techniques, in order to get useful signals. Vibration analysis has already been used 
for diagnosis in automobile and allows to study the accelerations and shocks of the elements to 
monitor. The magnetic analysis allows to study other parameters such as pieces displacements 
or the electric currents in the system. We show that magnetic analysis is a new diagnosis tool 
that could be used as additional information. Several concrete potential applications on wheel 
and engine monitoring, and electric bulb diagnosis are presented. Finally, we give an angle of 
reflection about generalizing those results to electric vehicles by presenting the specific 
problems and needs for those vehicles. In particular, the study of the magnetic behavior of the 
electric Lithium batteries is presented. 

 

Name: Julien SOLER 
University: Université de Grenoble 

Title: Bodily expertise on trial. Telephony, Physiology, Epilepsy: body and 

techniques through the experimentation. 

 
This work focuses on three research projects in which technologies are worn on the body and 
produce information about it. At the crossroads of sociology of the body and sociology of 
technology, we investigate forms of coupling that are never taken for granted but constantly 
evolving. The experimental situation is like a trial for the body and for technology. They both 
carry a socio-technical network of objects, places, experiences, people, routines and expertise; 
their confrontation reveals multiple definitions of the body and of technology. We show how 
bodily expertise – an intimate knowledge of one’s own body and that of others, a profound 
experience of interaction and mediation – reappears as a resistance within action. Bodily 
expertise arbitrates these sometimes contradictory definitions. Therefore, we analyse these 
tr ials and how they quest ion the body and the technological  design process. 
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PhD Degrees Awarded in 2011 

Name: Sarah SUFYAR 
University: Université de Grenoble 

 
Title: Contribution to the study of miniature frequency agile Antennas by 

Association of active elements 
 

In a context of widespread wireless communication systems, the need to miniaturize UHF 
antennas to enable their integration on small objects is growing. At these frequencies, the 
antenna is the most voluminous component and its miniaturization is one of the biggest 
challenges of communicating objects designers. However, the miniaturization of antennas is 
usually accompanied by an alteration of its efficiency and its operating bandwidth. Therefore, 
the miniature structures usually designed result of a compromise between bandwidth, electrical 
size and radiation efficiency. To overcome the problem of bandwidth, frequency agility 
technique may prove interesting for some communication systems. The works of this thesis are 
part of the continuing research on miniature and efficient antennas. The first objective of this 
thesis is to study and develop an original miniature antenna that can address the needs of 
existing wireless communication systems. The second line of research focuses on frequency 
agility of miniature antenna originally developed. Reconfigurability and frequency agility is an 
interesting solution to overcome the problem of limited bandwidth due to miniaturization. The 
examples presented were based on 3D electromagnetic simulations, analytical modeling and 
experiments to validate the significant results. 

 

Name: Pierre Henri THEVENON 
University: Université de Grenoble 

Title: Secure contactless RFID and NFC communications on the physical 

layer 

The advent of near field communications for transactions between portable remotely powered 
devices using RFID technology presents a problem. In fact, these communications provide not 
only an informative function but also a power and clock transfer function to the contactless 
device. Communication security is based on authentication protocols, security data integrity 
and confidentiality. Most of these remotely powered devices have low resources and then low 
defense against attackers. These features create a threat for contactless communications 
security and privacy data protection. Four types of attack exist: 
1) Eavesdropping 
2) Relay attack : Communication integrity can be in danger with the use of systems that can 
relay RFID reader commands to a RFID card. Transactions can be spied or even worse can be 
modified in case of a man-in-the-middle attack. 
3) Skimming : Activation and reading of a contactless card from a distance. 
4) The denial of service. 
The objective of this thesis is to find countermeasures using the physical layer in RFID 
contactless devices and in NFC mobile phones while avoiding the modification of actual 
standards. 
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PhD Degrees Awarded in 2011 

Name: Minh Huu NGUYEN 
University: Université Pierre et Marie Curie – Paris 6 

Title: Securization of processors against side channel and fault attacks 

Since the electronic devices that implement cryptography (such as “smart cards”) are key 
components to secure communications, they are subjected to physical ’attacks’. There are 
three main kinds of such attacks. The first type, called ``invasive attacks'', covers all the 
techniques based on the analysis or modification of an integrated circuit's design by an invasive 
method such as micro-probing or the use of Focused Ion Beams. The second kind, called ``side 
channel analysis'', exploits the fact that some physical values or ``side channels'' like the 
power consumption, the electromagnetic radiation or the duration of computation of an IC 
depend on its internal computations. It is of particular concern since it does not destroy the 
physical integrity of the circuit and it can be quickly mounted with cheap equipment. The third 
kind of attacks, called ``fault attacks'', consists in disturbing the circuit's behavior in order to 
alter the correct progress of the algorithm. The faults are injected into the device by various 
means such as laser, clock glitches, spikes on the voltage supply or electromagnetic 
perturbations. 
In this thesis, several low cost mechanisms have been proposed to protect a simple but 
representative processor (a 32-bit DLX-like one such as those embedded in a smart card) 
against such attacks. Thus, an information redundancy technic (i.e. doing a computation with 
more bits than required) has been implemented to detect a malicious corruption of the program 
code (from the memory to the pipeline). To detect the faults created by an attacker during the 
computations, a time redundancy technic (i.e. doing the same computation several times) has 
also been implemented in the arithmetic and logic unit of the processor. We have shown that 
this technic can reduce by 20%-30% of the extra time and requires a reasonable hardware 
overhead (about 20.4% of the unit). In case of error detection, a system of recovery has also 
been proposed. At last, to reduce sensitivity to side channel attacks, “noise” has been added to 
the power consumption by adding dummy operations. All these mechanisms have been 
integrated and tested in a hardware description of the processor. 
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