François Derkx 
email: francois.derkx@ifsttar.fr.
  
Bérengère Lebental 
  
Tarik Bourouina 
  
Frédéric Bourquin 
  
Costel-Sorin Cojocaru 
  
Enric Robine 
  
Henri Van Damme 
  
Derkx François 
  
Lebental Bérengère 
  
Bourouina Tarik 
  
Bourquin Frédéric 
  
Cojocaru Costel-Sorin 
  
Robine Enric 
  
Van Damme 
  
The Sense-City project

Keywords: Nano-sensors, sustainable City, climatic tests;

à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Presentation of the project

The Sense-City project is a suite of high-quality facilities for the design, the prototyping and the evaluation of performance and risks of innovative micro-and nanotechnology based sensors devoted to measurements in urban environment.

Sense-City will bring together two very promising, yet still highly disjointed topics, nanotechnologies and cities. Introducing nanotechnologies into the city could lead to a more modern, more sustainable and human friendlier urbanization. Economical and social stakes are high, since 90% of the French population is expected to live in cities by 2020. Today's galloping urbanization impacts heavily on people and environment, whereas tomorrow's sustainable city is not upon us yet.

Metrology of urban spaces is a landmark toward urban preservation and modernization. Sensors are the first interface between the actual and the numerical worlds. As such, they are essential to understand or control our surroundings. Continuous monitoring is already widely used in civil engineering, buildings, housing, and public water, gas, lighting networks. Collecting massively distributed information requires the use of high-performance communication systems as well as the use of low-cost and low-consumption sensors with a very small ecological footprint. Because of their high sensitivity, the wide range of their observables, their energy self-sufficiency and their low-cost, micro-and nano-sensors are particularly well suited to cities. However, adapting sensors developed in a perfectly controlled, clean room environment to the uncontrollable urban environment is a difficult task: cities are complex systems, with a large number of variable parameters and various sources of sensors degradations, all of which cannot be accounted for in numerical models. Implementation of sensors in an urban environment raises many questions. How can we make sure that sensors measure the observable they are actually designed for? That sensor ageing does not affect measurements? That sensor does not induce any risks for persons nor goods? Where should they be placed in order to give an accurate picture of the local parameters and their gradients? These questions are critical, all the more so since micro-and nano-sensors are more fragile and more sensitive to their environment than macro-sensors.

In order to address these issues, Sense-city will provide a testing facility for micro-and nano-sensors in realistic conditions. Environmental parameters will be much more varied and complex than those of the traditional clean room, but also better controlled and reproducible than urban environment.

This testing facility, which we call "mini-city", will consist of a unique (Europe-wide) large scale, fully customizable climatic hall dedicated to hosting full-and reduced-scale models of main urban components (e.g. buildings, infrastructures, underground and distribution networks). The design of these models will allow for the simulation in the climatic chamber of numerous scenarios of sustainable cities. These scenarios will be designed to address scientific issues such as energy performances in buildings and cities, quality of air, water and soils, health issues related to air quality in confied spaces, quality and sustainability of all kinds of networks (gas, sewage, water supply), control of waste disposal areas, durability and safety of infrastructures.

Around this facility will be gathered hi-tech equipments essential to the prototyping and performance assessment of the proposed sensors. These equipments will complement those already owned by the partners of this project. They will permit the design, integration and calibration of the sensors. At the end of the fabrication process, prototypes tested in the realistic "mini-city" will be ready to be evaluated in a real environment, and then transferred to the industry.

From the industrial point of view, Sense-city can be viewed as the early basis for a future technological innovation platform. It will help increasing the reactivity of companies involved in sensor development, while reducing sensors' time-to-market. Presently, design, prototyping and validation of innovative sensors are atomized, which is detrimental to the massive and rapid diffusion of the new technologies into the society. Sense-city has a unique potential for integration in the context of urban applications. By helping companies develop new products, Sense-city will therefore contribute to fostering economic development.

Details of the scientific goals

Sense-City is a ten years project built around three applicative programs.

Environmental monitoring

• Air quality: Gas components of the air are tell-tale signs of atmospheric pollution and of various chemical and biological phenomena [START_REF] Nachef | Micro gas chromatograph for gas refinery harsh environment: there microvalves PASSED peek membranes[END_REF][START_REF] Nachef | Microvalves for natural gas peek Analysis with membranes[END_REF][START_REF] Argoul | Inverse problems in civil engineering[END_REF][START_REF] Malak | Analysis of novel building blocks for photonic MEMS based photonic crystals are deep ID[END_REF]. We will develop micro-instruments dedicated to the measurement of air-quality with the goal to increase sensor selectivity, sensitivity and durability and to decrease response times. We will address the issue of sensors packaging and integration into wireless sensor networks.

• Drink water quality: To optimize chemical reactions of disinfection, operators of drink water networks are in strong need of systems surveying water quality. We will develop multiplexed sensors for water quality monitoring based on the hybridization of MEMS and microfluidic chips. The sensors being designed to be implemented in water pipes under high water pressure, special care will be given to sensors conditioning, robustness and durability.

• Waste water networks and water bodies: The metrology of urban lakes and wastewater networks is essential to understand and reduce the impact of urbanization on environment. Sensor concepts developed in the field of drink water monitoring will be adapted to water bodies monitoring.

Structural health monitoring

• Infrastructures: Sustainable development is tightly related to the concept of structural health monitoring (SHM) of infrastructures [START_REF] Baroghel-Bouny | Design of concrete for a given lifetime works -Master of sustainability with respect to reinforcement corrosion and alcaliréaction-state of the art and guidance for the implementation of a performance approach and predictive the basis of sustainability indicators[END_REF][START_REF] Baroghel-Bouny | Assessment and prediction of service life by RC structure moyen de Indicateurs durability and physical / chemical models[END_REF][START_REF] Benzarti | MQ Accelerated aging Behaviour Of The adhesive bond specimens Between concrete and CFRP overlays[END_REF][START_REF] Afgc | Repair and reinforcement of concrete structures using composite materials: preliminary recommendations[END_REF][START_REF] Pendhari | YM Application of polymer composites in civil construction: a general review[END_REF][START_REF] Bloomfield | The Challenging Business of long-term public-private partnerships:Reflections on local experience[END_REF][START_REF] Thiery | Investigation of the carbonation front shape is cementitious materials: Effects of Chemical kinetics[END_REF][START_REF]AG formed a CMUT cell membrane nanotubes or nanowires and nano-beams or acoustic imaging device ultra high frequency including a plurality of such cells[END_REF][START_REF] Lebental | ED Method and apparatus for acoustic analysis of microporosity in a material such as concrete with a plurality of cMUT transducers embedded in the material[END_REF][START_REF] Lebental | Capacitive ultrasonic transducer micro-Made of Carbon Nanotubes: The prospects for in-situ embedded non-destructive testing of durability in cementitious materials[END_REF][START_REF] Baroghel-Bouny | Water vapor sorption experiments were hardened cementitious materials. Part II: Essential tool for assessment of transport properties and for durability prediction[END_REF][START_REF] Thiery | Modeling of concrete drying -Analysis of the different modes of moisture transfer[END_REF][START_REF] Berthet | Design and characterization of a mems sensors for rheological applications[END_REF][START_REF] Berthier | The role of soil in the generation of urban runoff: development and evaluation of a 2d model[END_REF][START_REF] Lamy | Ecoulement et transfert colloïdal dans un milieu modèle à double porosité[END_REF]. Indeed, SHM makes it possible to increase service life time of structures by anticipating degradations and ageing. Downsizing SHM sensors is essential because the durability of cementitious and composite materials is controlled by transport phenomena occurring within the micro and nanoporosity of the materials We will focus on the development of SHM targeted micro and nano-sensors specifically dedicated to the early detection of degradations and the measurement of durability indicators in concrete and composite structures.

• Networks: The measurement of water pipe profiles, pipe wall thickness and the detection of hydraulic abnormalities will allow drink water network operators to localize defects and improve maintenance planning. We will further the development of robust, wireless in-situ acoustic sensors and the associated data technical processing.

Energy performances monitoring

• Buildings: To reduce energy consumption and green-house gas emissions, energetic performances of buildings need to be improved both in new buildings and via renovation programs. We will develop a sensor-based assessment method for existing buildings which will enable the characterization of their global intrinsic quality and of their independent components. Coupled with studies on the use of buildings (comfort management, energy use and storage), this methodology will contribute to the choice of performing (in terms of energetic performances) construction and renovation solutions. In a first step, we will install massively distributed sensors in buildings.

• City district: eventually, the study of building energetic performances with distributed sensors will be extended from the scale of the individual building to the scale of a city district (multi-buildings). In particular, we will tackle the issue of smart grids, which require the ability to network sensors spread throughout numerous buildings.

Health and exposure monitoring in enclosed space

• People exposure: Enclosed spaces are riddled with various types of pollutants, physical, chemical or microbiological. In order to assess people exposure to these pollutants, following the "Grenelle" recommendations and laws, there is a need for low-cost, low volume, high sensitivity metrological tools to assess the (even very low) concentrations of typical pollutants.

• Health quality of enclosed spaces: We will also develop and implement sensors solutions 1) for the continuous, real-time monitoring of enclosed space air quality and 2) for the localization of pollution sources.

Prototyping equipment

To achieve this ambitious, long term scientific program, prototyping equipment has been awarded to the partners:

For sensors fabrication and characterization

• An atomic layer deposition system: sensor sensitivity is expected to be significantly improved by the atomically thin coatings achievable by such an ALD system.

• An ink-jet printer for the fabrication of very low-cost sensors on flexible substrate.

For sensors packaging

• A wafer bonding system for the development of technology processes aiming at lowering packaging costs.

• An automatic dicing saw for fast and efficient wafer-to-dice separation in low-cost processes.

For sensors small-scale validation

• A small-scale controlled-environment enclosure with a parametric 8-channel analyzer and a liquid-phase measurement module for sensor gas and liquid sensitivity evaluation.

• An infrared camera for non-intrusive detection of defaults within composite and bonded material.

• A dynamic automatic water-sorption device for the in-situ study of the nano-micro-structure morphology of porous material. This device is specifically designed for automation of the tests.

The climatic Mini-City

Overview

After prototyping and small-scale validation, the sensors have to be validated in realistic, complex conditions similar to urban configurations. That is the purpose of the equipment central to the Sense-city project, the so-called "mini-city". To be designed in 2012 and built in 2013, it should include 1 (Fig. 1): 1 The size and characteristics given here are indicative only, in so far as the detailed design phase is to take place by the end of 2012.

• a large (25m x 25m x 8m) climatic chamber (1), designed to be mobile (at low speed) on rails (2) This climatic chamber will assure the temperature (heating up to 50°C [START_REF] Afgc | Repair and reinforcement of concrete structures using composite materials: preliminary recommendations[END_REF] and cooling down to -20°C ( 9)) and humidity control (from 0% to 100% relative humidity) of a mini-city built with models [START_REF] Benzarti | MQ Accelerated aging Behaviour Of The adhesive bond specimens Between concrete and CFRP overlays[END_REF] representing typical urban situations. Other environmental solicitations will be available: UV radiations, rain, liquid and gas pollutants (injection through pipes ( 11)). The entire volume of air will be homogenized thanks to fan stirring [START_REF] Bloomfield | The Challenging Business of long-term public-private partnerships:Reflections on local experience[END_REF].

• two climatic pits (3) of size 20m x 20m x 5m, designed to be connected to the climatic chamber, will enable to include underground and soils in the environmental tests: the climatic pits will be built with a double partition in which will be installed air-conditioning, fluid injection and water drainage equipment. The content of the pits will feature typical underground structures (embankment, dam, water body, garden, urban underground…), including urban pipes.

• a retention pond [START_REF] Baroghel-Bouny | Design of concrete for a given lifetime works -Master of sustainability with respect to reinforcement corrosion and alcaliréaction-state of the art and guidance for the implementation of a performance approach and predictive the basis of sustainability indicators[END_REF] for the collection of waste water (especially useful for pollution experiments) • adjoining buildings: an office building [START_REF] Baroghel-Bouny | Assessment and prediction of service life by RC structure moyen de Indicateurs durability and physical / chemical models[END_REF] for the technical staff and for the control room, and a hangar [START_REF] Benzarti | MQ Accelerated aging Behaviour Of The adhesive bond specimens Between concrete and CFRP overlays[END_REF] for the storage of the models. This "mobile chamber/two climatic pits" design was chosen to maximize operation time of the climatic chamber. Indeed, when one climatic pit is being used with the climatic chamber, the other can be prepared for the next set of experiments (soil preparation and models installation) (see Fig. 2).

The innovative design of the "mini-city" makes it a unique equipment in France and worldwide. As a matter of fact, even if a series of climatic chambers exists in France [20][21][22][START_REF] Sopemea | Society for the Development of Materials and Aerospace Equipment France[END_REF] and abroad [START_REF]Behr's Climatic Wind Tunnel[END_REF][25][START_REF]Climatic Wind Tunnel Facility[END_REF][27][START_REF] Berger | [END_REF][29] none of them allows for the modeling of such a variety of urban situations. The ability to combine the various components of a city is essential to our global scientific project because the global behavior of a city is deeply dependent on the various interactions between its components.

To the best of our knowledge, only the NIED equipment in Japan [29] is designed to integrate undergrounds and soils in a controlled climatic environment. In France, at the CER of Rouen, large surfaces of hangars are dedicated to underground assessment, but this facility does neither offer the possibility to control the local climate nor to simulate interactions with the emerged parts of a city. Additionally, there are only very few climatic chambers on rails worldwide [29]. 

Instrumentation and control

The climatic chamber will be equipped with reference sensors able to measure continuously, in real time and in several places in the chamber, all climatic parameters (temperature, humidity ...). The outputs of these reference sensors will be used first to regulate these parameters within the chambers, second to benchmark the output of the nano-and micro-sensors prototyped within the project.

The whole facility will be commanded from a control room located in the office building. HMI (Human Machine Interface) will enable to control and monitor all the security and to manage tests remotely.

City models

The scale 1:1 models will typically include (table 1) large houses with insulation, electrical equipment and automation, small houses to test interaction with the environment, networks and infrastructures, several streetlamps and a street with its sidewalks. The 1:3 scale models will typically include at least one big-size housing block, various detached houses, two streets with their sidewalks and an urban bridge. Models will be designed (see Fig. 3) or adapted along the course of the project according to requirements established along the course of our research programs. 

Main characteristics of the climate chamber and pit

The main dimensional features of the climatic mini-city are summarized in the tables 2 and 3 and on the Fig. 4 below. 

Conclusion

The "Excellence" Facility "Sense-city -Nano-sensors for cities: design, prototyping and large-scale validation"is a unique chain of equipment revolving around the "mini-city" concept. The "mini-city, to be designed in 2012 and built in 2013, is a 400m² reconfigurable climatic hall unique in Europe, able to accommodate small-scale or real-scale models of main urban components such as buildings, transportation infrastructures, distribution networks and soils. These models are designed to enable the simulation in climatic conditions of a large number of scenarios for the Sustainable City. These scenarios will be exploited to validate micro-and nanosensors prototyped within the project.

Metrology of energy performances, environmental monitoring at the city level (air, soil and water quality, control of waste storage), detection of hazardous events and durability assessment of transport infrastructures, soils and utilities (gas, sewage, potable water) will be of particular interest.

This main facility, dedicated to sensors large-scale validation, will be complemented by selected flagship pieces of equipment which will play an essential role for the prototyping of Sense-City sensors. They will add to the facilities already available to the project partners. They will enable the partners to carry out essential prototyping tasks such as design, characterization, integration and calibration.

At the end of the design chain, prototypes tested in realistic environment will be ready for evaluation in a real environment and then for industrialization.

Fig. 1 .

 1 Fig. 1. (a) Artistic view of the "mini-city; (b) Artistic view of the inside of the climatic chamber

Fig. 2 .

 2 Fig. 2. (a) Climatic chamber betwen the two pits; (b) Displacement of the climatic chamber .

Fig. 3 .

 3 Fig. 3. (a) First example; (b) Second example of "mini-city scenario"
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Table 1 .

 1 Typical scale 1:1 and 1:3 models

	Designation	Scale 1:1	Scale 1:3
	Large houses	12m x 12m	4m x 4m
	Small houses	8m x 8m	2,5 m x 2,5m
	Street	width 6m, length 15m	width 2m, length 15m
	Sidewalk	width 1,5m	width 0,5m

Table 2 .

 2 Characteristics of the climatic chamber

	Climatic chamber	Characteristics
	Interior size	25m x 25m
	Useful size	20m x 20m
	Height	8m
	Useful area	400m 2
	Useful volume	5 000m 3

Table 3 .

 3 Characteristics of the climatic pit

	Climatic Tip	Characteristics
	Useful size	20m * 20m
	Useful depth	5m
	Useful area	400m 2
	Useful volume	

The table 4 below summarizes the main climatic characteristics of the equipment.

Table 4 .

 4 Climatic characteristics of the climate chamber and pits

	Designation	Characteristics
	Air Temperature	-20°C, + 50°C
	Rate of air temperature variations	10°C/hour
	Rate of ground temperature variations	5°C/hour
	Rain	120 mm/h
	Solar radiation	1 000 W/m 2
	Controlled hygrometry	0-100%
	Injectable pollutants	SO2, CO, CO2, NOx
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