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Untethered Microrobot Control in Fluidic Environment using Magnetic Gradients Karim Belharet, David Folio and Antoine Ferreira Abstract— Navigating in bodily fluids to perform targeted diagnosis and therapy has recently raised the problem of robust control of magnetic microrobots under real endovascular conditions. Various control approaches have been proposed in the literature but few of them have been experimentally validated. In this paper, we point out the problem of navigation controllability of magnetic microrobots in high viscous fluids and under pulsatile flow for endovascular applications. We consider the experimental navigation along a desired trajectory, in a simplified millimeter-sized arterial bifurcation, operating in fluids at the low-Reynolds-number regime where viscous drag significantly dominates over inertia. Different viscosity environments are tested (ranging from 100% water-to-100% glycerol) under a systolic pulsatile flow compatible with heart beating. The control performances in terms tracking, robustness and stability are then experimentally demonstrated.



I. INTRODUCTION Recent developments of microelectromechanical systems (MEMS) make possible to fabricate untethered biomedical microrobots that can be injected intravenously to accomplish targeted drug delivery tasks. Benefiting from their small size and biocompatible properties, swimming microrobots are able to reach and function within regions that are unsuitable for traditional devices, which make them a good choice for controlled drug delivery microrobot. Most of swimming approaches consequently rely upon magnetic fields to wirelessly transmit power to the microrobot. This proofof-concept was first studied using electromagnets [1], [2] and superconducting magnets [3], [4] in phantom devices. Rapidly, magnetic manipulation of therapeutic ferromagnetic nanoparticles (magnetic drug delivery) has progressed from animal to human clinical trials for shallow targets. It is currently limited to static magnets as yet there is no active feedback control in this arena. Recently, magnetic microrobots have received a lot of attention since they are able to provide large motion forces and move in liquid environments with very low (less than one) Reynolds number environment (i.e., the ratio of inertial force to viscous force). Magnetic propulsion and steering for ferromagnetic microparticles, also has been employed [5] in which the magnetic force and torque of a microrobot were induced independently by Maxwell and Helmhotz coil fields [6], [7], [8]. Magnetic helical medical microrobots, inspired by the propulsion of bacterial flagella, are promising for use in open fluids for destroying kidney stones in real human body [5], or for surgery in ophtalmic procedures [9], [10]. Finally, magnetotactic bacteria actuated The authors are with the Laboratoire PRISME, Ecole Nationale Sup´erieure d’Ing´enieurs de Bourges, 88 Bld Lahitolle, F-18020 Bourges; France. E-mail: {karim.belharet, david.folio, antoine.ferreira}@ensi-bourges.fr



thanks to embedded or attached ferromagnetic material has been demonstrated [11]. All these contributions point out the problem of navigation controllability of magnetic microrobots in high viscous fluids and under pulsatile flow when experimental endovascular applications are considered. Recently, a new approach referred to as magnetic resonance navigation (MRN) has been proposed to steer and track in real time endovascular magnetic carriers in deep tissues to target areas of interest [12]. As it focuses on in-vivo feasibility studies of the microrobot pulling concept, developed model is linear [13] and in turn the synthesis of control laws relies on linear PID approaches. Other authors in [14] report instabilities and important oscillations around the equilibrium, especially when the blood stream is modeled as a pulsatile flow. The experiments figure out a lack of robustness to noise and unmodeled dynamics. To overcome these limitations, we analyze in this study a magnetic microrobot body navigating within a microfluidic chip under real physiological conditions. We consider the experimental navigation along a desired trajectory, in a simplified arterial bifurcation geometry, operating in fluids at the low-Reynolds-number regime where viscous drag significantly dominates over inertia. Different viscosity environments are tested (ranging from 100% water-to-100% glycerol) under a systolic pulsatile flow. We demonstrate experimentally that the generalized predictive controller (GPC), developed previously in [15], is sufficiently robust against nonlinear model uncertainties (e.g. drag force and viscosity), external perturbations (systolic pulsatile flow) and noisy trajectory tracking measurements. This paper is organized as follows. First, Section II introduces an experimental setup that is used to operate magnetic microrobots in microfluidic arterial bifurcations. Section 3 provides a short overview of the physics of control of a microrobot using generalized predictive control (GPC) strategy. Section 4 presents experiments to illustrate the efficiency and robustness of the predictive navigation control approach w.r.t. different viscous medium and systolic pulsatile flows. Finally, Section 5 discusses the advantages of the predictive navigation and some limitations related to the complexity of endovascular structure network. This paper is concluded in Section 6. II. EXPERIMENTAL SETUP A. Magnetic Setup The experimental setup used to generate the 3D controlled magnetic fields is shown in Fig. 2(a) and has been developed specifically for the experiments (AeonScientif icT M ,
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(b) Fig. 1. Overall experimental system setup: (A) Pair of coils; (B) Miniature Microscope; (C) Havard pump; (D) flowmeter; (E) LabView PC software; and (F) liquid tank;
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Fig. 2. (a) 3D Maxwell-Helmholtz coils setup and (b) Y-shaped microfluidic arterial bifurcation chip.



ETH Zurich) [16]. The system consists of three nested sets of Maxwell coils and one nested set of Helmholtz coils. Usually, Helmholtz and Maxwell pairs are combined coaxially such that the magnetic field and magnetic gradient field can be controlled independently in the center of the workspace [9], [17]. Such arrangement allows to generate a uniform magnetic gradient field pointing in x-,y-, and z-axis direction. Each set of Maxwell coils generates a magnetic field that is optimally uniform in the center of workspace, aligned with the axis of the coils, and varying linearly with the electrical current flowing through the wire. The three sets are arranged orthogonally such that the magnetic gradients vector can be aligned arbitrarily, with each Maxwell pair corresponding to one basis direction of the field vector. Magnetic gradient forces will thus be exerted on the magnetic microrobot that is inside the Y-channel of the microfluidic chip, as depicted in Fig. 2(b). Homogeneous magnetic flux densities and gradients of up to 300 mT and



350 m · T−1 , respectively, can be generated in a workspace of 20 mm × 20 mm. The Helmholtz coils corresponds to the x-axis in order to magnetize ferromagnetic microrobots with low magnetization values. However, as the direction of the magnetic field and the magnetic gradient are dependent on each other, it means that the system is non-holonomic meaning that a non-spherical object cannot be steered in a controllable way. That is why we choose a spherical neodymium-iron-boron (neodymium magnet) as microrobot body (termed microrobot throughout the text). Each set of Helmholtz and Maxwell pairs are driven by PWM analog servodrives (Aeon Scientific) capable of 12 continuous current controlled by a computer through the Labview software interface. The system is set up on an CCD high-resolution miniature microscope camera (TIMM 400, TIMM) providing up to 26 mm×20 mm field of view. The motion of magnetic microrobot is measured by real-time processing the video images acquired by the microscope camera using Labview computer program with a submicrometer resolution. A robust tracking algorithm has been developed. B. Vascular bifurcation-like environment condition To mimic the endovascular navigation environment, we developed a microfluidic chip with a small vascular bifurcation configuration to reproduce real parent-daughter branching vessels (diameter: 2 mm, blood velocity: 20 mm · s−1 ) as illustrated in Fig. 2(b). The liquid is pumped using a pulsatile blood pump (Harvard Apparatus) that mimics the blood flow in the human cardiovasculature system (non-Newtonian fluids such as blood and pulsatile flows), as shown in Fig. 1. Such pulsatile pump is able to generate a sinusoidal flow with negative values to imitate the arterial reflux. To prevent their suction by the pump, the microrobot is blocked in the microfluidic chip using two PVDF security microfilters. A bi-directional flowmeter is placed at the input of the microfluidic chip. Finally, different water/glycerol liquids mixtures are tested (viscosity variation) to simulate different human blood viscosities. A plastic tank is used to store the various mixtures of water and glycerol pumped, and also to retrieve the liquid leaving the vascular phantom. Table I summarizes the different experimental conditions. TABLE I E XPERIMENTAL CONDITIONS (at† T = 20°C).



Microfluidic



radius



r ρm M R



Water



density viscosity



ρf,w ηw



Microsphere



radius



neodymium magnet density (NdFeB – 35) magnetization



250 µm 7500 kg/m3 1.23 · 106 A/m 1000 µm 1000 kg/m3 10.05 · 10−4 Pa · s



density ρf,g 1260 kg/m3 viscosity ηg 1.41 Pa · s † The experiments are conducted at air conditioned.
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III. MAGNETIC MICROROBOT NAVIGATING IN VISCOUS MICROFLUIDIC ENVIRONMENT To ensure a robust and smooth conveyance of the microrobot to its destination it is necessary to drive its pose x



Fig. 4. Experimental pulsatile flow rate generated by the blood pump. (Qf,max = 0.167 L/s, Qf,mean = 0.0465 L/s, Qf,RMS = 0.0563 L/s)



Fig. 3.



Predictive navigation control (GPC scheme).



between a planned pathway P and the observation through a navigation control module. To our knowledge, most of feedback controller schemes designed in the scope of microrobotics facing drag are simple PID approaches [13]. In [18], the authors proposed to design a controller based on the backstepping approach that ensures Lyapunov stability. However, such control scheme could be regarded as low level controller, that is guaranteeing local stability. It is then difficult to overcome the relevant system constraint using only such robust control strategies. Therefore, to design our navigation control module we have considered predictive control strategies. Predictive control has become a significant research interest powered by a stream of successful industrial applications [19]. The key idea of predictive control schemes are to predict the behavior of the system over a given time horizon. From this prediction, a control is computed by minimizing a quadratic cost function. In particular, when focusing on linear discrete time transfer function models and quadratic cost functions, one of the best known approaches is the Generalized Predictive Control (GPC) introduced by Clarck et al. [20]. In GPC scheme design the system is usually modeled using the model Controlled Auto-Regressive Integrated Moving-Average (CARIMA), as illustrated in Fig. 3. This CARIMA system model is obtained from the state-space representation defined in [21]. The proposed GPC is then obtained by minimizing the following criterion: J{N,λ} =
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where yb(t+j) is the optimum predicted output of the system at time t + j, P(t+j) is the future reference, N > 0 define the size of the prediction horizon; and λ > 0 is the control weighting. Hence, a RST polynomial structure is added to determine a relation between the output y, the control signal u and the reference P (see Fig. 3). IV. EXPERIMENTAL RESULTS Fig. 1 shows the overall experimental setup used for the microrobot control in a microchannel (R =1000 µm) environment using magnetic gradients. In these experiments,



a spherical (r =250 µm) neodymium magnet was used as microrobot body. As previously presented, an endovascular system is reproduced using an Y-shaped vascular phantom to mimic a branching vessel. Several experiments were conducted with different mixtures of water and glycerol (see table II) to test our proposed predictive control strategy in different viscous mixtures. TABLE II AQUEOUS GLYCEROL SOLUTIONS (at T = 20°C). Glycerol (% weight) 50%‡ 80% 100% Density [ kg/m3 ] 1130 1208 1260 Viscosity [ Pa · s] 60 · 10−4 0.06 1.41 ‡ close to blood flow environment.



A. Experimentation protocol First, a dedicated labView control interafce is lunched, and the centerline reference path P is computed automatically using our developed algorithm [15]. In the same time, the Harvard pump is started to fill the pipes and the vascular phantom with different mixture of water/glycerol solutions (see experiments below). Especially, the volumetric flow rate Q is defined to simulate the human cardiovascular pulsatile flow as possible (eg., QHuman ≈ 0.06 L/s) as shown in Fig.4. After sitting the flow rate, the pump is paused and the microball is injected into the vascular phantom (in the region of interest) using a syringe. The GPC navigation scheme is then started, through the labView control interface, and then the electromagnetic actuation syst`eme is turned on. Finally, in the case of experiments with pulsatile flow, the pump is restarted. B. Static flow experiments The first experiments are conducted within a static flow to tune the set of parameters of the predictive controller. Fig .5(a) shows the impact of the prediction horizon N on the path tracking error for different aqueous glycerol mixtures (see Tab. II). It should be noticed that the overall path tracking error is satisfactory as the average position error remains close to the centerline P. The prediction horizons N > 10 do not provide significant contribution, whereas increasing the prediction horizons increase the computational time. One can see that the distance to the pipe wall δ is globally about 400 µm ensuring that the microrobot is never
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(b) (b) Fig. 5. Path tracking w.r.t. GPC horizon N , with water and 50%, 80% and 100% glycerol mixtures, within static flow. (a) Path tracking error and mean of the distance to vessel wall δ; (b) maximum generated ∇B.



Fig. 7. Path tracking w.r.t. GPC horizon N , with water and 50% and 80% glycerol mixtures, within pulsatile flow. (a) Path tracking error and mean of the distance to vessel wall δ; and (b) maximum generated ∇B.



Fig. 8. Path tracking with GPC horizon N = 10, and blood flow condition, with pulsatile flow. Fig. 6. Path tracking with GPC horizon N = 10, and blood flow condition, within static flow.



in contact with the vessel wall. Fig. 6 illustrates the case where the GPC prediction horizon is set to N = 10, and using a 50% water – 50% glycerol mixture, that is close to blood flow condition. C. Pulsatile flow experiments Experiments are also conducted considering pulsatile flow to validate the proposed predictive navigation control strategy. Fig.4 illustrates a sample record of such pulsatile flow. Fig. 7 depicts the overall tracking error ∆ for different the GPC horizon values N within an aqueous solution of 50% (in blue) and 80% (in green) of glycerol. As previously stated, increasing the prediction horizon increases the anticipatory behavior of the predictive navigation scheme. Comparing to the static flow experiments, one can see that the presence of the pulsatile flow, the amplitude value of the applied



gradients increases greatly Fig. 7(b)). It can be explained by the need to counterbalance the antagonistic pulsative flow during navigation. Fig. 8 shows the case where the N = 10 using a 50% water – 50% glycerol mixture. Once again, the experimental results illustrate that the controller remains robust even in the presence of pulsatile flow for different mixtures. V. DISCUSSION The experiments shows that the maximum computed magnetic gradient is below ||∇B|| < 350 mT (as depicted in Fig. 5(b) and Fig. 7(b)), that leads to magnetic force ||Fm || < 30 µN. As the the microrobot navigate through the viscous flow, the flow exerts a drag force that is in the range of 100 µN (high viscosity: 100% glycerol) to 5 µN (low viscosity: 50% glycerol). Hence, the viscous liquid generated an important drag force as the velocity of the microsphere increased and this drag force reduced the abruptness of



Fig. 9. Tracking error (in µm) Path tracking with GPC horizon N = 10, and 50% water– 50% glycerol mixture



the motions of the microball. Therefore, the microdevice reached an uniform velocity and could be easily controlled as shown in the experiments. Thus, as magnetic forces used for propelling are volumetric, whereas the drag force is at best dependent on the microrobot’s area, the smaller the ball, the higher the required control forces with respect to hydrodynamic perturbations. Furthermore, the proposed predictive navigation strategy consider the Stoke’s linear drag force approximation . Classically, such approximation is mainly suitable for low Reynolds number (eg. Re  1). The GPC robustness against modeling error allows to overcome this condition, and our microdevice can follow the planned reference path efficiently. The main drawback of the predictive navigation approach remains on its anticipatory behavior observed when the time horizon N increase. Although, with too high prediction horizon, our microrobot tends to leave the reference path, increasing the tracking error ∆, it anticipates the bifurcation and goes efficiently in the right branch. Whereas with too low prediction horizon, the bifurcation effects [18] influence the microsphere behavior as illustrated in Fig .8. VI. CONCLUSION In this paper, a predictive navigation control of a magnetic microrobot navigating in microfluidic arteria has been developed at microscale, where centerline navigation path extraction and predictive controller have been designed. Several experiments have been conducted with different viscous condition and prediction horizon. Especially, the experimentation results illustrate the efficiency of the proposed GPC scheme, even in presence of pulsatile flow. Future extends will consider other experiments with varying microball and microchannel sizes. ACKNOWLEDGMENT The PhD student K. Belharet is supported by the NanoIRM project, founded by Region Centre and City of Bourges. R EFERENCES [1] G. Gillies, R. Ritter, W. Broaddus, M. Grady, M. Howard III, and R. McNeil, “Magnetic manipulation instrumentation for medical physics research,” Review of Scientific Instruments, vol. 65, p. 533, 1994. [2] T. Honda, K. Arai, K. Ishiyama et al., “Micro swimming mechanisms propelled by external magnetic fields,” IEEE Trans. Magn., vol. 32, no. 5, pp. 5085–5087, 1996.



[3] E. G. Quate, K. G. Wika, M. A. Lawson, G. T. Gillies, R. C. Ritter, M. S. Grady, and M. A. H. and, “Goniometric motion controller for the superconducting coil in amagnetic stereoaxis system,” IEEE Transactions on Biomedical Engineering, vol. 38, no. 9, pp. 899–905, September 1991. [4] S. ichi Takeda, F. Mishima, S. Fujimoto, Y. Izumi, and S. Nishijima, “Development of magnetically targeted drug delivery system using superconducting magnet,” Journal of Magnetism and Magnetic Materials, vol. 311, no. 1, pp. 367–371, 2007. [5] L. Edd, S. Payen, B. Rubinsky, M. L. Stoller, and M. Sitti, “Biomimetic propulsion for a swimming surgical microrobot,” IEEE/RSJ Int. Conf. on Intel. Robots and Systems, pp. 2583–2588, 2003. [6] J. J. Abbott, K. E. Peyer, M. C. Lagomarsino, L. Zhang, L. X. Dong, I. K. Kaliakatsos, and B. J. Nelso, “How should microrobots swim?” Int. J. of Robot. Res., Jul. 2009. [7] H. Choi, J. Choi, S. Jeong, C. Yu, J. O. Park, and S. Park, “Twodimensional locomotion of a microrobot with a novel stationary electromagnetic actuation system,” Smart Material and Structures, vol. 18, p. 115017, 2009. [8] M. S. S. Floyd, C. Pawashe, “Two-dimensional contact and noncontact micromanipulation in liquid using untethered mobile magnetic microrobot,” IEEE Trans. Robot., vol. 25, no. 6, pp. 303–308, 2009. [9] K. Yesin, K. Vollmers, and B. Nelson, “Modeling and control of untethered biomicrorobots in a fluidic environment using electromagnetic fields,” Int. J. of Robot. Res., vol. 25, no. 5-6, pp. 527–536, 2006. [10] L. Zhang, J. J. Abbott, L. Dong, B. E. Kratochvil, D. Bell, and B. J. Nelson, “Artificial bacterial flagella: Fabrication and magnetic control,” Applied Physics Letters, vol. 94, no. 6, p. 064107, 2009. [11] S. Martel, M. Mohammadi, O. Felfoul, Z. Lu, and P. Pouponneau, “Flagellated magnetotactic bacteria as controlled MRItrackable propulsion and steering systems for medical nanorobots operating in the human microvasculature,” Int. J. of Robot. Res., vol. 28, no. 4, pp. 571–582, 2009. [12] J. Mathieu, G. Beaudoin, and S. Martel, “Method of propulsion of a ferromagnetic core in the cardiovascular system through magnetic gradients generated by an MRI system,” IEEE Trans. Biomed. Eng., vol. 53, no. 2, pp. 292–299, 2006. [13] S. Tamaz, A. Chanu, J.-B. Mathieu, R. Gourdeau, and S. Martel, “Real-time mri-based control of a ferromagnetic core for endovascular navigation,” IEEE Trans. Bio-Med. Eng., vol. 55, no. 7, pp. 1854–1863, July 2008. [14] H. Choi, J. Choi, K. Cha, L. Quin, J. Li, J. O. Park, S. Park, and B. Kim, “Position stabilization of microrobot using pressure signal in pulsating flow of blood vessel,” IEEE Sensors 2010 conference, vol. 18, pp. 723–726, 2010. [15] K. Belharet, D. Folio, and A. Ferreira, “Three-dimensional controlled motion of a microrobot using magnetic gradients,” Advanced Robotics, vol. 25, no. 8, pp. 1069–1083(15), 2011. [16] M. Kummer, J. Abbott, B. Kratochvil, R. Borer, A. Sengul, and B. Nelson, “OctoMag: An Electromagnetic System for 5-DOF Wireless Micromanipulation,” IEEE Trans. Robot., vol. 26, no. 6, pp. 1006– 1017, Dec. 2010. [17] J. Abbott, Z. Nagy, F. Beyeler, and B. Nelson, “Robotics in the Small,” IEEE Robot. Autom. Mag., p. 92, 2007. [18] L. Arc`ese, M. Fruchard, and A. Ferreira, “Endovascular MagneticallyGuided Robots: Navigation Modeling and Optimization,” IEEE Trans. Biomed. Eng., vol. 99, pp. 1–12, 2012, to appear. [19] S. Qin and T. Badgwell, “A survey of industrial model predictive control technology,” Control engineering practice, vol. 11, no. 7, pp. 733–764, 2003. [20] D. Clarke, C. Mohtadi, and P. Tuffs, “Generalized predictive control - Part I & II,” Automatica, vol. 23, pp. 137–160, 1987. [21] K. Belharet, D. Folio, and A. Ferreira, “Endovascular navigation of a ferromagnetic microrobot using MRI-based predictive control,” in IEEE/RSJ Int. Conf. on Intel. Robots and Systems, Taipei, Taiwan, Oct. 2010.



























des documents recommandant







[image: alt]





Programming Symposium Proceedings Colloque Sur La 

This particular Programming Symposium Proceedings Colloque Sur La Programmation Paris April 9 11 1974. English A PDF start with Introduction, Brief ...










 


[image: alt]





Symposium On Neuroglia Symposium Concernant La 

Neuroglia Papers Present at our Ebook Library. PDF File: Symposium On Neuroglia Symposium Concernant La Neuroglie Symposium Uber Die Neuroglia.










 


[image: alt]





symposium on the management of radioactive ... AWS 

Save As PDF Ebook symposium on the management of radioactive wastes from fuel reprocessing colloque sur la gestion des dechets radioactifis resultant du traitement today. And You can Read Online symposium on the management of radioactive wastes from 










 


[image: alt]





Proceedings of Meetings on Acoustics - CiteSeerX 

Nov 30, 2012 - In the experiment proper, two native speakers of. American ... To assess potential mutual interference from their joint operation a series of test.










 


[image: alt]





Proceedings of the International Workshop on Medical 

Efficient simulation of ultrasonic waves using an extended spectral element method ...... of the spectral element method can be found several times in the literature, ... course of the simulation, we actually only require the solution in small ......










 


[image: alt]





International Symposium on Cambodia 

THE AWARENESS OF THE PAST AMONG KHMER PEOPLE AND THEIR. NEIGHBOURS. LINGUISTIC, HISTORICAL AND ETHNOLOGICAL APPROACHES.










 


[image: alt]





symposium on the management of radioactive 

PDF Ebook symposium on the management of radioactive wastes from fuel ... Here is the access Download Page of SYMPOSIUM ON THE MANAGEMENT OF ...










 


[image: alt]





Proceedings of Meetings on Acoustics - Dimitri Komatitsch 

ent ultrasonic frequencies on the Marseille model which is made up of anticlines, ... 600 mm. 400 mm. Y. X. 50 mm. 50 mm. Surface covered. (green). Initial point.










 


[image: alt]





proceedings of the summer school on chemical 

Legal proceedings of the summer school on chemical photophysics ... houches Pdf and any kind of Ebook you want downloaded to almost any kind of device!










 


[image: alt]





proceedings of the 12th international conference on 

Read and Save Ebook proceedings of the 12th international conference on soil mechanics and foundation engineering comptesrendus du 12eme congres de ...










 


[image: alt]





Proceedings of Meetings on Acoustics - CiteSeerX 

Nov 30, 2012 - In the experiment proper, two native speakers of ... Science Network (RN0460284), MARCS Auditory Laboratories, NIH] .... EMA device (for synchronization with transduced movement) and a separate two channel audio.










 


[image: alt]





SPECIAL SYMPOSIUM ON NANOTRIBOLOGY - Tribologie 

Oct 22, 2006 - ASME Tribology Division). Chair. Shao Wang. School of Mechanical and Aerospace. Engineering. Nanyang Technological University.










 


[image: alt]





symposium on presenile spongy encephalopathies 

We have many PDF Ebook and user guide is also associated with symposium on presenile spongy encephalopathies concernant les daganarescences spongieuses PDF Ebook, include : Synthetic. Drugs, Tables Of Laplace Transforms, Tai Chi Chuan A Simplified Me










 


[image: alt]





Proceedings of - Stephanie Buisine 

Jun 16, 2006 - 2 Conception de Produits et Innovation (Product Design and Innovation) ... the art about the application of design methods to several industrial ...










 


[image: alt]





6 European Symposium on Ultrasonic Characterization of ... .fr 

Maria Vavva. The 6th European Symposium on Ultrasonic Characterization of Bone (ESUCB 2015) will be organized at the Ionian University of Corfu in Greece.










 


[image: alt]





6 European Symposium on Ultrasonic Characterization of Bone 

Maria Vavva. The 6th European Symposium on Ultrasonic Characterization of Bone (ESUCB 2015) will be organized at the Ionian University of Corfu in Greece.










 


[image: alt]





Proceedings of the First International Conference on Economic De ... 

19 avr. 2008 - E-Mail: [email protected]. Paper prepared for the conference: “Economic de-growth ...... 20 C. & R. Larrère, Du bon usage de la nature, Paris, Aubier,. 1997. ...... écologique associés aux risques de changement climatique, ..... catastrop










 


[image: alt]





ProcEEdInGs 

factoring, expanding, substituting(â€¦) ... instance arbitrary points in a geometric figure) and thus the model is a family of .... of the area and the shape of rectangle.










 


[image: alt]





6th INTERNATIONAL SYMPOSIUM ON NDT IN AEROSPACE 

Nov 14, 2014 - Symposium on NDT in Aerospace will be held for the first \me in Spain ... NDT.net. â€¢ All symposium papers will be published open access in ...










 


[image: alt]





Research Symposium on Mathematics Education; Aspects et 

Page 1. Page 2. Page 3. Page 4. Page 5. Page 6. Page 7. Page 8. Page 9. Page 10. Page 11. Page 12. Page 13. Page 14. Page 15. Page 16. Page 17. Page 18 ...










 


[image: alt]





Symposium 

Les agents biologiques et les biosimilaires ». Cette activité sera ... 8h35 – 8h55 Sylvie Bouchard, Direction du Médicament, INESSS. Évaluation des agents ...










 


[image: alt]





Proceedings of The Lille Spring School on ModellingComplex 

subgroup has adopted a systems biology approach with the application and development of new programming languages to describe biological systems which ...










 


[image: alt]





Technical Symposium on Storm ... - Boram LEE 

Oct 6, 2007 - Mr Hyung-Jun KIM. CHUNG-ANG UNIVERSITY. Korea Rep. Tel: +82 2 810 5338. Fax: +82 2 831 4116. Email: [email protected].










 


[image: alt]





proceedings - International Conference on Applied Business and 

Oct 6, 2007 - with inter-disciplinary interests related to business- ... Director Undergraduate Programmes, Cass Business School ...... First Name: Subhash.










 














×
Report Proceedings of ISOT12 Intl. Symposium on ... - dfolio(at)





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



