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Abstract8

A reduced scale prototype of a fully passive flapping foil turbine has been designed
and tested in a confined channel at a chord Reynolds number of 60 000. Thanks
to an original dynamic tuning strategy of the mechanical properties, experiments
have been conducted in a wide range of pitching structural parameters for three
different pitching axis locations. The best performances have been achieved
when the pitching axis is located at one third of the chord length, for which
a hydraulic efficiency of 31.9 % has been reached. Relatively good harvesting
metrics have also been obtained while moving the pitching axis back to the
trailing edge, as long as the pitching stiffness is increased accordingly. The
experimental results showed as well that the energy harvested by the pitching
motion is negligible compared with the heaving motion. However, a non-zero
pitching viscous damping is required in order for the turbine to achieve its best
performances.

Keywords: fully passive flapping foil; hydrokinetic turbine; micro hydro;9

fluid-structure interaction; experimental optimisation.10

1. Introduction11

Oscillatory hydrokinetic turbines are innovative devices capable of efficiently12

harvesting diffuse hydrokinetic energy to locally produce electricity on small-13

scale. Indeed, micro-hydro technologies have shown to be a promising solution14

in the present energy transition scenario, whose primary goal is moving towards15

a more sustainable development. Besides contributing to the development of the16

hydropower potential of low current sites (with flow velocities under 1 m s−1),17

such turbines has a limited environmental impact.18

The idea of using a two degree of freedom (DOF) oscillating foil as an energy19

harvesting device has been introduced by McKinney and DeLaurier (1981). They20
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showed that a foil performing a translational motion – heaving – and a rotational21

motion – pitching – in the cross-section of a flow is capable of harvesting its22

kinetic energy. Originally, the first concept studied is that of an active flapping23

foil, in which the two DOF are kinematically constrained in order to enhance24

energy harvesting. Since then, many numerical and experimental studies have25

been carried out and successfully proved the feasibility of the concept (Xiao26

and Zhu, 2014; Young et al., 2014; Wu et al., 2020). Interestingly, Davids27

(1999) and Kinsey and Dumas (2008) found that the ideal phase shift between28

heaving and pitching is about 90◦. Their numerical studies showed also that the29

location of pitching axis on the chord line is a key parameter for providing the30

synchronisation needed for enhancing the turbine performances.31

The efficiency of the active flapping foil turbine was experimentally proven by32

Kinsey et al. (2011) in a two-wing tandem configuration. In their prototype, the33

pitching axis is located at one third of the chord length from the leading edge.34

Despite achieving hydraulic efficiencies as high as 40 %, more than a quarter of35

the energy harvested by their prototype was lost in mechanical friction from its36

complex constraining mechanisms.37

An alternative solution introduced by Shimizu et al. (2008) and Zhu et al.38

(2009) consisted of constraining only the pitching motion and leaving the heaving39

motion free. The so called semi-passive flapping foil would have the advantage40

of being less complex from a technological point of view, while proving to be41

as efficient as the activated devices. However, reports from the first full scale42

prototype of a semi-passive flapping foil turbine (Stingray, 2002) highlighted43

prohibitively high maintenance costs related to the pitching activation system.44

Finally, the concept of a fully passive flapping foil turbine was introduced45

by Peng and Zhu (2009). Their numerical study showed that an elastically46

mounted foil deprived from any constraining mechanisms could perform self-47

sustained high amplitude oscillatory motions suitable for energy harvesting. In48

this configuration, the heaving and pitching motions are completely induced49

by the fluid-structure interactions. The foil undergoes deep dynamic stall and50

shed a leading edge vortex (LEV) twice during one period of oscillation. This51

phenomenon prevents the system from a chaotic behaviour and gives raise to52

limit cycle oscillations instead. Figure 1 provides a scheme illustrating of the53

heaving and pitching motions described by a fully passive flapping foil.54

The numerical findings of Peng and Zhu (2009) were later refined by Zhu55

(2012) and Wang et al. (2017). Recently, Duarte et al. (2019) experimentally56

verified that the dynamic behaviour of the passive flapping foil is highly dependent57

on the location of the pitching axis and on the pitching stiffness. They provided58

conditions on those parameters to ensure an appropriate response of the system59

for energy harvesting purposes.60

An extensive numerical optimisation of the structural parameters of a fully61

passive flapping foil turbine is performed by Veilleux and Dumas (2017). Varying62

the mass-spring-damper properties for both DOF of a NACA15 foil with a fixed63

pitching axis located at one third of the chord length from the leading edge, they64

found an optimised configuration with a hydraulic efficiency of 33.6 %. Those65

promising numerical results were later verified by Boudreau et al. (2018), who66
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Figure 1: Self-sustained oscillations described by a fully passive flapping foil turbine undergoing
deep dynamic stall and shedding a leading edge vortex (LEV).

performed the very first experimental study on the subject.67

Very recently, Boudreau et al. (2019) conducted a numerical study on a new68

oscillatory behaviour of a fully passive flapping foil. They found that a high inertia69

system could operate without undergoing deep dynamic stall – and thus without70

shedding LEV – leading to substantially higher efficiencies. The feasibility of71

such a heavy flapping foil turbine has yet to be verified experimentally, which is72

out of scope for the present paper.73

In summary, great advances have been achieved both numerically and ex-74

perimentally on the development of the fully passive flapping foil turbine. Yet75

relatively little is known about the influence of pitching structural parameters76

– specially the pitching axis location – on its energy harvesting performances.77

Indeed, all experiments conducted so far have considered a pitching axis fixed78

at one third of the chord length, even if it was proven by Peng and Zhu (2009)79

and Duarte et al. (2019) that a suitable behaviour can be obtained for different80

configurations.81

In such context, this paper presents an experimental study on the influence82

of pitching structural parameters on the energy harvesting performances of a83

fully passive flapping foil turbine. Thanks to an original dynamic tuning strategy84
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of the mechanical properties, numerous experiments have been conducted in a85

wide range of pitching stiffness and pitching viscous damping for three different86

pitching axis locations.87

The paper is structured as follows: Section 2 provides details on the mod-88

elling and the harvesting metrics of the turbine, as well as a description of the89

experimental setup; finally, the results are presented and discussed in Section 3.90

2. Methodology91

2.1. Turbine modelling and harvesting metrics92

The fully passive flapping foil turbine is modelled by a two DOF damped93

mass-spring system. The foil interacts with a free stream flow in the ~x direction,94

performing a heaving motion y(t) in the ~y direction and a pitching motion θ(t)95

about the (P, ~z) axis, which is parallel to the gravity ~g. An upper view kinematic96

diagram of the model is provided in figure 2.97

The mass, stiffness and viscous damping coefficients related to the heaving98

motion are referred to as my, ky and cy, respectively; analogously, those related99

to the pitching motion are referred to as mθ, kθ and cθ. The foil has a chord100

length c and it is elastically mounted at P , distant lθ from the leading edge.101

The inertial eccentricity λg is the distance from P to the center of gravity of the102

pitching components G (λg > 0 if G behind P ). Finally, Iθ is the moment of103

inertia of the pitching components with respect to P . A summary of all physical104

parameters considered in the model is provided in Table 1.105

G
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×~g
<latexit sha1_base64="IAtTEo7BRnoLAsT5UXqmer7qHYE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48VTFtoQ9lsJ+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkfuF3pqg0T+STmaUYxHQkecQZNVbq9KfI8tF8UK25dXcJskm8gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcV/qZxpSyCR1hz1JJY9RBvjx3Tq6sMiRRomxJQ5bq74mcxlrP4tB2xtSM9bq3EP/zepmJGkHOZZoZlGy1KMoEMQlZ/E6GXCEzYmYJZYrbWwkbU0WZsQlVbAje+subpH1T99y693hbazaKOMpwAZdwDR7cQRMeoAU+MJjAM7zCm5M6L86787FqLTnFzDn8gfP5A5UMj68=</latexit><latexit sha1_base64="IAtTEo7BRnoLAsT5UXqmer7qHYE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48VTFtoQ9lsJ+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkfuF3pqg0T+STmaUYxHQkecQZNVbq9KfI8tF8UK25dXcJskm8gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcV/qZxpSyCR1hz1JJY9RBvjx3Tq6sMiRRomxJQ5bq74mcxlrP4tB2xtSM9bq3EP/zepmJGkHOZZoZlGy1KMoEMQlZ/E6GXCEzYmYJZYrbWwkbU0WZsQlVbAje+subpH1T99y693hbazaKOMpwAZdwDR7cQRMeoAU+MJjAM7zCm5M6L86787FqLTnFzDn8gfP5A5UMj68=</latexit><latexit sha1_base64="IAtTEo7BRnoLAsT5UXqmer7qHYE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48VTFtoQ9lsJ+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkfuF3pqg0T+STmaUYxHQkecQZNVbq9KfI8tF8UK25dXcJskm8gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcV/qZxpSyCR1hz1JJY9RBvjx3Tq6sMiRRomxJQ5bq74mcxlrP4tB2xtSM9bq3EP/zepmJGkHOZZoZlGy1KMoEMQlZ/E6GXCEzYmYJZYrbWwkbU0WZsQlVbAje+subpH1T99y693hbazaKOMpwAZdwDR7cQRMeoAU+MJjAM7zCm5M6L86787FqLTnFzDn8gfP5A5UMj68=</latexit><latexit sha1_base64="IAtTEo7BRnoLAsT5UXqmer7qHYE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48VTFtoQ9lsJ+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkfuF3pqg0T+STmaUYxHQkecQZNVbq9KfI8tF8UK25dXcJskm8gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcV/qZxpSyCR1hz1JJY9RBvjx3Tq6sMiRRomxJQ5bq74mcxlrP4tB2xtSM9bq3EP/zepmJGkHOZZoZlGy1KMoEMQlZ/E6GXCEzYmYJZYrbWwkbU0WZsQlVbAje+subpH1T99y693hbazaKOMpwAZdwDR7cQRMeoAU+MJjAM7zCm5M6L86787FqLTnFzDn8gfP5A5UMj68=</latexit>

ky
<latexit sha1_base64="exEOOx4Kjq6NKsg57GreICsuuRY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6mA6zYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMTNvycyyQ1KNlyUZgKYmIy/5uMuEJmRGYJZYrbWwmbUEWZselUbAje6svrpHNV99y6d39dazaKOMpwBudwCR7cQBPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2IAjdE=</latexit><latexit sha1_base64="exEOOx4Kjq6NKsg57GreICsuuRY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6mA6zYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMTNvycyyQ1KNlyUZgKYmIy/5uMuEJmRGYJZYrbWwmbUEWZselUbAje6svrpHNV99y6d39dazaKOMpwBudwCR7cQBPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2IAjdE=</latexit><latexit sha1_base64="exEOOx4Kjq6NKsg57GreICsuuRY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6mA6zYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMTNvycyyQ1KNlyUZgKYmIy/5uMuEJmRGYJZYrbWwmbUEWZselUbAje6svrpHNV99y6d39dazaKOMpwBudwCR7cQBPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2IAjdE=</latexit><latexit sha1_base64="exEOOx4Kjq6NKsg57GreICsuuRY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6mA6zYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMTNvycyyQ1KNlyUZgKYmIy/5uMuEJmRGYJZYrbWwmbUEWZselUbAje6svrpHNV99y6d39dazaKOMpwBudwCR7cQBPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2IAjdE=</latexit>

cy
<latexit sha1_base64="BI/2DTMVdyyr6zd8V18SqCj65xE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2m3bpZhN2J0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mt3O/+8S1EbF6xCzhfkTHSoSCUbTSAxtmw2rNrbsLkHXiFaQGBVrD6tdgFLM04gqZpMb0PTdBP6caBZN8VhmkhieUTemY9y1VNOLGzxenzsiFVUYkjLUthWSh/p7IaWRMFgW2M6I4MaveXPzP66cYNvxcqCRFrthyUZhKgjGZ/01GQnOGMrOEMi3srYRNqKYMbToVG4K3+vI66VzVPbfu3V/Xmo0ijjKcwTlcggc30IQ7aEEbGIzhGV7hzZHOi/PufCxbS04xcwp/4Hz+AFXQjck=</latexit><latexit sha1_base64="BI/2DTMVdyyr6zd8V18SqCj65xE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2m3bpZhN2J0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mt3O/+8S1EbF6xCzhfkTHSoSCUbTSAxtmw2rNrbsLkHXiFaQGBVrD6tdgFLM04gqZpMb0PTdBP6caBZN8VhmkhieUTemY9y1VNOLGzxenzsiFVUYkjLUthWSh/p7IaWRMFgW2M6I4MaveXPzP66cYNvxcqCRFrthyUZhKgjGZ/01GQnOGMrOEMi3srYRNqKYMbToVG4K3+vI66VzVPbfu3V/Xmo0ijjKcwTlcggc30IQ7aEEbGIzhGV7hzZHOi/PufCxbS04xcwp/4Hz+AFXQjck=</latexit><latexit sha1_base64="BI/2DTMVdyyr6zd8V18SqCj65xE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2m3bpZhN2J0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mt3O/+8S1EbF6xCzhfkTHSoSCUbTSAxtmw2rNrbsLkHXiFaQGBVrD6tdgFLM04gqZpMb0PTdBP6caBZN8VhmkhieUTemY9y1VNOLGzxenzsiFVUYkjLUthWSh/p7IaWRMFgW2M6I4MaveXPzP66cYNvxcqCRFrthyUZhKgjGZ/01GQnOGMrOEMi3srYRNqKYMbToVG4K3+vI66VzVPbfu3V/Xmo0ijjKcwTlcggc30IQ7aEEbGIzhGV7hzZHOi/PufCxbS04xcwp/4Hz+AFXQjck=</latexit><latexit sha1_base64="BI/2DTMVdyyr6zd8V18SqCj65xE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2m3bpZhN2J0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mt3O/+8S1EbF6xCzhfkTHSoSCUbTSAxtmw2rNrbsLkHXiFaQGBVrD6tdgFLM04gqZpMb0PTdBP6caBZN8VhmkhieUTemY9y1VNOLGzxenzsiFVUYkjLUthWSh/p7IaWRMFgW2M6I4MaveXPzP66cYNvxcqCRFrthyUZhKgjGZ/01GQnOGMrOEMi3srYRNqKYMbToVG4K3+vI66VzVPbfu3V/Xmo0ijjKcwTlcggc30IQ7aEEbGIzhGV7hzZHOi/PufCxbS04xcwp/4Hz+AFXQjck=</latexit>

U1
<latexit sha1_base64="XO0jXVU7S2YwTBSZs4bLvtQs2sU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48VTFtoQ9lsN+3SzSbuToRQ+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ9YJ7yIKYjJSLBKFqp6w/6QkWYD6o1t+4uQNaJV5AaFGgNql/9YcKymCtkkhrT89wUgynVKJjks0o/MzylbEJHvGepojE3wXRx74xcWGVIokTbUkgW6u+JKY2NyePQdsYUx2bVm4v/eb0Mo0YwFSrNkCu2XBRlkmBC5s+TodCcocwtoUwLeythY6opQxtRxYbgrb68TtpXdc+te/fXtWajiKMMZ3AOl+DBDTThDlrgAwMJz/AKb86j8+K8Ox/L1pJTzJzCHzifPx6Gj/o=</latexit><latexit sha1_base64="XO0jXVU7S2YwTBSZs4bLvtQs2sU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48VTFtoQ9lsN+3SzSbuToRQ+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ9YJ7yIKYjJSLBKFqp6w/6QkWYD6o1t+4uQNaJV5AaFGgNql/9YcKymCtkkhrT89wUgynVKJjks0o/MzylbEJHvGepojE3wXRx74xcWGVIokTbUkgW6u+JKY2NyePQdsYUx2bVm4v/eb0Mo0YwFSrNkCu2XBRlkmBC5s+TodCcocwtoUwLeythY6opQxtRxYbgrb68TtpXdc+te/fXtWajiKMMZ3AOl+DBDTThDlrgAwMJz/AKb86j8+K8Ox/L1pJTzJzCHzifPx6Gj/o=</latexit><latexit sha1_base64="XO0jXVU7S2YwTBSZs4bLvtQs2sU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48VTFtoQ9lsN+3SzSbuToRQ+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ9YJ7yIKYjJSLBKFqp6w/6QkWYD6o1t+4uQNaJV5AaFGgNql/9YcKymCtkkhrT89wUgynVKJjks0o/MzylbEJHvGepojE3wXRx74xcWGVIokTbUkgW6u+JKY2NyePQdsYUx2bVm4v/eb0Mo0YwFSrNkCu2XBRlkmBC5s+TodCcocwtoUwLeythY6opQxtRxYbgrb68TtpXdc+te/fXtWajiKMMZ3AOl+DBDTThDlrgAwMJz/AKb86j8+K8Ox/L1pJTzJzCHzifPx6Gj/o=</latexit><latexit sha1_base64="XO0jXVU7S2YwTBSZs4bLvtQs2sU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48VTFtoQ9lsN+3SzSbuToRQ+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ9YJ7yIKYjJSLBKFqp6w/6QkWYD6o1t+4uQNaJV5AaFGgNql/9YcKymCtkkhrT89wUgynVKJjks0o/MzylbEJHvGepojE3wXRx74xcWGVIokTbUkgW6u+JKY2NyePQdsYUx2bVm4v/eb0Mo0YwFSrNkCu2XBRlkmBC5s+TodCcocwtoUwLeythY6opQxtRxYbgrb68TtpXdc+te/fXtWajiKMMZ3AOl+DBDTThDlrgAwMJz/AKb86j8+K8Ox/L1pJTzJzCHzifPx6Gj/o=</latexit>

y(t)
<latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit><latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit><latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit><latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit>

✓(t)
<latexit sha1_base64="vk9YmOkkEH4+1wrAHuGhiPdjmdM=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigj0WvHisYD+kDWWznbRLN5uwOxFK6K/w4kERr/4cb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkdu53nkAbEasHnCbgR2ykRCg4Qys99nEMyKp4OShX3Jq7AF0nXk4qJEdzUP7qD2OeRqCQS2ZMz3MT9DOmUXAJs1I/NZAwPmEj6FmqWATGzxYHz+iFVYY0jLUthXSh/p7IWGTMNApsZ8RwbFa9ufif10sxrPuZUEmKoPhyUZhKijGdf0+HQgNHObWEcS3srZSPmWYcbUYlG4K3+vI6aV/VPLfm3V9XGvU8jiI5I+ekSjxyQxrkjjRJi3ASkWfySt4c7bw4787HsrXg5DOn5A+czx9CkZAB</latexit><latexit sha1_base64="vk9YmOkkEH4+1wrAHuGhiPdjmdM=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigj0WvHisYD+kDWWznbRLN5uwOxFK6K/w4kERr/4cb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkdu53nkAbEasHnCbgR2ykRCg4Qys99nEMyKp4OShX3Jq7AF0nXk4qJEdzUP7qD2OeRqCQS2ZMz3MT9DOmUXAJs1I/NZAwPmEj6FmqWATGzxYHz+iFVYY0jLUthXSh/p7IWGTMNApsZ8RwbFa9ufif10sxrPuZUEmKoPhyUZhKijGdf0+HQgNHObWEcS3srZSPmWYcbUYlG4K3+vI6aV/VPLfm3V9XGvU8jiI5I+ekSjxyQxrkjjRJi3ASkWfySt4c7bw4787HsrXg5DOn5A+czx9CkZAB</latexit><latexit sha1_base64="vk9YmOkkEH4+1wrAHuGhiPdjmdM=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigj0WvHisYD+kDWWznbRLN5uwOxFK6K/w4kERr/4cb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkdu53nkAbEasHnCbgR2ykRCg4Qys99nEMyKp4OShX3Jq7AF0nXk4qJEdzUP7qD2OeRqCQS2ZMz3MT9DOmUXAJs1I/NZAwPmEj6FmqWATGzxYHz+iFVYY0jLUthXSh/p7IWGTMNApsZ8RwbFa9ufif10sxrPuZUEmKoPhyUZhKijGdf0+HQgNHObWEcS3srZSPmWYcbUYlG4K3+vI6aV/VPLfm3V9XGvU8jiI5I+ekSjxyQxrkjjRJi3ASkWfySt4c7bw4787HsrXg5DOn5A+czx9CkZAB</latexit><latexit sha1_base64="vk9YmOkkEH4+1wrAHuGhiPdjmdM=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigj0WvHisYD+kDWWznbRLN5uwOxFK6K/w4kERr/4cb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkdu53nkAbEasHnCbgR2ykRCg4Qys99nEMyKp4OShX3Jq7AF0nXk4qJEdzUP7qD2OeRqCQS2ZMz3MT9DOmUXAJs1I/NZAwPmEj6FmqWATGzxYHz+iFVYY0jLUthXSh/p7IWGTMNApsZ8RwbFa9ufif10sxrPuZUEmKoPhyUZhKijGdf0+HQgNHObWEcS3srZSPmWYcbUYlG4K3+vI6aV/VPLfm3V9XGvU8jiI5I+ekSjxyQxrkjjRJi3ASkWfySt4c7bw4787HsrXg5DOn5A+czx9CkZAB</latexit>

k✓, c✓
<latexit sha1_base64="AsUdY95Vt+Ye7J6T6eUtTGXK8RU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSiGCXBTcuK9gLtCFMpift0MmFmROxhL6KGxeKuPVF3Pk2TtsstPWHgY//nMM58wepFBod59sqbWxube+Udyt7+weHR/ZxtaOTTHFo80QmqhcwDVLE0EaBEnqpAhYFErrB5HZe7z6C0iKJH3CaghexUSxCwRkay7erE3+AY0B2SXlBvl1z6s5CdB3cAmqkUMu3vwbDhGcRxMgl07rvOil6OVMouIRZZZBpSBmfsBH0DcYsAu3li9tn9Nw4QxomyrwY6cL9PZGzSOtpFJjOiOFYr9bm5n+1foZhw8tFnGYIMV8uCjNJMaHzIOhQKOAopwYYV8LcSvmYKcbRxFUxIbirX16HzlXdderu/XWt2SjiKJNTckYuiEtuSJPckRZpE06eyDN5JW/WzHqx3q2PZWvJKmZOyB9Znz+IbpQR</latexit><latexit sha1_base64="AsUdY95Vt+Ye7J6T6eUtTGXK8RU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSiGCXBTcuK9gLtCFMpift0MmFmROxhL6KGxeKuPVF3Pk2TtsstPWHgY//nMM58wepFBod59sqbWxube+Udyt7+weHR/ZxtaOTTHFo80QmqhcwDVLE0EaBEnqpAhYFErrB5HZe7z6C0iKJH3CaghexUSxCwRkay7erE3+AY0B2SXlBvl1z6s5CdB3cAmqkUMu3vwbDhGcRxMgl07rvOil6OVMouIRZZZBpSBmfsBH0DcYsAu3li9tn9Nw4QxomyrwY6cL9PZGzSOtpFJjOiOFYr9bm5n+1foZhw8tFnGYIMV8uCjNJMaHzIOhQKOAopwYYV8LcSvmYKcbRxFUxIbirX16HzlXdderu/XWt2SjiKJNTckYuiEtuSJPckRZpE06eyDN5JW/WzHqx3q2PZWvJKmZOyB9Znz+IbpQR</latexit><latexit sha1_base64="AsUdY95Vt+Ye7J6T6eUtTGXK8RU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSiGCXBTcuK9gLtCFMpift0MmFmROxhL6KGxeKuPVF3Pk2TtsstPWHgY//nMM58wepFBod59sqbWxube+Udyt7+weHR/ZxtaOTTHFo80QmqhcwDVLE0EaBEnqpAhYFErrB5HZe7z6C0iKJH3CaghexUSxCwRkay7erE3+AY0B2SXlBvl1z6s5CdB3cAmqkUMu3vwbDhGcRxMgl07rvOil6OVMouIRZZZBpSBmfsBH0DcYsAu3li9tn9Nw4QxomyrwY6cL9PZGzSOtpFJjOiOFYr9bm5n+1foZhw8tFnGYIMV8uCjNJMaHzIOhQKOAopwYYV8LcSvmYKcbRxFUxIbirX16HzlXdderu/XWt2SjiKJNTckYuiEtuSJPckRZpE06eyDN5JW/WzHqx3q2PZWvJKmZOyB9Znz+IbpQR</latexit><latexit sha1_base64="AsUdY95Vt+Ye7J6T6eUtTGXK8RU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSiGCXBTcuK9gLtCFMpift0MmFmROxhL6KGxeKuPVF3Pk2TtsstPWHgY//nMM58wepFBod59sqbWxube+Udyt7+weHR/ZxtaOTTHFo80QmqhcwDVLE0EaBEnqpAhYFErrB5HZe7z6C0iKJH3CaghexUSxCwRkay7erE3+AY0B2SXlBvl1z6s5CdB3cAmqkUMu3vwbDhGcRxMgl07rvOil6OVMouIRZZZBpSBmfsBH0DcYsAu3li9tn9Nw4QxomyrwY6cL9PZGzSOtpFJjOiOFYr9bm5n+1foZhw8tFnGYIMV8uCjNJMaHzIOhQKOAopwYYV8LcSvmYKcbRxFUxIbirX16HzlXdderu/XWt2SjiKJNTckYuiEtuSJPckRZpE06eyDN5JW/WzHqx3q2PZWvJKmZOyB9Znz+IbpQR</latexit>

c<latexit sha1_base64="k1fihHIuUn37/kFvH8tJvt0GFYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/DY4zd</latexit><latexit sha1_base64="k1fihHIuUn37/kFvH8tJvt0GFYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/DY4zd</latexit><latexit sha1_base64="k1fihHIuUn37/kFvH8tJvt0GFYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/DY4zd</latexit><latexit sha1_base64="k1fihHIuUn37/kFvH8tJvt0GFYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/DY4zd</latexit>

l ✓
<latexit sha1_base64="/r2EY4BDb9tYpP911IszUx6wnWo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5iddJIhsw9neoWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruCRElDrvvtFDY2t7Z3irulvf2Dw6Py8UnLxKkW2BSxinUn4AaVjLBJkhR2Eo08DBS2g8nt3G8/oTYyjh5omqAf8lEkh1JwslJH9Xs0RuL9csWtuguwdeLlpAI5Gv3yV28QizTEiITixnQ9NyE/45qkUDgr9VKDCRcTPsKupREP0fjZ4t4Zu7DKgA1jbSsitlB/T2Q8NGYaBrYz5DQ2q95c/M/rpjSs+ZmMkpQwEstFw1Qxitn8eTaQGgWpqSVcaGlvZWLMNRdkIyrZELzVl9dJ66rquVXv/rpSr+VxFOEMzuESPLiBOtxBA5ogQMEzvMKb8+i8OO/Ox7K14OQzp/AHzucPI8uP/Q==</latexit><latexit sha1_base64="/r2EY4BDb9tYpP911IszUx6wnWo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5iddJIhsw9neoWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruCRElDrvvtFDY2t7Z3irulvf2Dw6Py8UnLxKkW2BSxinUn4AaVjLBJkhR2Eo08DBS2g8nt3G8/oTYyjh5omqAf8lEkh1JwslJH9Xs0RuL9csWtuguwdeLlpAI5Gv3yV28QizTEiITixnQ9NyE/45qkUDgr9VKDCRcTPsKupREP0fjZ4t4Zu7DKgA1jbSsitlB/T2Q8NGYaBrYz5DQ2q95c/M/rpjSs+ZmMkpQwEstFw1Qxitn8eTaQGgWpqSVcaGlvZWLMNRdkIyrZELzVl9dJ66rquVXv/rpSr+VxFOEMzuESPLiBOtxBA5ogQMEzvMKb8+i8OO/Ox7K14OQzp/AHzucPI8uP/Q==</latexit><latexit sha1_base64="/r2EY4BDb9tYpP911IszUx6wnWo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5iddJIhsw9neoWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruCRElDrvvtFDY2t7Z3irulvf2Dw6Py8UnLxKkW2BSxinUn4AaVjLBJkhR2Eo08DBS2g8nt3G8/oTYyjh5omqAf8lEkh1JwslJH9Xs0RuL9csWtuguwdeLlpAI5Gv3yV28QizTEiITixnQ9NyE/45qkUDgr9VKDCRcTPsKupREP0fjZ4t4Zu7DKgA1jbSsitlB/T2Q8NGYaBrYz5DQ2q95c/M/rpjSs+ZmMkpQwEstFw1Qxitn8eTaQGgWpqSVcaGlvZWLMNRdkIyrZELzVl9dJ66rquVXv/rpSr+VxFOEMzuESPLiBOtxBA5ogQMEzvMKb8+i8OO/Ox7K14OQzp/AHzucPI8uP/Q==</latexit><latexit sha1_base64="/r2EY4BDb9tYpP911IszUx6wnWo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5iddJIhsw9neoWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuuruCRElDrvvtFDY2t7Z3irulvf2Dw6Py8UnLxKkW2BSxinUn4AaVjLBJkhR2Eo08DBS2g8nt3G8/oTYyjh5omqAf8lEkh1JwslJH9Xs0RuL9csWtuguwdeLlpAI5Gv3yV28QizTEiITixnQ9NyE/45qkUDgr9VKDCRcTPsKupREP0fjZ4t4Zu7DKgA1jbSsitlB/T2Q8NGYaBrYz5DQ2q95c/M/rpjSs+ZmMkpQwEstFw1Qxitn8eTaQGgWpqSVcaGlvZWLMNRdkIyrZELzVl9dJ66rquVXv/rpSr+VxFOEMzuESPLiBOtxBA5ogQMEzvMKb8+i8OO/Ox7K14OQzp/AHzucPI8uP/Q==</latexit>

� g
<latexit sha1_base64="aJJeWKSBf2omKVhLEOWe5e0xbrY=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIYJcFNy4r2Ie0Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK21sbm3vlHcre/sHh0fV45OOUZkmtE0UV7oXYUM5k7RtmeW0l2qKRcRpN5rczv3uE9WGKflgpykNBR5JljCCrZMeB9xFYzwcDas1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8WnqELp8QoUdo9adFC/T2RY2HMVEQuKbAdm1VvLv7n9TObNMKcyTSzVJLlR0nGkVVofj2KmabE8qkjmGjmdkVkjDUm1nVUcSUEqyevk85VPfDrwf11rdko6ijDGZzDJQRwA024gxa0gYCAZ3iFN097L96797GMlrxi5hT+wPv8AbWlkE0=</latexit><latexit sha1_base64="aJJeWKSBf2omKVhLEOWe5e0xbrY=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIYJcFNy4r2Ie0Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK21sbm3vlHcre/sHh0fV45OOUZkmtE0UV7oXYUM5k7RtmeW0l2qKRcRpN5rczv3uE9WGKflgpykNBR5JljCCrZMeB9xFYzwcDas1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8WnqELp8QoUdo9adFC/T2RY2HMVEQuKbAdm1VvLv7n9TObNMKcyTSzVJLlR0nGkVVofj2KmabE8qkjmGjmdkVkjDUm1nVUcSUEqyevk85VPfDrwf11rdko6ijDGZzDJQRwA024gxa0gYCAZ3iFN097L96797GMlrxi5hT+wPv8AbWlkE0=</latexit><latexit sha1_base64="aJJeWKSBf2omKVhLEOWe5e0xbrY=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIYJcFNy4r2Ie0Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK21sbm3vlHcre/sHh0fV45OOUZkmtE0UV7oXYUM5k7RtmeW0l2qKRcRpN5rczv3uE9WGKflgpykNBR5JljCCrZMeB9xFYzwcDas1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8WnqELp8QoUdo9adFC/T2RY2HMVEQuKbAdm1VvLv7n9TObNMKcyTSzVJLlR0nGkVVofj2KmabE8qkjmGjmdkVkjDUm1nVUcSUEqyevk85VPfDrwf11rdko6ijDGZzDJQRwA024gxa0gYCAZ3iFN097L96797GMlrxi5hT+wPv8AbWlkE0=</latexit><latexit sha1_base64="aJJeWKSBf2omKVhLEOWe5e0xbrY=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIYJcFNy4r2Ie0Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK21sbm3vlHcre/sHh0fV45OOUZkmtE0UV7oXYUM5k7RtmeW0l2qKRcRpN5rczv3uE9WGKflgpykNBR5JljCCrZMeB9xFYzwcDas1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8WnqELp8QoUdo9adFC/T2RY2HMVEQuKbAdm1VvLv7n9TObNMKcyTSzVJLlR0nGkVVofj2KmabE8qkjmGjmdkVkjDUm1nVUcSUEqyevk85VPfDrwf11rdko6ijDGZzDJQRwA024gxa0gYCAZ3iFN097L96797GMlrxi5hT+wPv8AbWlkE0=</latexit>

O
<latexit sha1_base64="7xneH7aT3qqEMDhFHMIqgS+PRaA=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJgY2cC5gOSI+xt5pI1e3vH7p4QjvwCGwtFbP1Jdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mFmCfkTHkoecUWOl1v2wXHGr7hJkk3g5qUCO5rD8NRjFLI1QGiao1n3PTYyfUWU4EzgvDVKNCWVTOsa+pZJGqP1seeicXFllRMJY2ZKGLNXfExmNtJ5Fge2MqJnodW8h/uf1UxPW/YzLJDUo2WpRmApiYrL4moy4QmbEzBLKFLe3EjahijJjsynZELz1lzdJp1b13KrXqlUa9TyOIlzAJVyDBzfQgDtoQhsYIDzDK7w5j86L8+58rFoLTj5zDn/gfP4ApHOMxw==</latexit><latexit sha1_base64="7xneH7aT3qqEMDhFHMIqgS+PRaA=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJgY2cC5gOSI+xt5pI1e3vH7p4QjvwCGwtFbP1Jdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mFmCfkTHkoecUWOl1v2wXHGr7hJkk3g5qUCO5rD8NRjFLI1QGiao1n3PTYyfUWU4EzgvDVKNCWVTOsa+pZJGqP1seeicXFllRMJY2ZKGLNXfExmNtJ5Fge2MqJnodW8h/uf1UxPW/YzLJDUo2WpRmApiYrL4moy4QmbEzBLKFLe3EjahijJjsynZELz1lzdJp1b13KrXqlUa9TyOIlzAJVyDBzfQgDtoQhsYIDzDK7w5j86L8+58rFoLTj5zDn/gfP4ApHOMxw==</latexit><latexit sha1_base64="7xneH7aT3qqEMDhFHMIqgS+PRaA=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJgY2cC5gOSI+xt5pI1e3vH7p4QjvwCGwtFbP1Jdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mFmCfkTHkoecUWOl1v2wXHGr7hJkk3g5qUCO5rD8NRjFLI1QGiao1n3PTYyfUWU4EzgvDVKNCWVTOsa+pZJGqP1seeicXFllRMJY2ZKGLNXfExmNtJ5Fge2MqJnodW8h/uf1UxPW/YzLJDUo2WpRmApiYrL4moy4QmbEzBLKFLe3EjahijJjsynZELz1lzdJp1b13KrXqlUa9TyOIlzAJVyDBzfQgDtoQhsYIDzDK7w5j86L8+58rFoLTj5zDn/gfP4ApHOMxw==</latexit><latexit sha1_base64="7xneH7aT3qqEMDhFHMIqgS+PRaA=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJgY2cC5gOSI+xt5pI1e3vH7p4QjvwCGwtFbP1Jdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mFmCfkTHkoecUWOl1v2wXHGr7hJkk3g5qUCO5rD8NRjFLI1QGiao1n3PTYyfUWU4EzgvDVKNCWVTOsa+pZJGqP1seeicXFllRMJY2ZKGLNXfExmNtJ5Fge2MqJnodW8h/uf1UxPW/YzLJDUo2WpRmApiYrL4moy4QmbEzBLKFLe3EjahijJjsynZELz1lzdJp1b13KrXqlUa9TyOIlzAJVyDBzfQgDtoQhsYIDzDK7w5j86L8+58rFoLTj5zDn/gfP4ApHOMxw==</latexit>
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Figure 2: Upper view kinematic diagram of the fully passive flapping foi turbine and its
structural parameters.
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Table 1: Physical parameters considered in the modelling of a fully passive flapping foil turbine.

Parameter definition Non-dimensional form

F
lo

w

ρ [kg m−3] Fluid density −
ν [m2 s−1] Fluid kinematic viscosity −
U∞ [m s−1] Free stream velocity −

S
tr

u
ct

u
re

c [m] Foil chord length −
b [m] Foil span b∗ = b/c
lθ [m] Pitching axis location l∗θ = lθ/c
λg [m] Inertial eccentricity λ∗g = λg/c
my [kg] Heaving mass m∗y = my/ρbc

2

cy [N s m−1] Heaving viscous damping c∗y = cy/ρU∞bc
ky [N m−1] Heaving stiffness k∗y = ky/ρU

2
∞b

Iθ [kg m2] Moment of inertia I∗θ = Iθ/ρbc
4

cθ [N m s rad−1] Pitching viscous damping c∗θ = cθ/ρU∞bc3

kθ [N m rad−1] Pitching stiffness k∗θ = kθ/ρU
2
∞bc

2

mθ [kg] Pitching mass m∗θ = mθ/ρbc
2

Λ [kg m] Static imbalance (λgmθ) Λ∗ = Λ/ρbc3

S
ta

te

y [m] Heaving linear position y∗ = y/c
ẏ [m s−1] Heaving linear velocity ẏ∗ = ẏ/U∞
ÿ [m s−2] Heaving linear acceleration ÿ∗ = ÿc/U2

∞
θ [rad] Pitching angular position −
θ̇ [rad s−1] Pitching angular velocity θ̇∗ = θ̇c/U∞
θ̈ [rad s−2] Pitching angular acceleration θ̈∗ = θ̈c2/U2

∞

Limit-cycle oscillations can emerge out of the fluid-structure interactions106

between the foil and the flow. This particularly interesting behaviour from an107

energy harvesting perspective is a solution for the equations of motion of the108

fully passive flapping foil, that can be written:109 {
my ÿ + cy ẏ + kyy + Λ(θ̇2 sin θ − θ̈ cos θ) = Fy

Iθ θ̈ + cθ θ̇ + kθθ − Λ (ÿ cos θ) = Mθ

(1)

In equations 1, Fy stands for the y component of the fluid force over the foil110

and Mθ for the fluid pitching moment about (P, ~z). Besides the implicit coupling111

provided by the non linearities of the hydrodynamic forces, the static imbalance112

Λ = mθλg promotes an explicit non-linear coupling between the heaving y(t)113

and pitching θ(t) equations.114

An energy balance applied to equations 1 shows that only the viscous friction115

terms produce a non-zero net average power. Indeed, cy and cθ model the power116

Pe that could be dissipated from the flapping foil in order to produce electricity:117
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Pe(t) = cy ẏ
2 + cθ θ̇

2 (2)

The harvested power Pe corresponds to a fraction of the hydraulic power Ph118

available in the cross section of the flow swept by the foil:119

Ph =
1

2
ρU3
∞bdy (3)

with b the foil span and dy the heaving length swept by the foil. Those geometric120

definitions are illustrated in Figure 3.121

Therefore, the hydraulic efficiency η of the turbine is defined by the time122

average of the ratio between the harvested power Pe and the available power Ph:123

η =
1

∆t

∫ t0+∆t

t0

cy ẏ
2 + cθ θ̇

2

1
2ρU

3∞bdy
dt (4)

Alternatively, the harvesting metrics of the fully passive flapping foil turbine124

can be expressed in terms of the power coefficients CP y and CP θ. They corre-125

spond to the nondimensionalised instantaneous power dissipated by the heaving126

and pitching motions, respectively:127

CP y(t) =
cy ẏ

2

1
2ρU

3∞bc
(5)

CP θ(t) =
cθ θ̇

2

1
2ρU

3∞bc
(6)

U∞

b c
H
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Figure 3: Schematic (a) left side view and (b) top view of a fully passive flapping foil turbine
in a confined channel.
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The total power coefficient CP is obtained by adding equations 5 and 6, and128

its time average results in the average power coefficient CP :129

CP (t) =
cy ẏ

2 + cθ θ̇
2

1
2ρU

3∞bc
(7)

CP =
1

∆t

∫ t0+∆t

t0

CP (t) dt (8)

Unlike the hydraulic efficiency, the power coefficients are not scaled with130

respect to the surface swept by the foil, but rather to its geometric dimensions.131

As a result, improving the power coefficients of a fully passive flapping foil132

turbine necessarily implies increasing the harvested power, while the hydraulic133

efficiency can be improved by reducing the surface swept by the foil.134

These coefficients are particularly useful for measuring the contribution of135

each DOF in the energy harvesting, which is crucial for designing a well suited136

energy conversion strategy for the electricity production.137

2.2. Experimental setup and study protocol138

A fully passive flapping foil prototype has been designed and tested in a139

hydraulic channel at the INSA of Strasbourg. A full description of the design140

process can be found in the PhD thesis of Duarte (2019), chapter 3. The main141

components of the experimental setup used in the present work are listed in142

figure 4. Pictures of the experimental apparatus are provided in figure 5.143

The turbine prototype consists of a NACA0015 foil of a chord length144

c = 0.096 m and a span b = 0.432 m. The foil is tested in a channel wide145

of L = 0.600 m and high of H = 0.495 m, leading to a surface blockage ratio146

given by:147

SB =
cb

LH
= 0.14 (9)

In order to reproduce the hydraulic conditions of a low current site, the mean148

free stream velocity in the test section is set to U∞ = 0.625 m s−1. Considering149

the kinematic viscosity of water ν = 1× 10−6 m2 s−1, this leads to a chord150

Reynolds number defined as:151

Rec =
U∞c
ν

= 6× 104 (10)

The flapping foil prototype is mounted on its shaft through a sliding box152

allowing for a variable pitching axis location. The pitching shaft casing is153

mounted on a heaving rail with extension springs. Digital incremental encoders154

are used to mesure the heaving and pitching motions of the foil, which are155

linked to electric servomotors through transmission belt systems. The motors156

are not used to constrain the foil motions – indeed, it is a fully passive flapping157

foil concept. Instead, they are employed in order to artificially modify the158

mechanical properties of the prototype thanks to an original dynamic tuning159
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✓̇
<latexit sha1_base64="GGb/9u/Rzgz7mDymvBJbAc7mOkY=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqswUQZcFNy4r2Ad0hpJJM21okhmSO0IZCv6KGxeKuPU73Pk3ZtpZaOuBwOHce7gnJ0oFN+B5387a+sbm1nZlp7q7t39w6B4dd0ySacraNBGJ7kXEMMEVawMHwXqpZkRGgnWjyW0x7z4ybXiiHmCaslCSkeIxpwSsNHBPA0lgrGUeDBPIAxgzILPZwK15dW8OvEr8ktRQidbA/bJ+mkmmgApiTN/3UghzooFTwWbVIDMsJXRCRqxvqSKSmTCfx5/hC6sMcZxo+xTgufrbkRNpzFRGdrMIa5ZnhfjfrJ9BfBPmXKUZMEUXh+JMYEhw0QUecs0oiKklhGpus2I6JppQsI1VbQn+8pdXSadR9726f39VazbKOiroDJ2jS+Sja9REd6iF2oiiHD2jV/TmPDkvzrvzsVhdc0rPCfoD5/MHYmyWVw==</latexit><latexit sha1_base64="GGb/9u/Rzgz7mDymvBJbAc7mOkY=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqswUQZcFNy4r2Ad0hpJJM21okhmSO0IZCv6KGxeKuPU73Pk3ZtpZaOuBwOHce7gnJ0oFN+B5387a+sbm1nZlp7q7t39w6B4dd0ySacraNBGJ7kXEMMEVawMHwXqpZkRGgnWjyW0x7z4ybXiiHmCaslCSkeIxpwSsNHBPA0lgrGUeDBPIAxgzILPZwK15dW8OvEr8ktRQidbA/bJ+mkmmgApiTN/3UghzooFTwWbVIDMsJXRCRqxvqSKSmTCfx5/hC6sMcZxo+xTgufrbkRNpzFRGdrMIa5ZnhfjfrJ9BfBPmXKUZMEUXh+JMYEhw0QUecs0oiKklhGpus2I6JppQsI1VbQn+8pdXSadR9726f39VazbKOiroDJ2jS+Sja9REd6iF2oiiHD2jV/TmPDkvzrvzsVhdc0rPCfoD5/MHYmyWVw==</latexit><latexit sha1_base64="GGb/9u/Rzgz7mDymvBJbAc7mOkY=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqswUQZcFNy4r2Ad0hpJJM21okhmSO0IZCv6KGxeKuPU73Pk3ZtpZaOuBwOHce7gnJ0oFN+B5387a+sbm1nZlp7q7t39w6B4dd0ySacraNBGJ7kXEMMEVawMHwXqpZkRGgnWjyW0x7z4ybXiiHmCaslCSkeIxpwSsNHBPA0lgrGUeDBPIAxgzILPZwK15dW8OvEr8ktRQidbA/bJ+mkmmgApiTN/3UghzooFTwWbVIDMsJXRCRqxvqSKSmTCfx5/hC6sMcZxo+xTgufrbkRNpzFRGdrMIa5ZnhfjfrJ9BfBPmXKUZMEUXh+JMYEhw0QUecs0oiKklhGpus2I6JppQsI1VbQn+8pdXSadR9726f39VazbKOiroDJ2jS+Sja9REd6iF2oiiHD2jV/TmPDkvzrvzsVhdc0rPCfoD5/MHYmyWVw==</latexit><latexit sha1_base64="GGb/9u/Rzgz7mDymvBJbAc7mOkY=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqswUQZcFNy4r2Ad0hpJJM21okhmSO0IZCv6KGxeKuPU73Pk3ZtpZaOuBwOHce7gnJ0oFN+B5387a+sbm1nZlp7q7t39w6B4dd0ySacraNBGJ7kXEMMEVawMHwXqpZkRGgnWjyW0x7z4ybXiiHmCaslCSkeIxpwSsNHBPA0lgrGUeDBPIAxgzILPZwK15dW8OvEr8ktRQidbA/bJ+mkmmgApiTN/3UghzooFTwWbVIDMsJXRCRqxvqSKSmTCfx5/hC6sMcZxo+xTgufrbkRNpzFRGdrMIa5ZnhfjfrJ9BfBPmXKUZMEUXh+JMYEhw0QUecs0oiKklhGpus2I6JppQsI1VbQn+8pdXSadR9726f39VazbKOiroDJ2jS+Sja9REd6iF2oiiHD2jV/TmPDkvzrvzsVhdc0rPCfoD5/MHYmyWVw==</latexit>

i✓
<latexit sha1_base64="qmBrHl3Fg492IHY3I/bpQSSnvj8=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRF0GXBjcsK9gFNCJPppB06eTBzI5Qh4K+4caGIW7/DnX/jpM1CWw8MHM65l3vmhJngChzn21pb39jc2q7t1Hf39g8O7aPjnkpzSVmXpiKVg5AoJnjCusBBsEEmGYlDwfrh9Lb0+49MKp4mDzDLmB+TccIjTgkYKbBPvZjARMZa8yLQHkwYkKII7IbTdObAq8StSANV6AT2lzdKaR6zBKggSg1dJwNfEwmcClbUvVyxjNApGbOhoQmJmfL1PH6BL4wywlEqzUsAz9XfG5rESs3i0EyWYdWyV4r/ecMcohtf8yTLgSV0cSjKBYYUl13gEZeMgpgZQqjkJiumEyIJBdNY3ZTgLn95lfRaTddpuvdXjXarqqOGztA5ukQuukZtdIc6qIso0ugZvaI368l6sd6tj8XomlXtnKA/sD5/AI/alnQ=</latexit><latexit sha1_base64="qmBrHl3Fg492IHY3I/bpQSSnvj8=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRF0GXBjcsK9gFNCJPppB06eTBzI5Qh4K+4caGIW7/DnX/jpM1CWw8MHM65l3vmhJngChzn21pb39jc2q7t1Hf39g8O7aPjnkpzSVmXpiKVg5AoJnjCusBBsEEmGYlDwfrh9Lb0+49MKp4mDzDLmB+TccIjTgkYKbBPvZjARMZa8yLQHkwYkKII7IbTdObAq8StSANV6AT2lzdKaR6zBKggSg1dJwNfEwmcClbUvVyxjNApGbOhoQmJmfL1PH6BL4wywlEqzUsAz9XfG5rESs3i0EyWYdWyV4r/ecMcohtf8yTLgSV0cSjKBYYUl13gEZeMgpgZQqjkJiumEyIJBdNY3ZTgLn95lfRaTddpuvdXjXarqqOGztA5ukQuukZtdIc6qIso0ugZvaI368l6sd6tj8XomlXtnKA/sD5/AI/alnQ=</latexit><latexit sha1_base64="qmBrHl3Fg492IHY3I/bpQSSnvj8=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRF0GXBjcsK9gFNCJPppB06eTBzI5Qh4K+4caGIW7/DnX/jpM1CWw8MHM65l3vmhJngChzn21pb39jc2q7t1Hf39g8O7aPjnkpzSVmXpiKVg5AoJnjCusBBsEEmGYlDwfrh9Lb0+49MKp4mDzDLmB+TccIjTgkYKbBPvZjARMZa8yLQHkwYkKII7IbTdObAq8StSANV6AT2lzdKaR6zBKggSg1dJwNfEwmcClbUvVyxjNApGbOhoQmJmfL1PH6BL4wywlEqzUsAz9XfG5rESs3i0EyWYdWyV4r/ecMcohtf8yTLgSV0cSjKBYYUl13gEZeMgpgZQqjkJiumEyIJBdNY3ZTgLn95lfRaTddpuvdXjXarqqOGztA5ukQuukZtdIc6qIso0ugZvaI368l6sd6tj8XomlXtnKA/sD5/AI/alnQ=</latexit><latexit sha1_base64="qmBrHl3Fg492IHY3I/bpQSSnvj8=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRF0GXBjcsK9gFNCJPppB06eTBzI5Qh4K+4caGIW7/DnX/jpM1CWw8MHM65l3vmhJngChzn21pb39jc2q7t1Hf39g8O7aPjnkpzSVmXpiKVg5AoJnjCusBBsEEmGYlDwfrh9Lb0+49MKp4mDzDLmB+TccIjTgkYKbBPvZjARMZa8yLQHkwYkKII7IbTdObAq8StSANV6AT2lzdKaR6zBKggSg1dJwNfEwmcClbUvVyxjNApGbOhoQmJmfL1PH6BL4wywlEqzUsAz9XfG5rESs3i0EyWYdWyV4r/ecMcohtf8yTLgSV0cSjKBYYUl13gEZeMgpgZQqjkJiumEyIJBdNY3ZTgLn95lfRaTddpuvdXjXarqqOGztA5ukQuukZtdIc6qIso0ugZvaI368l6sd6tj8XomlXtnKA/sD5/AI/alnQ=</latexit>

y
<latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit>

ẏ
<latexit sha1_base64="ey1Eb+7jNSt+x+rWmIjofquy5cw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7APaUCbTSTt0MgkzN0II/Qg3LhRx6/e482+ctllo64GBwzn3MPeeIJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7hZ+74lrI2L1iFnC/YhOlAgFo2il3nAcY57NR9WaW3eXIJvEK0gNCrRH1S+bZGnEFTJJjRl4boJ+TjUKJvm8MkwNTyib0QkfWKpoxI2fL9edkyurjEkYa/sUkqX6O5HTyJgsCuxkRHFq1r2F+J83SDG89XOhkhS5YquPwlQSjMnidjIWmjOUmSWUaWF3JWxKNWVoG6rYErz1kzdJt1H33Lr3cFNrNYo6ynABl3ANHjShBffQhg4wmMEzvMKbkzgvzrvzsRotOUXmHP7A+fwBvD2PxA==</latexit><latexit sha1_base64="ey1Eb+7jNSt+x+rWmIjofquy5cw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7APaUCbTSTt0MgkzN0II/Qg3LhRx6/e482+ctllo64GBwzn3MPeeIJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7hZ+74lrI2L1iFnC/YhOlAgFo2il3nAcY57NR9WaW3eXIJvEK0gNCrRH1S+bZGnEFTJJjRl4boJ+TjUKJvm8MkwNTyib0QkfWKpoxI2fL9edkyurjEkYa/sUkqX6O5HTyJgsCuxkRHFq1r2F+J83SDG89XOhkhS5YquPwlQSjMnidjIWmjOUmSWUaWF3JWxKNWVoG6rYErz1kzdJt1H33Lr3cFNrNYo6ynABl3ANHjShBffQhg4wmMEzvMKbkzgvzrvzsRotOUXmHP7A+fwBvD2PxA==</latexit><latexit sha1_base64="ey1Eb+7jNSt+x+rWmIjofquy5cw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7APaUCbTSTt0MgkzN0II/Qg3LhRx6/e482+ctllo64GBwzn3MPeeIJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7hZ+74lrI2L1iFnC/YhOlAgFo2il3nAcY57NR9WaW3eXIJvEK0gNCrRH1S+bZGnEFTJJjRl4boJ+TjUKJvm8MkwNTyib0QkfWKpoxI2fL9edkyurjEkYa/sUkqX6O5HTyJgsCuxkRHFq1r2F+J83SDG89XOhkhS5YquPwlQSjMnidjIWmjOUmSWUaWF3JWxKNWVoG6rYErz1kzdJt1H33Lr3cFNrNYo6ynABl3ANHjShBffQhg4wmMEzvMKbkzgvzrvzsRotOUXmHP7A+fwBvD2PxA==</latexit><latexit sha1_base64="ey1Eb+7jNSt+x+rWmIjofquy5cw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7APaUCbTSTt0MgkzN0II/Qg3LhRx6/e482+ctllo64GBwzn3MPeeIJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7hZ+74lrI2L1iFnC/YhOlAgFo2il3nAcY57NR9WaW3eXIJvEK0gNCrRH1S+bZGnEFTJJjRl4boJ+TjUKJvm8MkwNTyib0QkfWKpoxI2fL9edkyurjEkYa/sUkqX6O5HTyJgsCuxkRHFq1r2F+J83SDG89XOhkhS5YquPwlQSjMnidjIWmjOUmSWUaWF3JWxKNWVoG6rYErz1kzdJt1H33Lr3cFNrNYo6ynABl3ANHjShBffQhg4wmMEzvMKbkzgvzrvzsRotOUXmHP7A+fwBvD2PxA==</latexit>

iy
<latexit sha1_base64="gOb3nP/XBQUjJPSOiJxa1/kWlnU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUoS4LblxWsA/oDCWTZtrQJDMkGWEY+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dipb2zu7e9X92sHh0fFJ/fSsr+NUEdojMY/VMMSaciZpzzDD6TBRFIuQ00E4vyv8wRNVmsXy0WQJDQSeShYxgo2VfF9gM1MiZ4txNq433Ka7BNokXkkaUKI7rn/5k5ikgkpDONZ65LmJCXKsDCOcLmp+qmmCyRxP6chSiQXVQb7MvEBXVpmgKFb2SYOW6u+NHAutMxHaySKjXvcK8T9vlJroNsiZTFJDJVkdilKOTIyKAtCEKUoMzyzBRDGbFZEZVpgYW1PNluCtf3mT9FtNz216DzeNTqusowoXcAnX4EEbOnAPXegBgQSe4RXenNR5cd6dj9VoxSl3zuEPnM8fnyaSAA==</latexit><latexit sha1_base64="gOb3nP/XBQUjJPSOiJxa1/kWlnU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUoS4LblxWsA/oDCWTZtrQJDMkGWEY+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dipb2zu7e9X92sHh0fFJ/fSsr+NUEdojMY/VMMSaciZpzzDD6TBRFIuQ00E4vyv8wRNVmsXy0WQJDQSeShYxgo2VfF9gM1MiZ4txNq433Ka7BNokXkkaUKI7rn/5k5ikgkpDONZ65LmJCXKsDCOcLmp+qmmCyRxP6chSiQXVQb7MvEBXVpmgKFb2SYOW6u+NHAutMxHaySKjXvcK8T9vlJroNsiZTFJDJVkdilKOTIyKAtCEKUoMzyzBRDGbFZEZVpgYW1PNluCtf3mT9FtNz216DzeNTqusowoXcAnX4EEbOnAPXegBgQSe4RXenNR5cd6dj9VoxSl3zuEPnM8fnyaSAA==</latexit><latexit sha1_base64="gOb3nP/XBQUjJPSOiJxa1/kWlnU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUoS4LblxWsA/oDCWTZtrQJDMkGWEY+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dipb2zu7e9X92sHh0fFJ/fSsr+NUEdojMY/VMMSaciZpzzDD6TBRFIuQ00E4vyv8wRNVmsXy0WQJDQSeShYxgo2VfF9gM1MiZ4txNq433Ka7BNokXkkaUKI7rn/5k5ikgkpDONZ65LmJCXKsDCOcLmp+qmmCyRxP6chSiQXVQb7MvEBXVpmgKFb2SYOW6u+NHAutMxHaySKjXvcK8T9vlJroNsiZTFJDJVkdilKOTIyKAtCEKUoMzyzBRDGbFZEZVpgYW1PNluCtf3mT9FtNz216DzeNTqusowoXcAnX4EEbOnAPXegBgQSe4RXenNR5cd6dj9VoxSl3zuEPnM8fnyaSAA==</latexit><latexit sha1_base64="gOb3nP/XBQUjJPSOiJxa1/kWlnU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUoS4LblxWsA/oDCWTZtrQJDMkGWEY+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dipb2zu7e9X92sHh0fFJ/fSsr+NUEdojMY/VMMSaciZpzzDD6TBRFIuQ00E4vyv8wRNVmsXy0WQJDQSeShYxgo2VfF9gM1MiZ4txNq433Ka7BNokXkkaUKI7rn/5k5ikgkpDONZ65LmJCXKsDCOcLmp+qmmCyRxP6chSiQXVQb7MvEBXVpmgKFb2SYOW6u+NHAutMxHaySKjXvcK8T9vlJroNsiZTFJDJVkdilKOTIyKAtCEKUoMzyzBRDGbFZEZVpgYW1PNluCtf3mT9FtNz216DzeNTqusowoXcAnX4EEbOnAPXegBgQSe4RXenNR5cd6dj9VoxSl3zuEPnM8fnyaSAA==</latexit>

2
<latexit sha1_base64="SgIv4HsY59Fc+L/dHEwwKPyVIXw=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkpgi4LblxWsA9oh5LJZNrQJDMkGaEO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OmHKmjed9OxubW9s7u5W96v7B4VHNPT7p6iRThHZIwhPVD7GmnEnaMcxw2k8VxSLktBdObwu/90iVZol8MLOUBgKPJYsZwcZKI7c2DBMeDQU2EyXy5nzk1r2GtwBaJ35J6lCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTufVYaZpiskUj+nAUokF1UG+CD5HF1aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtV1Zbgr355nXSbDd9r+PdX9ZZX1lGBMziHS/DhGlpwB23oAIEMnuEV3pwn58V5dz6WoxtOuXMKf+B8/gD8q5M7</latexit><latexit sha1_base64="SgIv4HsY59Fc+L/dHEwwKPyVIXw=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkpgi4LblxWsA9oh5LJZNrQJDMkGaEO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OmHKmjed9OxubW9s7u5W96v7B4VHNPT7p6iRThHZIwhPVD7GmnEnaMcxw2k8VxSLktBdObwu/90iVZol8MLOUBgKPJYsZwcZKI7c2DBMeDQU2EyXy5nzk1r2GtwBaJ35J6lCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTufVYaZpiskUj+nAUokF1UG+CD5HF1aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtV1Zbgr355nXSbDd9r+PdX9ZZX1lGBMziHS/DhGlpwB23oAIEMnuEV3pwn58V5dz6WoxtOuXMKf+B8/gD8q5M7</latexit><latexit sha1_base64="SgIv4HsY59Fc+L/dHEwwKPyVIXw=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkpgi4LblxWsA9oh5LJZNrQJDMkGaEO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OmHKmjed9OxubW9s7u5W96v7B4VHNPT7p6iRThHZIwhPVD7GmnEnaMcxw2k8VxSLktBdObwu/90iVZol8MLOUBgKPJYsZwcZKI7c2DBMeDQU2EyXy5nzk1r2GtwBaJ35J6lCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTufVYaZpiskUj+nAUokF1UG+CD5HF1aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtV1Zbgr355nXSbDd9r+PdX9ZZX1lGBMziHS/DhGlpwB23oAIEMnuEV3pwn58V5dz6WoxtOuXMKf+B8/gD8q5M7</latexit><latexit sha1_base64="SgIv4HsY59Fc+L/dHEwwKPyVIXw=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkpgi4LblxWsA9oh5LJZNrQJDMkGaEO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OmHKmjed9OxubW9s7u5W96v7B4VHNPT7p6iRThHZIwhPVD7GmnEnaMcxw2k8VxSLktBdObwu/90iVZol8MLOUBgKPJYsZwcZKI7c2DBMeDQU2EyXy5nzk1r2GtwBaJ35J6lCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTufVYaZpiskUj+nAUokF1UG+CD5HF1aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtV1Zbgr355nXSbDd9r+PdX9ZZX1lGBMziHS/DhGlpwB23oAIEMnuEV3pwn58V5dz6WoxtOuXMKf+B8/gD8q5M7</latexit>

1
<latexit sha1_base64="l1SllN/B/yeOeaG8qNoT/B+iOyE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrk/nzkNrymtwBaJ35JGlCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTue1YaZpiskUj+nAUokF1UG+CD5H51aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtVzZbgr355nXQvm77X9O+vGi2vrKMKp3AGF+DDNbTgDtrQAQIZPMMrvDlPzovz7nwsRytOuXMCf+B8/gD7JpM6</latexit><latexit sha1_base64="l1SllN/B/yeOeaG8qNoT/B+iOyE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrk/nzkNrymtwBaJ35JGlCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTue1YaZpiskUj+nAUokF1UG+CD5H51aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtVzZbgr355nXQvm77X9O+vGi2vrKMKp3AGF+DDNbTgDtrQAQIZPMMrvDlPzovz7nwsRytOuXMCf+B8/gD7JpM6</latexit><latexit sha1_base64="l1SllN/B/yeOeaG8qNoT/B+iOyE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrk/nzkNrymtwBaJ35JGlCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTue1YaZpiskUj+nAUokF1UG+CD5H51aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtVzZbgr355nXQvm77X9O+vGi2vrKMKp3AGF+DDNbTgDtrQAQIZPMMrvDlPzovz7nwsRytOuXMCf+B8/gD7JpM6</latexit><latexit sha1_base64="l1SllN/B/yeOeaG8qNoT/B+iOyE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrk/nzkNrymtwBaJ35JGlCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTue1YaZpiskUj+nAUokF1UG+CD5H51aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtVzZbgr355nXQvm77X9O+vGi2vrKMKp3AGF+DDNbTgDtrQAQIZPMMrvDlPzovz7nwsRytOuXMCf+B8/gD7JpM6</latexit>

3
<latexit sha1_base64="cqlPzOWX5KqCx0k84k8fqS4Joes=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZlRQZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/nA3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O+v6k2vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AH+MJM8</latexit><latexit sha1_base64="cqlPzOWX5KqCx0k84k8fqS4Joes=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZlRQZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/nA3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O+v6k2vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AH+MJM8</latexit><latexit sha1_base64="cqlPzOWX5KqCx0k84k8fqS4Joes=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZlRQZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/nA3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O+v6k2vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AH+MJM8</latexit><latexit sha1_base64="cqlPzOWX5KqCx0k84k8fqS4Joes=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZlRQZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/nA3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O+v6k2vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AH+MJM8</latexit>

4
<latexit sha1_base64="hVwwWY3yNc8eV/5p4q7z3Ugz/uY=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrkV/OR2/Ca3gJonfglaUCJ9sj9GkYJyQSVhnCs9cD3UhPkWBlGOJ3XhpmmKSZTPKYDSyUWVAf5IvgcnVslQnGi7JMGLdTfGzkWWs9EaCeLhHrVK8T/vEFm4psgZzLNDJVkeSjOODIJKlpAEVOUGD6zBBPFbFZEJlhhYmxXNVuCv/rlddK9bPpe07+/arS8so4qnMIZXIAP19CCO2hDBwhk8Ayv8OY8OS/Ou/OxHK045c4J/IHz+QP/tZM9</latexit><latexit sha1_base64="hVwwWY3yNc8eV/5p4q7z3Ugz/uY=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrkV/OR2/Ca3gJonfglaUCJ9sj9GkYJyQSVhnCs9cD3UhPkWBlGOJ3XhpmmKSZTPKYDSyUWVAf5IvgcnVslQnGi7JMGLdTfGzkWWs9EaCeLhHrVK8T/vEFm4psgZzLNDJVkeSjOODIJKlpAEVOUGD6zBBPFbFZEJlhhYmxXNVuCv/rlddK9bPpe07+/arS8so4qnMIZXIAP19CCO2hDBwhk8Ayv8OY8OS/Ou/OxHK045c4J/IHz+QP/tZM9</latexit><latexit sha1_base64="hVwwWY3yNc8eV/5p4q7z3Ugz/uY=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrkV/OR2/Ca3gJonfglaUCJ9sj9GkYJyQSVhnCs9cD3UhPkWBlGOJ3XhpmmKSZTPKYDSyUWVAf5IvgcnVslQnGi7JMGLdTfGzkWWs9EaCeLhHrVK8T/vEFm4psgZzLNDJVkeSjOODIJKlpAEVOUGD6zBBPFbFZEJlhhYmxXNVuCv/rlddK9bPpe07+/arS8so4qnMIZXIAP19CCO2hDBwhk8Ayv8OY8OS/Ou/OxHK045c4J/IHz+QP/tZM9</latexit><latexit sha1_base64="hVwwWY3yNc8eV/5p4q7z3Ugz/uY=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrkV/OR2/Ca3gJonfglaUCJ9sj9GkYJyQSVhnCs9cD3UhPkWBlGOJ3XhpmmKSZTPKYDSyUWVAf5IvgcnVslQnGi7JMGLdTfGzkWWs9EaCeLhHrVK8T/vEFm4psgZzLNDJVkeSjOODIJKlpAEVOUGD6zBBPFbFZEJlhhYmxXNVuCv/rlddK9bPpe07+/arS8so4qnMIZXIAP19CCO2hDBwhk8Ayv8OY8OS/Ou/OxHK045c4J/IHz+QP/tZM9</latexit>

5
<latexit sha1_base64="gFugLRK5DhpXLf5ID0cOrNyuScg=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRRZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/mg3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O8v602vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AEBSZM+</latexit><latexit sha1_base64="gFugLRK5DhpXLf5ID0cOrNyuScg=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRRZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/mg3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O8v602vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AEBSZM+</latexit><latexit sha1_base64="gFugLRK5DhpXLf5ID0cOrNyuScg=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRRZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/mg3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O8v602vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AEBSZM+</latexit><latexit sha1_base64="gFugLRK5DhpXLf5ID0cOrNyuScg=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRRZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/mg3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O8v602vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AEBSZM+</latexit>

10
<latexit sha1_base64="bThgletbTsjUixpWj66TRDpz1U4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ike5/2qzVap3OQVeIXpAYFmv3qV2+Q8CwWGrli1nZ9mmKQM4OSKzGt9DIrUsbHbCi6jmoWCxvk80un5MwpAxIlxpVGMld/T+QstnYSh64zZjiyy95M/M/rZhhdB7nUaYZC88WiKFMEEzJ7mwykERzVxBHGjXS3Ej5ihnF04VRcCP7yy6ukfVH3ad2/u6w1aBFHGU7gFM7BhytowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A4wiM3Q==</latexit><latexit sha1_base64="bThgletbTsjUixpWj66TRDpz1U4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ike5/2qzVap3OQVeIXpAYFmv3qV2+Q8CwWGrli1nZ9mmKQM4OSKzGt9DIrUsbHbCi6jmoWCxvk80un5MwpAxIlxpVGMld/T+QstnYSh64zZjiyy95M/M/rZhhdB7nUaYZC88WiKFMEEzJ7mwykERzVxBHGjXS3Ej5ihnF04VRcCP7yy6ukfVH3ad2/u6w1aBFHGU7gFM7BhytowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A4wiM3Q==</latexit><latexit sha1_base64="bThgletbTsjUixpWj66TRDpz1U4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ike5/2qzVap3OQVeIXpAYFmv3qV2+Q8CwWGrli1nZ9mmKQM4OSKzGt9DIrUsbHbCi6jmoWCxvk80un5MwpAxIlxpVGMld/T+QstnYSh64zZjiyy95M/M/rZhhdB7nUaYZC88WiKFMEEzJ7mwykERzVxBHGjXS3Ej5ihnF04VRcCP7yy6ukfVH3ad2/u6w1aBFHGU7gFM7BhytowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A4wiM3Q==</latexit><latexit sha1_base64="bThgletbTsjUixpWj66TRDpz1U4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ike5/2qzVap3OQVeIXpAYFmv3qV2+Q8CwWGrli1nZ9mmKQM4OSKzGt9DIrUsbHbCi6jmoWCxvk80un5MwpAxIlxpVGMld/T+QstnYSh64zZjiyy95M/M/rZhhdB7nUaYZC88WiKFMEEzJ7mwykERzVxBHGjXS3Ej5ihnF04VRcCP7yy6ukfVH3ad2/u6w1aBFHGU7gFM7BhytowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A4wiM3Q==</latexit>

7
<latexit sha1_base64="YhLd0Obx1qZOFTYgUP8PDsz0RGo=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7ItRjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZia+DnMk0M1SS5aE448gkqGgBRUxRYvjMEkwUs1kRmWCFibFd1WwJ/uqX10nvsul7Tf/uqtH2yjqqcApncAE+tKANt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcEU5NA</latexit><latexit sha1_base64="YhLd0Obx1qZOFTYgUP8PDsz0RGo=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7ItRjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZia+DnMk0M1SS5aE448gkqGgBRUxRYvjMEkwUs1kRmWCFibFd1WwJ/uqX10nvsul7Tf/uqtH2yjqqcApncAE+tKANt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcEU5NA</latexit><latexit sha1_base64="YhLd0Obx1qZOFTYgUP8PDsz0RGo=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7ItRjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZia+DnMk0M1SS5aE448gkqGgBRUxRYvjMEkwUs1kRmWCFibFd1WwJ/uqX10nvsul7Tf/uqtH2yjqqcApncAE+tKANt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcEU5NA</latexit><latexit sha1_base64="YhLd0Obx1qZOFTYgUP8PDsz0RGo=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7ItRjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZia+DnMk0M1SS5aE448gkqGgBRUxRYvjMEkwUs1kRmWCFibFd1WwJ/uqX10nvsul7Tf/uqtH2yjqqcApncAE+tKANt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcEU5NA</latexit>

8
<latexit sha1_base64="AiF3fvIVO6VmIDxcME8MGOSQ8o0=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7IthjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZiVtBzmSaGSrJ8lCccWQSVLSAIqYoMXxmCSaK2ayITLDCxNiuarYEf/XL66R32fS9pn931Wh7ZR1VOIUzuAAfrqENt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcF2JNB</latexit><latexit sha1_base64="AiF3fvIVO6VmIDxcME8MGOSQ8o0=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7IthjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZiVtBzmSaGSrJ8lCccWQSVLSAIqYoMXxmCSaK2ayITLDCxNiuarYEf/XL66R32fS9pn931Wh7ZR1VOIUzuAAfrqENt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcF2JNB</latexit><latexit sha1_base64="AiF3fvIVO6VmIDxcME8MGOSQ8o0=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7IthjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZiVtBzmSaGSrJ8lCccWQSVLSAIqYoMXxmCSaK2ayITLDCxNiuarYEf/XL66R32fS9pn931Wh7ZR1VOIUzuAAfrqENt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcF2JNB</latexit><latexit sha1_base64="AiF3fvIVO6VmIDxcME8MGOSQ8o0=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7IthjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZiVtBzmSaGSrJ8lCccWQSVLSAIqYoMXxmCSaK2ayITLDCxNiuarYEf/XL66R32fS9pn931Wh7ZR1VOIUzuAAfrqENt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcF2JNB</latexit>

9
<latexit sha1_base64="3a0vfEmU5xg9OefFQ5fO/nb9iFE=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQd0V3LisYB/QGUomk7ahyWRIMkId+iVuXCji1k9x59+YaWehrQcCh3Pu5Z6cKOVMG8/7dtbWNza3tis71d29/YOae3jU0TJThLaJ5FL1IqwpZwltG2Y47aWKYhFx2o0mt4XffaRKM5k8mGlKQ4FHCRsygo2VBm4tiCSPA4HNWIn8ZjZw617DmwOtEr8kdSjRGrhfQSxJJmhiCMda930vNWGOlWGE01k1yDRNMZngEe1bmmBBdZjPg8/QmVViNJTKvsSgufp7I8dC66mI7GSRUC97hfif18/M8DrMWZJmhiZkcWiYcWQkKlpAMVOUGD61BBPFbFZExlhhYmxXVVuCv/zlVdK5aPhew7+/rDe9so4KnMApnIMPV9CEO2hBGwhk8Ayv8OY8OS/Ou/OxGF1zyp1j+APn8wcHXZNC</latexit><latexit sha1_base64="3a0vfEmU5xg9OefFQ5fO/nb9iFE=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQd0V3LisYB/QGUomk7ahyWRIMkId+iVuXCji1k9x59+YaWehrQcCh3Pu5Z6cKOVMG8/7dtbWNza3tis71d29/YOae3jU0TJThLaJ5FL1IqwpZwltG2Y47aWKYhFx2o0mt4XffaRKM5k8mGlKQ4FHCRsygo2VBm4tiCSPA4HNWIn8ZjZw617DmwOtEr8kdSjRGrhfQSxJJmhiCMda930vNWGOlWGE01k1yDRNMZngEe1bmmBBdZjPg8/QmVViNJTKvsSgufp7I8dC66mI7GSRUC97hfif18/M8DrMWZJmhiZkcWiYcWQkKlpAMVOUGD61BBPFbFZExlhhYmxXVVuCv/zlVdK5aPhew7+/rDe9so4KnMApnIMPV9CEO2hBGwhk8Ayv8OY8OS/Ou/OxGF1zyp1j+APn8wcHXZNC</latexit><latexit sha1_base64="3a0vfEmU5xg9OefFQ5fO/nb9iFE=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQd0V3LisYB/QGUomk7ahyWRIMkId+iVuXCji1k9x59+YaWehrQcCh3Pu5Z6cKOVMG8/7dtbWNza3tis71d29/YOae3jU0TJThLaJ5FL1IqwpZwltG2Y47aWKYhFx2o0mt4XffaRKM5k8mGlKQ4FHCRsygo2VBm4tiCSPA4HNWIn8ZjZw617DmwOtEr8kdSjRGrhfQSxJJmhiCMda930vNWGOlWGE01k1yDRNMZngEe1bmmBBdZjPg8/QmVViNJTKvsSgufp7I8dC66mI7GSRUC97hfif18/M8DrMWZJmhiZkcWiYcWQkKlpAMVOUGD61BBPFbFZExlhhYmxXVVuCv/zlVdK5aPhew7+/rDe9so4KnMApnIMPV9CEO2hBGwhk8Ayv8OY8OS/Ou/OxGF1zyp1j+APn8wcHXZNC</latexit><latexit sha1_base64="3a0vfEmU5xg9OefFQ5fO/nb9iFE=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQd0V3LisYB/QGUomk7ahyWRIMkId+iVuXCji1k9x59+YaWehrQcCh3Pu5Z6cKOVMG8/7dtbWNza3tis71d29/YOae3jU0TJThLaJ5FL1IqwpZwltG2Y47aWKYhFx2o0mt4XffaRKM5k8mGlKQ4FHCRsygo2VBm4tiCSPA4HNWIn8ZjZw617DmwOtEr8kdSjRGrhfQSxJJmhiCMda930vNWGOlWGE01k1yDRNMZngEe1bmmBBdZjPg8/QmVViNJTKvsSgufp7I8dC66mI7GSRUC97hfif18/M8DrMWZJmhiZkcWiYcWQkKlpAMVOUGD61BBPFbFZExlhhYmxXVVuCv/zlVdK5aPhew7+/rDe9so4KnMApnIMPV9CEO2hBGwhk8Ayv8OY8OS/Ou/OxGF1zyp1j+APn8wcHXZNC</latexit>

11
<latexit sha1_base64="YUhTO8JBuTrHzKB8zdloLt184Iw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCpp0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzXLR4ohLTCZkVSmrRQolKdFIjWBwq8RiOb2b+45MwVib6ASepCGI21DKSnKGT7intV2t+3Z+DrBJakBoUaParX71BwrNYaOSKWdulfopBzgxKrsS00susSBkfs6HoOqpZLGyQzy+dkjOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0HeRSpxkKzReLokwRTMjsbTKQRnBUE0cYN9LdSviIGcbRhVNxIdDll1dJ+6JO/Tq9u6w1/CKOMpzAKZwDhStowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A5IyM3g==</latexit><latexit sha1_base64="YUhTO8JBuTrHzKB8zdloLt184Iw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCpp0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzXLR4ohLTCZkVSmrRQolKdFIjWBwq8RiOb2b+45MwVib6ASepCGI21DKSnKGT7intV2t+3Z+DrBJakBoUaParX71BwrNYaOSKWdulfopBzgxKrsS00susSBkfs6HoOqpZLGyQzy+dkjOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0HeRSpxkKzReLokwRTMjsbTKQRnBUE0cYN9LdSviIGcbRhVNxIdDll1dJ+6JO/Tq9u6w1/CKOMpzAKZwDhStowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A5IyM3g==</latexit><latexit sha1_base64="YUhTO8JBuTrHzKB8zdloLt184Iw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCpp0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzXLR4ohLTCZkVSmrRQolKdFIjWBwq8RiOb2b+45MwVib6ASepCGI21DKSnKGT7intV2t+3Z+DrBJakBoUaParX71BwrNYaOSKWdulfopBzgxKrsS00susSBkfs6HoOqpZLGyQzy+dkjOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0HeRSpxkKzReLokwRTMjsbTKQRnBUE0cYN9LdSviIGcbRhVNxIdDll1dJ+6JO/Tq9u6w1/CKOMpzAKZwDhStowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A5IyM3g==</latexit><latexit sha1_base64="YUhTO8JBuTrHzKB8zdloLt184Iw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCpp0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzXLR4ohLTCZkVSmrRQolKdFIjWBwq8RiOb2b+45MwVib6ASepCGI21DKSnKGT7intV2t+3Z+DrBJakBoUaParX71BwrNYaOSKWdulfopBzgxKrsS00susSBkfs6HoOqpZLGyQzy+dkjOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0HeRSpxkKzReLokwRTMjsbTKQRnBUE0cYN9LdSviIGcbRhVNxIdDll1dJ+6JO/Tq9u6w1/CKOMpzAKZwDhStowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A5IyM3g==</latexit>

DAQ / Control
<latexit sha1_base64="YRGX6ijeL26Tx99/JGap3oinLG8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90tgh4r9eCxBfsB7VKyabYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvBuDb32xOqNJPi0Uxj6kd4KFjICDZW8u/vGugK1aQwSvJ+seSW3QXQOvEyUoIM9X7xqzeQJImoMIRjrbueGxs/xcowwums0Es0jTEZ4yHtWipwRLWfLo6eoQurDFAolS1h0EL9PZHiSOtpFNjOCJuRXvXm4n9eNzHhrZ8yESeGCrJcFCYcGYnmCaABU5QYPrUEE8XsrYiMsMLE2JwKNgRv9eV10qqUPbfsNSql6nUWRx7O4BwuwYMbqMID1KEJBJ7gGV7hzZk4L86787FszTnZzCn8gfP5A0WIkRI=</latexit><latexit sha1_base64="YRGX6ijeL26Tx99/JGap3oinLG8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90tgh4r9eCxBfsB7VKyabYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvBuDb32xOqNJPi0Uxj6kd4KFjICDZW8u/vGugK1aQwSvJ+seSW3QXQOvEyUoIM9X7xqzeQJImoMIRjrbueGxs/xcowwums0Es0jTEZ4yHtWipwRLWfLo6eoQurDFAolS1h0EL9PZHiSOtpFNjOCJuRXvXm4n9eNzHhrZ8yESeGCrJcFCYcGYnmCaABU5QYPrUEE8XsrYiMsMLE2JwKNgRv9eV10qqUPbfsNSql6nUWRx7O4BwuwYMbqMID1KEJBJ7gGV7hzZk4L86787FszTnZzCn8gfP5A0WIkRI=</latexit><latexit sha1_base64="YRGX6ijeL26Tx99/JGap3oinLG8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90tgh4r9eCxBfsB7VKyabYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvBuDb32xOqNJPi0Uxj6kd4KFjICDZW8u/vGugK1aQwSvJ+seSW3QXQOvEyUoIM9X7xqzeQJImoMIRjrbueGxs/xcowwums0Es0jTEZ4yHtWipwRLWfLo6eoQurDFAolS1h0EL9PZHiSOtpFNjOCJuRXvXm4n9eNzHhrZ8yESeGCrJcFCYcGYnmCaABU5QYPrUEE8XsrYiMsMLE2JwKNgRv9eV10qqUPbfsNSql6nUWRx7O4BwuwYMbqMID1KEJBJ7gGV7hzZk4L86787FszTnZzCn8gfP5A0WIkRI=</latexit><latexit sha1_base64="YRGX6ijeL26Tx99/JGap3oinLG8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90tgh4r9eCxBfsB7VKyabYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvBuDb32xOqNJPi0Uxj6kd4KFjICDZW8u/vGugK1aQwSvJ+seSW3QXQOvEyUoIM9X7xqzeQJImoMIRjrbueGxs/xcowwums0Es0jTEZ4yHtWipwRLWfLo6eoQurDFAolS1h0EL9PZHiSOtpFNjOCJuRXvXm4n9eNzHhrZ8yESeGCrJcFCYcGYnmCaABU5QYPrUEE8XsrYiMsMLE2JwKNgRv9eV10qqUPbfsNSql6nUWRx7O4BwuwYMbqMID1KEJBJ7gGV7hzZk4L86787FszTnZzCn8gfP5A0WIkRI=</latexit>

IEy
<latexit sha1_base64="Mt5KnJX6QPfy4cd9wnXwILTbZLk=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCCLqrYB/QDiWTZtrQJDMmmcIw9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777ZTW1jc2t8rblZ3dvf2D6uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP7nSlVmkXy0aQx9QUeSRYygo2V/L7AZqxEdn87G6SDas2tu3OgVeIVpAYFmoPqV38YkURQaQjHWvc8NzZ+hpVhhNNZpZ9oGmMywSPas1RiQbWfzUPP0JlVhiiMlH3SoLn6eyPDQutUBHYyD6mXvVz8z+slJrz2MybjxFBJFofChCMTobwBNGSKEsNTSzBRzGZFZIwVJsb2VLEleMtfXiXti7rn1r2Hy1rjsqijDCdwCufgwRU04A6a0AICT/AMr/DmTJ0X5935WIyWnGLnGP7A+fwBAPWSMQ==</latexit><latexit sha1_base64="Mt5KnJX6QPfy4cd9wnXwILTbZLk=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCCLqrYB/QDiWTZtrQJDMmmcIw9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777ZTW1jc2t8rblZ3dvf2D6uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP7nSlVmkXy0aQx9QUeSRYygo2V/L7AZqxEdn87G6SDas2tu3OgVeIVpAYFmoPqV38YkURQaQjHWvc8NzZ+hpVhhNNZpZ9oGmMywSPas1RiQbWfzUPP0JlVhiiMlH3SoLn6eyPDQutUBHYyD6mXvVz8z+slJrz2MybjxFBJFofChCMTobwBNGSKEsNTSzBRzGZFZIwVJsb2VLEleMtfXiXti7rn1r2Hy1rjsqijDCdwCufgwRU04A6a0AICT/AMr/DmTJ0X5935WIyWnGLnGP7A+fwBAPWSMQ==</latexit><latexit sha1_base64="Mt5KnJX6QPfy4cd9wnXwILTbZLk=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCCLqrYB/QDiWTZtrQJDMmmcIw9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777ZTW1jc2t8rblZ3dvf2D6uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP7nSlVmkXy0aQx9QUeSRYygo2V/L7AZqxEdn87G6SDas2tu3OgVeIVpAYFmoPqV38YkURQaQjHWvc8NzZ+hpVhhNNZpZ9oGmMywSPas1RiQbWfzUPP0JlVhiiMlH3SoLn6eyPDQutUBHYyD6mXvVz8z+slJrz2MybjxFBJFofChCMTobwBNGSKEsNTSzBRzGZFZIwVJsb2VLEleMtfXiXti7rn1r2Hy1rjsqijDCdwCufgwRU04A6a0AICT/AMr/DmTJ0X5935WIyWnGLnGP7A+fwBAPWSMQ==</latexit><latexit sha1_base64="Mt5KnJX6QPfy4cd9wnXwILTbZLk=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCCLqrYB/QDiWTZtrQJDMmmcIw9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777ZTW1jc2t8rblZ3dvf2D6uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP7nSlVmkXy0aQx9QUeSRYygo2V/L7AZqxEdn87G6SDas2tu3OgVeIVpAYFmoPqV38YkURQaQjHWvc8NzZ+hpVhhNNZpZ9oGmMywSPas1RiQbWfzUPP0JlVhiiMlH3SoLn6eyPDQutUBHYyD6mXvVz8z+slJrz2MybjxFBJFofChCMTobwBNGSKEsNTSzBRzGZFZIwVJsb2VLEleMtfXiXti7rn1r2Hy1rjsqijDCdwCufgwRU04A6a0AICT/AMr/DmTJ0X5935WIyWnGLnGP7A+fwBAPWSMQ==</latexit>

IE✓
<latexit sha1_base64="jAGIYlBbH/XmgbsEn1v+TqqnSG4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LIggu4q2Ac0IUymk3boZBJmbsQS+ituXCji1h9x5984abPQ1gMDh3Pu5Z45YSq4Bsf5tipr6xubW9Xt2s7u3v6BfVjv6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsn14Xfe2RK80Q+wDRlfkxGkkecEjBSYNe9mMBYxfndzSzwYMyABHbDaTpz4FXilqSBSrQD+8sbJjSLmQQqiNYD10nBz4kCTgWb1bxMs5TQCRmxgaGSxEz7+Tz7DJ8aZYijRJknAc/V3xs5ibWexqGZLJLqZa8Q//MGGURXfs5lmgGTdHEoygSGBBdF4CFXjIKYGkKo4iYrpmOiCAVTV82U4C5/eZV0z5uu03TvLxqti7KOKjpGJ+gMuegStdAtaqMOougJPaNX9GbNrBfr3fpYjFascucI/YH1+QNNq5SN</latexit><latexit sha1_base64="jAGIYlBbH/XmgbsEn1v+TqqnSG4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LIggu4q2Ac0IUymk3boZBJmbsQS+ituXCji1h9x5984abPQ1gMDh3Pu5Z45YSq4Bsf5tipr6xubW9Xt2s7u3v6BfVjv6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsn14Xfe2RK80Q+wDRlfkxGkkecEjBSYNe9mMBYxfndzSzwYMyABHbDaTpz4FXilqSBSrQD+8sbJjSLmQQqiNYD10nBz4kCTgWb1bxMs5TQCRmxgaGSxEz7+Tz7DJ8aZYijRJknAc/V3xs5ibWexqGZLJLqZa8Q//MGGURXfs5lmgGTdHEoygSGBBdF4CFXjIKYGkKo4iYrpmOiCAVTV82U4C5/eZV0z5uu03TvLxqti7KOKjpGJ+gMuegStdAtaqMOougJPaNX9GbNrBfr3fpYjFascucI/YH1+QNNq5SN</latexit><latexit sha1_base64="jAGIYlBbH/XmgbsEn1v+TqqnSG4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LIggu4q2Ac0IUymk3boZBJmbsQS+ituXCji1h9x5984abPQ1gMDh3Pu5Z45YSq4Bsf5tipr6xubW9Xt2s7u3v6BfVjv6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsn14Xfe2RK80Q+wDRlfkxGkkecEjBSYNe9mMBYxfndzSzwYMyABHbDaTpz4FXilqSBSrQD+8sbJjSLmQQqiNYD10nBz4kCTgWb1bxMs5TQCRmxgaGSxEz7+Tz7DJ8aZYijRJknAc/V3xs5ibWexqGZLJLqZa8Q//MGGURXfs5lmgGTdHEoygSGBBdF4CFXjIKYGkKo4iYrpmOiCAVTV82U4C5/eZV0z5uu03TvLxqti7KOKjpGJ+gMuegStdAtaqMOougJPaNX9GbNrBfr3fpYjFascucI/YH1+QNNq5SN</latexit><latexit sha1_base64="jAGIYlBbH/XmgbsEn1v+TqqnSG4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LIggu4q2Ac0IUymk3boZBJmbsQS+ituXCji1h9x5984abPQ1gMDh3Pu5Z45YSq4Bsf5tipr6xubW9Xt2s7u3v6BfVjv6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsn14Xfe2RK80Q+wDRlfkxGkkecEjBSYNe9mMBYxfndzSzwYMyABHbDaTpz4FXilqSBSrQD+8sbJjSLmQQqiNYD10nBz4kCTgWb1bxMs5TQCRmxgaGSxEz7+Tz7DJ8aZYijRJknAc/V3xs5ibWexqGZLJLqZa8Q//MGGURXfs5lmgGTdHEoygSGBBdF4CFXjIKYGkKo4iYrpmOiCAVTV82U4C5/eZV0z5uu03TvLxqti7KOKjpGJ+gMuegStdAtaqMOougJPaNX9GbNrBfr3fpYjFascucI/YH1+QNNq5SN</latexit>

EM✓
<latexit sha1_base64="eH/ZKKARTU8C3Ueo9lF3L4aW5B0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LIgghuhgn1AE8JkOmmHTiZh5kYsob/ixoUibv0Rd/6NkzYLbT0wcDjnXu6ZE6aCa3Ccb6uytr6xuVXdru3s7u0f2If1rk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcl34vUemNE/kA0xT5sdkJHnEKQEjBXbdiwmMVZzf3M0CD8YMSGA3nKYzB14lbkkaqEQ7sL+8YUKzmEmggmg9cJ0U/Jwo4FSwWc3LNEsJnZARGxgqScy0n8+zz/CpUYY4SpR5EvBc/b2Rk1jraRyaySKpXvYK8T9vkEF05edcphkwSReHokxgSHBRBB5yxSiIqSGEKm6yYjomilAwddVMCe7yl1dJ97zpOk33/qLRuijrqKJjdILOkIsuUQvdojbqIIqe0DN6RW/WzHqx3q2PxWjFKneO0B9Ynz9T15SR</latexit><latexit sha1_base64="eH/ZKKARTU8C3Ueo9lF3L4aW5B0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LIgghuhgn1AE8JkOmmHTiZh5kYsob/ixoUibv0Rd/6NkzYLbT0wcDjnXu6ZE6aCa3Ccb6uytr6xuVXdru3s7u0f2If1rk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcl34vUemNE/kA0xT5sdkJHnEKQEjBXbdiwmMVZzf3M0CD8YMSGA3nKYzB14lbkkaqEQ7sL+8YUKzmEmggmg9cJ0U/Jwo4FSwWc3LNEsJnZARGxgqScy0n8+zz/CpUYY4SpR5EvBc/b2Rk1jraRyaySKpXvYK8T9vkEF05edcphkwSReHokxgSHBRBB5yxSiIqSGEKm6yYjomilAwddVMCe7yl1dJ97zpOk33/qLRuijrqKJjdILOkIsuUQvdojbqIIqe0DN6RW/WzHqx3q2PxWjFKneO0B9Ynz9T15SR</latexit><latexit sha1_base64="eH/ZKKARTU8C3Ueo9lF3L4aW5B0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LIgghuhgn1AE8JkOmmHTiZh5kYsob/ixoUibv0Rd/6NkzYLbT0wcDjnXu6ZE6aCa3Ccb6uytr6xuVXdru3s7u0f2If1rk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcl34vUemNE/kA0xT5sdkJHnEKQEjBXbdiwmMVZzf3M0CD8YMSGA3nKYzB14lbkkaqEQ7sL+8YUKzmEmggmg9cJ0U/Jwo4FSwWc3LNEsJnZARGxgqScy0n8+zz/CpUYY4SpR5EvBc/b2Rk1jraRyaySKpXvYK8T9vkEF05edcphkwSReHokxgSHBRBB5yxSiIqSGEKm6yYjomilAwddVMCe7yl1dJ97zpOk33/qLRuijrqKJjdILOkIsuUQvdojbqIIqe0DN6RW/WzHqx3q2PxWjFKneO0B9Ynz9T15SR</latexit><latexit sha1_base64="eH/ZKKARTU8C3Ueo9lF3L4aW5B0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6LIgghuhgn1AE8JkOmmHTiZh5kYsob/ixoUibv0Rd/6NkzYLbT0wcDjnXu6ZE6aCa3Ccb6uytr6xuVXdru3s7u0f2If1rk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcl34vUemNE/kA0xT5sdkJHnEKQEjBXbdiwmMVZzf3M0CD8YMSGA3nKYzB14lbkkaqEQ7sL+8YUKzmEmggmg9cJ0U/Jwo4FSwWc3LNEsJnZARGxgqScy0n8+zz/CpUYY4SpR5EvBc/b2Rk1jraRyaySKpXvYK8T9vkEF05edcphkwSReHokxgSHBRBB5yxSiIqSGEKm6yYjomilAwddVMCe7yl1dJ97zpOk33/qLRuijrqKJjdILOkIsuUQvdojbqIIqe0DN6RW/WzHqx3q2PxWjFKneO0B9Ynz9T15SR</latexit>

EMy
<latexit sha1_base64="lkcHYc7L+TguzD99+plCNSGzNlw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCCG6ECvYB7VAyaaYNTTJjkikMQ7/DjQtF3Pox7vwbM+0stPVA4HDOvdyTE8ScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJje535lSpVkkH00aU1/gkWQhI9hYye8LbMZKZLf3s0E6qNbcujsHWiVeQWpQoDmofvWHEUkElYZwrHXPc2PjZ1gZRjidVfqJpjEmEzyiPUslFlT72Tz0DJ1ZZYjCSNknDZqrvzcyLLRORWAn85B62cvF/7xeYsJrP2MyTgyVZHEoTDgyEcobQEOmKDE8tQQTxWxWRMZYYWJsTxVbgrf85VXSvqh7bt17uKw1Los6ynACp3AOHlxBA+6gCS0g8ATP8ApvztR5cd6dj8VoySl2juEPnM8fBw2SNQ==</latexit><latexit sha1_base64="lkcHYc7L+TguzD99+plCNSGzNlw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCCG6ECvYB7VAyaaYNTTJjkikMQ7/DjQtF3Pox7vwbM+0stPVA4HDOvdyTE8ScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJje535lSpVkkH00aU1/gkWQhI9hYye8LbMZKZLf3s0E6qNbcujsHWiVeQWpQoDmofvWHEUkElYZwrHXPc2PjZ1gZRjidVfqJpjEmEzyiPUslFlT72Tz0DJ1ZZYjCSNknDZqrvzcyLLRORWAn85B62cvF/7xeYsJrP2MyTgyVZHEoTDgyEcobQEOmKDE8tQQTxWxWRMZYYWJsTxVbgrf85VXSvqh7bt17uKw1Los6ynACp3AOHlxBA+6gCS0g8ATP8ApvztR5cd6dj8VoySl2juEPnM8fBw2SNQ==</latexit><latexit sha1_base64="lkcHYc7L+TguzD99+plCNSGzNlw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCCG6ECvYB7VAyaaYNTTJjkikMQ7/DjQtF3Pox7vwbM+0stPVA4HDOvdyTE8ScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJje535lSpVkkH00aU1/gkWQhI9hYye8LbMZKZLf3s0E6qNbcujsHWiVeQWpQoDmofvWHEUkElYZwrHXPc2PjZ1gZRjidVfqJpjEmEzyiPUslFlT72Tz0DJ1ZZYjCSNknDZqrvzcyLLRORWAn85B62cvF/7xeYsJrP2MyTgyVZHEoTDgyEcobQEOmKDE8tQQTxWxWRMZYYWJsTxVbgrf85VXSvqh7bt17uKw1Los6ynACp3AOHlxBA+6gCS0g8ATP8ApvztR5cd6dj8VoySl2juEPnM8fBw2SNQ==</latexit><latexit sha1_base64="lkcHYc7L+TguzD99+plCNSGzNlw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCCG6ECvYB7VAyaaYNTTJjkikMQ7/DjQtF3Pox7vwbM+0stPVA4HDOvdyTE8ScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJje535lSpVkkH00aU1/gkWQhI9hYye8LbMZKZLf3s0E6qNbcujsHWiVeQWpQoDmofvWHEUkElYZwrHXPc2PjZ1gZRjidVfqJpjEmEzyiPUslFlT72Tz0DJ1ZZYjCSNknDZqrvzcyLLRORWAn85B62cvF/7xeYsJrP2MyTgyVZHEoTDgyEcobQEOmKDE8tQQTxWxWRMZYYWJsTxVbgrf85VXSvqh7bt17uKw1Los6ynACp3AOHlxBA+6gCS0g8ATP8ApvztR5cd6dj8VoySl2juEPnM8fBw2SNQ==</latexit>

6
<latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit>

~x
<latexit sha1_base64="VxWtbnjnZNnsgl2uHJzo7BTz7vk="></latexit>

~z
<latexit sha1_base64="YLRocEfywVCsVuEG0y49crR/un0="></latexit>

~y
<latexit sha1_base64="hIPFnwGcKqGFiR4hw2UWqz0u9gs="></latexit>

Foil 

Sliding box 

Pitching shaft casing 

Linear bearing carriage 

Extension springs 

Rigid linkage 

Heaving transmission belt system 

Pitching transmission belt system 

Heaving electric servomotor 

Pitching electric servomotor 

Data acquisition and control system

1
<latexit sha1_base64="l1SllN/B/yeOeaG8qNoT/B+iOyE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrk/nzkNrymtwBaJ35JGlCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTue1YaZpiskUj+nAUokF1UG+CD5H51aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtVzZbgr355nXQvm77X9O+vGi2vrKMKp3AGF+DDNbTgDtrQAQIZPMMrvDlPzovz7nwsRytOuXMCf+B8/gD7JpM6</latexit><latexit sha1_base64="l1SllN/B/yeOeaG8qNoT/B+iOyE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrk/nzkNrymtwBaJ35JGlCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTue1YaZpiskUj+nAUokF1UG+CD5H51aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtVzZbgr355nXQvm77X9O+vGi2vrKMKp3AGF+DDNbTgDtrQAQIZPMMrvDlPzovz7nwsRytOuXMCf+B8/gD7JpM6</latexit><latexit sha1_base64="l1SllN/B/yeOeaG8qNoT/B+iOyE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrk/nzkNrymtwBaJ35JGlCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTue1YaZpiskUj+nAUokF1UG+CD5H51aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtVzZbgr355nXQvm77X9O+vGi2vrKMKp3AGF+DDNbTgDtrQAQIZPMMrvDlPzovz7nwsRytOuXMCf+B8/gD7JpM6</latexit><latexit sha1_base64="l1SllN/B/yeOeaG8qNoT/B+iOyE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrk/nzkNrymtwBaJ35JGlCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTue1YaZpiskUj+nAUokF1UG+CD5H51aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtVzZbgr355nXQvm77X9O+vGi2vrKMKp3AGF+DDNbTgDtrQAQIZPMMrvDlPzovz7nwsRytOuXMCf+B8/gD7JpM6</latexit>

2
<latexit sha1_base64="SgIv4HsY59Fc+L/dHEwwKPyVIXw=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkpgi4LblxWsA9oh5LJZNrQJDMkGaEO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OmHKmjed9OxubW9s7u5W96v7B4VHNPT7p6iRThHZIwhPVD7GmnEnaMcxw2k8VxSLktBdObwu/90iVZol8MLOUBgKPJYsZwcZKI7c2DBMeDQU2EyXy5nzk1r2GtwBaJ35J6lCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTufVYaZpiskUj+nAUokF1UG+CD5HF1aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtV1Zbgr355nXSbDd9r+PdX9ZZX1lGBMziHS/DhGlpwB23oAIEMnuEV3pwn58V5dz6WoxtOuXMKf+B8/gD8q5M7</latexit><latexit sha1_base64="SgIv4HsY59Fc+L/dHEwwKPyVIXw=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkpgi4LblxWsA9oh5LJZNrQJDMkGaEO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OmHKmjed9OxubW9s7u5W96v7B4VHNPT7p6iRThHZIwhPVD7GmnEnaMcxw2k8VxSLktBdObwu/90iVZol8MLOUBgKPJYsZwcZKI7c2DBMeDQU2EyXy5nzk1r2GtwBaJ35J6lCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTufVYaZpiskUj+nAUokF1UG+CD5HF1aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtV1Zbgr355nXSbDd9r+PdX9ZZX1lGBMziHS/DhGlpwB23oAIEMnuEV3pwn58V5dz6WoxtOuXMKf+B8/gD8q5M7</latexit><latexit sha1_base64="SgIv4HsY59Fc+L/dHEwwKPyVIXw=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkpgi4LblxWsA9oh5LJZNrQJDMkGaEO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OmHKmjed9OxubW9s7u5W96v7B4VHNPT7p6iRThHZIwhPVD7GmnEnaMcxw2k8VxSLktBdObwu/90iVZol8MLOUBgKPJYsZwcZKI7c2DBMeDQU2EyXy5nzk1r2GtwBaJ35J6lCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTufVYaZpiskUj+nAUokF1UG+CD5HF1aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtV1Zbgr355nXSbDd9r+PdX9ZZX1lGBMziHS/DhGlpwB23oAIEMnuEV3pwn58V5dz6WoxtOuXMKf+B8/gD8q5M7</latexit><latexit sha1_base64="SgIv4HsY59Fc+L/dHEwwKPyVIXw=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkpgi4LblxWsA9oh5LJZNrQJDMkGaEO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OmHKmjed9OxubW9s7u5W96v7B4VHNPT7p6iRThHZIwhPVD7GmnEnaMcxw2k8VxSLktBdObwu/90iVZol8MLOUBgKPJYsZwcZKI7c2DBMeDQU2EyXy5nzk1r2GtwBaJ35J6lCiPXK/hlFCMkGlIRxrPfC91AQ5VoYRTufVYaZpiskUj+nAUokF1UG+CD5HF1aJUJwo+6RBC/X3Ro6F1jMR2skioV71CvE/b5CZ+CbImUwzQyVZHoozjkyCihZQxBQlhs8swUQxmxWRCVaYGNtV1Zbgr355nXSbDd9r+PdX9ZZX1lGBMziHS/DhGlpwB23oAIEMnuEV3pwn58V5dz6WoxtOuXMKf+B8/gD8q5M7</latexit>

3
<latexit sha1_base64="cqlPzOWX5KqCx0k84k8fqS4Joes=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZlRQZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/nA3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O+v6k2vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AH+MJM8</latexit><latexit sha1_base64="cqlPzOWX5KqCx0k84k8fqS4Joes=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZlRQZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/nA3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O+v6k2vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AH+MJM8</latexit><latexit sha1_base64="cqlPzOWX5KqCx0k84k8fqS4Joes=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZlRQZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/nA3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O+v6k2vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AH+MJM8</latexit><latexit sha1_base64="cqlPzOWX5KqCx0k84k8fqS4Joes=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZlRQZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/nA3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O+v6k2vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AH+MJM8</latexit>

4
<latexit sha1_base64="hVwwWY3yNc8eV/5p4q7z3Ugz/uY=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrkV/OR2/Ca3gJonfglaUCJ9sj9GkYJyQSVhnCs9cD3UhPkWBlGOJ3XhpmmKSZTPKYDSyUWVAf5IvgcnVslQnGi7JMGLdTfGzkWWs9EaCeLhHrVK8T/vEFm4psgZzLNDJVkeSjOODIJKlpAEVOUGD6zBBPFbFZEJlhhYmxXNVuCv/rlddK9bPpe07+/arS8so4qnMIZXIAP19CCO2hDBwhk8Ayv8OY8OS/Ou/OxHK045c4J/IHz+QP/tZM9</latexit><latexit sha1_base64="hVwwWY3yNc8eV/5p4q7z3Ugz/uY=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrkV/OR2/Ca3gJonfglaUCJ9sj9GkYJyQSVhnCs9cD3UhPkWBlGOJ3XhpmmKSZTPKYDSyUWVAf5IvgcnVslQnGi7JMGLdTfGzkWWs9EaCeLhHrVK8T/vEFm4psgZzLNDJVkeSjOODIJKlpAEVOUGD6zBBPFbFZEJlhhYmxXNVuCv/rlddK9bPpe07+/arS8so4qnMIZXIAP19CCO2hDBwhk8Ayv8OY8OS/Ou/OxHK045c4J/IHz+QP/tZM9</latexit><latexit sha1_base64="hVwwWY3yNc8eV/5p4q7z3Ugz/uY=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrkV/OR2/Ca3gJonfglaUCJ9sj9GkYJyQSVhnCs9cD3UhPkWBlGOJ3XhpmmKSZTPKYDSyUWVAf5IvgcnVslQnGi7JMGLdTfGzkWWs9EaCeLhHrVK8T/vEFm4psgZzLNDJVkeSjOODIJKlpAEVOUGD6zBBPFbFZEJlhhYmxXNVuCv/rlddK9bPpe07+/arS8so4qnMIZXIAP19CCO2hDBwhk8Ayv8OY8OS/Ou/OxHK045c4J/IHz+QP/tZM9</latexit><latexit sha1_base64="hVwwWY3yNc8eV/5p4q7z3Ugz/uY=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHUomk2lDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05YcqZNp737VQ2Nre2d6q7tb39g8O6e3Tc1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3hZ+75EqzRL5YGYpDQQeSxYzgo2VRm59GCY8GgpsJkrkV/OR2/Ca3gJonfglaUCJ9sj9GkYJyQSVhnCs9cD3UhPkWBlGOJ3XhpmmKSZTPKYDSyUWVAf5IvgcnVslQnGi7JMGLdTfGzkWWs9EaCeLhHrVK8T/vEFm4psgZzLNDJVkeSjOODIJKlpAEVOUGD6zBBPFbFZEJlhhYmxXNVuCv/rlddK9bPpe07+/arS8so4qnMIZXIAP19CCO2hDBwhk8Ayv8OY8OS/Ou/OxHK045c4J/IHz+QP/tZM9</latexit>

5
<latexit sha1_base64="gFugLRK5DhpXLf5ID0cOrNyuScg=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRRZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/mg3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O8v602vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AEBSZM+</latexit><latexit sha1_base64="gFugLRK5DhpXLf5ID0cOrNyuScg=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRRZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/mg3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O8v602vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AEBSZM+</latexit><latexit sha1_base64="gFugLRK5DhpXLf5ID0cOrNyuScg=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRRZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/mg3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O8v602vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AEBSZM+</latexit><latexit sha1_base64="gFugLRK5DhpXLf5ID0cOrNyuScg=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRRZcFNy4r2Ad0hpLJpG1oMhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51tMwUoW0iuVS9CGvKWULbhhlOe6miWEScdqPJbeF3H6nSTCYPZprSUOBRwoaMYGOlgVsLIsnjQGAzViK/mg3cutfw5kCrxC9JHUq0Bu5XEEuSCZoYwrHWfd9LTZhjZRjhdFYNMk1TTCZ4RPuWJlhQHebz4DN0ZpUYDaWyLzForv7eyLHQeioiO1kk1MteIf7n9TMzvAlzlqSZoQlZHBpmHBmJihZQzBQlhk8twUQxmxWRMVaYGNtV1ZbgL395lXQuGr7X8O8v602vrKMCJ3AK5+DDNTThDlrQBgIZPMMrvDlPzovz7nwsRteccucY/sD5/AEBSZM+</latexit>

6
<latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit>

7
<latexit sha1_base64="YhLd0Obx1qZOFTYgUP8PDsz0RGo=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7ItRjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZia+DnMk0M1SS5aE448gkqGgBRUxRYvjMEkwUs1kRmWCFibFd1WwJ/uqX10nvsul7Tf/uqtH2yjqqcApncAE+tKANt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcEU5NA</latexit><latexit sha1_base64="YhLd0Obx1qZOFTYgUP8PDsz0RGo=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7ItRjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZia+DnMk0M1SS5aE448gkqGgBRUxRYvjMEkwUs1kRmWCFibFd1WwJ/uqX10nvsul7Tf/uqtH2yjqqcApncAE+tKANt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcEU5NA</latexit><latexit sha1_base64="YhLd0Obx1qZOFTYgUP8PDsz0RGo=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7ItRjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZia+DnMk0M1SS5aE448gkqGgBRUxRYvjMEkwUs1kRmWCFibFd1WwJ/uqX10nvsul7Tf/uqtH2yjqqcApncAE+tKANt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcEU5NA</latexit><latexit sha1_base64="YhLd0Obx1qZOFTYgUP8PDsz0RGo=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7ItRjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZia+DnMk0M1SS5aE448gkqGgBRUxRYvjMEkwUs1kRmWCFibFd1WwJ/uqX10nvsul7Tf/uqtH2yjqqcApncAE+tKANt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcEU5NA</latexit>

8
<latexit sha1_base64="AiF3fvIVO6VmIDxcME8MGOSQ8o0=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7IthjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZiVtBzmSaGSrJ8lCccWQSVLSAIqYoMXxmCSaK2ayITLDCxNiuarYEf/XL66R32fS9pn931Wh7ZR1VOIUzuAAfrqENt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcF2JNB</latexit><latexit sha1_base64="AiF3fvIVO6VmIDxcME8MGOSQ8o0=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7IthjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZiVtBzmSaGSrJ8lCccWQSVLSAIqYoMXxmCSaK2ayITLDCxNiuarYEf/XL66R32fS9pn931Wh7ZR1VOIUzuAAfrqENt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcF2JNB</latexit><latexit sha1_base64="AiF3fvIVO6VmIDxcME8MGOSQ8o0=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7IthjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZiVtBzmSaGSrJ8lCccWQSVLSAIqYoMXxmCSaK2ayITLDCxNiuarYEf/XL66R32fS9pn931Wh7ZR1VOIUzuAAfrqENt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcF2JNB</latexit><latexit sha1_base64="AiF3fvIVO6VmIDxcME8MGOSQ8o0=">AAAB+HicbVBNSwMxFHxbv2r96KpHL8EieCq7IthjwYvHCrYV2qVks9k2NMkuSVaoS3+JFw+KePWnePPfmG33oK0DgWHmPd5kwpQzbTzv26lsbG5t71R3a3v7B4d19+i4p5NMEdolCU/UQ4g15UzSrmGG04dUUSxCTvvh9Kbw+49UaZbIezNLaSDwWLKYEWysNHLrwzDh0VBgM1Eib81HbsNregugdeKXpAElOiP3axglJBNUGsKx1gPfS02QY2UY4XReG2aapphM8ZgOLJVYUB3ki+BzdG6VCMWJsk8atFB/b+RYaD0ToZ0sEupVrxD/8waZiVtBzmSaGSrJ8lCccWQSVLSAIqYoMXxmCSaK2ayITLDCxNiuarYEf/XL66R32fS9pn931Wh7ZR1VOIUzuAAfrqENt9CBLhDI4Ble4c15cl6cd+djOVpxyp0T+APn8wcF2JNB</latexit>

9
<latexit sha1_base64="3a0vfEmU5xg9OefFQ5fO/nb9iFE=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQd0V3LisYB/QGUomk7ahyWRIMkId+iVuXCji1k9x59+YaWehrQcCh3Pu5Z6cKOVMG8/7dtbWNza3tis71d29/YOae3jU0TJThLaJ5FL1IqwpZwltG2Y47aWKYhFx2o0mt4XffaRKM5k8mGlKQ4FHCRsygo2VBm4tiCSPA4HNWIn8ZjZw617DmwOtEr8kdSjRGrhfQSxJJmhiCMda930vNWGOlWGE01k1yDRNMZngEe1bmmBBdZjPg8/QmVViNJTKvsSgufp7I8dC66mI7GSRUC97hfif18/M8DrMWZJmhiZkcWiYcWQkKlpAMVOUGD61BBPFbFZExlhhYmxXVVuCv/zlVdK5aPhew7+/rDe9so4KnMApnIMPV9CEO2hBGwhk8Ayv8OY8OS/Ou/OxGF1zyp1j+APn8wcHXZNC</latexit><latexit sha1_base64="3a0vfEmU5xg9OefFQ5fO/nb9iFE=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQd0V3LisYB/QGUomk7ahyWRIMkId+iVuXCji1k9x59+YaWehrQcCh3Pu5Z6cKOVMG8/7dtbWNza3tis71d29/YOae3jU0TJThLaJ5FL1IqwpZwltG2Y47aWKYhFx2o0mt4XffaRKM5k8mGlKQ4FHCRsygo2VBm4tiCSPA4HNWIn8ZjZw617DmwOtEr8kdSjRGrhfQSxJJmhiCMda930vNWGOlWGE01k1yDRNMZngEe1bmmBBdZjPg8/QmVViNJTKvsSgufp7I8dC66mI7GSRUC97hfif18/M8DrMWZJmhiZkcWiYcWQkKlpAMVOUGD61BBPFbFZExlhhYmxXVVuCv/zlVdK5aPhew7+/rDe9so4KnMApnIMPV9CEO2hBGwhk8Ayv8OY8OS/Ou/OxGF1zyp1j+APn8wcHXZNC</latexit><latexit sha1_base64="3a0vfEmU5xg9OefFQ5fO/nb9iFE=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQd0V3LisYB/QGUomk7ahyWRIMkId+iVuXCji1k9x59+YaWehrQcCh3Pu5Z6cKOVMG8/7dtbWNza3tis71d29/YOae3jU0TJThLaJ5FL1IqwpZwltG2Y47aWKYhFx2o0mt4XffaRKM5k8mGlKQ4FHCRsygo2VBm4tiCSPA4HNWIn8ZjZw617DmwOtEr8kdSjRGrhfQSxJJmhiCMda930vNWGOlWGE01k1yDRNMZngEe1bmmBBdZjPg8/QmVViNJTKvsSgufp7I8dC66mI7GSRUC97hfif18/M8DrMWZJmhiZkcWiYcWQkKlpAMVOUGD61BBPFbFZExlhhYmxXVVuCv/zlVdK5aPhew7+/rDe9so4KnMApnIMPV9CEO2hBGwhk8Ayv8OY8OS/Ou/OxGF1zyp1j+APn8wcHXZNC</latexit><latexit sha1_base64="3a0vfEmU5xg9OefFQ5fO/nb9iFE=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQd0V3LisYB/QGUomk7ahyWRIMkId+iVuXCji1k9x59+YaWehrQcCh3Pu5Z6cKOVMG8/7dtbWNza3tis71d29/YOae3jU0TJThLaJ5FL1IqwpZwltG2Y47aWKYhFx2o0mt4XffaRKM5k8mGlKQ4FHCRsygo2VBm4tiCSPA4HNWIn8ZjZw617DmwOtEr8kdSjRGrhfQSxJJmhiCMda930vNWGOlWGE01k1yDRNMZngEe1bmmBBdZjPg8/QmVViNJTKvsSgufp7I8dC66mI7GSRUC97hfif18/M8DrMWZJmhiZkcWiYcWQkKlpAMVOUGD61BBPFbFZExlhhYmxXVVuCv/zlVdK5aPhew7+/rDe9so4KnMApnIMPV9CEO2hBGwhk8Ayv8OY8OS/Ou/OxGF1zyp1j+APn8wcHXZNC</latexit>

10
<latexit sha1_base64="bThgletbTsjUixpWj66TRDpz1U4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ike5/2qzVap3OQVeIXpAYFmv3qV2+Q8CwWGrli1nZ9mmKQM4OSKzGt9DIrUsbHbCi6jmoWCxvk80un5MwpAxIlxpVGMld/T+QstnYSh64zZjiyy95M/M/rZhhdB7nUaYZC88WiKFMEEzJ7mwykERzVxBHGjXS3Ej5ihnF04VRcCP7yy6ukfVH3ad2/u6w1aBFHGU7gFM7BhytowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A4wiM3Q==</latexit><latexit sha1_base64="bThgletbTsjUixpWj66TRDpz1U4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ike5/2qzVap3OQVeIXpAYFmv3qV2+Q8CwWGrli1nZ9mmKQM4OSKzGt9DIrUsbHbCi6jmoWCxvk80un5MwpAxIlxpVGMld/T+QstnYSh64zZjiyy95M/M/rZhhdB7nUaYZC88WiKFMEEzJ7mwykERzVxBHGjXS3Ej5ihnF04VRcCP7yy6ukfVH3ad2/u6w1aBFHGU7gFM7BhytowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A4wiM3Q==</latexit><latexit sha1_base64="bThgletbTsjUixpWj66TRDpz1U4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ike5/2qzVap3OQVeIXpAYFmv3qV2+Q8CwWGrli1nZ9mmKQM4OSKzGt9DIrUsbHbCi6jmoWCxvk80un5MwpAxIlxpVGMld/T+QstnYSh64zZjiyy95M/M/rZhhdB7nUaYZC88WiKFMEEzJ7mwykERzVxBHGjXS3Ej5ihnF04VRcCP7yy6ukfVH3ad2/u6w1aBFHGU7gFM7BhytowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A4wiM3Q==</latexit><latexit sha1_base64="bThgletbTsjUixpWj66TRDpz1U4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ike5/2qzVap3OQVeIXpAYFmv3qV2+Q8CwWGrli1nZ9mmKQM4OSKzGt9DIrUsbHbCi6jmoWCxvk80un5MwpAxIlxpVGMld/T+QstnYSh64zZjiyy95M/M/rZhhdB7nUaYZC88WiKFMEEzJ7mwykERzVxBHGjXS3Ej5ihnF04VRcCP7yy6ukfVH3ad2/u6w1aBFHGU7gFM7BhytowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A4wiM3Q==</latexit>

11
<latexit sha1_base64="YUhTO8JBuTrHzKB8zdloLt184Iw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCpp0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzXLR4ohLTCZkVSmrRQolKdFIjWBwq8RiOb2b+45MwVib6ASepCGI21DKSnKGT7intV2t+3Z+DrBJakBoUaParX71BwrNYaOSKWdulfopBzgxKrsS00susSBkfs6HoOqpZLGyQzy+dkjOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0HeRSpxkKzReLokwRTMjsbTKQRnBUE0cYN9LdSviIGcbRhVNxIdDll1dJ+6JO/Tq9u6w1/CKOMpzAKZwDhStowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A5IyM3g==</latexit><latexit sha1_base64="YUhTO8JBuTrHzKB8zdloLt184Iw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCpp0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzXLR4ohLTCZkVSmrRQolKdFIjWBwq8RiOb2b+45MwVib6ASepCGI21DKSnKGT7intV2t+3Z+DrBJakBoUaParX71BwrNYaOSKWdulfopBzgxKrsS00susSBkfs6HoOqpZLGyQzy+dkjOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0HeRSpxkKzReLokwRTMjsbTKQRnBUE0cYN9LdSviIGcbRhVNxIdDll1dJ+6JO/Tq9u6w1/CKOMpzAKZwDhStowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A5IyM3g==</latexit><latexit sha1_base64="YUhTO8JBuTrHzKB8zdloLt184Iw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCpp0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzXLR4ohLTCZkVSmrRQolKdFIjWBwq8RiOb2b+45MwVib6ASepCGI21DKSnKGT7intV2t+3Z+DrBJakBoUaParX71BwrNYaOSKWdulfopBzgxKrsS00susSBkfs6HoOqpZLGyQzy+dkjOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0HeRSpxkKzReLokwRTMjsbTKQRnBUE0cYN9LdSviIGcbRhVNxIdDll1dJ+6JO/Tq9u6w1/CKOMpzAKZwDhStowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A5IyM3g==</latexit><latexit sha1_base64="YUhTO8JBuTrHzKB8zdloLt184Iw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJgYxnFxEByhL3NXrJkb+/YnRPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZemCpp0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzXLR4ohLTCZkVSmrRQolKdFIjWBwq8RiOb2b+45MwVib6ASepCGI21DKSnKGT7intV2t+3Z+DrBJakBoUaParX71BwrNYaOSKWdulfopBzgxKrsS00susSBkfs6HoOqpZLGyQzy+dkjOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0HeRSpxkKzReLokwRTMjsbTKQRnBUE0cYN9LdSviIGcbRhVNxIdDll1dJ+6JO/Tq9u6w1/CKOMpzAKZwDhStowC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4A5IyM3g==</latexit>

Figure 4: Main components of the experimental setup.

strategy (Duarte et al., 2019). This has been particularly useful for introducing160

the pitching stiffness kθ, getting ideal mechanical linkages by counteracting their161

inherent friction and setting the viscous friction coefficients cy and cθ that model162

the electricity production.163

In the present work, the harvesting performances of the turbine will be164

investigated in the parameter space k∗θ × c∗θ for three different pitching axis165

locations l∗θ . The structural parameters of the prototype for each configuration166

is presented in table 2. A complete description of the methods employed in the167

characterisation of each mechanical parameter and its corresponding uncertainty168

is provided by Duarte et al. (2019).169

The heaving parameters (m∗y, c∗y, k∗y) are set according to preliminary results170

showing that the heaving natural frequency must approach the flapping frequency171

of the foil (Veilleux and Dumas, 2017; Boudreau et al., 2018; Duarte, 2019).172

The moment of inertia I∗θ and the static imbalance Λ∗ are slightly different for173

each configuration since they depend on the pitching axis location. Finally, the174

ranges of values considered for the pitching viscous damping c∗θ and the pitching175
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Table 2: Structural parameters of the prototype for the three different configurations considered
in the present experimental study.

Parameter C1 C2 C3

l∗θ 0.330± 0.002 0.390± 0.002 0.450± 0.002
m∗y 0.919± 0.005 0.919± 0.005 0.919± 0.005
c∗y 0.93± 0.09 0.93± 0.09 0.93± 0.09
k∗y 0.720± 0.006 0.720± 0.006 0.720± 0.006
I∗θ 0.056± 0.002 0.057± 0.002 0.059± 0.002
c∗θ [0, 0.075]± 0.002 [0, 0.075]± 0.002 [0, 0.075]± 0.002
k∗θ [0, 0.090]± 0.004 [0.051, 0.206]± 0.004 [0.096, 0.174]± 0.004
Λ∗ 0.0065± 0.0006 −0.0096± 0.0006 −0.0256± 0.0006
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Figure 5: Pictures of the experimental setup of a fully passive flapping foil turbine in a confined
channel highlighting its main components (see figure 4).
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stiffness k∗θ were chosen following the response chart provided by Duarte et al.176

(2019). Indeed, they have stablished necessary conditions on those parameters in177

order for the foil to describe symmetric high amplitude self-sustained oscillations178

(which they identified as response type II).179

For each experimental test, the kinematics of the foil is recorded during 60 s180

and the average harvesting metrics are then computed over 40 oscillations.181

3. Results and discussion182

3.1. Overall results for the three configurations183

The results in terms of the average power coefficient CP and the hydraulic184

efficiency η for the configurations C1, C2 and C3 are presented in figure 6. Each185

test case in the parameter space k∗θ × c∗θ is identified by a marker. The circle ◦186

indicates a regular test. The cross × identifies a test where the heaving amplitude187

was limited by the available rail length (|y∗| < 1.56). Finally, the square � is188

used when a changing in the dynamic behaviour of the foil is observed; in such189

cases, the foil presented alternative oscillations around two symmetric angles190

(which has been identified as response type III by Duarte et al. (2019)).191

Overall, the best performances of the turbine have been achieved with the192

pitching axis located at l∗θ = 0.330 (configuration C1), supporting the numerical193

results of Wang et al. (2017). In this first configuration, the energy harvesting is194

strongly improved by setting a non-zero pitching stiffness k∗θ and viscous damping195

c∗θ. An optimised case is identified at k∗θ = 0.071 and c∗θ = 0.052, for which a196

power coefficient of CP = 1.10 and a hydraulic efficiency of η = 31.9 % could be197

measured. A video of the prototype operating in the optimised configuration is198

provided with the online version of this paper.199

When the stiffness k∗θ approaches the maximum values, there is a steep drop200

in the harvesting performances because of the change in the dynamic behaviour201

of the foil. Indeed, the kinematic response observed for k∗θ > 0.09 in configuration202

C1 can be identified as a response III according to Duarte et al. (2019): the203

foil motion is irregular and switches between two oscillating states, which is not204

suitable for energy harvesting purposes.205

Moving the pitching axis back to l∗θ = 0.390 (configuration C2), high ampli-206

tude self sustained oscillations could be observed as long as the pitching stiffness207

was adjusted accordingly (0.06 < k∗θ < 0.20). Just as in configuration C1, the208

best performances achieved in configuration C2 require relatively high values of209

pitching stiffness k∗θ and viscous damping c∗θ. As will be discussed in section 3.2,210

those parameters help slowing down the pitching motion of the foil and enhance211

the heaving amplitudes.212

An optimised case could be identified in configuration C2 at k∗θ = 0.167 and213

c∗θ = 0.061, with an average power coefficient of CP = 1.08 and a hydraulic214

efficiency of η = 31.1 %. However, the experimental results suggest that even215

better performances could be achieved for k∗θ > 0.18 if the heaving amplitude216

was not limited by the available rail length.217

Finally, moving the pitching axis further back to l∗θ = 0.450 (configuration218

C3), the energy harvesting metrics of the prototype drop considerably. Unlike219
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Figure 6: Energy harvesting performances of the prototype in the parameter space k∗θ × c∗θ
for the configurations C1, C2 and C3 in terms of (left) the average power coefficient CP and
(right) the hydraulic efficiency η.
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for configurations C1 and C2, high values of pitching viscous damping c∗θ in220

configuration C3 triggers a change in the dynamic behaviour of the foil. In fact,221

an unsuitable kinematics (response III) has been observed for roughly half the222

experimental tests in this configuration. Relatively good performances could223

still be identified at k∗θ = 0.174 and c∗θ = 0.056, with a power coefficient of224

CP = 0.67 and a hydraulic efficiency of η = 20.2 %. It can be assumed that225

better performances would have been achieved in configuration C3 for higher226

values of pitching stiffness k∗θ . This assumption could not be experimentally227

verified because of the limited power of the pitching electric servomotor.228

A more detailed analysis of the experimental results for the configuration229

C1 – for which the best performances have been achieved – is provided in what230

follows. A complet analysis for all configurations can be found in the PhD thesis231

of Duarte (2019), chapter 5.232

3.2. Detailed analysis of the configuration C1233

It is with the pitching axis located at l∗θ = 0.330 that the fully passive flapping234

foil prototype has shown its best energy harvesting performances in the present235

study. The optimised case identified for the configuration C1 lies in a fairly wide236

area of the parameter space k∗θ × c∗θ where the turbine is very efficient. Moreover,237

it can be noted from figure 6 that the hydraulic efficiency η is much less sensitive238

to the pitching stiffness k∗θ than the average power coefficient CP . In fact, the239

turbine is equally efficient in the whole range of k∗θ as long as the viscous damping240

c∗θ is sufficiently high. This suggests that, along with the decrease observed in241

the harvested power at a low pitching stiffness, the surface swept by the foil242

decreases as well, so that the hydraulic efficiency remains constant.243

Additional information on the evolution of the harvesting metrics for configu-244

ration C1 around the optimised case is provided in figure 7. For both the average245

power coefficient CP and the hydraulic efficiency η, the error bars represent246

the measurement uncertainty inherited from the characterisation procedure of247

the mechanical friction between the linear bearing carriage and the heaving rail248

(Duarte et al., 2019). In spite of that, the optimised case at k∗θ = 0.071 and249

c∗θ = 0.052 can be easily identified from the average power coefficient plots in250

figure 7.251

The kinematics and harvesting metrics of the optimised case are compared252

to those of an initial case without any pitching stiffness or viscous damping253

(k∗θ = 0, c∗θ = 0). The comparison results are summarised in table 3. The254

nondimensionalised heaving amplitude A∗y – defined by the heaving amplitude255

Ay normalised by the chord length c – considerably increases in the optimised256

case, while the pitching amplitude Aθ is slightly lower. It can be inferred that257

a more stiff pitching system enhances the energy harvesting by reducing the258

pitching angles of the foil and thus delaying the dynamic stall.259

The flapping frequency of the turbine f – expressed in terms of the reduced260

frequency f∗ as defined in equation 11 – marginally decreases during the opti-261

misation process. The reduced frequency for the optimised case is very close262

to that of the fully passive flapping foil prototype studied by Boudreau et al.263

(2018). In addition, it fits the prescribed range of values (from 0.1 to 0.2) for264

12



Table 3: Kinematic and harvesting metrics of the fully passive flapping foil prototype for the
initial case (k∗θ = 0, c∗θ = 0) and the optimised case (k∗θ = 0.071, c∗θ = 0.052) with the pitching
axis located at l∗θ = 0.330 (configuration C1).

Metric Initial case Optimised case Variation

A∗y 0.83 1.36 63.9 %
Aθ 96◦ 76◦ −20.8 %
f∗ 0.148 0.131 −11.5 %
CP 0.47 1.10 134.0 %
η 20.4 % 31.9 % 56.4 %

achieving the best performances with a fully constrained flapping foil turbine265

(Kinsey and Dumas, 2014; Xiao and Zhu, 2014; Young et al., 2014), as expected.266

f∗ =
fc

U∞
(11)

The improvement of the harvesting performances of the turbine while opti-267

mising its pitching structural parameters are summarised as well in table 3. The268

average power coefficient CP more than doubled and a significant increase is also269

observed for the hydraulic efficiency η. To provide a better understanding of270

how such significant enhancement is achieved, the kinematics and instantaneous271

power coefficients of the fully passive flapping foil turbine are presented in figure272

8 for both initial and optimised cases.273

It can be verified from the temporal evolution of the foil kinematics over 60 s274

of recorded data that the heaving amplitude greatly increases in the optimised275

case. A sample of one oscillation period of the foil is also provided in figure276
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Figure 7: Plots of the averaged power coefficient CP and hydraulic efficiency η with error bars
for (a) a constant pitching viscous damping c∗θ = 0.052 and (b) a constant pitching stiffness
k∗θ = 0.071, with the pitching axis located at l∗θ = 0.330 (configuration C1).
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<latexit sha1_base64="wk2eO4c8yAZjOHQIb5rDnmubhCA=">AAACFXicbVBNS8NAEJ3Ur1q/ooIXL4tFUJCSiKDHghePFewHtKFstpt26W4SdjdCCf0TXvwrInhQxKvgzX/jJs1BWx/s8ObNDLPz/JgzpR3n2yotLa+srpXXKxubW9s79u5eS0WJJLRJIh7Jjo8V5SykTc00p51YUix8Ttv++Dqrt++pVCwK7/Qkpp7Aw5AFjGBtpMg+gB5oGAE1EQMy2VkehckyXRqWwgk8wylM+3bVqTk50CJxC1KFAo2+/dUbRCQRNNSEY6W6rhNrL8VSM8LptNJLFI0xGeMh7RoaYkGVl+ZXTdGxUQYoiKR5oUa5+nsixUKpifBNp8B6pOZrmfhfrZvo4MpLWRgnmoZktihIONIRyixCAyYp0XxiCCaSmb8iMsISE22MrBgT3PmTF0nrvOY6Nff2olp3CjvKcAhHxkoXLqEON9CAJhB4gCd4hTfr0Xqx3q2PWWvJKmb24Q+szx/PnJZt</latexit><latexit sha1_base64="wk2eO4c8yAZjOHQIb5rDnmubhCA=">AAACFXicbVBNS8NAEJ3Ur1q/ooIXL4tFUJCSiKDHghePFewHtKFstpt26W4SdjdCCf0TXvwrInhQxKvgzX/jJs1BWx/s8ObNDLPz/JgzpR3n2yotLa+srpXXKxubW9s79u5eS0WJJLRJIh7Jjo8V5SykTc00p51YUix8Ttv++Dqrt++pVCwK7/Qkpp7Aw5AFjGBtpMg+gB5oGAE1EQMy2VkehckyXRqWwgk8wylM+3bVqTk50CJxC1KFAo2+/dUbRCQRNNSEY6W6rhNrL8VSM8LptNJLFI0xGeMh7RoaYkGVl+ZXTdGxUQYoiKR5oUa5+nsixUKpifBNp8B6pOZrmfhfrZvo4MpLWRgnmoZktihIONIRyixCAyYp0XxiCCaSmb8iMsISE22MrBgT3PmTF0nrvOY6Nff2olp3CjvKcAhHxkoXLqEON9CAJhB4gCd4hTfr0Xqx3q2PWWvJKmb24Q+szx/PnJZt</latexit><latexit sha1_base64="wk2eO4c8yAZjOHQIb5rDnmubhCA=">AAACFXicbVBNS8NAEJ3Ur1q/ooIXL4tFUJCSiKDHghePFewHtKFstpt26W4SdjdCCf0TXvwrInhQxKvgzX/jJs1BWx/s8ObNDLPz/JgzpR3n2yotLa+srpXXKxubW9s79u5eS0WJJLRJIh7Jjo8V5SykTc00p51YUix8Ttv++Dqrt++pVCwK7/Qkpp7Aw5AFjGBtpMg+gB5oGAE1EQMy2VkehckyXRqWwgk8wylM+3bVqTk50CJxC1KFAo2+/dUbRCQRNNSEY6W6rhNrL8VSM8LptNJLFI0xGeMh7RoaYkGVl+ZXTdGxUQYoiKR5oUa5+nsixUKpifBNp8B6pOZrmfhfrZvo4MpLWRgnmoZktihIONIRyixCAyYp0XxiCCaSmb8iMsISE22MrBgT3PmTF0nrvOY6Nff2olp3CjvKcAhHxkoXLqEON9CAJhB4gCd4hTfr0Xqx3q2PWWvJKmb24Q+szx/PnJZt</latexit><latexit sha1_base64="wk2eO4c8yAZjOHQIb5rDnmubhCA=">AAACFXicbVBNS8NAEJ3Ur1q/ooIXL4tFUJCSiKDHghePFewHtKFstpt26W4SdjdCCf0TXvwrInhQxKvgzX/jJs1BWx/s8ObNDLPz/JgzpR3n2yotLa+srpXXKxubW9s79u5eS0WJJLRJIh7Jjo8V5SykTc00p51YUix8Ttv++Dqrt++pVCwK7/Qkpp7Aw5AFjGBtpMg+gB5oGAE1EQMy2VkehckyXRqWwgk8wylM+3bVqTk50CJxC1KFAo2+/dUbRCQRNNSEY6W6rhNrL8VSM8LptNJLFI0xGeMh7RoaYkGVl+ZXTdGxUQYoiKR5oUa5+nsixUKpifBNp8B6pOZrmfhfrZvo4MpLWRgnmoZktihIONIRyixCAyYp0XxiCCaSmb8iMsISE22MrBgT3PmTF0nrvOY6Nff2olp3CjvKcAhHxkoXLqEON9CAJhB4gCd4hTfr0Xqx3q2PWWvJKmb24Q+szx/PnJZt</latexit>
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<latexit sha1_base64="8GsAp3GiHdC1HsKCvJPX/Nxr4cM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMePEYwTwgWcLsZDYZMzuzzPQKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGtzO/9cSNFVo94DjlYUIHSsSCUXRSs4tDjrRXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKwGfjW4v6rULvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHnVmPEg==</latexit><latexit sha1_base64="8GsAp3GiHdC1HsKCvJPX/Nxr4cM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMePEYwTwgWcLsZDYZMzuzzPQKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGtzO/9cSNFVo94DjlYUIHSsSCUXRSs4tDjrRXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKwGfjW4v6rULvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHnVmPEg==</latexit><latexit sha1_base64="8GsAp3GiHdC1HsKCvJPX/Nxr4cM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMePEYwTwgWcLsZDYZMzuzzPQKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGtzO/9cSNFVo94DjlYUIHSsSCUXRSs4tDjrRXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKwGfjW4v6rULvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHnVmPEg==</latexit><latexit sha1_base64="8GsAp3GiHdC1HsKCvJPX/Nxr4cM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMePEYwTwgWcLsZDYZMzuzzPQKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGtzO/9cSNFVo94DjlYUIHSsSCUXRSs4tDjrRXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKwGfjW4v6rULvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHnVmPEg==</latexit>

y
<latexit sha1_base64="Z3oBf/Ww3x2WxT1EflqAzFCKt3Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48t2A9oQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tks75d29/YPDytFxW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu5nfeUKleSwfTJagH9GR5CFn1FipmQ0qVbfmzkFWiVeQKhRoDCpf/WHM0gilYYJq3fPcxPg5VYYzgdNyP9WYUDahI+xZKmmE2s/nh07JuVWGJIyVLWnIXP09kdNI6ywKbGdEzVgvezPxP6+XmvDWz7lMUoOSLRaFqSAmJrOvyZArZEZkllCmuL2VsDFVlBmbTdmG4C2/vEraVzXPrXnN62r9soijBKdwBhfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfi9Y1p5g5gT9wPn8A4R+M5w==</latexit><latexit sha1_base64="Z3oBf/Ww3x2WxT1EflqAzFCKt3Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48t2A9oQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tks75d29/YPDytFxW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu5nfeUKleSwfTJagH9GR5CFn1FipmQ0qVbfmzkFWiVeQKhRoDCpf/WHM0gilYYJq3fPcxPg5VYYzgdNyP9WYUDahI+xZKmmE2s/nh07JuVWGJIyVLWnIXP09kdNI6ywKbGdEzVgvezPxP6+XmvDWz7lMUoOSLRaFqSAmJrOvyZArZEZkllCmuL2VsDFVlBmbTdmG4C2/vEraVzXPrXnN62r9soijBKdwBhfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfi9Y1p5g5gT9wPn8A4R+M5w==</latexit><latexit sha1_base64="Z3oBf/Ww3x2WxT1EflqAzFCKt3Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48t2A9oQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tks75d29/YPDytFxW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu5nfeUKleSwfTJagH9GR5CFn1FipmQ0qVbfmzkFWiVeQKhRoDCpf/WHM0gilYYJq3fPcxPg5VYYzgdNyP9WYUDahI+xZKmmE2s/nh07JuVWGJIyVLWnIXP09kdNI6ywKbGdEzVgvezPxP6+XmvDWz7lMUoOSLRaFqSAmJrOvyZArZEZkllCmuL2VsDFVlBmbTdmG4C2/vEraVzXPrXnN62r9soijBKdwBhfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfi9Y1p5g5gT9wPn8A4R+M5w==</latexit><latexit sha1_base64="Z3oBf/Ww3x2WxT1EflqAzFCKt3Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48t2A9oQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tks75d29/YPDytFxW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu5nfeUKleSwfTJagH9GR5CFn1FipmQ0qVbfmzkFWiVeQKhRoDCpf/WHM0gilYYJq3fPcxPg5VYYzgdNyP9WYUDahI+xZKmmE2s/nh07JuVWGJIyVLWnIXP09kdNI6ywKbGdEzVgvezPxP6+XmvDWz7lMUoOSLRaFqSAmJrOvyZArZEZkllCmuL2VsDFVlBmbTdmG4C2/vEraVzXPrXnN62r9soijBKdwBhfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfi9Y1p5g5gT9wPn8A4R+M5w==</latexit>
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<latexit sha1_base64="wk2eO4c8yAZjOHQIb5rDnmubhCA=">AAACFXicbVBNS8NAEJ3Ur1q/ooIXL4tFUJCSiKDHghePFewHtKFstpt26W4SdjdCCf0TXvwrInhQxKvgzX/jJs1BWx/s8ObNDLPz/JgzpR3n2yotLa+srpXXKxubW9s79u5eS0WJJLRJIh7Jjo8V5SykTc00p51YUix8Ttv++Dqrt++pVCwK7/Qkpp7Aw5AFjGBtpMg+gB5oGAE1EQMy2VkehckyXRqWwgk8wylM+3bVqTk50CJxC1KFAo2+/dUbRCQRNNSEY6W6rhNrL8VSM8LptNJLFI0xGeMh7RoaYkGVl+ZXTdGxUQYoiKR5oUa5+nsixUKpifBNp8B6pOZrmfhfrZvo4MpLWRgnmoZktihIONIRyixCAyYp0XxiCCaSmb8iMsISE22MrBgT3PmTF0nrvOY6Nff2olp3CjvKcAhHxkoXLqEON9CAJhB4gCd4hTfr0Xqx3q2PWWvJKmb24Q+szx/PnJZt</latexit><latexit sha1_base64="wk2eO4c8yAZjOHQIb5rDnmubhCA=">AAACFXicbVBNS8NAEJ3Ur1q/ooIXL4tFUJCSiKDHghePFewHtKFstpt26W4SdjdCCf0TXvwrInhQxKvgzX/jJs1BWx/s8ObNDLPz/JgzpR3n2yotLa+srpXXKxubW9s79u5eS0WJJLRJIh7Jjo8V5SykTc00p51YUix8Ttv++Dqrt++pVCwK7/Qkpp7Aw5AFjGBtpMg+gB5oGAE1EQMy2VkehckyXRqWwgk8wylM+3bVqTk50CJxC1KFAo2+/dUbRCQRNNSEY6W6rhNrL8VSM8LptNJLFI0xGeMh7RoaYkGVl+ZXTdGxUQYoiKR5oUa5+nsixUKpifBNp8B6pOZrmfhfrZvo4MpLWRgnmoZktihIONIRyixCAyYp0XxiCCaSmb8iMsISE22MrBgT3PmTF0nrvOY6Nff2olp3CjvKcAhHxkoXLqEON9CAJhB4gCd4hTfr0Xqx3q2PWWvJKmb24Q+szx/PnJZt</latexit><latexit sha1_base64="wk2eO4c8yAZjOHQIb5rDnmubhCA=">AAACFXicbVBNS8NAEJ3Ur1q/ooIXL4tFUJCSiKDHghePFewHtKFstpt26W4SdjdCCf0TXvwrInhQxKvgzX/jJs1BWx/s8ObNDLPz/JgzpR3n2yotLa+srpXXKxubW9s79u5eS0WJJLRJIh7Jjo8V5SykTc00p51YUix8Ttv++Dqrt++pVCwK7/Qkpp7Aw5AFjGBtpMg+gB5oGAE1EQMy2VkehckyXRqWwgk8wylM+3bVqTk50CJxC1KFAo2+/dUbRCQRNNSEY6W6rhNrL8VSM8LptNJLFI0xGeMh7RoaYkGVl+ZXTdGxUQYoiKR5oUa5+nsixUKpifBNp8B6pOZrmfhfrZvo4MpLWRgnmoZktihIONIRyixCAyYp0XxiCCaSmb8iMsISE22MrBgT3PmTF0nrvOY6Nff2olp3CjvKcAhHxkoXLqEON9CAJhB4gCd4hTfr0Xqx3q2PWWvJKmb24Q+szx/PnJZt</latexit><latexit sha1_base64="wk2eO4c8yAZjOHQIb5rDnmubhCA=">AAACFXicbVBNS8NAEJ3Ur1q/ooIXL4tFUJCSiKDHghePFewHtKFstpt26W4SdjdCCf0TXvwrInhQxKvgzX/jJs1BWx/s8ObNDLPz/JgzpR3n2yotLa+srpXXKxubW9s79u5eS0WJJLRJIh7Jjo8V5SykTc00p51YUix8Ttv++Dqrt++pVCwK7/Qkpp7Aw5AFjGBtpMg+gB5oGAE1EQMy2VkehckyXRqWwgk8wylM+3bVqTk50CJxC1KFAo2+/dUbRCQRNNSEY6W6rhNrL8VSM8LptNJLFI0xGeMh7RoaYkGVl+ZXTdGxUQYoiKR5oUa5+nsixUKpifBNp8B6pOZrmfhfrZvo4MpLWRgnmoZktihIONIRyixCAyYp0XxiCCaSmb8iMsISE22MrBgT3PmTF0nrvOY6Nff2olp3CjvKcAhHxkoXLqEON9CAJhB4gCd4hTfr0Xqx3q2PWWvJKmb24Q+szx/PnJZt</latexit>

� = 60o
<latexit sha1_base64="JKUGlQqzQR34NZ7GUva+bJ1djK0=">AAAB93icbVBNS8NAEJ3Ur1q/qh69BIvgqWxE1ItQ8OKxgq2FNpTNdtMs3WzC7kQIpX/EiwdFvHr1Z3jz37htc9DWBwOP92aYmRekUhgk5NsprayurW+UNytb2zu7e9X9g7ZJMs14iyUy0Z2AGi6F4i0UKHkn1ZzGgeQPwehm6j88cm1Eou4xT7kf06ESoWAUrRRBD1KIQMA1XACBz361RupkBneZeAWpQYFmv/rVGyQsi7lCJqkxXY+k6I+pRsEkn1R6meEpZSM65F1LFY258cezuyfuiVUGbphoWwrdmfp7YkxjY/I4sJ0xxcgselPxP6+bYXjlj4VKM+SKzReFmXQxcachuAOhOUOZW0KZFvZWl0VUU4Y2qooNwVt8eZm0z+oeqXt357UGKeIowxEcwyl4cAkNuIUmtIABwhO8wKuTO8/Om/M+by05xcwh/IHz8QP5RZAK</latexit><latexit sha1_base64="JKUGlQqzQR34NZ7GUva+bJ1djK0=">AAAB93icbVBNS8NAEJ3Ur1q/qh69BIvgqWxE1ItQ8OKxgq2FNpTNdtMs3WzC7kQIpX/EiwdFvHr1Z3jz37htc9DWBwOP92aYmRekUhgk5NsprayurW+UNytb2zu7e9X9g7ZJMs14iyUy0Z2AGi6F4i0UKHkn1ZzGgeQPwehm6j88cm1Eou4xT7kf06ESoWAUrRRBD1KIQMA1XACBz361RupkBneZeAWpQYFmv/rVGyQsi7lCJqkxXY+k6I+pRsEkn1R6meEpZSM65F1LFY258cezuyfuiVUGbphoWwrdmfp7YkxjY/I4sJ0xxcgselPxP6+bYXjlj4VKM+SKzReFmXQxcachuAOhOUOZW0KZFvZWl0VUU4Y2qooNwVt8eZm0z+oeqXt357UGKeIowxEcwyl4cAkNuIUmtIABwhO8wKuTO8/Om/M+by05xcwh/IHz8QP5RZAK</latexit><latexit sha1_base64="JKUGlQqzQR34NZ7GUva+bJ1djK0=">AAAB93icbVBNS8NAEJ3Ur1q/qh69BIvgqWxE1ItQ8OKxgq2FNpTNdtMs3WzC7kQIpX/EiwdFvHr1Z3jz37htc9DWBwOP92aYmRekUhgk5NsprayurW+UNytb2zu7e9X9g7ZJMs14iyUy0Z2AGi6F4i0UKHkn1ZzGgeQPwehm6j88cm1Eou4xT7kf06ESoWAUrRRBD1KIQMA1XACBz361RupkBneZeAWpQYFmv/rVGyQsi7lCJqkxXY+k6I+pRsEkn1R6meEpZSM65F1LFY258cezuyfuiVUGbphoWwrdmfp7YkxjY/I4sJ0xxcgselPxP6+bYXjlj4VKM+SKzReFmXQxcachuAOhOUOZW0KZFvZWl0VUU4Y2qooNwVt8eZm0z+oeqXt357UGKeIowxEcwyl4cAkNuIUmtIABwhO8wKuTO8/Om/M+by05xcwh/IHz8QP5RZAK</latexit><latexit sha1_base64="JKUGlQqzQR34NZ7GUva+bJ1djK0=">AAAB93icbVBNS8NAEJ3Ur1q/qh69BIvgqWxE1ItQ8OKxgq2FNpTNdtMs3WzC7kQIpX/EiwdFvHr1Z3jz37htc9DWBwOP92aYmRekUhgk5NsprayurW+UNytb2zu7e9X9g7ZJMs14iyUy0Z2AGi6F4i0UKHkn1ZzGgeQPwehm6j88cm1Eou4xT7kf06ESoWAUrRRBD1KIQMA1XACBz361RupkBneZeAWpQYFmv/rVGyQsi7lCJqkxXY+k6I+pRsEkn1R6meEpZSM65F1LFY258cezuyfuiVUGbphoWwrdmfp7YkxjY/I4sJ0xxcgselPxP6+bYXjlj4VKM+SKzReFmXQxcachuAOhOUOZW0KZFvZWl0VUU4Y2qooNwVt8eZm0z+oeqXt357UGKeIowxEcwyl4cAkNuIUmtIABwhO8wKuTO8/Om/M+by05xcwh/IHz8QP5RZAK</latexit>

� = 76o
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Figure 8: Kinematics and instantaneous power coefficients of the fully passive flapping foil
prototype with the pitching axis located at l∗θ = 0.330 (configuration C1) for (a) the initial
case (k∗θ = 0, c∗θ = 0) and (b) the optimised case (k∗θ = 0.071, c∗θ = 0.052).

8, where t∗ = t/T is the normalised time with respect to the turbine period277

of oscillation T . Those plots allows for measuring the phase shift φ between278

heaving and pitching motions, which grows from 60◦ to 76◦ in the optimised case279

and thus approaches the ideal value of 90◦ (Davids, 1999; Kinsey and Dumas,280

2008).281
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Moreover, it can be noted that the pitching velocity considerably decreases282

around t∗ = 0.22 and t∗ = 0.72 in the optimised case, keeping the foil at lower283

pitching angles. Thanks to that, the foil reaches higher heaving velocities and284

therefore the turbine shows better harvesting performances, as it can be seen285

from the evolution of the instantaneous power coefficients during one period of286

oscillation. Indeed, a CP as high as 2.5 can be observed in the optimised case,287

while it remains below 1.5 in the initial case.288

Finally, the instantaneous power coefficients plotted in figure 8 show as well289

the contribution of each DOF in the energy harvesting. In the initial case, the290

total power is provided only by the heaving motion since no energy is dissipated291

in the pitching motion (c∗θ = 0 ⇒ CP θ = 0). By introducing a c∗θ > 0 in the292

optimised case, a small contribution from the pitching motion of about 8 % of293

the total energy harvested can be measured. As a result, it can be stated that a294

non-zero pitching viscous damping in the optimised case indirectly enhances the295

energy harvesting in heaving. In practice, the amount of c∗θ needed for achieving296

the higher performances of the turbine could be introduced only by mechanical297

friction, given that the contribution of CP θ to the energy harvesting is irrelevant.298

4. Conclusion299

An experimental optimisation of the pitching structural parameters of a300

fully passive flapping foil turbine prototype has been conducted in a confined301

channel at a chord Reynolds number of 6× 104. The turbine prototype consists302

essentially of a NACA0015 foil elastically mounted on a pitching shaft and a303

heaving rail. Electric servomotors are employed in an original dynamic tuning304

strategy allowing for artificially changing the mechanical properties of the turbine.305

Thanks to that, the energy harvesting performances of the prototype could be306

investigated in a wide range of pitching stiffness k∗θ and pitching viscous damping307

c∗θ for three different pitching axis locations l∗θ .308

Overall, the best performances of the turbine have been achieved with the309

pitching axis located at one third of the chord length (l∗θ = 0.330). In this310

first configuration, an optimised case have been identified at k∗θ = 0.071 and311

c∗θ = 0.052, for which an average power coefficient of CP = 1.10 and a hydraulic312

efficiency of η = 31.9 % could be measured. Moving the pitching axis back to the313

trailing edge required some adjustments in the pitching stiffness in order for the314

self-sustained high amplitude oscillations of the foil to be preserved. Comparable315

performances have been reached with a pitching axis located at l∗θ = 0.390, but316

the energy harvesting considerably drops when the pitching axis is moved further317

back to the trailing edge (l∗θ = 0.450).318

The improvements in the energy harvesting of the prototype while optimising319

its pitching structural parameters are achieved through significant changes in320

the foil kinematics. In the optimised case, the pitching amplitude decreases,321

delaying the dynamic stall and allowing for higher heaving amplitudes. Besides,322

the phase shift between heaving and pitching motions is increased, approaching323

the ideal value of 90◦. It has been noted as well that the oscillation frequency of324
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the prototype is close to the values prescribed in the literature for achieving the325

best performances with an active flapping foil turbine.326

Moreover, it has been found that the share of the pitching motion in the327

energy harvesting is relatively small when compared to the heaving motion.328

However, a non-zero pitching viscous damping is still required for the turbine to329

achieve its best performances. Those results support the design of a fully passive330

flapping foil turbine where only the heaving motion is engaged in the electricity331

production.332

The influence of other structural parameters – such as the static imbalance333

or the moment of inertia – on the harvesting performances of the turbine has334

yet to be studied. It could be considered as well adapting the prototype in order335

to reduce the blockage ratio and introduce higher values of pitching stiffness.336

This would allow for a more refined investigation of the configurations with the337

pitching axis located downstream from one third of the chord length. Future work338

should also address the sensitivity of the harvesting performances to fluctuations339

in hydraulic conditions and the strategies to convert the mechanical power of340

the flapping foil into electricity.341
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