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The human movement analysis is one of the most relevant topics of biomechanics, to which many booming research works deal with, including several areas of application, e.g. from the medical/clinics-based fields to the sport, the ergonomic and the robotic ones. More in detail, it is possible to measure the kinematic, the dynamic and the electromyographic variables that involve the complex musculoskeletal system, whichever is the analyzed motion. Regarding to the joints kinematics, which is fundamental for a quantitative study of human movement for an accurate, as well valid analysis of motion patterns, it can be noticed that these latter are influenced from the estimation of joints parameters, such as centers and axes of rotation, once both geometrical and motion models characterizing the joint connecting adjacent body segments have been assumed. 

The research dissertation explores this field, focusing on the so-called functional estimation of joints parameters, which is currently an open issue especially in field of gait analysis, compared to the commonly used standard approach, known as predictive method. In particular, the aim of this research is to propose a different methodology for the computation of lower limbs joints kinematics, properly based on functional algorithms, compared to the predictive approach commonly used in the laboratories of human movement analysis, so as to provide a subject-specific as well as a motion-specific analysis, considering these latter features as main challenges for currently adopted methods of movement reconstruction. One of the primary goals is to provide a simultaneous estimation of lower limbs joints parameters, based on motion data gathered and associated to the body segments. Then, joints degrees of freedom can be computed by means of specific techniques used to define the anatomical joint coordinate systems as well as the related articular conventions.

The use of joint mechanical analogues of well-known kinematics, together with test rig-based measurements performed on a lower limb dummy, is firstly considered in order to evaluate the feasibility of application of functional methods with a different joint model, by means of stereophotogrammetric markers-based acquisitions.

Later on, the design of customized musculoskeletal models, together with motion simulations based on real experimental data, are used to define a new functional measurements protocol during a specific motion task, such as during walking. This allows to validate the proposed functional-based procedure for joints parameters estimation, by analyzing experimental tests performed with test subjects. At this stage, also the huge problem of soft tissue artifact is faced up by means of optimization techniques allowing to compensate it, as well to proceed with the following joints kinematics computation. Results are provided in terms of accuracy, precision and repeatability of joints kinematics gait trends, often studied and analyzed at the reference laboratory of gait analysis, by comparing and discussing gait curves obtained with both the proposed functional methodology and those derived with the standard predictive approach.

Secondly, taking into account the availability of body-worn inertial sensors as a valid and advantageous alternative motion capture systems of acquisition, compared to the optical ones, the feasibility of integration between these latter and functional algorithms is also evaluated to reconstruct human motion, focusing on joint kinematics. A different analytical approach as well as data post-processing techniques are considered, taking into account that available motion data rely on accelerometers, gyroscopes and magnetic sensors, instead on spatial-temporal markers trajectories computed with a video-cameras based system. A first experimental session for lower limb joints parameters estimation, as well for the related joint kinematics, is provided and graphically validated with a pilot test subject, during generic motion tasks. In particular, a data-fusion based procedure is exploited by using both inertial sensors and some markers placed above these latter, one per unit, so as to acquire also the spatial-temporal position data useful for human movement reconstruction. Thus, also a video-cameras based system is used, allowing to both record the motion itself and to provide the position information of each inertial sensor with respect to the laboratory coordinate system. The computed lower limb joints parameters are estimated with both a data-fusion based functional method using sensors data and markers spatial-temporal trajectories, and with a functional approach based only on inertial sensors data. The feasibility results are pointed out and discussed by also exploiting the graphical-based validation method. Lastly, joint kinematics results are provided by applying the proposed functional and sensors-based methodology during gait tests.
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				Abstract

				The human movement analysis is one of the most relevant topics of biomechanics, to which many booming research works deal with, including several areas of application, e.g. from the medical/clinics-based fields to the sport, the ergonomic and the robotic ones. More in detail, it is possible to measure the kinematic, the dynamic and the electromyographic variables that involve the complex musculoskeletal system, whichever is the analyzed motion. Regarding to the joints kinematics, which is fundamental for a quantitative study of human movement for an accurate, as well valid analysis of motion patterns, it can be noticed that these latter are influenced from the estimation of joints parameters, such as centers and axes of rotation, once both geometrical and motion models characterizing the joint connecting adjacent body segments have been assumed. 

The research dissertation explores this field, focusing on the so-called functional estimation of joints parameters, which is currently an open issue especially in field of gait analysis, compared to the commonly used standard approach, known as predictive method. In particular, the aim of this research is to propose a different methodology for the computation of lower limbs joints kinematics, properly based on functional algorithms, compared to the predictive approach commonly used in the laboratories of human movement analysis, so as to provide a subject-specific as well as a motion-specific analysis, considering these latter features as main challenges for currently adopted methods of movement reconstruction. One of the primary goals is to provide a simultaneous estimation of lower limbs joints parameters, based on motion data gathered and associated to the body segments. Then, joints degrees of freedom can be computed by means of specific techniques used to define the anatomical joint coordinate systems as well as the related articular conventions.

The use of joint mechanical analogues of well-known kinematics, together with test rig-based measurements performed on a lower limb dummy, is firstly considered in order to evaluate the feasibility of application of functional methods with a different joint model, by means of stereophotogrammetric markers-based acquisitions.

Later on, the design of customized musculoskeletal models, together with motion simulations based on real experimental data, are used to define a new functional measurements protocol during a specific motion task, such as during walking. This allows to validate the proposed functional-based procedure for joints parameters estimation, by analyzing experimental tests performed with test subjects. At this stage, also the huge problem of soft tissue artifact is faced up by means of optimization techniques allowing to compensate it, as well to proceed with the following joints kinematics computation. Results are provided in terms of accuracy, precision and repeatability of joints kinematics gait trends, often studied and analyzed at the reference laboratory of gait analysis, by comparing and discussing gait curves obtained with both the proposed functional methodology and those derived with the standard predictive approach.

Secondly, taking into account the availability of body-worn inertial sensors as a valid and advantageous alternative motion capture systems of acquisition, compared to the optical ones, the feasibility of integration between these latter and functional algorithms is also evaluated to reconstruct human motion, focusing on joint kinematics. A different analytical approach as well as data post-processing techniques are considered, taking into account that available motion data rely on accelerometers, gyroscopes and magnetic sensors, instead on spatial-temporal markers trajectories computed with a video-cameras based system. A first experimental session for lower limb joints parameters estimation, as well for the related joint kinematics, is provided and graphically validated with a pilot test subject, during generic motion tasks. In particular, a data-fusion based procedure is exploited by using both inertial sensors and some markers placed above these latter, one per unit, so as to acquire also the spatial-temporal position data useful for human movement reconstruction. Thus, also a video-cameras based system is used, allowing to both record the motion itself and to provide the position information of each inertial sensor with respect to the laboratory coordinate system. The computed lower limb joints parameters are estimated with both a data-fusion based functional method using sensors data and markers spatial-temporal trajectories, and with a functional approach based only on inertial sensors data. The feasibility results are pointed out and discussed by also exploiting the graphical-based validation method. Lastly, joint kinematics results are provided by applying the proposed functional and sensors-based methodology during gait tests.
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					simulazione ASN

					
				

				
					Il report seguente simula gli indicatori relativi alla propria produzione scientifica in relazione alle soglie ASN 2023-2025 del proprio SC/SSD. Si ricorda che il superamento dei valori soglia (almeno 2 su 3) è requisito necessario ma non sufficiente al conseguimento dell'abilitazione.
La simulazione si basa sui dati IRIS e sugli indicatori bibliometrici alla data indicata e non tiene conto di eventuali periodi di congedo obbligatorio, che in sede di domanda ASN danno diritto a incrementi percentuali dei valori. La simulazione può differire dall'esito di un’eventuale domanda ASN sia per errori di catalogazione e/o dati mancanti in IRIS, sia per la variabilità dei dati bibliometrici nel tempo. Si consideri che Anvur calcola i valori degli indicatori all'ultima data utile per la presentazione delle domande.

La presente simulazione è stata realizzata sulla base delle specifiche raccolte sul tavolo ER del Focus Group IRIS coordinato dall’Università di Modena e Reggio Emilia e delle regole riportate nel DM 589/2018 e allegata Tabella A. Cineca, l’Università di Modena e Reggio Emilia e il Focus Group IRIS non si assumono alcuna responsabilità in merito all’uso che il diretto interessato o terzi faranno della simulazione. Si specifica inoltre che la simulazione contiene calcoli effettuati con dati e algoritmi di pubblico dominio e deve quindi essere considerata come un mero ausilio al calcolo svolgibile manualmente o con strumenti equivalenti.
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