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Summary of the Research Project
[bookmark: _GoBack]This project aims to explore the capabilities of motion capture algorithms utilizing magnetoelectric sensors and various magnetic transducers attached to fixed installations, fingers, and arms. The primary objective is to devise a novel input device for controlling the end-effectors and instruments used in robotic-assisted surgery. The project also involves comparing and potentially integrating this new system with existing motion capture systems that rely on different sensor modalities such as optical or IMU-based motion capture. 
The existing input devices employed in robotic surgery rely on conventional haptic controllers that are responsive to the manual force applied by the surgeon's hand. However, these controllers lack the ability to detect movements of individual finger segments. Consequently, the end-effectors and instruments of the robotic system are limited to forceps-like tools that offer only two states, namely "open" or "closed," and can be rotated along the wrist with a maximum of seven degrees of freedom. As a result, the range of motions available to the surgeon is constrained by these tools.
The proposed novel input device in this research component takes the form of a glove, incorporating a diverse array of magnetoelectric (ME) sensors and magnetic actuators for motion capturing. Each kinematic chain element, including the finger segments (three in each finger, except for two in the thumb), is equipped with at least one sensor. In fact, due to the sensors' small size, it is even feasible to employ multiple sensors on certain elements. The investigation will therefore explore ME actuators, such as cantilevers comprising piezoelectric and powder-magnet layers, as well as coils wrapped around individual fingers and 3D-coils. 
In the context of motion capture for surgical applications, it is essential to achieve sensor or actuator localization at intervals of no more than 50 milliseconds. This requirement presents a significant computational challenge. Considering that a hand comprises approximately 20 kinematic elements, a minimum of 40 sensors (two hands) need to be localized within this limited timeframe. Any delay in localization would lead to noticeable instrument "drag" following the movement of the surgeon's hand, compromising the quality of the surgical procedure. 
Localization can be achieved through various methods. Traditional magnetic pose estimation algorithms, as utilized in Projects B2 and B9, represent one approach. However, they are associated with a substantial computational burden. Alternatively, new techniques based on relative positioning, specifically determining the orientation between kinematic chain elements by using prior knowledge, can be employed. Of particular interest is a novel approach developed at Kiel University, which revolves around the utilization of spatially and temporally rotating magnetic fields. This method employs an iterative procedure to efficiently compute the position and orientation of each sensor. By combining these distinct methodologies, it becomes possible to leverage the unique advantages offered by each approach, ultimately enhancing the overall localization process. 
By utilizing a glove as an input device in robotic surgery, it becomes possible to capture and leverage the full range of movements exhibited by the surgeon's hand and fingers for operating the robot. Presently, footswitches are employed to control camera steering, activate energy devices for tissue cutting and sealing, or handle clip appliers. However, this necessitates a learning curve for the surgeon and carries the inherent risk of inadvertently activating instruments with their feet, potentially endangering the patient. Gesture recognition technology can greatly enhance patient safety in this regard. Moreover, the implementation of an input device capable of accurately tracking the individual positions, orientations, and articulations of the surgeon's fingers opens up new possibilities for designing robotic instruments that closely resemble human fingers. This advancement can significantly enhance maneuverability and dexterity in delicate surgical fields, particularly when operating on blood vessels or engaging in intricate procedures. By mimicking the capabilities of human fingers, these innovative robotic instruments offer heightened precision and enable surgeons to navigate complex anatomical structures with greater ease and accuracy.
In addition to investigating localization capabilities, this project will also explore gesture recognition techniques using convolutional neural networks. Prototypes incorporating these technologies will undergo testing using a CE-Mark approved robotic surgical system to assess their usability and performance.
In summary, the primary objective of this project is to develop an innovative input device tailored for robot-assisted surgery. The envisioned device aims to enhance the dexterity of surgeons during robotic procedures, leading to reduced operating time and increased user-friendliness. Crucially, it seeks to prioritize patient safety above all. By leveraging advanced technologies, this project endeavors to improve surgical outcomes while ensuring the well-being of patients.
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