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Summary of the Research Project
The objective of this project is to establish and enhance a general digital frontend that connects the sensor system outputs after analogue enhancement (project B1) with the (bio-) medical applications of the CRC. This includes several stages of digital enhancement as well as localization and calibration stages.
In the previous funding period the read-out schemes of the magnetoelectric sensors (mainly established in the first funding period) are extended towards multichannel approaches. In the largest work package, the positions and orientations of the sensors are determined. Using six to eight magnetic actuators, a precision of about 2 cm and 20 ° could be achieved with rather simple sensor models (point models) in real-time. Furthermore, blind source separation algorithms had been implemented that allowed, for instance, the separation of heart signals of pregnant woman and their fetuses, which was tested in real-time with artificially generated signals. Finally, nonlinearities at high signal amplitudes were compensated by extending the existing noise cancellation schemes towards non-linear noise cancellation approaches. Overall, the resulting system was able to bridge the gap between sensor and application projects, passing the improved sensor signals, as well as the estimated positions and orientations of the sensors, to the application projects, where the signals and positions/orientations were used to solve inverse problems.
During the forthcoming funding period, the aforementioned system is intended to undergo further expansion through the incorporation of "online" sensor calibration, accompanied by appropriate equalization structures. In this context, "online" refers to the implementation of adaptive calibration procedures that are carried out in real-time during medical interventions. The objective is to enhance the system's calibration capabilities, allowing it to dynamically adapt and optimize sensor performance throughout the course of those procedures.
The procedures chosen for translation of the system into actual medical applications are:
1. Tracking of an endoscopic smart pill: Several gastrointestinal and neurological diseases are accompanied by an impaired motility of the small bowel. So far, only few modalities are available that can either quantify or visualize the gastrointestinal functionality. All of these diagnostic options encounter several drawbacks in clinical practice: low sensitivity, time consuming, costly and lack of function during physical activity. To overcome the mentioned disadvantages, project B13(N) will investigate the use of an endoscopic smart pill that is (in its final stage) swallowed by the patient and transported within the small and large intestine until it is expelled via naturalis. The smart pill will consist of MEMS cantilevers with an integrated hard magnet acting as a narrow-band transmitter. The respective positions and movements of the MEMS actuators within the gastrointestinal tract will be localized in B2 by fixed a setup with fixed sensor positions in a multidimensional manner.
2. Tracking of the distal tip of an endoscope: In gastrointestinal endoscopy, despite a direct view onto the mucosal surface, localizing the exact position of the tip of an endoscope (i.e. in the colon and with an echoendoscope) can be very challenging. Therefore, the determination of the position of the distal tip of the endoscope in relation to anatomical landmarks implies a great clinical need in training and routine. Electromagnetic actuators, developed in Z1 and B13N, will be attached to the distal tip of an endoscope, respective signals will be picked up by sensors at the body surface of the patient thereby calculating the precise position and orientation of the scope withing the body in a three-dimensional image.
3. Tracking of an ultrasound probe (either an external probe scanning through the patient’s surface, such as in routine abdominal ultrasound examinations or intracorporal ultrasound that is used on a rod-shaped device during surgical procedures): Currently, the documentation of the pose of the ultrasound devices relies on the examiner manually noting the position and line of view, which is error-prone and acts as a confounder for the imaging diagnostics. An automated pose estimation will erase this user dependent bias. Furthermore, magnetic localization can be combined with the analysis of the ultrasound data in order to further enhance the pose (position and localization) estimation. The pose estimation schemes could be extended from routine 2D to novel 3D ultrasound devices. The combination of the pose of the ultrasound probe with the images generated can lead to a three-dimensional reconstruction of the examined organs and structures and may lead to a completely novel imaging modality not yet existent in clinical practice. 
Finally, adaptive signal enhancement stages will be investigated that help sensor operation during strong magnetic DC fields as they appear whenever magnetic nano particles need to be excited.
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