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Performance Comparison of Neural Network and Kalman Filter
for IMU-based Attitude Estimation
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*J.S. Choi, *J. K. Lee

Key words : Inertial measurement unit, Attitude estimation, Kalman filter, Artificial neural network

Inertial measurement units (IMU) are generally used to estimate the attitude of a moving object. Kalman filters (KFs) are
the most popular in this regard. A various of attitude estimation KFs have been proposed to solve the sensor fusion
problem. However, these KFs need to adjust their weights to improve the estimation performance according to dynamic
motions of the object. With the dramatic advances in computing capabilities and artificial neural networks (ANN), a
number of studies are emerging to solve the attitude estimation problem through ANN. Daniel Weber et al. published a
robust IMU-based attitude neural network (RIANN) in 2020 that estimates attitude by training a deep ANN model. RIANN
uses a recurrent neural network (RNN) to accurately estimate the attitude even in a long sequence. It also learns about
various sampling rates and wide range of motions, so that even if the sampling rate and motion condition are changed,
attitude estimation performance does not degrade significantly. In order to analyze the performance of RIANN, this paper
compares RIANN with the KFs under various dynamic conditions. To our limited data for comparison, the attitude
estimation accuracy of RTANN was superior to those of KFs by 4.6 degree on average.
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Fabrication of a Tubular Intestine Model with a Hollow Lumen
Using a Colon Derived Extracellular Matrix Bioink
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Al (UT Austin), 21294 (UT Austin), Z! 84 = (UT Austin), “ZHZ oF(POSTECH)
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Intestinal disease is a global health problem affecting millions of people. To investigate therapeutic compounds and unveil
the mechanisms of the diseases, numerous in vitro intestine models have been developed as alternatives to animal
surrogates. Intestinal organoids have shown that they can emulate major human physiology, but it is difficult to control
their growth and maturation. On the other hand, microphysiological systems (MPSs) have been enabled to recapitulate
intestinal tissues in vitro and its ecosystem with commensal microbiomes, their geometrical complexity is limited to 2D or
2.5D architectures. For this reason, 3D bioprinting has gained growing interest since it can be used to mimic 3D complex
physiology such as cell-cell or cell-matrix interaction. Here, we bioprinted a tubular intestine model using a colon-derived
decellularized extracellular matrix (Colon dECM). We observed that Colon dECM promotes spontaneous maturation of
intestinal epithelial cells, especially its enteroendocrine functions. Furthermore, the 3D bioprinted tubular model with a
hollow lumen showed cellular maturation and self-organization demonstrating distinctive tissue morphogenesis. We
envisage this advanced in vitro intestine model as a platform to study intestinal morphogenesis, disease, and treatments.
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