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Abstract

GraviTE (Gravity-free Tissue Engineering) is a student-led project focused on developing an au-
tonomous bioreactor designed to study the impact of microgravity on a bone tissue model aboard the
International Space Station (ISS). To ensure robust cell growth, the thermal control system must maintain
the target temperature within the culture chambers while minimizing fluctuations. Achieving the optimal
temperature rapidly after the start of the procedure is critical. Furthermore, the system must detect
communication losses or sensors malfunction and implement safety protocols to protect the cultures from
overheating or underheating. Components of the cultivation system were tested for thermal conductiv-
ity to establish the system’s thermal characteristics, determine the relevant time constants and identify
the power required for maintaining the setpoint temperature within the culture chambers. This article
evaluates two temperature regulation algorithms: a classic PID controller and an adaptive fuzzy-logic-
based PID controller. The comparison is based on key control performance metrics: the time required
to reach the setpoint, maximum overshoot, steady-state error, and the Integral of Absolute Error (IAE).
The results demonstrate that the adaptive PID regulation outperforms the classic approach, achieving
a significantly shorter settling time (30 min vs. 41 min) and a lower overshoot (0.15% vs. 0.3% of the
setpoint value).

1

Paper ID: 115016
student


