Control of Biological Microrobots in a Non-Uniform Flow-Field

This work addresses the characterization and control of Magnetotactic Bacterium (MTB) which can be considered as a
biological microrobot. The propulsion force of an MTB (M. magneticum Strain AMB-1) is characterized using a microfluidic
channel and a syringe pump system. This system allows us to induce controlled time-varying flow rates against and
along the motion of an MTB to characterize its propulsion force. Furthermore, we demonstrate the motion control of an
MTB against the flowing streams of a growth medium. The average velocity and positioning accuracy of an MTB is used
to evaluate the motion control system within a range of flow rates.

Objective
In this work, we study the closed-loop motion
characteristics of a potential magnetic drug carrier,
i.e., MTB, in the presence and absence of controlled
time-varying fluid flows.
First, we characterize the
magnetic properties of the MTB. This characterization
includes the determination of the boundary frequency and
magnetic dipole moment of the microjet.We utilize the
U-turn [1] and the rotating field techniques to determine
the average magnetic dipole moment of the MTB. Second,
the characterized magnetic dipole moment is used in
the realization of the magnetic force-current map of
our magnetic system. This mapping is used in the
implementation of a closed-loop control system that
allows us to control the direction of the magnetic fields
toward a reference position.
Tasks
• Culturing of Magnetotactic Bacteria (M. magneticum
Strain AMB-1 or Magnetospirillum magnetotacticum
strain MS-1);
• Tracking of an MTB using our feature tracking
algorithm;
• Motion control of an MTB inside a capillary tube.
• Control of an MTB inside Ginkgo chip;
Materials
• Capillary tubes have to be ordered (VitroCom,
VitroTubes 3520-050, Mountain Lakes, USA);
• An electromagnetic system and the Genkgo chip are
available;
PREREQUISITES
Students are expected to have a working knowledge
of control theory, differential equations, linear systems,
statics, kinematic and dynamics.
Familiarity with
programming, especially with Matlab and C++.
OTHER NOTES
This project will involve a weekly meeting with the
instructors and progress reports have to be prepared. All
reports should be written in academic paper format.
www.MNRLab.com

Figure 1.
Scanning/Transmission Electron Microscope
(SEM/TEM) images of the Magnetotactic Bacterium (MTB),
i.e., Magnetospirillum magnetotacticum MS-1. The SEM image
shows the spiral membrane of the MTB which envelopes chains
of magnetite nano-crystals. This membrane has an average
diameter and length of 0.5 µm and 5 µm, respectively. The two
insets show TEM images of the magnetite nano-crystals which
provide a magnetic dipole moment.
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