
Realization of Helical Flagellated Swim using Robotic Sperms

Sperm cells swim by inducing bending moment through their flagellum or by inducing a helical travelling wave. In this
project, we will focus on the realization of helical travelling wave through the ultra-thin fiber of the robotic sperms. These
artificial swimmers are fabricated using electrospinning and consist of a magnetic head and an artificial flagellum that
resembles the morphology of a sperm cell.

Objective
The robotic sperm shown in Fig. 1 has a dipole moment
along its longitudinal axis (major axis of the elliptical
head). Applying in-plane oscillating field enables the
robotic sperm to undergo flagellated swim using planar
travelling wave along its flexible tail. This behaviour has
been already demonstrated by our group and other groups
(refer to references). We would like to induce helical
travelling wave instead of the planar waves. Therefore,
the magnetic fields have to sweep a cone and requires
out-of-plane magnetic field components.

Tasks
• Development of the electromagnetic-based haptic

interface shown in Fig. 1;

• Modeling of the haptic interface;

• Experimental results to demonstrate the ability to sense
virtual objects through the wearable haptic interface.

Materials
• an electromagnetic system with 8 coils is available in

MNRLab;

• 8 electric drivers;

• Motion control systems;

• 2 Camera systems;

• A feature tracking algorithm to track the position of the
robotic sperm in three-dimensional space.

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.

Figure 1. The robotic sperm consists of a magnetic head and a
flexible tail. The magnetic head contains iron-oxide nanoparticles
and enable the microrobot to align along external magnetic field
lines, whereas the flexible tail provide propulsive force under the
influence of weak oscillating magnetic field.
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