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Figure 1: Magnetic actuation of a microrobot navigating in a blood vessel and the labora-tory 
experimental setup overview: (a) 257µm radius robot, (b) magnetic actuator (three in-ner 
orthogonal Maxwell coils and one outer Helmholtz coil) from Aeon Scientific www.aeon-
scientific.com, (c) workspace, (d) video microscope TIMM400. 

 
Microrobots are appealing to perform minimally invasive medical procedures: they can 

reach remote places for in situ biosensing tasks, achieve drug targeting for cancer therapy or 
microsurgery, with lessened side e�ects with respect to standard medical procedures. To 
avoid the embedded power supplies load, deported magnetic actuation is considered (see 
Fig. 1) and enables di�erent untethered magnetic microrobots propulsion designs, as shown 
in Fig. 2. Wireless power transmission is achieved either by magnetic gradient coils e.g. 



MRI devices, or by rotating magnetic coils, depending on the robot design [1]. Imaging is 
ensured either by the actuator in the case of an MRI device [2] or by another imaging 
modality (tomography or ultrasound devices). 
 
 
 
 
 

 
(a) Bead pulling. (b) Elastic flagella. (c) Helical tail. 

 
Figure 2: Different magnetic microrobots propulsion designs. (a) Bead pulling: control input is the 
magnetic gradient [2, 3, 4]. (c) Elastic flagella: control inputs are the time-average magnetic field 
direction and the frequency [5, 6]. (c) Helical tail: control inputs are the magnetic torque direction 
and the frequency [7, 8]. 
 

A microrobot navigating in the vascular network faces, in particular, the blood drag 
force and the magnetic motive force, resulting in a nonlinear model [9, 10]. The goal is 
to stabilize the microrobot along a pre-planned reference trajectory, from the robot 
release point to the medical target. Yet medical imagers measure only the microrobot 
position: to achieve a stabilizing control law, the other unmeasured states have to be 
rebuilt, which justify the necessity of an observer. Hence, once a stabilizing controller 
has been synthesized, the output feedback has to be investigated. 
 

4.2 Objectives and proposed approach 
 
The objectives of this PhD thesis are to investigate the following observation and control 
issues: 
 
•  Achieve robustness with respect to output noise inherited from the use of medical im-

agers whose resolution is limited, and to parametric uncertainties since many 
biophysical parameters are involved in the model. 

 
•  The drag force prevails at a small scale, and is a�ected by the pulsatile blood 

velocity, which can hardly be measured in situ. We have already developped a 
semiglobally stabilizing output feedback in [11, 12]; yet the cardiac pulsation can 
change due to the patient stress, hence the necessity to extend this approach using 
an observer for periodic oscillator with unknown frequency [13, 14]. 

 
•  If a single microrobot can perform diagnosis tasks, it can not carry enough payload to 

achieve e.g. drug targeting delivery. In this case, it would be necessary to consider a 
swarm of robots, which is an underactuated system whose observation and control 
are to be addressed. 

 

4.3 Research work plan 
 
•  Study existing references on magnetic propulsion and microrobots dynamics modeling. 

 
•  Literature review on output feedback and nonlinear underactuated systems. 

 
•  Synthesize output feedback for a single microrobot immersed in a pulsatile flow of 

un-known frequency. 
 
•  Synthesize observer and controller to stabilize a swarm of microrobots along a 

reference trajectory. 
 
•  Perform experiments on the laboratory setup (see Fig. 1(b)) to illustrate the e�ciency 

of the proposed approaches. 
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