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 Objective: Proposed retinal procedures are at the limits of human 
performance and perception.

 Main work: Design of an EMA system

 wxcvxsdbv

Wireless intraocular 
microrobots with 
surface coatings:

• Luminescence sensing,
• Oxygen sensor,
• Targeted drug delivery.

Intraocular 
microrobot
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M. Kummer, J.J. Abbott, B.E. Kratochvil, R. Borer, A. Sengul, B.J. Nelson, 
“OctoMag: An Electromagnetic System for 5-DOF Wireless Micromanipulation“, 

IEEE Transaction on Robotics, Vol. 26, No. 6, Sept 2010.

 Magnetic gradient based pulling
 Holonomic 5-DOF control

 3 axis translation, 2 axis orientation

T =u M ´ B F =u (M×Ñ) B
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 Electromagnets Configuration

(1) Configuration 
• Electromagnets 1-to-4; β=0° 
• Electromagnets 5-to-8;  β=45°

(2) Configuration
• Electromagnets 1-to-4; β= 42°
• Electromagnets 5-to-8; β= 62°

(A)
β
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 Magnetic gradient based pulling
 Holonomic 5-DOF control

 3 axis translation, 2 axis orientation

Re =U × L ×d
h

 Fluid dynamics at the small scale: 
 Viscous forces dominate inertial forces

Dsphere = 6phr

Dcylinder,para =
4phl

ln(2l / r)- 0.807

Dcylinder,ortho =
8phl

ln(2l / r)+ 0.193
Fdrag = -D ×u

Re <<1:for

T =u M ´ B F =u (M×Ñ) B M


B


Fmag

M


B


Fdrag,orthoFdrag,para

Fmag

uu



3/22/2023

 The advantages of static configurations
 Optimized for a specific application, such as OctoMag, MiniMag;
 Simple configuration;

 The disadvantages of static configurations
 Fixed workspace  determined by electromagnets configuration;
 Optimized performance only for the overall workspace;
 Existing singular values cannot be removed close to the boundaries;
 Manipulability depends on the position of the microrobot;
 The control of a certain degree of freedom is achieved only by current.
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Solution: Combining stationary and mobile 
electromagnets
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 Soft-magnetic-core electromagnet 
 Point dipole model
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� �, � = �04� � 3  3 Γ ∙ �  � 2 −Γ ∙ �

Magnetic field
Each electromagnet creates a magnetic field 
throughout the workspace that can be 
precomputed: 
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 The magnet ic  f ie ld  can be expressed in  the  reference f rame ℱ� �:�,�,� 
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ℱ�� �, � = �04� � 3     3 Γ ∙�  � 2 −Γ    ∙ �

ℱ�� �, � = Τℱ�ℱ�⋅ℱ�� �, � 

Τℱ�ℱ� =  �ℱ�ℱ� �ℱ�ℱ�� �  
Transformation matrix

Magnetic field on electromagnet frame

Magnetic field on reference frame
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 Magnetic field generated by n electromagnets with soft-magnetic cores
 Linear superposition of fields and gradients

      Torque and force generation
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Operation of system with cores in their linear region

Field precomputed/measured in situ.
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(2)
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 The mean index

 � = 1� �
� � � 

 The uniformity index

� � = 1 − ��  � � −  �  2� � 
 The manipulability index� � = 풅�� ��� =  �=�

� ��
 The normalized manipulability�� = � � �,�  max�∈�� � �,�  
 The conditioning index �/� = ����/����
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The Mean Value 
and The Standard Deviation Value

Magnetic
Gradient

Magnetic
Field

 Mobile angle changing in OctoMag-like structure
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The Uniformity Index

β
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β

 Statistical data of the global performance indexes of the force and torque 
performance analysis.
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The mean and standard deviation The uniformity value

Force actuation Torque actuation Force actuation

Torque actuation
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Magnetic
Torque

Magnetic
Force

 Performance metrics along the Z-axis for mobile β

13The Manipulability Index The Conditioning Index
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 8 electromagnets in inverted and non-inverted configurations
 Spherical workspace with a 20 mm diameter
 Up to 50 mT and 5 T/m 
 Frequencies up to 2 kHz

Rotating armStationary arm
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 The advantages of mobile configuration
 Change the local magnetic field distribution;
 Strength variation of magnetic field by both current and position control;
 Less singular values with same number of electromagnets; 
 More redundancy for control strategy;
 Flexible system that will respect the geometry of human head, neck and 

shoulders;

 The disadvantage of mobile configuration
 More complicated to control both current and position of electromagnets;
 How to choose dynamically the number and orientation of mobile 

electromagnets?
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Solution: Performance metrics to quantify 
dynamically the best configuration.
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Magnetic fields (the mean and standard deviation)

Magnetic gradients (the mean and standard deviation)
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Magnetic fields (the mean and standard deviation)

Magnetic gradients (the mean and standard deviation)
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Representation of the magnetic field, manipulability of force and 
manipulability of torque with different configurations respectively
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 Validated works
 Optimization through modeling of a magnetic ophthalmology robotic 

platform.
 Validation of the magnetic actuation matrix AT,F (M,P)

 Undergoing works
 Experimental validation of performance matrices involving stationary and 

mobile electromagnets;

 Future works
 Real-time control using deep learning methods  ; 
 Small animal tests using  novel generation of coils.
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