
Optimal control of μ-fluidic device with 
Reinforcement Learning 
Employ Reinforcement Learning 
(RL) to identify optimal real-time 
control schemes to increase the 
efficiency of microfluidic devices 
for blood testing.

Microfluidic devices are used to test 
blood samples for presence of tumor 
cells in the blood stream. These de-
vices work by physically separating 
the tumor cells from the other blood 
constituents by exploiting the cells' 
distinctive properties such as chemi-
cal composition at the surface, cell 
elasticity etc. We will focus on a de-
vice that separates larger rigid ob-
jects from smaller ones based on size 
and stiffness differences (top figure).

In principle, the separation efficiency 
can be enhanced if the device allows 
local sensing of flow properties and 
can affect the flow through an appro-
priate control mechanism.
The goals of this project are: (i) to  
include the model of a realistic control 
mechanism within the GPU-acceler-
ated μ-fluidic solver. (ii) to couple the 
control scheme with a distributed RL 
framework in order to optimize the 
efficiency of the device. 
The project will provide experience 
with CUDA for HPC, advances in ma-
chine learning and dynamic control.
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PREREQUISITES 
Solid experience with CUDA and 
C++ 
Independent thinking and deter-
mination 
Basic machine learning
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CSElab
Chair of Computational Science - D-MAVT

WWW.CSE-LAB.ETHZ.CH  

In the CSE Lab, we combine computational methods, computer science tools and do-
main specific knowledge to solve scientific and engineering problems in areas such as 
Fluid Mechanics, Nanotechnology and Life Sciences. The core computational compe-
tences of our group are in particle methods and in stochastic optimization techniques.
Motivated by challenges in application fields, we focus on identifying the common ele-
ments among computational techniques and on formulating common methodological, 
algorithmic and software structures that facilitate their further development.
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Deterministic Lateral Displacement (DLD)

• Huang, L.R., Cox, E.C., Austin, R.H. and Sturm, J.C. “Continuous particle separation through deterministic lateral displacement.” Science. 2004.

Rcrit

Mechanical particle separation device: 
• Asymmetric bifurcation of laminal flow (Re    0) around obstacles 
• Particle path is deterministic 
• if R>Rcrit particle is displaced streamlines
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Description:  (left) Sketch of the deterministic lateral displacement 

principle employed for the separation of tumor cells.

(bottom) Massively parallel simulation of the μ-fluidic device.

visualization by C. Conti, CSElab

http://www.icos.ethz.ch/cse
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