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RBC SCA: Attention rises

Grigorev et al. Biosensors 2022, pending



7

Video Credit: Shishova’s Lab 
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uFD Chip. 
Biomicrofluidic chip, 

suitable for visual, quantitative and qualitative study of 

single RBC inside and outside.

Trapping geometry. 
Trap RBCs in channels while keeping them suspended to 

allow fluidic flows around the cell..

Topology Optimization. 
Achieve trapping efficiency 75%. 

Problem Statement
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Single Cell 
Analysis with 
Microfluidics

Clinical 
Implications

Microarrays, 
Organ on 

Chips, and 
Drug Discovery

Integrated 
Sensors for 

Microfluidic 
Platforms

Cell Counting 
and Sorting 
Applications

Microarrays 
and single RBC 

Trapping 
Techniques 

Single RBCs 
in Microfluidics 
(State-of-the-art 
in Industry and 

Academia)

SCA



10 Hou, X. (2017) Interplay between materials and microfluidics

Nat. Rev. Mater. doi:10.1038/natrevmats.2017.16

Historical timeline of 

developments in 

materials and 

microfluidics



11

A mature erythrocyte has a 
biconcave discoid shape. 
An erythrocyte is composed 
of hemoglobin (32%), water 
(65%), and membrane 
components (3%) and does 
not contain any nucleus. P. 

Mazeron, S. Muller, and H. El. Azouzi, "Deformation of erythrocytes under shear: a small-angle 
light scattering study," Biorheology 34, 99-110 (1997).

Erythrocyte / RBC

Grigorev et al. IEEE, RCAR 2019, 531-536
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Depending on the value of the 
RBC’s SC erythrocytes have 
different       

size:

shape:

RBCs differ:

•Spherocytes
•Elliptocytes/Ovalocytes
•Stomatocytes
•Schistocytes
•Keratocytes
•Helmet Cells
•Acanthocytes
•Echinocytes
•Target Cells (Codocytes)
•Tear Drop Cells (Dacryocytes)
•Sickle Cells (Drepanocytes)
•Degmacytes

•Normocytes
•Anisocytosis
•Microcytes
•Macrocytes
•Megalocytes

Grigorev et al. IEEE, RCAR 2019, 531-536
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Single RBC arraysReffs 72-89 Grigorev et al. Review, Biosensors 2022, pending
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Deformation of single Erythrocytes in 
Microchannels. Reffs 129-142 Grigorev et al. Review, Biosensors 2022, pending
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Organ-On-Chips and Drug Discovery involving 
single RBCsReffs 377-392 Grigorev et al. Review, Biosensors 2022, pending
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March 25, 2013

BOSTON — The Wyss Institute for Biologically Inspired 
Engineering at Harvard University announced today that it was 

awarded a $9.25 million contract from the Defense Advanced 

Research Projects Agency (DARPA) to further advance a blood-
cleansing technology developed at the Institute with prior 

DARPA support, and help accelerate its translation to humans as 
a new type of sepsis therapy.

Funding
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http://www.businessinsider.com/theranos-founder-elizabeth-holmes-is-a-billionaire-2014-9

estimated value  = 9,400,000,000$ 
USA Moon project = 20,400,000,000$

the board of the directors members (all-star board):

•William Perry (former Secretary of Defense)

•Henry Kissinger (former Secretary of State)

•Sam Nunn (former U.S. Senator)

•Bill Frist (former U.S. Senator and heart-transplant surgeon)

•Gary Roughead (Admiral, USN, retired)

•James Mattis (General, USMC)

•George P. Schultz (former Secretary of State)

•Richard Kovacevich (former Wells Fargo Chairman and CEO)

•Riley Bechtel (chairman of the board and former CEO at Bechtel Group)

•William Foege (former director U.S. Centers for Disease Control and Prevention) and others 

Funding
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Method Advantages Disadvantages

Physical filtration
Increased cell separation and sorting efficiency, easily

integrated with PDMS structures

Clogging and fouling of blood cells requires precise control

of filter geometries

Hydrodynamic and hemodynamic

processes

Inertial focusing for enhanced cell separation and sorting

narrowed sheathed flows

Produce stress on cell samples, may alter molecular

mechanisms, inhomogeneity

Surface Affinity and Topography Specificity, cell purity
May alter cell physiology after sorting and isolation

processes

Magnetophoresis
Directly differentiate blood cells without additives,

efficiency up to ~ 90 %
Weak magnetic flux gradients on cells

Electrical Methods and Acoustophoresis Sensitive, rapid, convenient, and robust. Easily integrated Electrolysis, temperature elevations, phenotypic changes

Table 1 : Common Microfluidic Separation Methods

Grigorev et al. Biosensors 2022, pending
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Innovation
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Research Objectives

Objective #1, uFD Chip
Objective #2, 

Trapping geometry
Objective #3, Topology 

Optimization

Biomicrofluidic chip, 
suitable for visual, 
quantitative and 

qualitative study of single 
RBC inside and outside

Trap RBCs in channels 
while keeping them 

suspended to allow fluidic 
flows around the trapped 

cell.

Achieve trapping 

efficiency 75%
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CHIP DESIGN; 
EXPERIMENTAL TEST OF 
CAPABILITIES FOR 
SINGLE CELL ANALYSIS
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Local Optical Tomography

• Design and fabricate microfluidic chip suitable for LOT

• Run the RBC solution through the chip and trap at least one cell

• Mathematically restore the 3D surface of the trapped RBC (RBCs surface vary per 

RBC type)

Raman spectrometry

• Design and fabricate microfluidic chip suitable for Raman spectrometry

• Run the RBC solution through the chip and trap at least one cell

• Obtain spectra of the chip + trapped RBC 

• Clearly detect hemoglobin on the spectra

Experimental results and discussion
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Simulation and trapping.
a) COMSOL simulation of the velocity gradient distribution in the trapping chamber 

(inflow velocity = 0.1 m/s, no slip boundary condition), red arrow indicates the flow 
direction;
b) 2 RBCs trapped in the mid-section cavity of the chamber and ready for tests.

Grigorev et al. Mendeleev Comms, 2022, 3 (accepted)

Concept
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Figure: chip fabrication

a) photoresist spincoating; b) photolitoghraphy; 

c) PDMS mold; d) chip packaging

Fabrication

Grigorev et al. Micromachines 2022, 13(3), 367
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Tomographic microscope have a 

unique feature of studying an internal 

structure of various transparent 

objects like 3D-printed constructions 

especially objects made of 

glass/quartz and/or transparent 

polymers which make this technology 

so appropriate to study glass+PDMS

microfluidic structures. 

Also it enables the research of 

native cells and the dynamic 

processes within cell’s membrane by 

changing spatial distribution of the 

refractive index inside a cell 

[Vishnyakov et al]. 

Whole image from the DIC-projections (1) is proportional to the Hilbert transform 

of the original function of the object. Applying inverse Hilbert transform (2) to 

DIC-projections image the tomogram of an object is reconstructed 

[10.1134/S0030400X18120226]. 

is total image from the DIC projections, f(x,z) is 2D image, 

is the angle between the perpendicular and the x axis on the interval 

Hx – Hilbert transform operator by x-axis and 

g is a partial derivative of the 1st order (r-coordinate) of central section 

Local optical tomography by differential projections
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Typical fabricated microfluidic

device

a) chip with one line used for

blood solution being injected,

due to the limitations of the

Local Optical Tomograph the

overall thickness is limited by

300 μm and output flow should

be open, having no tubes or

secondary PDMS slabs on top

of it; b) device thickness

comparison to a 0.6 mm thick

medical syringe injector

needle; c) – an example of a

PDMS first layer film used for

LOT

Grigorev et al. Mendeleev Comms, 2022, 3 (accepted)

LOT
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Raman shift, cm-1 Chemical bonds The sensitivity of band

1640 CaCm, CaCmH, CaCb Redox and spin state of Fe, presence of ligand

1588-1580 CaCm, CaCmH Spin state of heme Fe, diameter of porphirin ring

1552 CaCm, CaCmH Spin state of heme Fe, diameter of porphirin ring

1375 CaCb, CaN, NCaN Redox state of Fe, presence of ligand (for HbO2)

1355 CaCb, CaN, NCaN Redox state of Fe, presence of ligand (for dHb)

Figure: Chemical structure of heme in hemoglobin

Grigorev et al. Mendeleev Comms, 2022, 3 

Results of Raman spectrometry (combinatorial scattering)
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TOP. OPT. 1: OF 
MINIMIZATION. MANUAL 
CREATION/TESTING OF 
NEW GEOMETRIES
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• Design:   Glass (1.01; 0.17 mm) +  PDMS (4.8; 0. 13 mm) round chamber (1 mm), V-
shaped trap, holding/capturing concavity d = 25/35 micron (15 columns, 8 rows, 2 
channels per chip == 240 chambers).

Typical geometry of the devices 

used in the experiments for 

establishing the optimal width of 

the trapping channels.

Hydrodynamic            RBC            SiCMA
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Figure: chip fabrication

a) photoresist spincoating; b) photolitoghraphy; 

c) PDMS mold; d) chip packaging

Fabrication

Grigorev et al. Micromachines 2022, 13(3), 367



31

f, g, h – bovine 
erythrocytes, a, b, c, d, e –
human RBCs. To find the 
optimal parameters of a 
trap different geometries 
were tested within one 
chip: width ranging from 1 
μm to 8 μm. a) 8 μm; b) 7 
μm; c) 6 μm; d) 5 μm; e) 4 
μm; f) 3 μm; g) 2 μm; h) 1 
μm; the diameter of the 
human RBC = 7-8 μm 462, 
the size of the bovine RBC 
=  5-6 μm474

Experimental microscopic images of establishing the optimal 
trapping width for trapping a target cell.
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f_large intop1(u) m²/s Flow rate through the large outlet

f_1 intop2(u) m²/s Flow rate through the small outlet

f_2 intop4(u) m²/s Flow rate ratio

alpha 4.*mu0*dtopo1.theta_p/meshsz^2 Pa·s/m² Friction force

target_f_large 1E-4[m^2/s] m²/s Target flow rate 1

target_f_small 4E-5[m^2/s] m²/s Target flow rate 2

volume_f intop3(dtopo1.theta_p)/intop3(1) Volume fraction of the material

obj

(f_1 / target_f_small - 1)^2 +(f_2 / target_f_small - 1)^2 +(f_3 / target_f_small

- 1)^2 + (f_4 / target_f_small -1)^2 + (f_5 /target_f_small -1)^2 + 4*(f_large / 

target_f_large - 1)^2 + (curl / 2E7[1/s] - 1)^2 Objective function

f_3 intop5(u) m²/s

curl maxop1(uy) + maxop1(vx) 1/s

f_4 intop6(u) m²/s

f_5 intop7(u) m²/s

Re 100 100 Reynolds number

mu0 0.0035 [kg/(m*s)] 0.0035 kg/ms Dynamic viscosity

rho0 1060[kg/m^3] 1060 kg/m³ Density

D 100[um] 1E-4 m Inlet width

Uin Re*mu0/(rho0*D) 1 m/s Average inlet velocity

meshsz 0.0005[mm] 5E-7 m Mesh size

Flow solution rheological parameters (blood density…) 
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Flow rates, units = 10-6 м2/s

Broad channel 1-st channel 2-nd channel 3-rd channel

95.8 1.37 1.38 1.39

𝑂𝐹

=
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_1 𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_2 𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+ (
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_3 𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1)2+4 ∗ (

𝑓𝑏𝑟𝑜𝑎𝑑𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑏𝑟𝑜𝑎𝑑
− 1)2

(3.1)

Objective function Flow rates, units = 10-6 м2/s

Broad channel F0 1-st channel 2-nd channel 3-rd

channel

0 (optimization off) 95.8 1.37 1.38 1.39

(F1 / T1 – 1)2

T1 = 40.0

29.4 40.0 15.5 15.1

Comment: this objective function makes flow rate through the 1-st channel = 40.0

(F1 / T1 – 1)2 + (F2 / T2 – 1)2 + (F3 / T3 – 1)2

T1 = T2 = T3 = 40.0

14.8 28.8 29.4 27.0

Comment: this objective function brings the flow rate of the 1-st channel but doesn’t deal with the broad outlet flow

(F1 / T1 – 1)2 + (F2 / T2 – 1)2 + (F3 / T3 – 1)2 + (F0 / T0 – 1)2

T1 = T2 = T3 = 40.0

T0 = 100.0

18.9 27.0 27.0 27.0

(F1 / T1 – 1)2 + (F2 / T2 – 1)2 + (F3 / T3 – 1)2 + 4(F0 / T0 – 1)2

T1 = T2 = T3 = 40.0

T0 = 100.0

58.9 13.7 13.7 13.7

Flow rates, units = 10-6 м2/s

Broad channel 1-st channel 2-nd channel 3-rd channel

58.9 13.7 13.7 13.7
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Constraints

𝐶𝑅𝑉 =ඵ

𝛺

𝑎𝑏𝑠
𝑢2 ∗

𝜕𝑣
𝜕𝑥

− 𝑣2
𝜕𝑢
𝜕𝑦

+ 𝑢𝑣 ∗
𝜕𝑣
𝜕𝑦

−
𝜕𝑢
𝜕𝑥

𝑢2 + 𝑣2 Τ3 2
𝑑𝑥𝑑𝑦

𝑘 𝑉 =
𝑢2 ∗

𝜕𝑣
𝜕𝑥

− 𝑣2
𝜕𝑢
𝜕𝑦

+ 𝑢𝑣 ∗
𝜕𝑣
𝜕𝑦

−
𝜕𝑢
𝜕𝑥

𝑢2 + 𝑣2 Τ3 2
𝑂𝐹

=
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_1𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_2𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_3𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_4𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_5𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+ 𝑘 ∗
𝑓𝑏𝑟𝑜𝑎𝑑𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑏𝑟𝑜𝑎𝑑
− 1

2
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Constraints

𝐶𝑅𝑉 =ඵ

𝛺

𝑎𝑏𝑠
𝑢2 ∗

𝜕𝑣
𝜕𝑥

− 𝑣2
𝜕𝑢
𝜕𝑦

+ 𝑢𝑣 ∗
𝜕𝑣
𝜕𝑦

−
𝜕𝑢
𝜕𝑥

𝑢2 + 𝑣2 Τ3 2
𝑑𝑥𝑑𝑦

𝑘 𝑉 =
𝑢2 ∗

𝜕𝑣
𝜕𝑥

− 𝑣2
𝜕𝑢
𝜕𝑦

+ 𝑢𝑣 ∗
𝜕𝑣
𝜕𝑦

−
𝜕𝑢
𝜕𝑥

𝑢2 + 𝑣2 Τ3 2

𝑂𝐹

=
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_1𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_2𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_3𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_4𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_5𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+ 𝑘 ∗
𝑓𝑏𝑟𝑜𝑎𝑑𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑏𝑟𝑜𝑎𝑑
− 1

2

𝑂𝐹

=
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_1𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_2𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_3𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_4𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+
𝑛𝑎𝑟𝑟𝑜𝑤_𝑐ℎ𝑎𝑛𝑛𝑒𝑙_5𝑢 𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑛𝑎𝑟𝑟𝑜𝑤
− 1

2

+ 𝑘 ∗
𝑓𝑏𝑟𝑜𝑎𝑑𝑑𝑙

𝑡𝑎𝑟𝑔𝑒𝑡_𝑓𝑏𝑟𝑜𝑎𝑑
− 1

2

+
max
𝛺

𝜕𝑢
𝜕𝑦

+ max
𝛺

𝜕𝑣
𝜕𝑥

𝑡𝑎𝑟𝑔𝑒𝑡_𝐶𝑅𝐿
− 1

2

+

𝛺
𝑎𝑏𝑠

𝑢2 ∗
𝜕𝑣
𝜕𝑥

− 𝑣2
𝜕𝑢
𝜕𝑦

+ 𝑢𝑣 ∗
𝜕𝑣
𝜕𝑦

−
𝜕𝑢
𝜕𝑥

𝑢2 + 𝑣2 Τ3 2 𝑑𝑥𝑑𝑦

𝑡𝑎𝑟𝑔𝑒𝑡_𝐶𝑅𝑉
− 1

2
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CRL = maxop1(uy) + maxop1(vx)

CRV = intop1(abs(u^2 * vx - v^2 * uy + u*v*(vy - ux))/(u^2 + v^2)^1.5) 

Constraints

Grigorev et al. Micromachines 2022, 13(3), 367
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OF topology 
optimization
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coefficients for the parts of 
the OF

OF=K_1*()+K_2*
()... Target values

Probed value after the 
simulation

simulation NN

F_Broad curl curvature target_f_small target_curl target_curvature target_f_broad F_1 F_5 curl curvature F_broad

4.0 1.0 8.0 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 5.96E-07 5.46E-07 3.23E+06 1.00E+08 9.71E-05 1

3.0 2.0 5.0 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 1.06E-06 8.20E-07 8.51E+06 2.06E+08 9.50E-05 2

2.0 4.0 2.0 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 2.98E-06 1.36E-06 1.11E+07 1.50E+08 8.72E-05 3

8.0 8.0 0.5 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 3.65E-06 1.09E-06 1.12E+07 2.25E+08 8.53E-05 4

2.0 2.0 15.0 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 8.03E-07 7.25E-07 7.90E+06 1.50E+08 9.60E-05 5

0.5 20.0 40.0 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 8.72E-07 7.79E-07 8.54E+06 9.43E+07 9.57E-05 6

0.5 2.0 4.0 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 3.44E-06 1.39E-06 1.18E+07 1.82E+08 8.54E-05 7

0.2 4.0 6.0 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 3.45E-06 1.52E-06 1.21E+07 1.95E+08 8.51E-05 8

0.1 10.0 8.0 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 2.68E-06 1.47E-06 1.10E+07 9.90E+07 8.80E-05 9

0.6 0.7 0.8 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 3.34E-06 1.53E-06 1.20E+07 1.72E+08 8.55E-05 10

1.0 0.0 0.0 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 4.22E-06 3.94E-06 1.84E+07 2.70E+08 7.85E-05 11

1.0 0.0 0.0 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 5.58E-06 5.79E-07 1.43E+07 3.54E+07 8.42E-05 12

1.0 0.0 0.0 4E-5[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 5.58E-06 5.79E-07 1.43E+07 3.54E+07 8.42E-05 13

1.0 0.0 0.0 4E-6[m^2/s] 2.00E+07 2E8[1/m] 1E-5[m^2/s] 4.22E-06 3.92E-06 1.84E+07 1.42E+08 7.85E-05 14

1.0 0.0 0.0 4E-7[m^2/s] 2.00E+07 2E8[1/m] 1E-3[m^2/s] 4.00E-07 3.58E-08 3.66E+06 1.10E+08 9.88E-05 15

1.0 1.0 1.0 4E-6[m^2/s] 2.00E+07 2E8[1/m] 1E-4[m^2/s] 3.50E-06 1.04E-06 1.09E+07 2.00E+08 8.59E-05 16

1.0 20.0 20.0 4E-4[m^2/s] 2.00E+07 2E8[1/m] 1E-6[m^2/s] 4.21E-06 3.97E-06 1.85E+07 2.14E+08 7.85E-05 17

Pareto front parametrical plot
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TOP. OPT. 2: AUTO 
CREATION/TESTING 
OF NEW GEOMETRIES 
(10, 000 DATASETS).
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Constraints: 

• flow curvature, flow width, flow rates. 

• flow curvature (no flow direction 

rapid changes);

• flow width within the 

channel/chamber (the limit is - not 

narrower than ¼ or 1/3 of “broad channel” 

width;

• flow rates (each “narrow outlet” has 

1/3 of a “broad outlet” flow rate).

Parameters that may 

vary within a range: 
• width of the whole chamber (50 ... 250 

microns); 

• length of the whole chamber (10 … 200 

microns) excluding outlets length; 

• number of narrow outlet channels (3 ... 15); 

• width of the broad outlet channel (50 ... 100 

microns);

• length of the narrow and broad outlets (2 … 

50 microns). 

Constraints & variables
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Topology Optimization 2

Grigorev et al. Micromachines 2022, 13(3), 367
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TOP. OPT. 3: EA, AUTO 
CREATION AND 
IMPROVEMENT OF 300 
NEW GEOMETRIES
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𝑋𝑜𝑝𝑡 = arg min𝑋 𝐹 (𝑋 ),

𝐹 (𝑋 ) = G(𝐹 (𝑌 (𝑋 )) |𝐺 (𝑋 )), 𝐺 (𝑋 ) =

(𝑔1(𝑋 ), ..., 𝑔𝑀 (𝑋 ))

𝑋 = (𝑃1, 𝑃2, ..., 𝑃𝑁 ), 𝑃 = (𝑃𝑡1, 𝑃𝑡2, ...,
𝑃𝑡𝑘𝑖 ), 𝑃𝑡 𝑗 = (𝑥 𝑗 , 𝑦 𝑗 )

Nikitin,, .. Grigorev et al., GECCO 2021, Lille, France

The scheme of evolutionary approach 
for the de- sign of microfluidic geometry 

and an example of problem- specific
evolutionary operators.

Generative design of microfluidic structures using evolutionary approach 1
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Topology Optimization 3

Nikitin,, .. Grigorev et al., GECCO 2021, Lille, France
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TOP. OPT. 4: EA, AUTO 
CREATION SELF-
IMPROVEMENT OF 30, 
000 NEW GEOMETRIES



48 Grigorev et al. 

Micromachines 2022, 13(3), 367

Design stages of cell traps and the architecture of the 
evolutionary algorithm
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CRL = maxop1(uy) + maxop1(vx)

CRV = intop1(abs(u^2 * vx - v^2 * uy + u*v*(vy - ux))/(u^2 + v^2)^1.5) 

𝑻𝑽𝑹 =
σ𝑘=1
4 𝑣𝑘

𝑣𝑃𝐷 + 𝑣𝑚𝑎𝑖𝑛

Constraints

Grigorev et al. 

Micromachines 2022, 13(3), 367
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The convergence of the fitness function values (the function that is used to estimate how close a given design solution is

to the specified aim) during the evolutionary optimization of cell traps for the 100 generations (iterations of evolution).

Grigorev et al. Micromachines 2022, 13(3), 367

Convergence graph
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Final optimized

geometry of the

microfluidic trap

for single cell

The final optimized geometry

Grigorev et al. 

Micromachines 2022, 13(3), 367
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Grigorev et al. Micromachines 2022, 13(3), 367

Experimental results of the system following the evolutionary 
algorithm design to trap RBCs. 
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CONCLUSION 
AND CLOSING 
REMARKS
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Grigorev et al. Micromachines 2022, 13(3), 367

uFD successfully trapping cellsuFD design overview
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Discussion
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Grigorev et al. Micromachines 2022, 13(3), 367

uFD successfully trapping cells
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Future development of EA based on Generative Adversarial Networks
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