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Abstract.
In this work we characterized the behavior of red blood cell motion through a glass microchannel. In this study we consider

the radial displacement of forty red blood cells and use different functions to approximate the radial displacement of each of
them, by means of global optimization using stretched simulated annealing method. Some numerical results are shown.
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INTRODUCTION

Blood is a fluid composed of a suspension of cells, proteins and ions in plasma. In normal blood, three types of cells
comprise about 46% of its volume. These cells are the red blood cells (also known as erythrocytes), white blood cells
(also known as leukocytes) and platelets (also known as thrombocytes). The main function of the blood is to transport
oxygen, nutrients, waste products and heat throughout the body. The circulating blood cells suspended in the plasma
are:

• Red blood cells (RBCs) - which are the most abundant blood cells and contain hemoglobin.
• Platelets - which are essential for cellular blood clotting.
• White blood cells - which are nucleated cells that represent the major defence mechanism against infections.

Approximately half of the volume of blood is composed of red blood cells (RBC), which is believed to strongly
influence the blood flow properties. Blood flow in microvessels depends strongly on the motion, deformation and
interaction of RBCs. Hence detailed knowledge on the motionof individual RBCs flowing in microchannels is essential
to provide a better understanding on the blood rheological properties and disorders in microvessels .

The paper is organized as follows. In Section 2 we describe the red blood cells motion and the problem formulation
in a optimization context. The Section 3 present the stretched simulated annealing method, and the Section 4 contains
some numerical experiments. We conclude the paper in the last section.

RED BLOOD CELLS MOTION

In the microcirculation, the flow behavior of RBCs plays a crucial role in many physiological and pathological
phenomena. For example, the random-like transverse motionand rotation of RBCs in shear flow is believed to play an
important role in thrombogenesis. However, the role of RBCsin the mass transport mechanism of cells and proteins
to the thrombus is still not completely understood [7, 18, 11]. As a consequence, many studies have been performed
on both the rheological and microrheological behavior of RBCs flowing through glass capillaries [2, 11]. It is then on
the cells that addresses this problem is to try to bring a light its movement along the micro channel. The data provided
to study the RBC displacement was obtained from [8], where the radial displacement of RBCs was obtained by a
confocal micro-PTV system [9]. In this study the RBC dispersion coefficient was measured by using the following
equation :

dy(t) =
(Ry(t)−Ry(0))2

2t



FIGURE 1. Coordinate system in the middle plane of a 100µmcapillary. The image contains both halogen and laser light, which
enables visualization of both labeled and non-labeled RBCs.

whereRy(t)−Ry(0) is the radial distance traveled by individual RBC, in the position y, over some time interval of
lengtht [8].

The time set consider was[0,0.4], and we fix 20 measurements for each RBC over a glass microchannel. The glass
microchannel has a diameter of 100µm.

The objective of this paper is to obtain a better approximation of the obtained data through global optimization.
We considerer four different functions (polynomials, exponential and logarithmic) defined as:h1(t) = x3t2+x2t +x1,
h2(t) = x4t3+x3t2+x2t +x1, h3(t) = x2ex1t and finallyh4(t) = x2ln(x1t) consideringx1 > 0.

The problem can be formulated as

min f (x)≡
n

∑
i=0

(yi −hk(ti))
2 (1)

werex∈ IRp and the data(ti ,di
y), for i = 1, ...,20, it was obtained from all the experiences.

OPTIMIZATION TECHNIQUE

To solve the problem (1) we consider the Stretched SimulatedAnnealing (SSA) method [15].
The SSA algorithm is capable of locating global solutions ofproblem (1) combining the simulated annealing method

with local applications of the function stretching technique and a local search [13, 14].
Consider the functions

ḡ(t) = g(t)−
δ1

2
‖t − t̄‖(sign(g(t̄)−g(t))+1) , (2)

g̃(t) = ḡ(t)−
δ2

2
sign(g(t̄)−g(t))+1
tanh(µ (ḡ(t̄)− ḡ(t)))

, (3)

whereδ1, δ2 andµ are positive constants.
At each iterationk, the SSA algorithm solves, using the simulated annealing variant, the following global optimiza-

tion problem:

max
t∈T

Φk(t)≡

{
g(t) if k= 1
w(t) if k> 1,

where the functionw(t) is defined as

w(t) =

{
g̃(t) if t ∈Vε(t̄ i)
g(t) otherwise,



andt̄ i (i = 1,2, ...,m̄) denotes a previously found global maximizer.Vε(t̄ i) represents a neighborhood oft̄ i , with rayε,
m̄ is the number of previously found global solutions of (1) andg̃ is the function defined in (3).

The SSA algorithm resorts in a sequence of global optimization problems whose objective functions are the original
g, in the first iteration, and the transformedw in the subsequent iterations. As the function stretching technique is only
applied in a neighborhood of an already detected global maximizer, the simulated annealing global algorithm is able
to identify the other global maximizers that were not yet found.

NUMERICAL RESULTS

The proposed algorithm was implemented on a Pentium II Celeron 466 Mhz with 64Mb of RAM, in the C program-
ming language and connected with AMPL [3] to provide the coded problems. AMPL is a mathematical programming
language that allows the codification of optimization problems in a powerful and easy to learn language. AMPL also
provides an interface that can be used to communicate with a solver.

Details of the selected cells are listed in the table, whereCell refers to the cell number,λ is the cell initial position
in microchannel,fhi the optimal value of objective function consideringhi , for i = 1, ..4 .

TABLE 1. Numerical Results obtained using SSA method

Cell λ fh1 fh2 fh3 fh4

5 8.74 9.6579E−16 5.5268E−17 3.7426E−15 4.9680E−15

10 15.37 6.7465E−17 4.7784E−19 1.7108E−16 2.3731E−17

24 66.25 7.9289E−18 5.0578E−18 7.4643E−16 2.5057E−16

34 74.66 3.0965E−17 3.6518E−18 2.0836E−15 1.9384E−15

36 78.99 3.7209E−17 3.4104E−18 4.3507E−16 4.1258E−16

40 81.74 1.3687E−17 9.9042E−18 1.4586E−15 6.2699E−16

We can conclude that the approximations obtained by the software SSA are similar that were obtained by Matlab -
optimization toolbox (polyfit andfminsearch).

Calculating the results of Table 1, we can see that the polynomial of degree three was a better approximation to the
movement of the cells in the microchannel, since gives a lessobjective function value.

CONCLUSIONS

In this work we consider the radial displacement of RBCs. Theobtained data was approximated by four different types
of functions, the sense of least squares. To solve the unconstrained optimization problem we consider the SSA method.

From this study, we may conclude that, in general, the function that better approximate the data ish2. In future work
we will consider different type of functions.

An on going study to obtain more detailed quantitative measurements of the blood flow behavior through a glass
microchannel is currently under way.
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