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Abstract. In this paper, we use the sliding mode control based on high gain observer
to control the concentration of Polydatin in the liver of SD rates. Through data
processing and with the help of the nlinfit function in MATLAB, we take a fitting
analysis by using the Polydatin distribution data in SD rats’ liver tissues and achieve a
very good fitting effect. Based on the fitting function that have got, we take the
sliding mode control to design observer and controller for controlling the output and
creating MATLAB / Simulink simulation program. The mathematical model that we
made is clear and accurate, from which, we can easily observe and analyze the
input-output curves, estimate effectively the results, achieve our purpose that control
the output by controlling the input. Simulation results show that the control algorithm
have certain robustness and can achieve a good result to the external disturbance and
parameter uncertainty.

Introduction

Modern pharmacological studies show that the Polydatin can improve
microcirculation, inhibit the release of lysosomal enzymes, lower blood pressure,
anti-lipid peroxidation, anti-platelet aggregation, anti-platelet aggregation, cure cough
and asthma, anti-bacterial, anti-viral and so on [1-3]. The polydatin injections can be
used to treat myocardial ischemia, cerebral ischemia, shock and other cardiovascular
cerebrovascular diseases, to reduce tissue and organ damages caused by a variety of
factors [4, 5]. Taking effect in cells, Polydatin provides a theoretical guidance for
developing new drugs and studying shock mechanism [6, 7]. Sliding mode control is a
special control strategy, with a simple algorithm, have a advantage of insensitivity to
parameter changes and disturbances, no system online identification, physical
implementation simplicity, robustness and high reliability [8], it is widely used in a
various of control systems in engineering practice, especially for the deterministic
control system that can establish a accurate mathematical model. This control method
makes the system state slide along the sliding surface by switching the control
parameters, it also makes the system uncertain when it is affected by the proactive
move parameters and external interference. It is the feature that makes the sliding
mode control method attention of scholars [9, 10].
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Data [7]

SD rats were intravenously injected with a single dose administration of 20mg/Kg
Polydatin, the data of drug distribution in liver tissue are as following Tablel.

Table 1. The data of drug distribution in liver tissue

Time(min) | Liver tissue drug concentration (u/g))
10 1.7440.46
40 0.3840.02
60 0.2740.13
120 0.1540.09
240 0.1140.02

Establishing Two-compartment Model [11, 12]
Establishing Pharmacokinetic Model

The amount of drugs xi(t) in absorption chamber (such as blood) satisfies the
following differential formula (1):

—dxét(t) == 1X1(t), X1(O) =mC, (1)

In formula (1), ky is the ratio of drug's rate(the amount of the drugs reduces in per unit
time in the absorption chamber), from absorption chamber (or blood) to central
chamber (such as liver), and the amount of drug in absorption chamber. mcy is the
total amount of drugs, m is the mass of SD rats,cy is the ratio.

The amount of drugs in Central chamber (such as liver) satisfies the differential
formula (2):

dy, (1)
dt

= k1X1 (t)- kz Y1 (t) v Y (O) =0 (2)

In formula (2), kzis the ratio of drug's rate (the amount of drugs reduces in per unit
time in the central chamber), from the central chamber to vitro, and the amount of
drugs in the central compartment.

We solve the above formula (2) initial results by using MATLAB, the results are as
follows formula (3).

x; (t)=mcye "t
yi () =10 (e k2t —etaty (3)
1T N2

Note c(t)=yi(t)/m; among them, m; is the mass of the liver, bringing c(t) into the
formula (3), we can obtain as follows formula(4):
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c(t) =k(e " —e™) 4)

In formula (4), k=mcoki/my(ki-kz), kiZko.
Formula (4) is the mathematical model of drug content in liver that be established

after rapid intravenous injection of Polygonum,

Fitting the Data

We use the nlinfit (nonlinear least squares fit) function in MATLAB[13,14] to fit the
data in Table 1, the results are as follows formula(5):

c(t) = 2.7083(e 004" _ g 29674) ©)

The fitting results are shown in Fig. 1

Drug concentration (u/g)

Figure 1. The fitting figure of drug concentration data in the liver tissues

Using Laplace transforming function c(t), we can obtain the transfer function of
fitting function, the Fig. (2) is the run results :
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Figure 2. Output the transfer function

The transfer function can be obtained as follows formula (6):

7.9115 (6)
2.4+3.0121S +0.1326

F(S)=¢
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Sliding Mode Control based on High-gain Observer Design
High-gain Observer Design

The basic ideas of the high-gain observer are as follows: when the high gain observer
and nonlinear function satisfy the conditions of a certain relationship, it can replaces
the status feedback with the observations, and guarantees the stability of the control
system.

It shows that when the gain of high gain observer is large enough, the output
feedback controller can reappear the performance of the state feedback controller.

Reference [10] and [15] show that the transfer function obtained by fitting model
meets the following formula (7):

{>f<1 =% +hy (Y—%1) (7)
X=¢(X,u,w)+hy (y—X;)

In formula (7), (%, u,w)is the nominal mode of (X, U, o, d).

Consider object in formula (8):

GGs)=— K (8)
s“+as+b

The formula (8) can be expressed as follows formula(9):

6=—-ad—bo+U () 9)

In formula (9), U(t)=ku(t), 6(t) is a concentration signal, u is Control input.
Considering only precise target F(s) , we design observer as follows formula(10):

A - al ~
X=X +——(y—%Xq)

: - a (10)
X, =—3.0121-0.1326%, +U +g—§( Y—X1)

Sliding Mode Controller Design

The tracking error is defined as follows formula (11):
e=6,-60 (11)

In formula (11), &4 is the given concentration signal, we design the Sliding function
as follows formula(12):

s=10e+é (12)
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We take sliding mode control law as follows formula (13):

ut) = — (J, +3.01216 +0.13260 +108 + 1.56) (13)

7.9115

In formula (13), é=6,-6,§=106+¢.

The program of the sliding mode control system that designed in MATLAB / simlink
is showed in Fig. (3):
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Figure 3. MATLAB / Simulink block diagram

We take x1(0)=0.05, x2(0)=0, as the initial states of the controlled objects, 6d=sin(t)
as the concentration instruction, €=0.10, al=a2=1, as the observer parameters.
Running the program, we can get the control effects of the designed control program
shown in Fig. 4.
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Figure 4. Sliding mode control of concentration and concentration variance tracking

As can be seen from the Fig. 4, by using high-gain observer, without measuring the
concentration variance signal, we can get a good tracking performance. Diagram of
the entire system is shown in Fig. 5:
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Figure 5 System control diagram

What we can get from the control diagram is the following formula (14):

C(s) _ U(s)F(s)
R(s) 1-+U(s)F(s)

(14)

In formula (14), C(s) is the output function of the entire system, R(S) is the input
function of the entire system, in the case of known the output and the total transfer
function, by the formula (13), we can obtain the system input function as follows
formula(15):

C(s)A@A+U(s)F(s))

RO =0 ®F®)

(15)

Conclusion

1). The simulation results show that Sliding Mode Control based on high-gain
observer can effectively compensate for the adverse impact on the system that is
caused by the outside interference and controls Polydatin concentration in SD rats'
liver tissues.

2). The simulation results indicates that the designed observer has a better
robustness to changes in measurement parameters and outside interference, and
achieves a good tracking effect. The method doesn’t need to measure the speed signal,
and it has greatly reduced the jitter of the control amount.

3). Data fitting and control have achieved the desired effects, it expresses that the
fitting method and control method are applicable to this drug.

4). The mathematical model is clearly and accurately, from which we can easily get
the input function and achieve the goal to control the drug concentration in SD rats'
liver.

5). The method is also applicable to similar situations, we can estimate the results
of tests carried out, the method not only saving a lot of SD rats and equipment, but
also saving time for the development of new drugs.
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