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X(t) = Ax(t) + Bu(t)  Dynamic equation(s)
y(t) =Cx(t) + Du(t)  Measurement equations
with t > t, and initial conditions x(t,).
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Jlia
L s S (25 A= 5)5 CRna s
y(t) + 2y(t) + y(£) = 3u(t) + u(t)
L als s Y s
s2Y(s) + 2sY(s) + Y(s) = 3sU(s) + U(s)

Y(s) 3s+1
_=H [ —
(s) s242s+1

=
U(s)
sl slad b aalad

{xm -[0 ) +[uw

y(®) =1 3]x(t) Jul s 4y clla glad Jas

Al @L“: d..j.l_\j):k__\maa Al slwd >>A=[0 1;-1-2];
(s (sl 4 >> B=[0;1];
>>a=[3 1]; >>C=[13];
>>b=[121]; >> D=0;
>> [A,B,C,D]=tf2ss(a,b) >> [a,b]=ss2tf(A,B,C,D)

Example 1.
Epidemic Disease



dx
*1 = —axy — sz + l,ll([),
dt
dXz
T = Bx; — yx; + uy(t),
dXx n
— = ax Xoie
dt 1 YX2
X —“a -
21 ) e
dt|
X3 o Y
|
1y (1) O—

o o =

o = O

[

uy(t)

uy(t)

|
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A(s) =1 — (—ozs'l — ys7t = B%57Y) + (ays™?),

()= s*A(s) =8+ (a + y)s + (ay + p?) =0.

(@ + ) > 0and (ay + p*) > 0.’

Discrete State Space Model
(Linear System)
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x = Ax + Bu.

| . x(t + Ar) — x(¢)
x(t) = Al,lzn»o At .

gncs x(t + T) — x(t)
T )

x(t +T) — x(¢)
T

= Ax(¢) + Bu(z).

x(t + T) = TAx(t) + x(¢) + TBu(t)
= (TA + I)x(¢) + TBu(t),
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x[(k + 1)T] = (TA + )x(kT) + TBu(kT).

x(k + 1) = ¢(T)x(k) + TBu(k),

Y(T) = (TA + 1)

Time response of an epidemic
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08 —02 0 0
x(k+1) =02 08 0 |x(k) + |02 |uy(k).
02 02 1 0
0
x(1) = | 0.2
0

x1(0) = x,(0) = x3(0) = 0.

[08 —02 0
x2)=[{02 08 0 {
02 02 1
[08 —02 0
x(3)=[02 08 0}
[ 0.2~ 402 11

0

0.

0

2

|

[ —0.04

0.16

| 0.04

|
H

—-0.04
0.16
0.04

input u,(k) is zero

|

—0.064
0.120
0.064

|



Discrete State Space
(Nonlinear System)

x = f(x,u,t),

x = f(x,¢) + Bu.

x = f(x) + Bu.

x(t +T) — x(¢)

= f(x(t)) + Bu(t)
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x(k + 1) = x(k) + T[f(x(k)) + Bu(k)).

x(k + 1) = x(k) + TE(x(k), u(k), k).

Improved model of an epidemic

= —axy — Bx1x2 " ul(t),

Bxixy — yxy + uy(t),
..X3 = ax) + YX2,

I

=
N
I

10
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a=pB=y=1, _and ul(t)=(—)-:
uy(0) = 1, and u,(k) = 0 for k = 1}
x'(0)=[1 0 O]

xi(k + 1) — x;(k)
T

xi(k) =

xl(k + 1; - xl(k) = —x,(k) — xl(k)xz(k),
Xy(k + 1) = xp(k)
T
x3(k + 1) — x3(k)
T

= +x;(k)xy(k) — x3(k) + uy(k),

= x1(k) + x,(k).

11



xilk + 1)= 0.8ny(k) — 0.2x1(k));2(k),

xz(k + 1) = 08x2(k) + 02x1(k)x2(k) + O.2u2(k),

X3(k ~+ 1) = X3(k) + Ole(k) + 02x2(k)

x1(1) = 0.8x1(0) = 0.8,
x3(1) = 0.2uy(k) = 0.2,
x3(1) = 0.2x4(0) = 0.2.

x1(2) = 08x1(1) - Ole(l)X2(1) = 0.608,
%2(2) = 0.8x,(1) + 0.2x,(1)x5(1) = 0.192,
X3(2) e X3(l) + Ole(l) + OZXz(l) = 0.40.

x1(3) = 0463, x,(3) = 0177,  x3(3) = 0.56.

3/3/2017

12



3/3/2017

S OB 1) ) GhS e e
x(t) = f(x(@),u(t))
Adlae m o sl u(t) s n o sl f{t) s x(t) QS Sl
Tl 4Bl 17 S el b S Cal Jolad adats S ¥
f(f:ﬂ) = Opx1

b ) ) alees Jalas dalis salia (6l JUe
filxy,x5) = x2 +3x3 + 1
folxy, x2) = x5 + 4x3>

>>syms X1 x2

>> S=solve([x112+3*x2/2+1;x1/2+4*x2/3]) >>Sx1 >>Sx2
5= ans = ans=
2% i
. -2%i
Xl: [6x1 sym] ((15"(1/2)*3%i)/8 - 11/8)(1/2)/2 (15™(L/2)*i)/8 - 1/8
x2: [6x1 sym] ~((15/(1/2)*3%i)/8 - 11/8)N(1/2)/2 (157(1/2)*i)/8 - 1/8
(- (157(1/2)*3*i)/8 - 11/8)(1/2)I2 - (15" (1/2)*i)/8 - 1/8
(- (157(1/2)*3%i)/8 - 11/8)N(1/2)/2 - (157 (1/2)*)/8 - 1/8

o e Gleatuns o Alla sliad Y alea Ja

R 4 4 O sie e ja lls Y alee Ja (gl g0 o
DS st Aeln )

ODE sdsolve &) giwa 3l salail )

A 4 A s slad o b s 93 S ) oaldil Y
e (S gar (slizad ) paldind Y
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van der Pol equations in relaxation oscillation:

@ N w ke

&y
dt
dy.

=y,

- loooa- W

5 (0)=0

-n ,(0)=1

JﬂMyﬁ)QJFMuBAJAw&B}Jm‘PJY .

dydt = zeros(2,1);

tion dydt = osc(t,y)

ODE45 siwd ) lizee o

Wector thar you can EA11 with your two desivatives: ODE15 sODE23 s\

dyde(l) = y(2);

N s W R

[T.Y] = call_osc()
tspan = [0 3000];
yl o = 2;
y2 0 = 0;

plot(T,¥(:,1),'o"

[T,¥] = odel5s(fosc,tspan, [yl_0 y2_0]);

+ G=98m/s
« L=2m

+ Time0to2n
+ Initial 6 = /3
+ Try ode23

+ Plot 8 with time

R Jlik Sy

=0 z,=d0/dt

dz, _.
da
dz I
2 - ——sin(z)
dt
1| function [] = call pend()
2 tspan=[0 2*pi]; % set time interval
3 z0=[pi/f3,0]; % set initial conditions
4 [t,z]=ode23(@pend, tspan,z0);
5 plot(t,z(:,1))
6| function dzdt = pend(t,z)
7 G=9.8; L=2; % set constants
8 z1=2(1); % get zl
9 z2=2(2); % get z2
10 dzdt = [22 ; -G/L*sin(zl);];
11t end
12+ end

3/3/2017
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dy(t) _
TR f®)y() =g
ki 0 e < e e o ) adyl bud a3b g () = 3sin(t — 0.25) s f(6) =t? —t—3 ol 1S

e

ft = linspace(0,5,25); % Generate t for f
f=ft.72 - ft - 3; % Generate f(t)

gt = linspace(1,6,25); % Generate t for g

g = 3*sin(gt-0.25); % Generate g(t)

function dydt = myode(t,y, ftf.gt,g)

f= interp1(ft.f1); % Interpolate the data set (fi.f) at time t

g = interp1(gt,g,t); % Interpolate the data set (gt,g) at time t

dydt = -f.*y + g; % Evaluate ODE at time t

Call the derivative function myode.m within the MATLAB ode45 function specifying time as the first input argument :

Tspan = [1 5]; % Solve fromt=1 to t=5

IC=1%yt=0)=1

[T Y] = oded5(@(t,y) myode(ty.ft.f.gt.2), Tspan,IC); % Solve ODE
Plot the solution y(t) as a function of time:

plot(T. Y):

title('Plot of y as a function of time');
xlabel('Time"); ylabel("Y(1)"):

A 4 4 g s Joad Ly (5 s 4l

¢ G=98m/s 5-0, z,-do/dt 18
« L=2m d 1
+ Time 0 to 2n SRS
« Initial 8 =3 dt

- N
+ Ty ode23 dz, - —Esin(zl)
* Plot 6 with time di L 05

af

+  clearall 15 . . : . :
. Z(l,l):pi/3; 0 200 400 T?:‘Oe 800 1000 1200
. 2(2,0)=0;
. i=1; 8
« dt=0.01; 2
. G=98;
. L=2; 1r
. for time=0:dt:10;
. i=i+1; N
. z(1,i)=z(2,i-1)*dt+z(1,i-1); 1
. 2(2,i)=-(G/LY*sin(z(L,i-1))*dt+2(2,i-1);
. end ol
. plot(z(1,:))
- figure(2) 0 200 400 60 800 1000 1200
o plot(z(2.)) Time

3/3/2017

15



3/3/2017

c_S\.'\...\SJA..)uJ.J

L1y om0 Jadl i alibas 2y
Pn_);&.‘l_._ﬁﬂu _).Jb..hia 5.31&4::1}‘.1:4_)_}5

d?x x Al
x(0)=0 sl p )G sea
dx d?x dx
dt (0) e 3 T 4x + 5cos(2t)
)} Scope — O “

IEGHEELIERE

Case Study: Pharmaceutical Drug
Absorption

Advantages of the state-space
approach are the ability to focus on
component parts of the system and to
represent multiple-input, multiple-
output systems.
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Pharmaceutical Drug Absorption Problem

S AL e e g el Hshdr Ol she | ) O )2 syl s e sl
dosage, absorption site,blood, peripheral compartment, and urine.

Dosage

Absorption
site

Blood

Urine

X1

x5

X3

Y

X4

Peripheral
compartment

X5

Each X; is

the amount of drug
in that particular
compartment.

Pharmaceutical Drug Absorption

d
dt

—X
dt 2

dt
dt

dt

X, =—K; X,

X =

X5 = K3 X3

Solution

Ag\...}nuihl.s‘ﬂlwtll‘))m@)‘)h)\&(aiﬁd‘)\j@)aﬁéﬂ)‘}igj‘)b@;u‘)d Rl

=KX - KX,

X, = KeX; — K, X,

K, X, — KX, + K X, — KX

‘)i-;‘ﬁg;‘:‘l-%dw})“)ﬁ‘ coj';cc._\l;d:inﬁa@\}i‘)ﬁ.\'
L oailadily (5550 5 Cafie caade L J e 3a ) 023 35l 55l
Jpfseaid 8 Hlai 3 e Cwdle
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Pharmaceutical Drug Absorption

X, -K

X K
d 2 1
—| %X |=| O
dt

X, 0

Xs 0

PRIERpri

A two-loop robust controller for HIV infection models in the
presence of parameter uncertainties

Nam H. Jo*, Y. Roh

Solution

P aadl A ) (i) a8 A e (B 2i L

0 0 0 0fx
-K, 0 0 0fx,
K, —-(K;+Ky) K, 0fx,
0 K, -K, 0]x,
0 K, 0 0fx

SHIV el Jsla ad ) (5 3l 1 Jba

O3 g oban il 0

:(Y~\A)4.]L§A:c;‘)4

Department of Electrical Engineering, Soongsil University, Dongjak-gu, Seoul 156-743, Republic of Korea

P ()l SO dae 4 daadi csa B LAS (s )l 93 Jae

Xy =s—dxy — B(1 —uxixz
X3 = A1 —uix3 — puxz

Ky = k(1 —upk; —cx3

Ry =s—dxy — (1 —uxx3
Ry =Bl —ukyxg — pxy

Xy =loy —cxy

((CDA+ T) alls (sled slus dlans i 343 X3 5 X2 X1 Jae o) 2
Al 5T sl g g dand s HIV 4005l sla Jglu alaad

Table 1
Nominal values of model parameters.
Parameter Value Unit
5 295 cells/(mm’ x day)
d 0.182 1/day
B 38910 mU/(copy = day)
P 1.02 1fday
K 5890 copies = mm?/(cell » mLx day)
24 1jday

3/3/2017
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Al gladl Al )y Jalas adads
O 4 e gl bl calla 53 Jalad adads

Jic

Ak’

(% 0, 0) =:Xn.

s dc ks d
)

B PPALY

X, =[1621, 0, Of,

Xinf =[1068, 98.57 24192]r

S5 e fen S (sl (Sstite Jalad Lol ol y Jalad ) sl (Saa age 4350
i R Hlai 53l it Jgd QB (S350 s Balad ) a8 Jhalis L Vg o) a4y

o 2 b s dalide el (g jla a8 hali (S5 5 g s S 5) 0 e 2358
Andlnad J ol Ji8 o die dlac) )l ol se

oxde et b Ja

Joai ) G sea 43 Jae caaa sla e iy i Ly e

o S-poo ko
=T B
7 xl—xz—x;—ﬂ
I | = | s—dx; - pxy
3 X3 -
1 =z
Z3 = bp(x) +ap(x)u
Z3 = —CZ3 + 7}{(2; __'_ftzlj
¥ =z

el pixs — fixixs) +d(dxy — s+ xix3)

=bplx)

_JJ.J.\&A

Bl —dbxxsu
—_—

—iaplx)
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Clie b (5 ludaa

clear all
Y%defined parameters
$=295; d=0.182; beta=3.89*(10"(-6)); mu=1.02; k=5890; c=24;
Y%initial condition
r0=0.2;
xs_1=(s-mu*r0)/d; xs_2=r0; xs_3=k*r0/c;
X(:,1)=[1068; 98.57; 24192];
Z(:,1)=[X(1,1)+X(2,1)-xs_1-xs_2; s-d*X(1,1)-mu*X(2,1); X(3,1)-xs_3];
%%%6%%%%%%%%%
u=0.4;
dt=0.01;
i=0;
for time=0:dt:200
i=i+l;
X(1,i)=(s-mu*r0)/d-(Z(2,i)+mu*Z(1,i))/(d-muy);
X(2,i)=r0+(Z(2,i)+d*Z(1,i))/(d-mu);
X(3,i)=Z(3,i)+k*ro/c;
a_p=beta*(mu-d)*X(L,i)*X(3,i);

b_p=mu*(mu*X(2,i)-beta*X(1,i)*X(3,i))+d*(d*X(1,i)-s+beta*X(1,i)*X(3,i));

Z(1,i+1)=Z(2,iy*dt+Z(1,i);

Z(2,i+1)=(b_p+a_p*u)*dt+Z(2,i);

Z(3,i+1)=(-c*Z(3,i)+(k*(Z(2,i)+d*Z(L,i))/(d-mu))) *dt+Z(3,i);
end

3/3/2017
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