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* State variable :

A set of variables which describes the system at any time instants
are called state variables .

petri arr-> -> init and
arraival time

N
State Variable :

speed and direction

U1(t) <
· Y(t)

m : number Vz(t) I · Ye(t)

of input : : p : number of

variables output variables
I

Um(t) I -Yo(t)

...

W W W

X, (H) Xz(t) Xn(t)

n
: number of state

variables

A state variable Equation

X(t) = AX(t) + BU(t) => state equation .

~+( = (x(t) + DUCH -> output equation .

first · XIt) : State Nector.
derivative · UIt) : Input vector.

· Y(t) :- output vector-
· A :-system matrix -

· B : Input matrix .

· cr-output matrix .
· D : Feedback forward matrix .



EXE 3 State variables (n)
-

2 inputs (m)
2 outputs (P)

(iii) - Last name)(i) - (ii) (t
(nxn) (nxm)

182] =

(e)()" (2]
u(t)

(pXm)

↳ state variable vector

·D

Xo

2

I X(t) t W t
UCH B > I S C S · Y(t)

at

A

*- state variable equation block diagram - A



* Example : consider a system model given by the following D . E :

+ 62 + 11 + by= ult)

where yet) is output & uct) is input ,
find state - space model .

X = y(t) A number of state

X2 = X , = y(t) variables depend
Xi = xz = y(t) on the order of

the diff equation .

we know that :

from the given equation
X = AX + Br X

, = X2
5.

Y = cX + DU X2 = X 3 E· ..

It)x = y = u(t) - 6X3 - 11X2 - 6X

(i) = (8-](x)+ (i) uses
(4) = (100) /) + o

& no information
about the D matrix



* Example : mass-spring Damper System u(t)

·w

friction & weight = o

K , b - is a storage element
y
by K

- Game*components that store something
like force spring

IF = ma

u(H - ky-bi =mic second order equation
X, = Y 3) ittwo state variables .

* ④

X2
= X =

⑧

Xi = j = X2
↓ ⑮

Xz = y = ultym -YmX-b,mx2

x = AX(t) + BUIt)

(x) = ( -)(* ) + (in] uses

Y(t) = <X(t) + DU(t)
D= 0

y =40)(i)



* Example : find S. S . M . If FM Ma I"
test a

s

E
IF

,
= m, a,

filt) -K, y ,
-K2(y , -12) = m

,
y

,

y = Ft) -3 ,
- 124 ,

+ 2 2
inputs : FiCt) , FzCt)
outputs : y,

(t) , Y2(t)
[Fz = Mae

Felt) - K2(Yz-y 1 ) -byz = m2 Y2

ii = (H) - Y2+ Y
, -32

Xi = Y, x, =
Y

, = Xz
*

X2 = Y

X3 = Y2 xz = Yi = -( 2)X+
,

3
I

Xy = Y2
x

= Y = x4

y = y = ut - X3+ - Y

Y = Ax + Bu

/ii) fam ! One)(i)-(i (i)
z

y = cx + Du

(i) :

(0898)()



[5, = m
,
Yz

-K,Y -K2(ye-y1)-b, (Yz-y , ) = miYz
· 472-342 + 34 , -2y2 + 2 j, = 12yz

1

yz = 13 - 72 + jy ,
- 542

2 Fz = me Y

F(t) - K2(y , -32)-b , (Y, -yz) = may , - (kkz) 32
+ k2Y,

-b
, %z + b

,
y = Yz

mi E in
,

m

, = (t) - y
, +24- Y+ he is

ii = (t) - 4 , + 42 - Y ,
+ii

X = y ,

=y
,
=j - + - +Xz

X = y2
f

xy = Yz x3 = Tz = Xy

xy = yz = +x - 43 +x - !M

Etti" !(i)
(i) (0 : 9 (i) o



*Ample : find state space model for the circuit below :

R,
C + Vo-

*I 11
U , = VinIt) I inputs C2

U2 = ( in (t)
vir

,it
i Re

~

(in(t)
-

X ,
= Vc , (t) ~

storage elements is
X2 = Vce(t) as state variables

X3 = ic(t) I
* i, (t) =

i
, -12

y = Vxz(t) = X2

mesh 1 : Vin(t) = R , 1 , (t) +V,
(t) + 2 [cit)-iztl]

mesh 28 ( [int)-i , (t)] + Ncz(t) + Re[icts-is (t)] = 0

mesh 3 : is It) =- (in (t)

i , It) = 2, = <, X,(t

ic(t) = 22( = 22 Xz(t)

X > (H) = ic(t) = (,X, (t) -(2Xz(t)

U , (t) - X, (t) = R i C ,
X

, (t) + LXs(t)

- (X
,(t) + Xz(t) + R2(2X(t) + R2Uz(t)

c , x , (t) -22 Xc(t) = Xz(t)

(i):"RE]"(i7 (ii)! -(i)
-Y(t) = [0 10] X(t) This method is harder

and take time to solveIl because of the inverse.



OR8-

X3 =
c, X,

- (2Xz
Vin =

1 , R + V
,

+ 1 Adiz)

C-
dt

diz-i)
+ Viz + Re (i+ i2) =

0

dt

6 u, =
R, c,
x + X + LYs eq1

- LXs
+ xz + R2C2X2 + RzU2

=
0 eq2

A Ui = x1 + Xz + R, C, X , + RzCzXz + Rale
- -

si+ 2Xe

U1 = xi + x2 + RiX3 + R , C2X2 + R2C2Yz + RalleIi-RiXs+ Rule(21R1 + R2)

xi= <, X , -Xs

u,
= x + x2 + R, c, X , + Rec,X -R2X3 +RzU2

Ii+RaXs- Ralz

, (R1 + R2)

to get Xs -> Sub . either i in eq or

Y in eq2 and simplify·

-u , =-RIX2+RRZXS RIR + X1 + LYs
(R ,

+ R2)

y =
U, R + R, X2-RR2Xs +R, R2U2 -R2X

((R, + R2)

/it eininen)(i) :Iin reallI
-

((R1+ R2)
-R, R2



A Ex = find S. S .M ? La Ra

t ->Ia- ↳e
t

Va Vemf -

Va = La a + IaRa +Vemf ... ---

output e &
It = j8 Tm = km I a Xi = 0 = Y input - Va

Tm -If =
JO Vemf = kpO Xz = Ia

Tm - bE = J
I I X2= 0 = Xi

· = Am In - b ...

x2 = 0 = An xs - EX2
is =

= Fa - Xs- *

(i)=1: )(*)-(-) va



A Transfer function T. = for state space .

T.5 =1 = c(SI-A)"B A
,
2

, B are matrices .

u(s)
I : identity matrix

* (SI -AS = I-A) because is scalar
.

det (SI-A)

(SI-A) =

0 S O

1SF -A) =(s 17 I I- 25 0 S

-355 I 235

det (SF-A) = 55 -- 35 = OS det(SI-A) = 0 - (- 652- 5) + 0

= 652+ S

adj(sI-A)=[-] adj(SI -A) =

[
- 25 65 + S - YS

I2
- 35 0 S

1SI-Alt=

(E) -
52 O 252

takes a lot of time

Examples

x(t) = (,, )(i) + (!-
y(t) = (0R](x2)
A = (,]B = (!) <= 0 as

T. F = c(SI-A)" . B

11 -Al=(( 3-(i))=Disin))"
det (SI-A) = Y

- it =



adj (SI-A) = SE )L
I A- /E*)

-L

+- =
= [0 &3

/
*

](
( - ( .I

= =ER +
#

T. F -> S . S .
M

# T
,
f =

bostartat an function

&
=> S .

S . M = A = 0

% I Iasan in
I

B =

(0) -
c = (100)

A = 0

0 I ....I! I
- An-an-1 ....

-

,



Ex : T.
F

= Res
+ 25 + 1

(i) =(2 -i)()+1]u
y =

(100)(ii)+

# T
. F = b ,+ b2s"-2 .....

butS'+b & B 1 ,
I

S

M S + a ,S + azS"- ..... an-1S'+ An -3 -

51

& T.
F =

Oi =-
51

0 asas·best e,
G Gz

;
I

u -Gc- Y

=Eastas

Xz =
i= (i) - (san "a)(*)+ () -

~ =

yoo(x)



y = WG2

y(s) = w(b , s + b25 + b3) = y(t) = I

y(t) = b , w + bzi + bzw = b , Xz+ b2Xz + b3X)

3 = (b) b2bi)(i)
final state space
model to use .

silcanall oneent sente e
# TF

=
Mbes?.. + bu-S+ b

S"B-
Is"+ a,S + AzS-2 ... + An ,

St An

0359;0
-

1 T.F =-s+ bes + b3

↓
53

+ a, S azS + A3

T
.F

=
bo

+
(b) - a,bo)s+ (bz+ azbo) S + (b) - asbu)
53+ a, s+ A2S +As

alwaysitraltitas
- ) cit

a
I = bo + 1 ↳ final state modelA
⑧ C

*

y = bou + AU to use .



EX : T.
7- 45223 ,

find S . S.

(i) = (iii) (*) + (i)
y = 71bs - asbo) (b2 -92bo) (b1 - a, bo)) () + 36034

y = (13-1312) 12-12)(2)) (4-151(2))]()+
223 u

x = 2- - 2 -

6)(i) +
u

Ex = T. F=An
,
find S . S .M

S + 35+ 25 + 1

(ii)=( )(i)+(Ju
y = (x1 - x)))(0 - x2)(11) (0 -

(3)(1)](x2)+ (603 u

y = (0 - z -

3)(i)
+ (134



Ex : T.7- 27' find S . S .M

(i)=(i
-
2-3)( *)+(]u

y =

[324)(ii)
+ +



Linearizations-

A in a Linear system :- X: (t) + Xe(t) = y
,
(t) + Yz(t)

aX, (t) + bx2(t) = ay ,
(t) + byz(t) linear system .

superposition

if a system is non-linear, a linear one can be be obtained using

Taylor series expansion .

Linear models are easier to understand (than nonlinear models)
and are necessary for most control system design methods.

linearized system is always a local approximation about the

operation point.

After linearization
,

we can write the state - space model as :

↳ii)(iii)***) iii) caus

x- Y = ( Ixxes, us /sixes
, us) (* - *) +( Is,xs, us] (u-us]

T
=
Ax +

Bi

j = <Y + Du

Generalization :-

· Elements of the linearization matrices :

· state - space form :-

Ais = Is us Bis = !: I, us Y
=AX+ Bu

j =cx+ Du

Cis= Ixs,us Dist Asus



EX8- x ,
= 2x,+ 3x2 + u >- non-linear systems

Xz = 2xi + 3x2+ u2

x3 = 2x, + 3X2 + IX3

y = X,

2

x, ( ! ) , = 1 find mar S. S
. M ?

/x) is el = A => i)A =

(2x,) 'ls
.

3 = (i)
c = (200]

A even though we found A, B , C
,
and D

D = 0 were not done because the question
wants theS .

Eit=((l+(it i
x = (200) (i) + 10



Examples- Interacting Tanks y= h2
, input= F

X = h, Xz= h2
F find state model.

W

- ene

ni hz

W

Ri Fi
S ~

R2
,
F2

Fi = R,he Fz= R2 2

· Modeling equations : -

~green-

=- he= filhishe , 5) : Ahi=E-E
--= Enhr-t= falh, , ha , 5) : sh2= - E-

- I

,

state variable => Xi = h,, Xz= h2

Input Variable - U = F

- assume only the second tank height is measured .

u = F- Fsus = (s) *(i) = (n ] y = hz - h2s

An-Inss
,

"

has
· Azz= Insis, has

Azi- Insis
,
"has

· Azz= Insis"neares
Bi = Ihe

,

" Ba =I Ins
,

"

y
= g(h, h2 ,

F) = ha- has

c= !,
0 : 42 = alnsizs"



· state - Space models-

[(i)).
e
(1) (1)

y = (01)(i) (y = x2 = hz - hzs)

F
W

- ene eneN

ni hz h
Ri Fl R2 Fe R3

, IsW S ~ > ~

Fi =Ri Fz =R2hs F = R33h ,
- he

& must be able to solve



A State Flow Diagrams :- #
-1

↑
X = ax

I

Wy = aX X- Y X > S >-

-x
y = ax + bxz X , Y

a

X2

D

X
=
Ax + Bu -> --

-

U B Xy = cx + Du
- - x = y

-
A

*EX ,
8 - x

=
3x1 + 2n = u= x , - - x - - y

y = X %B

x Exc :- (4) = (2) (x2)+ [i] u
y = (10) [! ) + 203 u Draw signal flow

diag ram.

Xi = X2

X2
=

-2x 1
- 3x2 + 4 S

order of X's

... xs xz Xi

y = X

-2

u-x= xtexx , -y

I-3



* EX38-

(i) =( ))+(.) u
3 = 20 13 (*] Draw signal flow diagram ?

x = Xz

x = EX -falz + tu

y = X2

-

YRC

2

x Y
U S X

2
-
I- ex- N-- x Y

-

A EXy-

(i) :(ii)(*)+ (5) u
x

= Xz3 = (1003(i) Yz = X 3
Y = - 1X,

- 2X2 - 3x3 + 54

y = XI

-3

W

5
y

- I -- x+ x+- x- yu
- X3 -> Xs -> x

2

-
- 2

- I



* EXso-
- 4

V

U ix- ) - X - x- ) - X-x-- x - y
3

~ M

- 3
- 2

-

3

Find the state space model ?

x
,

= Xz

xz = x 3

x3 = -2X - 3Xz - 4x3 + H

y =X , + 34

(ii) = 1 2 -i)()+(o)u
3 = (100)(ii) : 2334



* EXg8-
5

- 3

W
·

2" X- - X- -- X- - -X- Y ,2 3
M

M

- I 2

3
Uz >Y2

find state space model

xi = 2x + 2 x 2
y ,

= XI
Xz = x3 + 342

yz = X 2
x = 5X1 - 3x2 - x3 + 24

,

(i)=(= )(i) : I :
"

(a)

18) =(0ii)( )



A canonical form of the system : -

* controllable canonical form (C . C.f) .

T. F
=
bos"+ b ,+ ... + br

S + a
, g* + ... an

O I O ... O

A = I00 ! ... ⑧ I ·

= (i):

⑧ ⑧ 0 ...1

An - al--On- ....

c=((br-anbr)(bn--anbo) ... (b ,
-a , bo)] ,

D = [b0]

E. observable canonical form (0 . 2 .f)

T. F
=
bos"+ b ,+ ... + br

S + a
, g* + ... an

(i) for . a )(earby a
I

A B

y = (10 - 0)(x)
+ u



iDiagonal Canonical form (D . 2 .f) - 381

-> poles of T. f in the diagonal
T. F

=
bos"+ b ,+ ... + br

S + a
, g* + ... an

If = Gr + xip...inafteren
O ... O

11A = -:
c =< < ... (n) ,

D = [bo)

T.F = bo +
(b- abo)S+ (bz- azbo) S + (b) + aybo)

5 + a, S + &2 S + as ↳ ,1 S = P,

981
S = P2

S = Ps
(b,

- a .bo)S+ (bz- azbu)S + (b) +aybr)

(S-P, ) (S-P2) (S-P> )

T. 5 = bo+ * *

p,

iff PFP2 F Ps

&
Distinct poles)

⑧

IPo I =(i)A = Pz ⑧

⑧ o Ps

c = [ = (b) ,
D = [bo)



Jordan Canonical form (5. C .f)

T. F
=
bos"+ b ,+ ... + br

S + a
, g* + ... an

T.F = bo +
(b- abo)S+ (bz- azbo) S + (b) + aybo)

5 + a, S + &2 S + as ↳ ,1 S = P,

981
S = P2

S = Ps
(b,

- a .bo)S+ (bz- azbu)S + (b) +aybr)

(S-P, 1 (S -P> )

&

separate

T. 5 = bo+, * p, p,

iff P = P2 F Ps
=-

squarematrix
Pi * for matrix A

, we put
A =18) ·

s = (i) repeated poles in a separate
-...

square matrix then put an

upper diagonal of ones in that

c = [ = (b) ,
D = [bo) new square matrix .

* for matrix B, we put zeros

for the repeated poles and
the Last repeated pole we put 1

.

EX : P, P2 = P3 = Py , Ps , P

T. 8 = 5 + i *
:

+ os "Po

·

88
o

... - --

00..A =8 - i-I =I

!·
I

I * Eigen Values
O O are the same

as poles
& = P

c
= (4(((y<(6] , D = 0



To find Eigenvalues - 171-Al =0

C . C . F (original)
z = PX-

original matrix

X = AX+ Bu S ↳

y = cx + Du new Transformation
matrix matrix

p = ⑪ i i matrix ofI Y 72 Ts , I-> Transformation Matrix only
E

constants

; : i for getting D .Cf from c . c.f

" 72" is (c. C . f - D .
C. f) .

D . C . F (new)

Z
= Anew Z + BrewU px = A(PX) + Bu

Y = <new Z + AU Brew

A
new

BuX = P"APX +

Iy = <PX + Du

<new

Steps : -

① find

② construct P

③ find Anew= PAP
Brew = P'Bold
Cnew= Cold P

Dnew = Dold

④ write S
.
S. M



-(ii) (8)(i)+() find e
.
c . f

y =

(100)(ii) +
e

191 -Al= 0

X - I O p = I I

⑧ R - I = O I -3 -2 I
6 Il 2+ 6 9 Y

2(x1x+6) + 11) + 6 = 0

x + 672+ 11x + 6 = 0

7 = - 3
,

-1
, -2 ~ calculator

A new = pAP =
- 3 0

old I! I Buer = pBa=()
<new =Cap = [1 / 1]

Ex: T. F
= 52 +

212 3 ,
find D. C .+15.Cf

z+2 s

(ii)=f...-zil(i)(i)
y =

(231)/)
+



example : A =

I
8 - S 10

I
3

= (i)
c

= [1 -24]
0 - I I

-I S -1 I D= 0

find the diagonal conical form

/XI-Al = 7-0 S - 10

0 x+ 1 - I

0 -5x+ 1

=> (x-0)((x + 1)(x+ 1) - 5) - 40-10) - 8(+1))

= (x -0)(x+ 10x + 1 -5) - 40 + 00x + 80

= Y + 107+ 44 - 042 -0x - 32 - 40 + 80R +00

= Y + 27 + 47 + 0 = 0

7
, = - 2 12 = 2 [ B3 = -21



Ex: T
.
f =

+2

find < . c .
f o. c .

f and D. C .f/5.
C .f

+
A = (

-

2
-3) -

B = (i)
c = [31]

(ii) = (
-2 s)(*) + (i) u

y = <313(! )-

0
. C . f
-

(ii) = ( ; 4(*) : /: ju
y = 30 13 (*)-

D. C. f1J . c. f
-

poles : -1
, -2

T. 5 =

!, If ie
c

, (s+ 1) + <z(s+ 2) = S+ 3

& S = - 1 = (1
= 2

& S = -2 = cz = - 1

(i)= (2)()+(i]u
y = [2 - 13(4) +

so



I
031 a32 033

I
if det(A) = 0 -> singular matrix .

A = a a s if A is singular--
A "doesn't exist.

Matrix A is non-singular #f det(A) #O

A Matrix Rank => RCA) = # of independent columns/rows .

A if A is non-singular-> A is a full Rank matrix

controllability

if we can drive state space variables from X(t) to X(tf) in finite

time using (u) , system is controllable .

c = M = 1B : AB : A B ....... A
*

Bxcrams)

The system is controllable If R(M) >/ n
-

number of state variables .

-x: (I ) =(i) ()+(=2)u is the system controllable ?

M= [B A B]

=(2 : ] = def(M) = 0.
: not full rank

R(M) = n => system isn't controllable

: (i)-(((i)+(Ju is the system controllable

m = [B + B +2 B3 = /ye) 1M1 = -144 +0 ... matrix

is full

Rank - R(M) = 3 > n

: system is
controllable .



-- = -- -

EX: X- - 2 I 00 O X- - 1
=

Xz 0 -2 0 0 X2 00

x3 = 0 0 do o X3 I 30 U

Xy O 0 O -S I Xy 00

-

Xs
--

O O 00 -5
- -

XS
-

2 1
-

M = [ B : AB , A B ! AB : A "B]

0 -2 34-6 - 0 24 16=8

" i ! " O

-

20 2 Yo3 o o as
or s zo

O

-2010 150 75-1000 - 500

625
-

d
11 = -181 since det to there is a sub-matrix with R= 5

-
so system is controllable

if it was = 0 we shift

the matrix to the right one

by one until we find the det

that I 0 . (if not found then not controllable) .

observability

system is observable if X(H) at time (e) can be approximated

by observing the aut y(t)

system is observable

output

effe if R(Ob) > n

ability to control y through u

Oc = [CB : CABiCA2B !....; A
*
B, ]

(n +13r A m
↳ # of output

A The system is output controllable # of input
iff Rank (0c)>



Example : find if the system is controllable or observable or output
-

controllable
.

A =

12 I 3 =

(ii) c=(0 , i)

① M
= [B AB A

*B] = 0 I O

Io y Y I
O 1311 I

det = 0 -1(3-0) + 0
=

- 3 = 0

-> The matrix is full Rank = 3 >n so the system is cont.

zeros

①On =/) at zidot inrain, not s

③ Oc = [cB : CAB : <AB : D]

=

9 !! 28 : !188)L
det = 0 -1(1) =- 1 Fo

R = 2 x m so the system is output cont .



LTI solution (linear time invarient solution) : -

x(t) = Ax(t) + Bu(t)

LTI solution is to find t

I[X(t) = Ax(t) + BuCt)]
L

Laplace -X(S) - X(0)
=
AX(S) + Bu(s)

SX(s) - AX(s) = X(0) + Bu(s)

x(s)(SI-A) = X(0) + Bu(s)

X(S) = (SI-A) (X(0) + Bu(s))

x(S) =

1 x10)
+

e
e ↑ (t) = I "(x(s))

Response Response

initial
state

ARevision : -

x(S) = 2x(t) = ex(t) · dt

2x(t)
= SXCS) -X(0)

S

2At = A/ 2

jet = sa

21 = A/
S aIt et
: as

step response - u(s) = -



Example : xit =(8-s)(x) x10) = / ! ) ,
find xt) ?

x (5) = &(s) X(0) +&Buis
there is no

& (s) = (SI-A)

(51 - 1) =(8 sis] (SI -As=

ISI -As= sto s11-

52+ 6s + 8

X(s) = (SI -A) x(0)

Ixx - )(i)-(l
xi)-(i,
+2

= =
& s= - 2+ & S = - 4 --1

-o
= - + =-

(S+ 4)(s+2)

@s=- 2-4 & S = -4+74

x (t) = [xcs) = (Rei7 *"



Example : if the input u(t) is unit step function find x(t) : -

&
,
the initial state is zero.

(i) = (20s)()+( ,) uses

x(x) = 0x20 + q2s) Bucs

&(5) = (SI-A)
-

?6
xx =

/ :) (i)
-(:
3sts =

stes" " 2 s

=
A(s)(S +2) + B(s)(S+ 1) + ((s+ 1)(S+2) = 1

& s =
0 + c = 0 . 5

0 . 5s & S = -1 - A =
- 1xct= I'( 5I

& S = = 2 - B = 0 . 5
-t

= -
+ 0 .5et+ o .S

3s+2) =

estes" is 2

=
A(s +2) + B(s+1) = 1

& S = - 2 - B =
- 1

xx = 2) z( & S = - 1 - A = 1

=It
_ est

x(t) = ( = + 0 .5]



* Pole Replacement : -

* (t) = AX(t) + BuCt)

y = (x(t) + Dut

D

u B ·X it -X < · Yin

A

k

x (t) = AX(t) + B(- kX(t) + u)
*(t) = (A - Bk)x(t) + BuCt) y = (x(t) +Dult)

ne

Anew= A- BK

* pole replacement iff system is controllable , so

first step is to verify that the system is cont

if it is
,

we can proceed .

* Dold= 1 SI-Al

= + a,
S + .... + an -,

S' + an

A new
= 1 SI-Anew/
=(S+ Pinew) (S+ Penew) .... (S+ Prnew)
=

+ x ,
S + .... + Xn

* k = ((xn - an) (2n- -an
-1) .... (2 ,

-a
, )]

A Anew= Aold -BK



* Pole Replacement steps : -

1. controllability test (find M) .

(system must be controllable )

2 . find Sold and new

d ↓
to find (a) to find (X)

3 . find K
: (initiall Ki = [(Xn-an) (n-1-an-1) ... (x ,

-a , )]

4. construct T to find (TY
T = Mw

where M : controllability test Matrix

Aold= 1SI-And= S + A,+ ... + ans'+ an

W = an-1 ar
... an I

- I

from old & an-2 al I ⑧ I should be

coefficient an-3 ....

, 1 0 0 Identity ifI!" I 00 system is cont.

-

-

0

5. Kfinal= KiT

6 . A new= Add - BKfinal



>ample :

(i)=(8)) : (i) u

Inew = [-2+54-2-54-10]

c = 21 o 0]
D = [0]

① controllability &
given

M = [Bi AB : A B]

M =
00 det(M) = - 1 =0I· I- 6 Rank (M) = n = 3

- 631 : system is controllable

② -old= 1SI-Al
= S - I 0 = S+

65 + 55 + 1

⑧ S - I

I 55+ 6 26 I 51

* new = (S-P, ) (S-P2) (S-PG)
=> (s- ( - 2 + j4))(s- (- 2 - j4))(s - (- 10))
= S+ 1452 + 60S + 200

i 560200

③ ki = (( -as)(X2-az)(x,
- a ! )]

ki = [(200-1) (60 -5) (14-6)]

ki = [14558]

④ T = Mw

w =

a as

I
I
:? ]

: (i ! ]

I = ! 0 -i =

3 i) : " i) I
0 0 I

I
T-

I ⑧

③ Kfinal = Ki A T = (1995 o jei) [11558]
⑥ A new= Ard - BKfinal C

-

I· , 4 I
- 200 - 60



example : A = (20 3) :
B = <, ) ,

c = 2103 , Pew=[-3-5]

find new s . S . M full rank

↑
det (M) = - 4 = 0 ... Rank = 2M = (B 1 B) = (20-3] Rank], 2 :: system is cont.

san= 151-Al = 12 Sist = S(S + 3) + 2 = 5+ 35 + 2
a , az

-new = (s+ 3)(s + 5) = s+ 8 + E

ki = [(15 - 2) (0 - 3)] = [13S]

T = Mw w= /?i ]
i = (== ) ,

= 18-s]
kfinas= [13 53/85 .3)

= S 2.53

Anew= Ana -BKi =

(2) - ( =) (5 2 .53 =(i -d)

(i) = (3-0)(i) + (2) -

y =

<03(x) + *
*



10Example :

given T.
f=

(s+1) (s+2)(s+ 3)

Puew= [-2 +525-2-525-12]

find new s. S. M I>01d = (S+ 1) (S+ 2)(5+ 3) =

565
+ 115+ 6

G c.c
.
f

(i)=()()+()
x =

x1003/i)
① controllability

I I ->
det = -1000 FoM

= SB : AB : AB) =

I : matrix is non-singular
... is full rank

... Rank (M)>, n

② Doid= 1SI-A) = S -1 O : system is controllable
.

0 S - I

6 11 S + 6 =
S(S(s+ 6) + 11) + 6

= S+
652 + 115 + 6

a = 6 az = 11a = 6

-
new

= (s+ 2-j25)(5 + 2+325)(s + 10)
3

+ 25 + j25 + 25
+ 4 + 1453 -35 - 5455 + 12

= (s + 45 + 16)(S+ 10)

= 5 + 45+ 165 + 105+ 40s + 160

= 53+ 145+ 565 + 160 T = Mw I

I: ] i IX3 = 160x2 = 56 xi = 14

0

③ ki = [154458]
+=

gi
⑧

I0
kfinal = KiT" = [15 . 4 4 .50.8] I

O 0. 1

Anew= Aold - BKfinal= ⑧ I

ooo11I

- 160 -56-14




