state space control - 22.1

22. SYSTEM IDENTIFICATION

Topics:

Objectives:

22.1INTRODUCTION

* A simple example
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Given a system model for aforce applied to a mass,

gx =V
dt
dt M

RN



state space control - 22.3

For an unknown second order linear system,

il =[edll-
-kl

The state variables can be replaced with backwards difference equations,

Xi—Xj_o

= x —x | T|.|F
X —2X _1+X _o c dld T|—2 f

2
T
The equations can then be written for three different set of pointsto yield six equations.
X — X _ 2,

Xi—Xi_»
—_— = ax +b +eF

T | —
XI XI 2 X
a(x;_y) +b( - D0=2) 4 ¢(0) + d(0) + €(F) +£(0) = -

a(x; _y) +b(xi_%xi_5) +¢(0) + d(0) + e(F) +f(0) = )('—%’(—5

a(xi_7)+b(%) +¢(0) +d(0) + e(F) + f(0) = Xi_e;xi_s
xi—2xi-|__21+xi_2 - ox 1+d)+x'2 i

a(0)+b(0)+c(xi_l)+d()%2) +6(0) +1(F) = Xi—2xi1__21+xi_2

a(0)+b(0)+c(xi_4)+d(xi-%xi-5) +e(0) +f(F) = Xi—3_2)-(|i_2—4+xi—5

a(0) + b(0) + c(x, _) +d(xi_%xi_7) +6(0) +1(F) = Xi—6_2Xi2—7+Xi_8
T
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The equations can be rewritten in matrix form,

i Xi—Xi_2 | XN~ Xi-2
Xi_q T 0 FO T
X —X:
X~_3—X-_5 i—3 i—5
X _4 — = ' 0 FO A T
X —X:
Xi_g—Xi_g b i—6 i—8
X _ 7 — = ' 0 F ol _ T
X —X _» d X, —2X; _1 X
0 0 Xi_1q T OF e T2
X _3—X_s ] [Xie3=2X_ 4t X5
0 0 w o o=6"Xi-74p X _6=2% _7%X_g
=7 T 2
- - i T
Some sample data points can be calculated for F=1 and M=1,
_ 12 _1Fp2 — - -
x—2at—2Mt T=1 F=1 M=1
x(0) =0 Xi_g =0
Xx(1) = 05 X_7 =05
x(2) = 2 Xi_g =2
X(3) = 45 Xi_5 = 45
x(4) = 8 Xi_4 =8
x(5) = 125 X_5 = 125
X(6) = 18 Xi_, = 18
X(7) = 245 Xi_q = 245
X(8) = 32 X = 32
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The values can be substituted into the matrix, and the matrix solved

[ ‘ [ 32_18 |
" 32118 0 o 10 :
125-45
125-45 - 12.5-45
g8 === 0 0 10|[; 1
- b 2-0
o5 22 0o o 10 1
= [32-2(24.5)+18
0 o 245 32218 4j|d >
1 o 1
— 125-2(8) + 4.5
0 0 8 125—4501 _f_ (2)
1 1
0O 0 05 %3 01 2—2(055)+0
i ] _ . |
- L
a (24514 0 0 10| |14 10
b 8 8 0 010 |8 2 .
cfl_|052 0 010 |2 .
d 0 02451401 |1 3 = q
e 0 0 8 801 |1 .
fl L0 0051501 |1] ‘: .

Substituting these values back into the state equation results in the following
expression, which matches the exact state equation.

R N CRe—
NRNR

This can be incorporated as a reatime algorithm to calcul ate the data parameters
based upon realtime updates.

output equation

=Ty
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i X —¥ 1 Xi —Xi_2 ]
i —Xi_»
X_1 0 0 FO T
Xi =X
X: —X: 1—3 i—5
AL ' 3T =2 ¢ 0 FO T
X a—X:
b X _a—Xi_ i-6_"i-8
J o T GT' 8 0 0 FO T
dl X, —X; o X —2X_1* %o
e 0 0 Xi_q T OF T2
f] X, _3—Xi_5 Xi_3—2X_4% X _s5
0 0 Xi_4 T 0F 72
0 0 « Xi—6_xl—70|: Xi_g—2X_7% X _g
i =7 T | T2

This can then be used as a model to calculate atransfer function as shown below
using the previous example.
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The state equation variables are,

AR N I B
AR o 3 R

these can be used to calculate a SISO system transfer function, and itsinverse.

e T B
S ER) R CECN

&
G- 0 0 H _ __(s=d)e+bf

(s—a)(s—d)+bc||f| (s—a)(s—d)+bc

-1 _ (s=a)(s—d) +bc

G (s—d)e+ bf

A block diagram for the system may then be written,

-1

plant

o]
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Consider the controller with the previous example.

The identified coefficients for the controller are substituted into the inverse transfer func.

a 0

-1 _ (s=a)(s=d)+bc _ (s=0)(s=0)+1(0) _ &2
~ (s—=d)e+bf (s=0)0+1(1)

G

- ® 0 0 T
P O oo r

The identified coefficients for the controller are substituted into the inverse transfer func.

CIRS

x _ 1

Fog

A state diagram for the system may then be written using a proportional controller,
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The state diagram is simplified,
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Xy ———— 1 X,

Note: This suggests that the result is an ideal controller, however in practice there are
errors, such as sensor noise, imperfect actuators, and changing system conditions
such as mass. This also assumes that the force actuator can generate any requested
force.
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22.2 SUMMARY

22.3 PRACTICE PROBLEMS

22.4 PRACTICE PROBLEM SOLUTIONS

22.5 ASSIGNMENT PROBLEMS

1.
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