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(57) ABSTRACT 

A method of predictive control for a single input, single 
output (SISO) system, including modeling the SISO system 
with model factors, detecting output from the SISO system, 
estimating a filtered disturbance from the output, determining 
a steady state target state from the filtered disturbance and a 
steady state target output, populating a dynamic optimization 
solution table using the model factors and a main tuning 
parameter, and determining an optimum input from the 
dynamic optimization solution table. Determining an opti
mum input includes determining a time varying parameter, 
determining a potential optimum input from the time varying 
parameter, and checking whether the potential optimum input 
is the optimum input. 
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SISO MODEL PREDICTIVE CONTROLLER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

2 
computing hardware take too long to run. Run time can be 
reduced by using more sophisticated computing hardware, 
but such hardware is too expensive for use in the many SISO 
systems. Tuning model-based control systems is also com-

5 plex, time consuming, and expensive. 
This application claims priority to U.S. Provisional Patent 

Application No. 60/542,805, to Rawlings, et al., entitled 
SISO Model Predictive Controller, filed Feb. 6, 2004, and 
incorporated herein by reference. 

STATEMENT OF GOVERNMENT RIGHTS 
10 

It would be desirable to have an SISO model predictive 
controller that would overcome the above disadvantages. 

SUMMARY OF THE INVENTION 

One aspect of the present invention provides a SISO model 
predictive controller which is able to make control decisions 
quickly. This invention was made with United States government 

support awarded by the following agency: NSF #CTS-
0105360. The United States government has certain rights in 
this invention. 

Another aspect of the present invention provides a SISO 
15 model predictive controller which runs on simple computing 

hardware. 
A portion of the disclosure of this patent document con

tains material which is subject to copyright protection. The 
copyright owner has no objection to the facsimile reproduc
tion by anyone of the patent document or the patent disclo- 20 

sure, as it appears in the Patent and Trademark Office patent 
file or records, but otherwise reserves all copyright rights 
whatsoever. 

TECHNICAL FIELD 25 

Another aspect of the present invention provides a SISO 
model predictive controller which optimizes control behav-
10r. 

Another aspect of the present invention provides a SISO 
model predictive controller affording ease of tuning. 

Another aspect of the present invention provides a SISO 
model predictive controller affording setpoint tracking accu
racy and disturbance rejection. 

Another aspect of the present invention provides a SISO 
model predictive controller affording robustness in the case of 
system/model mismatch. This invention relates to system controllers, and more par

ticularly, to a fast, easily tuned single input, single output 
model predictive controller. 

Another aspect of the present invention provides a SISO 
model predictive controller able to handle complex systems 

30 and system constraints. 
BACKGROUND OF THE INVENTION The foregoing and other features and advantages of the 

invention will become further apparent from the following 
detailed description of the presently preferred embodiments, 
read in conjunction with the accompanying drawings. The 

Systems can be defined generally as an object in which 
signals interact to produce an observable output signal. The 
system can be a physical entity, such as a chemical process, an 
electrical circuit, or an engine. The system can also be an 
abstract entity, such as the stock market or a financial system. 

35 detailed description and drawings are merely illustrative of 
the invention, rather than limiting the scope of the invention 
being defined by the appended claims and equivalents 
thereof. One important type of system is the single input, single 

output (SISO) system. As the name suggests, a SISO system 
has a single input and a single output. This is in contrast to 40 

multiple input, multiple output (MIMO) systems. SISO sys
tems are commonly controlled using proportional-integral
derivative (PID) controllers, while MIMO systems are com
monly controlled using model-based control methods, such 
as linear quadratic (LQ) control or model predictive control 45 

(MPC). 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an SISO model predictive 
controller made in accordance with the present invention; 

FIG. 2 is a flow chart of a method of model predictive 
control for a SISO system made in accordance with the 
present invention; 

FIG. 3 is a hardware diagram of a SISO model predictive 
controller made in accordance with the present invention; and 

FIGS. 4-6 are simulation results showing the performance 
50 of a SISO model predictive controller made in accordance 

with the present invention. 

PID controllers are used in essentially every industrial 
facility using feedback control. The historic use of analog 
PID controllers led to the use of digital PID controllers. Yet, 
PID controllers have a number oflimitations. PID controllers 
are difficult to tune, because the proportional, integral, and 
derivative settings are set independently, but interact to deter
mine the control behavior. PID controllers also fall short in 
setpoint tracking accuracy and disturbance rejection. When 
the system and the model of the system are mismatched, PID 55 

control is not very robust. PID control also has difficulty 
handling system constraints, such as valve motion limits. 

Model-based control methods are used for complex sys
tems, such as MIMO systems, but are seldom used for the 
simpler systems, such as SISO systems. Model-based control 60 

systems use a model of the system and make control decisions 
based on the model. Model-based control systems are popular 
for complex systems because they can control complex sys
tems, optimize control behavior, and account for system con
straints. In spite of these benefits, existing model-based con- 65 

trol systems are too complex for general use with SISO 
systems. Model-based control systems running on simple 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is further described in the paper 
entitled "A Candidate to Replace PID Control: SISO Con
strained LQ Control" attached hereto as Appendix 1 and 
incorporated herein by reference. 

FIG. 1 is a block diagram of an SISO model predictive 
controller made in accordance with the present invention. The 
SISO model predictive controller 100 controls a system 102 
having an input uk and an output y k· The SISO model predic
tive controller 100 includes a state and disturbance estimator 
104 receiving the input uk and the output y k, and generating a 
filtered state x*hat*k and a filtered disturbance d*hat*k; a 
constrained target calculator 106 receiving the filtered distur
bance d*hat*k and a steady state target output y*bar, and 
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generating a steady state target state x*bar*k and a steady 
state target input u *bar*k; and a constrained dynamic opti
mizer 108 receiving the filtered state x*hat*k, the filtered 
disturbance d *hat*k, the steady state target state x *bar*k, and 
the steady state target input u *bar*k, and generating an opti- 5 

mized input uk. 

The system 102 is any single input, single output (SISO) 
system, having an input uk and output y k· The system 102 can 
be linear or non-linear. The state of the system 102 is 
described with a state vectorxk. The system can be a physical 10 

entity, such as a chemical process, an electrical circuit, or an 
engine, or an abstract entity, such as a financial system. The 
state-space discrete time model of the system 102 is a linear 
model written as: 

15 

(1) 

4 
The filter gains are calculated from the values used in the 

model of the system in Equation 1 as follows: 

, [ A Bl , [ qxfn O l , 
A= 0 1 ,Q= 0 1 ,C=[C OJ 

(7a) 

where the estimator tuning parameter 'h is a non-negative 
scalar and the colunm vector In has all elements equal to one. 
The estimator tuning parameter 'his typically between 0 and 
1, and a value of0.05 has performed satisfactorily in various 
system simulations. 

The estimator steady-state Riccati equation is: 

(7b) 

where the output noise covariance parameter Rv is a positive 
scalar. The output noise covariance parameter Rv is a measure 
of the noise on the measured output signal y. A value of0.01 

where the state x is a real state vector, the input u is a real 
number and the output y is a real number. A, B, and C are 20 

model factors representing the system 102. The time incre
ment k is a non-negative integer and m is a non-negative 
integer accounting for the time delay between the input and 
the state. The input u is constrained between a minimum and 
maximum value: 25 for the output noise covariance parameter Rv has performed 

satisfactorily in various system simulations. The ratio of the 
estimator tuning parameter 'h to the output noise covariance 
parameter Rv determines the responsiveness of the filtered 
state and filtered disturbance estimation. U is a symmetric 

(3) 

where um,n is less than umax· The constraints account for 
limitations on the input to the system 102, e.g., valve travel 
limits in a chemical process or current limits in an electrical 
circuit. Those skilled in the art will appreciate that the system 
102 can be any number of SISO systems. 

30 semi-definite matrix of real numbers. 

FIG. 2 is a flow chart of a method of model predictive 
control for a SISO system made in accordance with the 35 
present invention. The method includes modeling the SISO 
system with model factors 210, detecting output from the 
SISO system 220, estimating a filtered disturbance from the 
output 230, determining a steady state target state from the 
filtered disturbance and a steady state target output 240, popu- 40 
lating a dynamic optimization solution table using the model 
factors and a main tuning parameter 250, and determining an 
optimum input from the dynamic optimization solution table 
260. 

Finally, the filter gains are: 

[
Lx l ,T(, ,T )-1 

L = Ld = ITC enc + R, 
(7c) 

where the state filter gain Lx is a real colurmi vector and the 
disturbance filter gain Ld is a real number. The filter gains are 
typically calculated offline, then used in the online calcula
tion of the current filtered state and disturbance to speed 
operation of the SISO model predictive controller. In an alter
native embodiment, new filter gains can be calculated online 
while the estimator continues to use the current filter gains 

Modeling the SISO system with model factors 210 
involves modeling the SISO system as a state-space discrete 
time model with model factors as discussed above for FIG. 1. 

45 until the new filter gains have been calculated. Typically, the 
filter gains change slowly because the nature of the distur
bances changes slowly. 

The current filtered state and filtered disturbance are esti-Detecting output from the SISO system 220 involves 
detecting output using detectors appropriate for the SISO 
system. For example, if the SISO system is a chemical tank 
with fluid flow to the tank, the input can be a parameter 
controlling flow rate to the tank, such as a valve position 
demand signal. The output can be tank level as measured by 

mated online in real time using the filter gains calculated 
50 offline in Equation 7c: 

a level detector in the tank. In another example, if the SISO 
system is a fluid filled tank, the input can be a parameter 55 

controlling heat input to the tank, such as a steam valve 
position demand signal or a resistance heater current demand 
signal. The output can be measured tank temperature. 

Estimating a filtered disturbance from the output 230 
involves calculating filter gains offline and using the filter 60 

gains online to calculate the current filtered state and filtered 
disturbance. The estimate uses a steady-state Kalman filter. 
The disturbance arises from augmenting the model of Equa
tion 1 with an integrating disturbance. Adding an input dis
turbance guarantees offset-free control of the output yin the 65 

presence of plant/model mismatch and/or unmeasured inte
grating disturbances. 

(5) 

where Yk is the current output. The current (k) value of the 
filtered state x*hat*k and the filtered disturbance d*hat*k are 
a function of the prior (k-1) value of the filtered state 
x*hat*k-1 and the filtered disturbance d*hat*k-1, respec
tively, and the prior (k-1) value of the filtered state x *hat*k-1. 
For the initial run at k=0, the prior (k-1) values are not critical 
and can be set to any value, such as zero. 

Determining a steady state target state from the filtered 
disturbance and a steady state target output 240 involves 
calculating a constrained target matrix M and constrained 
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target gains G1 , G2 , and G3 , offline and using the constrained 
target matrix and gains online to calculate the steady state 
target state. 

6 
Populating a dynamic optimization solution table using the 

model factors and a main tuning parameter 250 involves 
calculating possible inputs for all the selection components of 
the input u offline and storing the selection components in a The constrained target matrix M is calculated using the 

following equation with the values used in the model of the 
system in Equation 1: 

[/-A -si-1[B Onxll[--l=[Mu M12l[-l (31) 

5 dynamic optimization solution table for use in selecting the 
optimum input. Each component of u can be at the lower 
bound, at the upper bound, or between the lower bound and 
the upper bound. Therefore, the total number of possible 
inputs is 3N, where N is the number of time increments to the 

C O O 1 y M21 M22 y 

where M11 and M12 are real colunm vectors and M21 and 
M

22 
are real numbers. 

10 horizon. In one example, N is 5 and the total number of 
possible inputs is 243. The selection components are the 
active constraint matrix A,, the optimal input solution offset 
B,, and the optimal input solution gain K,. The components of 

The constrained target gains Gi, G2 , and G3 are calculated 15 

using the following equation with the values used in the 
model of the system in Equation 1: 

[CTC+ri(I-A)T(I-A)r 1rc1:Y+ri(I-A)TB(uk+ak,k)]~G1 
ak,k +G;i;+G3uk (34) 20 

where steady state factor ri is a large positive number, such 

the input u are constant for a given model with given tuning 
parameters. 

The active constraint matrix A, and active constraint vector 
b,is 

[-/ l [-lu l 
Ai= I , bi= lu~~ 

(42c) 

as 106
• Steady state factor ri is included in the quadratic 

program for the constrained input steady state target calcula
tion to guarantee that the solution for the steady state target 
state and input is the steady state solution, if a steady state 
solution exists. 

which occurs from substituting A, and b, for D and d, 

25 respectively, in the constraint expression of Equation 37b: 

The constrained target matrix M and constrained target 
gains Gi, G2 , and G3 are typically calculated offline, then 
used in the online calculation of the steady state target state 
and input to speed operation of the SISO model predictive 30 

controller. In an alternative embodiment, either or both of the 
constrained target matrix M and constrained target gains G 1 , 

G2 , and G3 can be calculated online when the system change 

Du~d, (37b) 

The optimal input solution offset B, and optimal input 
solution gain K, are calculated from: 

K,~-z,cz,rHz,-1z,r, s,~u,-z,cz,rHz,-1z,rHu,. 

where: 
H~f,6Tfil~+P T.§l§» 

(51) 

(14) 

is slow and controller speed is not critical. 
The steady state target state u *bar*k and the steady state 

target input x*bar*k are determined online in real time 
according to the procedure below. 

35 
Z, is a real matrix whose colunms form a basis for the null 

First, an unconstrained target input u*bar* star is calcu
lated according to the equation: 

(34a) 

Second, the unconstrained target input u*bar*star is 
checked to see whether the unconstrained target input u *bar* 

40 

star falls within the input constraints of Equation 3: 45 

If the unconstrained target input u*bar*star falls on or 
within the input constraints, the steady state target input 
u*bar*k is set to the value of the unconstrained target input 50 

u *bar* star just calculated. The steady state target state 
x*bar*k is calculated according to the equation: 

(34c) 

Third, if the unconstrained target input u*bar*star falls 55 

outside the input constraints, the steady state target state 
u*bar*k is set as follows: 

if""[;(' < Umin 

if 71* > Umax 

(32) 60 

space of A,, 

A B 0 0 (!Sa) 

A2 AB B 0 

d= -~ 
AN AN-is AN-2B B 

0 0 0 

-1 0 0 

0 -1 0 
'If= -~ = 0 

0 0 -1 

Q 0 0 s 0 0 (!Sb) 

0 0 
!2= , [ff = 

Q 0 0 

0 0 p 0 0 s 

u,~A/b,. (46) 

A, B, and C are the model factors from the state-space 
discrete-time model: 

(1) 

The steady state target input x*bar*k is calculated accord-
65 

p and Q arise from the solution of the constrained dynamic 
ing to the equation: optimization problem: 

(34d) (!Oe) 
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P=Q+ATPA-ATPB(BTPB+st 1BPA (11) 

where: 

5 

A=[A s] B=[s] -=[Q o]- (12) 

0 1 ' 1 'Q O 0 

The main tuning parameter s is any positive number and 10 
determines the speed ofresponse and robustness of the model 
predictive controller. Tuning and the main tuning parameters 
are discussed below. 

Once the active constraint matrix A,, the optimal input 
solution offset B,, and the optimal input solution gain K, have 15 

been calculated offline, the optimum input is determined at 
each time increment from the dynamic optimization solution 
table. 

8 

-continued 
Q 0 0 s 0 0 (!Sb) 

0 0 
:J! = , !ff = 

Q 0 0 

0 0 p 0 0 s 

(46) 

A, B, and C are the model factors from the state-space 
discrete-time model: 

(1) 

P and Q arise from the solution of the constrained dynamic 
optimization problem: 

P=Q+ATPA-ATPB(BTPB+s)-1BPA 

where: 

A = [ A Bl lJ = [Bl -= [ Q O l· 
0 1 ' 1 'Q O 0 

(!Oe) 

(11) 

(12) 

Determining an optimum input from the dynamic optimi
zation solution table 260 involves calculating a time varying 20 

parameter c for the current time increment, determining a 
potential optimum input from the time varying parameter, and 
checking whether the potential optimum input is the optimum 
input. The calculation depends on whether the steady state 
target output y*bar is reachable or unreachable. The time 25 

varying parameter c is used with the values from the dynamic 
optimization solution table to calculate potential optimum 
inputs u,, until the optimum input meeting the constraints and 

The state difference w O and input difference v _1 are calcu-
30 lated from: 

having a non-negative Lagrange multiplier is found. 

The time varying parameter c is calculated from the equa-
tion: 

(36c) 

where u*bar*k is the current steady state target input and 35 
the Hessian H is calculated as above from: 

(14) 

Wo = Xk+mlk -x, = [Amxklk + f Ai-! B(u,_, + d,1,)]-x,, 
1=1 

(!Ob) 

The method of calculating the intermediate time varying 
parameter c*tilde depends on whether the steady state target 
output y*bar is reachable or unreachable. The steady state 
target output y*bar is reachable if: 

where mis a non-negative integer accounting for the time 

40 
delay between the input and the state. The initial values of the 
parameters above can be set to any value, such as zero. 

(10) 

where C is the matrix from the state-space discrete time 45 

model of Equation 1. 

The main tuning parameter s is any positive number and 
determines the speed of response and robustness of the model 
predictive controller. Tuning and the main tuning parameters 
are discussed below. 

If the steady state target output y*bar is unreachable, as 
determined from: 

(20) 

If the steady state target output y*bar is reachable, the 
intermediate time varying parameter c*tilde is calculated 
from: 

50 
The intermediate time varying parameter c*tilde is calcu-

lated from: c=[jiJTf2.Jll Wo+ '!)T{jf:'(; V _1 

where: 

A B 0 

A2 AB B 

iii= ,$ 

AN AN-is AN-2s 

0 0 

-1 0 0 

0 -1 0 
'ti'= , qp = 

0 

0 0 -1 

(14) 

0 (!Sa) 55 

0 

B 

0 60 

65 

c=@Two+[jiJT Y\§JTC;l,'(;V_i, 

where: 
Y'=[qT ... qTpTf 

with: 

A = [ A Bl lJ = [Bl - = [ Q O l· 
0 1 ' 1 'Q O 0 

(23) 

(23a) 

(22) 

(19) 

(12) 
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Once the intermediate time varying parameter c*tilde has 
been calculated, the time varying parameter c is calculated 
from the equation: 

(36c) 

Potential optimum inputs u, are calculated until the opti
mum input meeting the constraints and having a non-negative 
Lagrange multiplier is found. Using c and starting with i=l, 
the first potential optimum input u, is calculated from: 

10 
optimization solution table is random, it will be necessary to 
work through one half of the possible inputs, on average, 
before the optimum input is found. Ordering the dynamic 
optimization solution table increases the speed of operation 

5 of the model predictive controller because the optimum input 
is found earlier. 

The tuning of the SISO model predictive controller can be 

(52a) 10 

performed offline, online, or in a combination of offline and 
online. The offline tuning uses system simulations to deter
mine system performance for various controller settings. The 
online tuning is performed using the actual system, so pro-

where the optimal input solution offset B, and optimal 
input solution gain K, are calculated as above from: 

(51) 

The potential optimum input u, is checked to see that it 15 

meets the constraint condition of: 

vides the desired result in practice. The combination of offline 
and online tuning uses the offline system simulations to deter
mine preliminary controller settings and online tuning to 
finalize the controller settings. 

The estimator tuning parameter 'hand output noise cova
riance parameter Rv affect the state filter gain Lx and the 
disturbance filter gain Ld as used in estimating a filtered state 
and a filtered disturbance 220. The filter gains are re-calcu-

Du~d, 

where: 

D=[-/],d=[-lum~]. 
/ lumm 

(37b) 

(38) 

If the potential optimum input u, does not meet the con
straint condition, the potential optimum input u, is not the 
optimum input. The counter i is increased to i+l and a new 
potential optimum input u, is calculated. 

If the potential optimum input u, does meet the constraint 
condition, the active constraint Lagrange multipliers are 
checked using: 

(52) 

If any element of the active constraint Lagrange multiplier 
vector"-, is zero or negative, the potential optimum input u, is 
not the optimum input. The counter i is increased to i + 1 and a 
new potential optimum input u, is calculated. 

20 lated if the estimator tuning parameter 'h or output noise 
covariance parameter Rv is changed. No other parameters 
need to be re-computed. 

The main tuning parameter s affects the values used in 
populating the dynamic optimization solution table 240, so 

25 the dynamic optimization solution table is re-calculated if the 
main tuning parameters is changed. The main tuning param
eter s can be any positive number. An initial value of 1 is 
typically selected and the value adjusted, trading off speed of 
response and robustness of control. Values of the main tuning 

30 parameter s from 1 to 5000 have performed satisfactorily in 
various system simulations, depending on the particular sys
tem modeled. 

FIG. 3 is a hardware diagram of a SISO model predictive 
controller made in accordance with the present invention. The 

35 controller 300 includes a detector 302 providing a measured 
output from the system 304 to an online processor 306, which 
supplies an input to the system 304. The storage 308 stores 
parameters calculated by the offline processor 310 for use by 

If all elements of the active constraint Lagrange multiplier 
vector"-, are non-negative, the potential optimum input u, is 40 

the optimum input. The optimum input is provided to the 
system as the control input. 

the online processor 306. 
The detector 302 is any detector capable of measuring the 

output from the system 304, such as fluid level, fluid flow, 
electrical voltage, electrical current, or any other measurable 
output. The offline processor 310 is any general purpose 
computer, dedicated computer, personal computer, or the 

In one embodiment, the calculation of the active constraint 
Lagrange multipliers can be simplified due to the nature of the 
active constraint matrix A,. Each row of the active constraint 
matrix A, contains only a single non-zero element, that being 
either 1 or -1. The gradient vector g, can be calculated from: 

52b) 

and elements of the gradient vector g, compared to the 
corresponding non-zero elements of the active constraint 
matrix A,. Multiplication of the active constraint matrix A, 
and the gradient vector g, is not required, further increasing 
the speed of operation of the model predictive controller. 

45 like, including a computer readable medium storing a com
puter program for calculating the offline parameters as dis
cussed for FIG. 2 above. The storage 308 is any computer 
readable medium, such as read only memory, random access 
memory, a memory device, a compact disc, a floppy disk, or 

50 the like, able to store the offline parameters and computer 
readable code storing a computer program for controlling 
operations of the online processor 306. The online processor 
306 is any personal computer, microcontroller, microproces
sor, or the like, progranimed to calculate the optimum input as 

55 discussed for FIG. 2 above. In various embodiments, the 
detector 302, online processor 306, storage 308, offline pro
cessor 310, and/or any combinations or subcombinations 
thereof are imprinted on a single chip, such as anApplication-

The size of the dynamic optimization solution table pro
vides for 3N possible inputs, where N is the number of time 
increments to the horizon. The number N is selected to be as 
large as possible, consistent with limitations in the storage 
capacity available for the dynamic optimization solution table 
and the operations time required to go through the calcula- 60 

tions involving the dynamic optimization solution table. In 
one embodiment, the number N is 5, requiring the dynamic 
optimization solution table to handle 243 possible inputs. 

Specific Integrated Circuit (ASIC). 
In an alternative embodiment, both the offline processor 

310 and the online processor 306 are different operations on 
a single computer. In another embodiment, the offline proces
sor 310 is operational to update, adjust, and optimize the 
offline parameters while the online processor 306 is operat-In another embodiment, the dynamic optimization solution 

table is ordered so that the possible inputs that are most likely 
to be the optimum input are calculated early in the search, 
when the counter value is relatively small. If the dynamic 

65 ing. In yet another embodiment, the offline processor 310 is 
inactive or removed from the controller 300 when the online 
processor 306 is operating. 
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FIGS. 4-6 are simulation results showing the performance 
12 

output setpoint more closely than the PID control for both 
changes in setpoint and rejection of external disturbances. of a SISO model predictive controller made in accordance 

with the present invention. FIGS. 4-6 show examples of the 
performance of the SISO model predictive controller in con
trolling a first order plus time delay (FOPTD) system, an 
integrating system, and a second order under-damped system, 
respectively. For comparison, each example shows the results 

FIG. 6 shows the performance of the SISO model predic
tive controller in controlling a second order under-damped 

5 system with the system modeled as: 

of SISO model predictive control and PID control, with the 
input u labeled as Manipulated Variable and the output y 
labeled as Controlled Variable. In each case, the SISO model 10 

predictive control tracks the target output setpoint more 
closely than the PID control for both changes in setpoint and 
rejection of external disturbances. Similar results are 
observed in the presence of random output noise. Further 
results also show the robustness of the SISO model predictive 15 

controller, i.e., the ability of the controller to provide accurate 
control even when the system and the model are mismatched. 

K 
G3(s) = r2s2 + 2r§s + 1, 

The system model nominal parameters were chosen as 
K=l, -i:=5, and 1;=0.2. The parameters for the transients and 
the SISO model predictive controller are the same as those 
used in FIG. 4. The main tuning parameter is s=5 for CLQ 1 
and s=50 for CLQ 2. The tuning parameters for PID 1 were 
chosen according to Luyben's rules as Kc=7.29, T,=16.8, and 
Td=l.21. The tuning parameters for PID 2 were chosen 
according to Skogestad's internal model control (IMC) rules 

FIG. 4 shows the performance of the SISO model predic
tive controller in controlling a first order plus time delay 
(FOPTD) system with the system modeled as: 

e-2s 

G1 (s) = 10s + 1 , 

20 
as Kc=0.40, T,=2, and Td=12.5. An exponential output filter 
with a time constant Tf= 1.1 was applied to both PID 1 and PID 
2 to avoid an overly oscillatory response in the presence of 
output noise. For the second order under-damped system, the 
SISO model predictive control tracks the target output set-

25 point more closely than the PID control for both changes in 
setpoint and rejection of external disturbances. 

The system is sampled with Ts=0.25. The input is con
strained with lul less than or equal to 1.5, and the horizon is 
N=4. The target output setpoint is changed from Oto 1 at time 
zero. A load disturbance of magnitude -0.25, i.e., a distur-

30 
bance passed through the same dynamics as the plant, enters 
the system at time 25. At time 50, the disturbance magnitude 
becomes -1, which makes the target output setpoint of 1 
unreachable. At time 7 5, the disturbance magnitude returns to 
-0.25. 

The results for the SISO model predictive controllers are 
35 

labeled as CLQ 1 and CLQ 2 in FIG. 4. The estimator is 
designed with estimator tuning parameter 'h =0.05 and the 
output noise covariance parameter Rv=0.01 for both SISO 
model predictive controllers, while the main tuning param-

40 
eter is s=5 for CLQ 1 and s =50 for CLQ 2. The tuning 
parameters for the first PID controller, labeled as PID 1, were 
chosen according to Luyben's rules as Kc=2.51, T,=17.3, and 
T d=0. The tuning parameters for the second PID controller, 
labeled as PID 2, were chosen according to Skogestad' sinter-

45 
nal model control (IMC) rules as Kc=2.35, T,=10, and Td=0. 
For the first order plus time delay (FOPTD) system, the SISO 
model predictive control tracks the target output setpoint 
more closely than the PID control for both changes in setpoint 
and rejection of external disturbances. 

50 
FIG. 5 shows the performance of the SISO model predic

tive controller in controlling an integrating system with the 
system modeled as: 

e-2s 

G2(s)= -, 
s 

55 

While the embodiments of the invention disclosed herein 
are presently considered to be preferred, various changes and 
modifications can be made without departing from the spirit 
and scope of the invention. The scope of the invention is 
indicated in the appended claims, and all changes that come 
within the meaning and range of equivalents are intended to 
be embraced therein. 

We claim: 
1. A method of predictive control for a single input, single 

output (SISO) system generating an optimum input for con
trolling the SISO system, comprising: 

modeling the SISO system with model factors; 
detecting output from the SISO system; 
estimating a filtered disturbance from the output; 
determining a steady state target state from the filtered 

disturbance and a steady state target output; 
populating a dynamic optimization solution table using the 

model factors and a main tuning parameter; 
determining the optimum input from the dynamic optimi

zation solution table; and 
controlling the SISO system in response to the optimum 

input; 
wherein the estimating a filtered disturbance from the out

put comprises: 
determining filter gains from the model factors, an estima

tor tuning parameter, and an output noise covariance 
parameter; and 

estimating the filtered disturbance 

(5). 

2. The method of claim 1 wherein the determining filter 
gains comprises determining the filter gains offline. 

3. The method of claim 1 wherein the estimating the filtered 
disturbance and a filtered state comprises estimating the fil
tered disturbance online. 

The parameters for the transients and the SISO model 
predictive controller are the same as those used in FIG. 4, 60 

except that the main tuning parameter is s=2500 for CLQ 1 
and s=l0000 for CLQ 2. The tuning parameters for PID 1 
were chosen according to Luyben's rules as Kc=0.23, 
T,=18.7, and Td=0. The tuning parameters for PID 2 were 
chosen according to Skogestad's internal model control 
(IMC) rules as Kc=0.23, T,=17, and Td=0. For the integrating 
system, the SISO model predictive control tracks the target 

4. The method of claim 1 wherein the determining a steady 
state target state from the filtered disturbance and a steady 

65 state target output comprises: 
determining a constrained target matrix having elements 

M11 , M12, M21 , M22, from the model factors; 
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determining constrained target gains G1 , G2 , and G3 from 
the model factors and a steady state factor; 

determining an unconstrained target input from the filtered 
disturbance and the steady state target output from 

14 
and optimal input solution gain Ki, and the determining a potential optimwn 

input comprises determining 

(52a). 

13. The method of claim 9 wherein the checking whether 
the potential optimum input is the optimum input comprises 
determining whether the potential optimum input meets a 
constraint condition. 

(34a) 

determining whether the unconstrained target input is on or 
within input constraints; 

when the unconstrained target input is on or within input 
constraints, setting a steady state target input equal to the 
unconstrained target input and determining the steady 
state target state 

14. The method of claim 9 wherein the checking whether 

10 the potential optimum input is the optimum input comprises 
determining whether any element of the active constraint 
Lagrange multiplier vector is zero or negative. 

(34c) 

15. A system of predictive control for a single input, single 
output (SISO) system generating an optimum input for con-

when the unconstrained target input is outside the input 
constraints, setting the steady state target input equal to 

15 trolling the SISO system, comprising: 

a minimum input constraint when the steady state target 
input is less than the minimum input constraint, setting 
the steady state target input equal to a maximum input 
constraint when the steady state target input is greater 20 

than the maximum input constraint, and determining the 
steady state target state 

(34d). 

5. The method of claim 4 wherein the determining a con- 25 

strained target matrix and determining constrained target 
gains comprises determining a constrained target matrix 
offline and determining constrained target gains offline. 

6. The method of claim 4 wherein the determining an 
unconstrained target input comprises determining an uncon- 30 

strained target input online. 
7. The method of claim 1 wherein the populating a dynamic 

optimization solution table comprises populating a dynamic 
optimization solution table offline. 

35 
8. The method of claim 1 wherein the dynamic optimiza

tion solution table is ordered. 

means for modeling the SISO system with model factors; 
means for detecting output from the SISO system; 
means for estimating a filtered disturbance from the output; 
means for determining a steady state target state from the 

filtered disturbance and a steady state target output; 
means for populating a dynamic optimization solution 

table using the model factors and a main tuning param
eter; 

means for determining the optimum input from the 
dynamic optimization solution table; and 

means for controlling the SISO system in response to the 
optimum input; 

wherein the means for estimating a filtered disturbance 
from the output comprises: 

means for determining filter gains from the model factors, 
an estimator tuning parameter, and an output noise cova
riance parameter; and 

means for estimating the filtered disturbance 

(5). 

16. The system of claim 15 wherein the means for deter
mining filter gains comprises means for determining the filter 
gains offline. 9. The method of claim 1 wherein the determining the 

optimum input from the dynamic optimization solution table 
comprises: 

determining a time varying parameter; 

17. The system of claim 15 wherein the means for estimat-
40 ing the filtered disturbance and a filtered state comprises 

means for estimating the filtered disturbance online. 
determining a potential optimum input from the time vary

ing parameter; and 
checking whether the potential optimum input is the opti

mum input. 
10. The method of claim 9 further comprising determining 

a next potential optimum input from the time varying param
eter when the potential optimum input is not the optimum 
input. 

45 

11. The method of claim 9 wherein the determining a time 50 

varying parameter comprises: 
determining whether the steady state target output is reach

able; 
when the steady state target output is reachable, determin

ing an intermediate time varying parameter 

(14) 

when the steady state target output is unreachable, deter
mining the intermediate time varying parameter 

55 

(23) 60 

and; 
determining the time varying parameter 

(36c). 
65 

12. The method of claim 9 wherein the dynamic optimiza
tion solution table comprises optimal input solution offset B, 

18. The system of claim 15 wherein the means for deter
mining a steady state target state from the filtered disturbance 
and a steady state target output comprises: 

means for determining a constrained target matrix having 
elements M11 , M12, M21 , M22 , from the model factors; 

means for determining constrained target gains G 1 , G 2 , and 
G 3 from the model factors and a steady state factor; 

means for determining an unconstrained target input from 
the filtered disturbance and the steady state target output 
from 

(34a) 

means for determining whether the unconstrained target 
input is on or within input constraints; 

means for setting a steady state target input equal to the 
unconstrained target input and means for determining 
the steady state target state, when the unconstrained 
target input is on or within input constraints, from 

(34c) 

means for setting the steady state target input equal to a 
minimum input constraint when the steady state target 
input is less than the minimum input constraint, means 
for setting the steady state target input equal to a maxi
mum input constraint when the steady state target input 
is greater than the maximum input constraint, and means 
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for determining the steady state target state, when the 
unconstrained target input is outside the input con
straints, from 

16 
comprises means for determining whether any element of the 
active constraint Lagrange multiplier vector is zero or nega
tive. 

(34d). 

19. The system of claim 18 wherein: 
the means for determining a constrained target matrix com

prises means for determining a constrained target matrix 
offline; and 

29. A computer readable medium storing a computer pro-
5 gram for predictive control of a single input, single output 

(SISO) system generating an optimum input for controlling 
the SISO system, comprising: 

the means for determining constrained target gains com- 10 

prises means for determining constrained target gains 
offline. 

20. The system of claim 18 wherein the means for deter
mining an unconstrained target input comprises means for 
determining an unconstrained target input online. 

21. The system of claim 15 wherein the means for popu
lating a dynamic optimization solution table comprises 
means for populating a dynamic optimization solution table 
offline. 

15 

22. The system of claim 15 wherein the means for popu- 20 

lating a dynamic optimization solution table further com
prises means for ordering the dynamic optimization solution 
table. 

23. The system of claim 15 wherein the means for deter
mining the optimum input from the dynamic optimization 25 

solution table comprises: 
means for determining a time varying parameter; 
means for determining a potential optimum input from the 

time varying parameter; and 
30 

means for checking whether the potential optimum input is 
the optimum input. 

24. The system of claim 23 further comprising means for 
determining a next potential optimum input from the time 
varying parameter when the potential optimum input is not 

35 
the optimum input. 

computer readable code for modeling the SISO system 
with model factors; 

computer readable code for detecting output from the SISO 
system; 

computer readable code for estimating a filtered distur
bance from the output; 

computer readable code for determining a steady state 
target state from the filtered disturbance and a steady 
state target output; 

computer readable code for populating a dynamic optimi
zation solution table using the model factors and a main 
tuning parameter; 

computer readable code for determining the optimum input 
from the dynamic optimization solution table; and 

computer readable code for controlling the SISO system in 
response to the optimum input; 

wherein the computer readable code for estimating a fil
tered disturbance from the output comprises: 

computer readable code for determining filter gains from 
the model factors, an estimator tuning parameter, and an 
output noise covariance parameter; and 

computer readable code for estimating the filtered distur
bance 

(5). 

30. The computer readable medium of claim 29 wherein 
the computer readable code for determining filter gains com
prises computer readable code for determining the filter gains 
offline. 

25. The system of claim 23 wherein the means for deter
mining a time varying parameter comprises: 

means for determining whether the steady state target out
put is reachable; 

means for determining an intermediate time varying 
parameter, when the steady state target output is reach
able, from 

31. The computer readable medium of claim 29 wherein 
the computer readable code for estimating the filtered distur
bance and a filtered state comprises computer readable code 

40 for estimating the filtered disturbance online. 

(14) 

means for determining the intermediate time varying 
parameter, when the steady state target output is 
unreachable, from 

(23) 

and; 
means for determining the time varying parameter 

(36c). 

45 

50 

26. The system of claim 23 wherein the dynamic optimi- 55 

zation solution table comprises optimal input solution offset 
B, and optimal input solution gain K,, and the means for 
determining a potential optimum input comprises means for 
determining 

(52a). 
60 

27. The system of claim 23 wherein the means for checking 
whether the potential optimum input is the optimum input 
comprises means for determining whether the potential opti-
mum input meets a constraint condition. 65 

28. The system of claim 23 wherein the means for checking 
whether the potential optimum input is the optimum input 

32. The computer readable medium of claim 29 wherein 
the computer readable code for determining a steady state 
target state from the filtered disturbance and a steady state 
target output comprises: 

computer readable code for determining a constrained tar
get matrix having elements M 11 , M12, M21 , M22, from 
the model factors; 

computer readable code for determining constrained target 
gains G i, G 2 and G 3 from the model factors and a steady 
state factor; ' 

computer readable code for determining an unconstrained 
target input from the filtered disturbance and the steady 
state target output from 

(34a) 

computer readable code for determining whether the 
unconstrained target input is on or within input con
straints; 

computer readable code for setting a steady state target 
input equal to the unconstrained target input and com
puter readable code for determining the steady state 
target state, when the unconstrained target input is on or 
within input constraints, from 

(34c) 

computer readable code for setting the steady state target 
input equal to a minimum input constraint when the 
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steady state target input is less than the minimum input 
constraint, computer readable code for setting the steady 
state target input equal to a maximum input constraint 
when the steady state target input is greater than the 
maximum input constraint, and computer readable code 5 

for determining the steady state target state, when the 
unconstrained target input is outside the input con
straints, from 

(34d). 
10 

18 
and the computer readable code for determining a potential 
optimum input comprises computer readable code for deter
mining 

(52a). 

41. The computer readable medium of claim 37 wherein 
the computer readable code for checking whether the poten
tial optimum input is the optimum input comprises computer 
readable code for determining whether the potential optimum 
input meets a constraint condition. 

42. The computer readable medium of claim 37 wherein 
the computer readable code for checking whether the poten
tial optimum input is the optimum input comprises computer 
readable code for determining whether any element of the 

33. The computer readable medium of claim 32 wherein: 
the computer readable code for determining a constrained 

target matrix comprises computer readable code for 
determining a constrained target matrix offline; and 

the computer readable code for determining constrained 
target gains comprises computer readable code for deter
mining constrained target gains offline. 

15 active constraint Lagrange multiplier vector is zero or nega
tive. 

34. The computer readable medium of claim 32 wherein 
the computer readable code for determining an unconstrained 
target input comprises computer readable code for determin- 20 

ing an unconstrained target input online. 
35. The computer readable medium of claim 29 wherein 

the computer readable code for populating a dynamic opti
mization solution table comprises computer readable code for 
populating a dynamic optimization solution table offline. 

36. The computer readable medium of claim 29 wherein 
the computer readable code for populating a dynamic opti
mization solution table further comprises computer readable 
code for ordering the dynamic optimization solution table. 

25 

37. The computer readable medium of claim 29 wherein 30 

the computer readable code for determining the optimum 
input from the dynamic optimization solution table com
prises: 

computer readable code for determining a time varying 
parameter; 

computer readable code for determining a potential opti
mum input from the time varying parameter; and 

computer readable code for checking whether the potential 

35 

optimum input is the optimum input. 
40 

38. The computer readable medium of claim 37 further 
comprising computer readable code for determining a next 
potential optimum input from the time varying parameter 
when the potential optimum input is not the optimum input. 

39. The computer readable medium of claim 37 wherein 45 
the computer readable code for determining a time varying 
parameter comprises: 

computer readable code for determining whether the 
steady state target output is reachable; 

computer readable code for determining an intermediate 50 

time varying parameter, when the steady state target 
output is reachable, from 

(14) 

computer readable code for determining the intermediate 55 

time varying parameter, when the steady state target 
output is unreachable, from 

(23) 

~ ~ 
computer readable code for determining the time varying 

parameter 

(36c). 

40. The computer readable medium of claim 37 wherein 65 

the dynamic optimization solution table comprises optimal 
input solution offset B, and optimal input solution gain K,, 

43. A method of predictive control for a single input, single 
output (SISO) system generating an optimum input for con
trolling the SISO system, comprising: 

modeling the SISO system with model factors; 
detecting output from the SISO system; 
estimating a filtered disturbance from the output; 
determining a steady state target state from the filtered 

disturbance and a steady state target output; 
populating a dynamic optimization solution table using the 

model factors and a main tuning parameter; 
determining the optimum input from the dynamic optimi

zation solution table; and 
controlling the SISO system in response to the optimum 

input; 
wherein the determining a steady state target state from the 

filtered disturbance and a steady state target output com
prises: 

determining a constrained target matrix having elements 
M11 , M12, M21 , M22, from the model factors; 

determining constrained target gains G1 , G2 , and G3 from 
the model factors and a steady state factor; 

determining an unconstrained target input from the filtered 
disturbance and the steady state target output from 

(34a) 

determining whether the unconstrained target input is on or 
within input constraints; 

when the unconstrained target input is on or within input 
constraints, setting a steady state target input equal to the 
unconstrained target input and determining the steady 
state target state 

(34c) 

when the unconstrained target input is outside the input 
constraints, setting the steady state target input equal to 
a minimum input constraint when the steady state target 
input is less than the minimum input constraint, setting 
the steady state target input equal to a maximum input 
constraint when the steady state target input is greater 
than the maximum input constraint, and determining the 
steady state target state 

(34d). 

44. The method of claim 43 wherein the determining a 
constrained target matrix and determining constrained target 
gains comprises determining a constrained target matrix 
offline and determining constrained target gains offline. 

45. The method of claim 43 wherein the determining an 
unconstrained target input comprises determining an uncon
strained target input online. 
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46. A method of predictive control for a single input, single 
output (SISO) system generating an optimum input for con
trolling the SISO system, comprising: 

modeling the SISO system with model factors; 
detecting output from the SISO system; 5 

estimating a filtered disturbance from the output; 
determining a steady state target state from the filtered 

disturbance and a steady state target output; 
populating a dynamic optimization solution table using the 

model factors and a main tuning parameter; 10 

determining the optimum input from the dynamic optimi
zation solution table; and 

controlling the SISO system in response to the optimum 
input; 

wherein the determining the optimum input from the 15 

dynamic optimization solution table comprises: 
determining a time varying parameter; 
determining a potential optimum input from the time vary

ing parameter; and 
checking whether the potential optimum input is the opti- 20 

mum input; and 
wherein the determining a time varying parameter com

prises: 
determining whether the steady state target output is reach-

able; 25 

when the steady state target output is reachable, determin
ing an intermediate time varying parameter 

(14); 

when the steady state target output is unreachable, deter- 30 
mining the intermediate time varying parameter 

(23) 

and; 
determining the time varying parameter 

(36c). 

47. A method of predictive control for a single input, single 
output (SISO) system generating an optimum input for con
trolling the SISO system, comprising: 

modeling the SISO system with model factors; 
detecting output from the SISO system; 
estimating a filtered disturbance from the output; 
determining a steady state target state from the filtered 

disturbance and a steady state target output; 
populating a dynamic optimization solution table using the 

model factors and a main tuning parameter; 
determining the optimum input from the dynamic optimi

zation solution table; and 

35 

40 

45 

controlling the SISO system in response to the optimum 50 

input; 
wherein the determining the optimum input from the 

dynamic optimization solution table comprises: 
determining a time varying parameter; 
determining a potential optimum input from the time vary- 55 

ing parameter; and 
checking whether the potential optimum input is the opti

mum input; and 
wherein the dynamic optimization solution table com

prises optimal input solution offset B, and optimal input 60 

solution gain K,, and the determining a potential opti
mum input comprises determining 

(52a). 

48. A system of predictive control for a single input, single 65 

output (SISO) system generating an optimum input for con
trolling the SISO system, comprising: 

20 
means for modeling the SISO system with model factors; 
means for detecting output from the SISO system; 
means for estimating a filtered disturbance from the output; 
means for determining a steady state target state from the 

filtered disturbance and a steady state target output; 
means for populating a dynamic optimization solution 

table using the model factors and a main tuning param
eter; 

means for determining the optimum input from the 
dynamic optimization solution table; and 

means for controlling the SISO system in response to the 
optimum input; 

wherein the means for determining a steady state target 
state from the filtered disturbance and a steady state 
target output comprises: 

means for determining a constrained target matrix having 
elements M11 , M12, M21 , M22 , from the model factors; 

means for determining constrained target gains G 1 , G 2 , and 
G 3 from the model factors and a steady state factor; 

means for determining an unconstrained target input from 
the filtered disturbance and the steady state target output 
from 

(34a) 

means for determining whether the unconstrained target 
input is on or within input constraints; 

means for setting a steady state target input equal to the 
unconstrained target input and means for determining 
the steady state target state, when the unconstrained 
target input is on or within input constraints, from 

(34c) 

means for setting the steady state target input equal to a 
minimum input constraint when the steady state target 
input is less than the minimum input constraint, means 
for setting the steady state target input equal to a maxi
mum input constraint when the steady state target input 
is greater than the maximum input constraint, and means 
for determining the steady state target state, when the 
unconstrained target input is outside the input con
straints, from 

(34d). 

49. The system of claim 48 wherein: 
the means for determining a constrained target matrix com

prises means for determining a constrained target matrix 
offline; and 

the means for determining constrained target gains com
prises means for determining constrained target gains 
offline. 

50. The system of claim 48 wherein the means for deter
mining an unconstrained target input comprises means for 
determining an unconstrained target input online. 

51. A system of predictive control for a single input, single 
output (SISO) system generating an optimum input for con
trolling the SISO system, comprising: 

means for modeling the SISO system with model factors; 
means for detecting output from the SISO system; 
means for estimating a filtered disturbance from the output; 
means for determining a steady state target state from the 

filtered disturbance and a steady state target output; 
means for populating a dynamic optimization solution 

table using the model factors and a main tuning param
eter; 

means for determining the optimum input from the 
dynamic optimization solution table; and 
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means for controlling the SISO system in response to the 
optimum input; 

wherein the means for determining the optimum input 
from the dynamic optimization solution table com-
prises: 5 

means for determining a time varying parameter; 
means for determining a potential optimum input from the 

time varying parameter; and 
means for checking whether the potential optimum input is 

the optimum input; and 10 

wherein the means for determining a time varying param
eter comprises: 

means for determining whether the steady state target out
put is reachable; 

means for determining an intermediate time varying 15 

parameter, when the steady state target output is reach
able, from 

(14); 

means for determining the intermediate time varying 20 
parameter, when the steady state target output is 
unreachable, from 

(23) 

and; 
25 

means for determining the time varying parameter 

(36c). 

52. A system of predictive control for a single input, single 
output (SISO) system generating an optimum input for con-
trolling the SISO system, comprising: 30 

means for modeling the SISO system with model factors; 
means for detecting output from the SISO system; 
means for estimating a filtered disturbance from the output; 
means for determining a steady state target state from the 

35 
filtered disturbance and a steady state target output; 

means for populating a dynamic optimization solution 
table using the model factors and a main tuning param
eter; 

means for determining the optimum input from the 40 
dynamic optimization solution table; and 

means for controlling the SISO system in response to the 
optimum input; 

wherein the means for determining the optimum input 
from the dynamic optimization solution table com- 45 
prises: 

means for determining a time varying parameter; 
means for determining a potential optimum input from the 

time varying parameter; and 
means for checking whether the potential optimum input is 50 

the optimum input; and 

22 
computer readable code for determining a steady state 

target state from the filtered disturbance and a steady 
state target output; 

computer readable code for populating a dynamic optimi
zation solution table using the model factors and a main 
tuning parameter; 

computer readable code for determining the optimum input 
from the dynamic optimization solution table; and 

computer readable code for controlling the SISO system in 
response to the optimum input; 

wherein the computer readable code for determining a 
steady state target state from the filtered disturbance and 
a steady state target output comprises: 

computer readable code for determining a constrained tar
get matrix having elements M 11 , M12, M21 , M22, from 
the model factors; 

computer readable code for determining constrained target 
gains G 1 , G 2 , and G 3 from the model factors and a steady 
state factor; 

computer readable code for determining an unconstrained 
target input from the filtered disturbance and the steady 
state target output from 

(34a) 

computer readable code for determining whether the 
unconstrained target input is on or within input con
straints; 

computer readable code for setting a steady state target 
input equal to the unconstrained target input and com
puter readable code for determining the steady state 
target state, when the unconstrained target input is on or 
within input constraints, from 

(34c) 

computer readable code for setting the steady state target 
input equal to a minimum input constraint when the 
steady state target input is less than the minimum input 
constraint, computer readable code for setting the steady 
state target input equal to a maximum input constraint 
when the steady state target input is greater than the 
maximum input constraint, and computer readable code 
for determining the steady state target state, when the 
unconstrained target input is outside the input con
straints, from 

(34d). 

54. The computer readable medium of claim 53 wherein: 
the computer readable code for determining a constrained 

target matrix comprises computer readable code for 
determining a constrained target matrix offline; and 

the computer readable code for determining constrained 
target gains comprises computer readable code for deter
mining constrained target gains offline. 

wherein the dynamic optimization solution table com
prises optimal input solution offset B, and optimal input 
solution gain K,, and the means for determining a poten
tial optimum input comprises means for determining 

(52a). 

55. The computer readable medium of claim 53 wherein 
55 the computer readable code for determining an unconstrained 

target input comprises computer readable code for determin
ing an unconstrained target input online. 

53. A computer readable medium storing a computer pro
gram for predictive control of a single input, single output 
(SISO) system generating an optimum input for controlling 
the SISO system, comprising: 

computer readable code for modeling the SISO system 
with model factors; 

computer readable code for detecting output from the SISO 

56. A computer readable medium storing a computer pro
gram for predictive control of a single input, single output 

60 (SISO) system generating an optimum input for controlling 
the SISO system, comprising: 

computer readable code for modeling the SISO system 
with model factors; 

system; 65 

computer readable code for detecting output from the SISO 
system; 

computer readable code for estimating a filtered distur
bance from the output; 

computer readable code for estimating a filtered distur
bance from the output; 
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computer readable code for determining a steady state 
target state from the filtered disturbance and a steady 
state target output; 

computer readable code for populating a dynamic optimi
zation solution table using the model factors and a main 5 

tuning parameter; 
computer readable code for determining the optimum input 

from the dynamic optimization solution table; and 
computer readable code for controlling the SISO system in 

response to the optimum input; 10 

wherein the computer readable code for determining the 
optimum input from the dynamic optimization solution 
table comprises: 

computer readable code for determining a time varying 
parameter; 15 

computer readable code for determining a potential opti
mum input from the time varying parameter; and 

computer readable code for checking whether the potential 
optimum input is the optimum input; and 

wherein the computer readable code for determining a time 20 

varying parameter comprises: 
computer readable code for determining whether the 

steady state target output is reachable; 
computer readable code for determining an intermediate 

time varying parameter, when the steady state target 25 

output is reachable, from 

(14); 

computer readable code for determining the intermediate 
time varying parameter, when the steady state target 30 

output is unreachable, from 

(23) 

and; 
computer readable code for determining the time varying 35 

parameter 

(36c). 

24 
57. A computer readable medium storing a computer pro

gram for predictive control of a single input, single output 
(SISO) system generating an optimum input for controlling 
the SISO system, comprising: 

computer readable code for modeling the SISO system 
with model factors; 

computer readable code for detecting output from the SISO 
system; 

computer readable code for estimating a filtered distur
bance from the output; 

computer readable code for determining a steady state 
target state from the filtered disturbance and a steady 
state target output; 

computer readable code for populating a dynamic optimi
zation solution table using the model factors and a main 
tuning parameter; 

computer readable code for determining the optimum input 
from the dynamic optimization solution table; and 

computer readable code for controlling the SISO system in 
response to the optimum input; 

wherein the computer readable code for determining the 
optimum input from the dynamic optimization solution 
table comprises: 

computer readable code for determining a time varying 
parameter; 

computer readable code for determining a potential opti
mum input from the time varying parameter; and 

computer readable code for checking whether the potential 
optimum input is the optimum input; and 

wherein the dynamic optimization solution table com
prises optimal input solution offset B, and optimal input 
solution gain K,, and the computer readable code for 
determining a potential optimum input comprises com
puter readable code for determining 

(52a). 

* * * * * 
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