
' 4. 

UNCERTAINTY IDENTIFICATION FOR ROBUST CONTROL 
USING A NUCLEAR POWER PLANT MODEL 

ABSTRACT 
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OSTI 
An on-line technique which identifies the uncertainty between a lower order and a 

higher order nuclear power plant model is presented. The uncertainty identifier produces 
a hard upper bound in Hoo on the additive uncertainty. This additive uncertainty 
description can be used for the design of H,*, or ̂ .-synthesis controllers. 
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ABSTRACT 

An on-line technique which identifies the uncertainty between a lower order and a 
higher order nuclear power plant model is presented. The uncertainty identifier produces 
a hard upper bound in Hoc on the additive uncertainty. This additive uncertainty 
description can be used for the design of EL or ji-synthesis controllers. 

INTRODUCTION 

Real-world applications should have a systematic on-line procedure to quantify 
uncertainties such as unmodelled dynamics in the plant, sensors and actuators. The two 
main methods used to quantify uncertainty are the stochastic approach and the 
deterministic approach. The stochastic approach provides a "soft" bound on the 
uncertainty in the plant model by statistically converging to the uncertainty with a 
probability of 0.999. The conservative deterministic approach provides a "hard" upper 
bound by converging with probability of oneJ1! For critical applications such as nuclear 
power plants, stochastic identifiers with a "soft" probabilistic bound of 0.999 are 
inappropriate; therefore, a deterministic "hard" upper bound on the uncertainty, A, with 
probability one is desired. The identification technique by Bai and Raman produces a 
"hard" upper bound on A suitable for EL» or ^.-synthesis controllers.!?] This method 
imbeds the EL> technique in a H2 problem which can be solved recursively. The recursive 
manner of the identification provides a continuous assessment of the uncertainty 
description. 
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DEVELOPMENT OF THE UNCERTAINTY IDENTIFIER 

Bai and Raman's proposed deterministic identifier consists of a plant identifier 
and an uncertainty bound identifier. This uncertainty bound identifier in the H«, topology 
uses an adaptive rational approximation in which each member of the sequence produces 
a worst-case deterministic upper bound on A. 

Bai and Raman's method assumes the class of systems 

G(s) = actual plant, 
Go(s) = the estimated plant, and 
A(s) = G(s)-Go(s). 

The additive uncertainty A(s) can be quantified in EU by the Fourier-Laguarre 
series using a deterministic least squares approach. Consider H(s) which is defined as 

V25L H(s) = - ^ A ( s ) , (1) 

S + A, 

A>0. 
Let H(s) be represented by the Fourier - Laguerre expansion 

H(s) = fhifoCs) (2) 
i=0 

where 

m . ^|f^f (3) 
s + Xys + XJ 

and the coefficients hi are determined by a least squares estimator. Let y(s) be the 
•J2X output of —r-(y(t) - yo(t)) 
S + A. 

where 

y(t) = output of the actual plant and 



yo(t) = output of the estimated plant. 

The the least squares estimator for hi is given by, 

6 = PWWT0 + PWy (4) 
P = -PWWTP; P(0)>0 and P must be symmetric, (5) 

where 

9 = estimate of the coefficients hi, 
W = regressor, and 
P = covariance matrix. 

Suppose W(t) is persistently exciting and the spectral measurement of the output 
is constant then the parameter 8(t) converges to 

lime(t) = (ho,h! h„)T (6) 
n—>« 

SIMULATION RESULTS 

The additive uncertainty identifier is applied to a nuclear power plant model. The 
higher order and lower order models are perturbed by a white noise sequence in order to 
assure persistence of excitation. The higher order simulation uses a six-delayed neutron 
group approximation and consists of a higher order thermo-hydraulic model of the 
reactor, however, the linear simulation uses a one-delayed neutron group approximation 
and a two temperature feedback model of the reactor. The technique uses the input white 
noise sequence and the difference between the the outputs of the higher order and the 
lower order plants to identify the coefficients hi. The additive uncertainty A is then 
determined from hi. using (4) and (5). Figure 1 illustrates the resulting additive 
uncertainty between die higher order simulation and the lower order simulation. In 
Figure 1, the uncertainty is close to 0.03 at DC and starts to decrease past 0.1 rads/sec. 
Figure 1 also indicates a small unmodelled high frequency mode near 3 rads/sec. The 
small value of the magnitude over all frequencies signifies very little difference between 
the linear and nonlinear models for small perturbations in reactivity. 



CONCLUSIONS 

An uncertainty identifier is applied to a nuclear plant model. The resulting 
additive uncertainty between the higher order and lower order plant is determined by 
using a rational polynomial expansion. The uncertainty is generated by identifing the 
Fourier - Laguerre expansion coefficients using a least squares estimator. The least 
squares estimate of the uncertainty shows that the uncertainty between the two plants is 
relatively small. 
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Figure 1 - Simulation Results 
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APPENDIX 

The Hardy space H*. consists of all analytic functions f on the open right half 

plane, H<» defined as 

llfllco = suplf(jco)l (7) 

over all <D and for all f e H». The space H2 consists of all functions f which satisfy the 
integral relation 

Ilfll2 = — 
2TC 

1 

< 00 (8) 
00 

flFOaOfdffl 
v-o 

where 

FG<D) = Fourier transform of the function f. 


