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REAL-TIME OPERATION OF A MULTIRESERVOIR SYSTEM
WITH THE STATISTICAL SECOND-ORDER
APPROXIMATION THEORY
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and Tokuma TAKASAO

Synopsis

In this paper the problem of real-time operation of a multireservoir system is examined.
We take into consideration a) uncertainties of the system, b) how to use all available real-time
information, ¢) chance constraints of stochastic state variables and d) curse of dimensionality.
The aim is to show the efficincy of the statistical second-order approximation method for
transforming a multireservoir system into an LQG (Linear dynamics, Quadratic perfomance,
Gaussian uncertainties) system, and to present an algorithm for real-time operation of a
multireservoir system. The optimization method used is based on DDP (differential dynamic
programming) and the chance constraints are treated by introducing penalties into objective
function. The control series are determined by OLFC (Open-Loop Feedback Controller).
In order to compare the statistical approximation method with the Taylor approximation, an
example is presented. With using the real-time operation method a two-reservoir system is
simulated.
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Fig. 1 Approximation of nonliner function of stochastic variable.

#1: original function ,(s,).

#2: second-order approximation function by statistical approximation method while
s~N(3, 1.

#3: second-order approximation function by statistical approximation method while
sy~ (3, 10).

$4 : second-order approximation function by Taylor approximation method at s,=3.

#5: probability density function p(s,) while s,~N(3, 1).

#6 : probability density function p(s,) while s,~N(3, 10).
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Dimension of state vector n,=1
Dimension of control vector n,=1

Control horizon T—9
System dynamics
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30~N(§01P:0): §o=3. 0, 1),0=1. 0
§,~N(0, Qep), Qe,=1.0
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J=E{Zeo....0-1hs1(i40) () )}
Lit1(Sie1) = (Spa1—e1) (rp1— 38411 (She1— 48441)2
2,=0.9 a,=0.9
me(u;) =1/10+ (2, —b,)?
b=1.0 Bn=1.0
Constraints of control variables
4.05u,<7.0, £=0,..-,T—1
Fig. 2 Problem 1 for comparing the Taylor

Aproximation with the Statistical
Second-Order Approximation.
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Table 1 [ti@Shizay be—é BMEROEERT, Fig.3 B4 7L —vs v EOBME KA
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BE

Table 1 Computational result of problem 1
—value of objective function and control series
St. AL 1 Ta. E. 1* St. A. 2% Ta. E. 24 An. So.%
value of J 30. 242 57.722 30. 242 66. 998 30. 242
control u, 5.372 4.419 5,372 6. 506 5.372
control #, 4,950 4. 858 4,950 4,960 4,950

#1: I,(s,) is approximated by statistical second-order method and the initial nominal
control is the upper constraints of control.
#2: I,(s,) is approximated by Taylor second-order approximation method and the
initial nominal control is the upper constraints of control.
#3: I,(s,) is approximated by statistical second-order method and the initial nominal
control is the lower constraints of control.
#4: 1,(sy) is approximated by Taylor second-order approximation method and the
initial nominal control is the lower constraints of control.
£5 : analytical solution. )
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Fig. 3 Computational result of problem 1.
—decreasing value of objective

function with iteration.
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Fig. 4 Problem 2 for testing the optimization method.
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Table 2 Computational result of problem 2
—value of objective function, control and state series
value of objective function (J) 37.705
value of penalty function (h) 0. 000
J+h 37.705
control state
time Ui Uz S1ae1Graat™™ Saa™) Garr1 $zs™ S2pet™™)
k=0 | 0.138 | 0.145 0.862 (0.652, 2.348) 0.693 (0.652, 2.202)
k=1 | 0.227 | 0.122 0.936 (0.798, 2.202) 0.798 (0.798, 2.202)
k=2 | 0.247 | 0.124 0.988 (0.922, 2.078) 0.922 (0.922, 2.078)
k=3 0.241 | 0.132 1.048 (1.031, 1.969) 1.031 (1.031, 1.969)
k=4 | 0.219 | 0.120 1.129 (1.129, 1.871) 1.129 (1.129, 1.871)
k=5 | 0.210 | 0.119 1.220 (1.220, 1.780) 1.220 (1.220, 1.780)
Gothic: chance constraint of state variable is active
10%
§ ame| TITT \ed tmchted dyective furtion 0.124
— g o
B% P ° 5
85 S S 0.08-
+ )
2 o / E 0.04- \
EE / g B
b aned & 2 000 = a a---
23
gg T ¥ ) 1] & ¥ 1] ’ T 1
1 2 3 & 5 1 2 3 4 5
Iteration Iteration

Fig. 6 Computational result of problem 2.
—converging value of objective

fonction with iteration.

Fig. 7 Computational result of problem 2.
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YRF AL, 6.2HICRLI YR T L ERBRICENO >0 LTkt SR E NS, BRERIL, 6.2
TR LB AR cosh 25, BRI, '

—decreasing value of penalty
function with iteration.
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Fig. 8 Problem 3 for testing the real-time operation algorithm,
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Fig. 9 Computational result of problem 3 Fig. 10 Computational result of problem 3
—control series. —changing state value.
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