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Optimal Control of the Constrained Reservoir System
by the Discrete Linear Tracking

Abstract

The linear tracking theory has a great merit that its solution can be analytically obtained
under the quadratic performance measure. However, this theory has not been applied to reser-
voir system operation yet, because the tracking assumes no boundness of the control and state
‘vectors.

This paper presents deriving the optimal control law and solving the Riccati equations for
the discrete time horizon, and its application to the real system. And the additional necessary
conditions for the saturated vectors of the control and/or state are also derived using the
concept of the Pontryagin’s minimum principle.

The logic and its algorithm in this work are not so positive to give a general solution. In
fact, it is a matter of modeling in terms of relative magnitude of disturbance and time-step
size. However its application to the real environment of the Han river, which comprises six
major reservoirs in series/parallel, demonstrated satisfactory results over 36 monthly stages.
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2u HEF dx(k)e HA AR 4 (390 =
o gAEte Aol HEle WEFoR FasDg
wa AR FH Lo Fel oA feedback & &%
g 3= A ‘

(2) Al 1A A [k Al]

A e o] WE dx(k)e RQENE S5
S5t s(k)ell Astslm o] ohA KB4l =
2t 8(k-+1)oll o= .

8 (k) =g*(k)—d8(k)
A8(k)y==—P (&) dx (k)

g’ (k) =g*(k)—A4g (k)

Ag (k) =—R WO T8 (k)

(3) A 2gA FALR+D)A]

o3t AL & A(4.2.1)9 A 12249
ghEolt}. of 7]4] feedforward & feedback ¢
A9 we BREEAA AsdH =% R
mEye.z A=, olg Ao rAsH 29
2 ¢} e},

(54)

Froe FEEEE

e e s e e o e e
KFFC 2D TP &)+ YRV RIY -1

12 2. Accumulative propagation of the s vector
change subject to a control disturbance

5. Bt W B

51 ZRINY W MM

2 A7) Add A% BREzEode k=
Eows 1689 Blz2adlos FAEH gvt.

A 220 EWHAEE 9% 56 dv
2oz kxggdor o g},

A ATl Agd 4 e EE Bk 4

KA S



2ol 2 F84¢ AEHG

9 FAE WA 7A o] ot Fust
W4 Ae Aade A 674 AsA e Ak
q 1917~1940 AEF W RS HRIEE] 7
& THE 779 1019.1~1021 12744 347
3 wEM ®fre SRS SAsgeh

| A7lel AEE RE ANRHE F2OELK
B BESSE 1 A 9dgod TR A
Bx #wEste AEFot sFH AA6 A%
=2 aggoas AL 246 9% 43E
d¢ 4 QEE xAYS. Fo ANEHE
# 126 $885.0H, 3 F0E MCM

(10°m®) o] }*

5.2 B

(1) WL KENEA BiFe & Aste
#3353 Ak oI14 AdA L BEE wafF
87 dete] deE Foja Aolw i
o8 AL WEY A9 2@ $EoE Hqg
& dgen, ofF %Moz sl Mok %
& feedback/feedforwrad 24 & 39 $4%
Az HAAE FIg

(2) ol WEE % Am#el AHEe A3
o AojHe e o]F e =¥ 3,49 ek

& 1. Reservoir characteristics

Item Hwachon Soyang | Chunchon Uiam Chonpyong Palddng :
CA(SQ, KM) 3,901 2,703 14,736 7,770 10, 140 23, 800 -
Zois (MCM) 360. 4 1,000.0 89.0 41.0 102.9 226.0
Zaar (MCM) 1,018. 4 2,400.0 150. 0 80.0 185.5 244.0
2, 569. 0*
#ata (MCM/M) 80.0 80.0 90.0 110.0 130.0 260.0
wmex (MCM/M) 7,000.0 7,000.0 16,000.0 20,700.0 26, 900.0 25,900.0
*Maximum storage from Jun, through Sept.
#* 2. Water demand ratio by month, a(j)
Month Jan, Feb. Mar, Apr. May Jun,
Ratio 0. 066 0.066 0. 066 0. 089 0.113 0. 105
Month Jul, Aug, Sep. Oct. Nov., Dec,
Ratio 0. 105 0.105 0.082 0.071 0. 066 0. 066
% 3. The convergence to the optimal firm water supply in MCM/y : R=10, 0GMT
itr. Hwachon Soyang Chunchon Uiam Chongpyong Paldang
1, 000. 00 1, 000. 00 1, 000. 00 2, 000. 00 2,500. 00 3,000. 00
1,372.95 1,051. 36 1, 265. 69 1, 683. 96 2,615. 18 7,966. 54
2 1, 556. 26 1, 130. 50 1, 581. 67 2, 401. 35 3,456.47 10, 374. 64
3* 1,415.51 1,009. 44 1,573.02 2,279.02 2,760.22 9, 372. 62
*the optimal
HE5HE HIW- 19854 9 7 — 9 -
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7.4 B

A oA A Ao HAH AL A% 2 KRS
FREREH AgA G A2y AP FAHE
(linear tracking)-& ME#{Lsts Kalman ¢) Ric-
catigel @EM A4 $9E8F FEIHAG A
4 9 Aune Ake AGFed g @
= Al el TR HHY AL £
Astel Ael @ Aol MsE nARAh
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