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OP'fllUl. STAlIILIZ.t.UOll OP LDQ!'RLUD SY8~ 

'I'll IlBCIDlJIQ HOIIIZ<II SCBIIQUI 
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I. lIl-l:......,..17 an4 A.I. Bl-n. .... 
p~aUI.ft OJ IliUIIWtla 
B:uwtBOllll.l UlIlBIIllIfl 

'fJIoI "peI' 1I1:y"'1&a' •• the rol. of a.:r:lua ~ 'I" Ilk 

hll'., the qa..soal hellario .... of di.cret. U ... ,..,,_, 'fU 

p.,er 181;1'0'_" ." ... 11, • __ 1;bed for .01Y1a& .. reoe41ag 

bOrlHa .. 1;r1x IUferellUal ... _U... which .... iodo .01.Uo. .f 

a.v .. vh ", ... UOI1 ual17 _.11111001'.4. in e1'fuMai1; f .. 1; 

&114 l'1,I1d .J.cor1""" 111 d.wleped which 10 well .1111ied for 011-

l1ne 00.1;1'01 "'1ac aioro-preo ••• cr •• 

.. - -- --
....,. reo .. t P''l11o&101... ba.... coaeid.red .ppUoaUoa cf 

MIlera co.Vel theor,. 111 1;u cnU.11O ... or d18cret. uta foru 

ta illprew *'"lor opt1Jl1H 1;U p.rt_. of 4l1aMiMl .,..taaa. 
B_....r. 1apro_ •• 1a1;iol1 _UJild. are ....... 117 _ ...... for 011-

Ur o ... trol ... 111& aioro-pl'OO ••• or •• 

0 ... of 1;U ...... n> cl801ga hcllll1'!u ... tbat hM foUlld pra.­

ot1o.1 .ppl1oat1eD 1, tbe 1af1n1t. time re«Ul&tor preb1 .. (1l. 

T.he t.ebai'! ....... _. that the re.uUant 010 .. 4-1 .. p .,.wi .. 18 

.1;~1 .... d po....... c.rta1n d.aireol. damping cbaraot.r1.t1c • 

•• 1;Ut ib. practical porto_o of tbe .,.at .. will U .. i1e1'a­

OMr,.. !h1o tocllll1qlOO ... M l8torpftted .. iha ....... uU .. of 

the co.t f_t1oll&1 
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• 
J 1• lim ~ %(1) g %(1} + u(1) 

]1 .... 1.0 
II Ii( 1) -

(2) 

waft % (: lin • u (, Rill • A ~ IIn"a. ad B" lIa •• are a:J8t __ tr~ ... 

• tapU .. t_pos •• Q E R""JI. ad R' R 1111111 are poaU1ft ... 

dUbik &ad pe.:LU .... d.1tl.mt. a~t~ _trio ....... p.oU,..17. 

]I 1a ta lWIIIber ot .upIn. Caplete oOlltl'OUa1l111 t7 :I.e .uan­

tial tor the .... altaat t •• dbaok sigDals to ~ .traDU,...The 

optiaaal oentl'Ol law is givu by 

.h..... • • 1 1 
l't:L). Q + A 1'(1+1,) ( I + B R- P{1+1)r A 

.ith P(]I).O 

Thb reGw.-d". "laUoa raad.rs o_tat fe.dback 1""" .. 
.... 01(2.) • 

Polln1Ag ths abrn proc.d.,. tiro dUtioll.lU .. ariB.: 

(1) the .. tr.l.x Q wII.1ch :La • t_Uoa ar a7.t_ .. triou IIlWlt 

~ oomput.d. DUt .... nt t.chniques ara available tor the 

oalc~1on ot the ~r.I.x Q(4.5).ho.ever. the lIlethodo10gy 

iU.U is time OOJl.S1I1Iling .hioh 1118I>t po •• aOM l:La1t&t<1on 

tor on-1iJ1.a purpos.~6). 

(2) The solution ot equatioJl. (.4) 18 ...... ths:r UM oCl%Ul-hl 

prooess. 

E.71 

R.out de_lop ... t hsve shown that • fillit. Ume illurv­

al (ill OOJltl'llSt with the 1afillih U ... illu""l) CCl be WId to 

oalouate atable taadl>aok pilla .ThiB atro"l riMS_ "pther 

with the r.c.4iIIC horison I1Ot10.(7).p .... ant a powarful •• thod 
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tor caJ.culatf.Dg stabil1llf.Dg te.o.bek p1a8. 

The paper adapts the recediag hor1ll0n notion ~ daY1Be a 

new technique tor optiaal stabilisation 01' d1.cre~ dL\a .7 ...... 

Tn. .BJmpto~1c babav10ur 01' the oloaed-loop '7et .. ua&e~ .~ud7 

ie ex_iae<!. uiDe this 8l1&&Baw.d algOritbll. 

DBVILOPKENT OP THE SOLUTIOB KB!HOD: 
-----------------------_.------_.-

Given the d,j .crew line ...... ,aMa de.cr11>&4 'b7 e~\lat1on( 2). 

11; is d .. 1red to tind the conuol seq_nce 

u{O) ,u(..l),* .. ~ ....................... u(B.1} (6) 

~hat IlliDla1 ... the .. editied cost tlmcUonu1 

J 2- If~ u' (1) R u(1) (7) 
too • 

subject ~ .,aW .. a eqw.,uon (2) and the I>otm4u;y COlUI~~ 

(8) 

wllars R €' lim"" pos1 U ve detin1w ... ua to be speoit1.o. and II i. 

tu horizon 1ug~h. The ...,ntnl 1 .. tor this 0". _ be eaaily 

1'ollll4 to be 

u(1} __ R-1 B' Jil (li) A x(i)1 

where 11(11) em be obW1aed 1'.,.,.(7); 

11(1+1) _ A-1 11(1) (A')-1 + ! a-' B' 

11(0) c 0 

i.qll&u. .. (1.0) em be sol"d h1 .uccusift 
11-1 i 1'" 

Iot(ll). ~ 1.- B a- B (A )-. 
1-0 

( 9) 

( 10) 

low, the prob1... 18 recluned ~o the .elAotion 01' particular 

.....rue tor 11 811Cll tlt.ai • 4as1red e1C-'faJ.u .. pa~wm and conae~­

uentll a .p.ait1c rupoaae f~ tba olo.ed-Ioop 81.~" is ob~"n.o.. 
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tile designer to locat.a the clo.ed-loop poles 1.a. the prescribed 

posUon ,Ile desires,ilIeide the Wlit cirele. IA rece41Dg horison 

.. ethod tile matr1:l: Q is abaent. HOHVU', the _tr1:l: .-1 (I) "ill 

affect directly the feedback ].a. of eqUILtion un. Coaequelltl1, 

the horizon time N i8 d1reot13 affecting the 801ut1GD. 

KleillmllllCl) and Kown(T) baTe ehown thAt the _ber of 

8&ples N shoul .. be liE [11+1, oo],where n 1s the d1aension of tile 

system. In claalld.caJ. dedgn proce"ure the choice of 1-11+1 res~ 

ults ill a very cosUy ga.1ne ( .... these ga1ns are large). Conver­

alY as II grows the oonverge_e properties of the algorithm are 

1mpa.1red • .l prop ... upper l1m:i.t for 1'I i" OM of the ob3ective 

po1nts ill this study. 

ALGORITHM, 
--------

Given the Cont1.a.IIDUS time 81ete .. 

(12) 

.hieh 1s to be controlled using a m1cro~proee8sor as shown 1n 

f1gure (1) • 

1 1 «1+1) .ll.) 

If a SBmp ling per1nd 18 chosen properly then 
A,A ~,t.+6 A (ill. +A -1') 

• e 1,(1A)+. J e 1 :61 u1(1A)dt' 

A,t. II!. SA Ai 
-" x,(1A)+ e dB1 u,O.A)d& (1) 

o 
"here the variable of 1ntegration 1s replaoad by 

6- iA+l'.-'t' 

The equivalent disorete syetem for the s1et .. dnorib.d 

by eqUlLtion (13) is given b1 equation (2). Tba sampling period 

.. ust satisfy the i.n.equal1 ty 

t:. ~ 1/2 lae ( ;1....,.) I 
for lIOod reproduction of signals(1). 

1;;' 7J 
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where A.ax is ~he 1lla:J:1lIrum eigen-value of ~he syst •• _101'1% A
1

• 

The eolu~ion algorithm oan be summerised as foll .... 

Step 1, Set Ra I, to .1/2!aa( ).11&%)1, h (shp 8ize)-0.1IRe(Amu)I, 

I. n+1 

where 

_tr10e8 • and B as follow8 

II • ( k sj j 8 
i.O 

j 8 61 h 

( oo .. ul.t Ref. (6) flU' fur'Uler d."taUa) 

Step ). Caapute 
11-1 1 

11(5) .. :£ A-i 8 R-
i.O 

K. _ R-1 B'r1(1I).4. 

( oonault flow cbart Pigure(2» 

Stap 4. Set 5 .. 1+1 and r.pee.~ the process wo.tuIld2 .( £Kfj ) 1/2 
ij 

Data for .. coatinuoue ~ime 81a~ whioh rapreeeDt8 

arized power a18te •• odel, is given ae; 

O. 1. O. O. 

-22.5 O. -47.4 O. ....,. 
-0.086 

, 81 • 
O. -.195 .129 

85.7 O. -e22. -20. 

The e1geA_al\l88 of the matrix .4.1 are 

+O.25:!: j4.96 

-10.4:!: j).)1 

0 

0 

0 

1000. 

Ii line-
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The sampling period is given by 

-0.048 sec. 

The equivalent discrete system is calculsted end is found to be • 

• 998 -.009 -.002 0 

.216 .998 .454 0 
A & • .001 0 • 996 -.001 

-.9 .004 8.687 1.2 

The open-loop poles are 
+ 1.04 - jO.04 

0.99 and 1.12 indicates initially 

The ata.te teedba.ck gains are 
I 

K .. [0.3 0.06 0.5 -0.04] 

The closed-loop poles are found to be 

0.94 :!; j 0.04 

0.89 

0.97 

0 

0.001 
B .. 

-.006 

10.677 

unstable system. 

at Ii .. 220 

Obaerve that only the unstable poles are sh1ftS<l. 

The e:l.gen-"f8.lue loci as .. ell ss the vllZation of /I II; " as N 

chulges are shown in figureO) for NE (n+1 , 25n 1 , .. here n 1s 

the order of the matrix A. 

DISCUSSION AND OBSERVATION, 

(1) The control energy 11K U is monotonically decreuing flmction 

of the horizon length 11 that is 

i- As 11 .... 0 II ill .... <>0 

i1...A.s N",,"II KI/ .. constant 

(2) Por small values of N , the closed-loop pole. are foreed 

"'ply towC'ds the origin of the Imit circle .. ith large 

E.75 
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imaginary parts 1ndioat1ag fast response but the margin of 

the transiant hebaviour is sl1ghtly 1mprond. 

0) As II increase. ,the margin of the tr"""ient respo .... e is 1m­

proved ( see figure ()). 

(4) As II increased the olosed-loop pole. move towards the oirc­

waference of the un! 10 circle wUh reduction in their :Imagi­

nary parts .Por Ii as large as 25n ,the gain K approaches 

it. co .... tent Y&lue indieat1ag that no more eigen-Yalue. mo­

.ements oan be achieved and the proce.s tel"lll1DAted. It is 

intere.ting to note that the stable open-loop poles hold 

1111... origiD&l 10catioM whUe the unstable pole. assume 

new location inside the stable region of the Z-plaDe. 

COliCLUSIOlh -_ .. ----
The reeeding hori5en teohnique is applied suooessfully to 

the "e.ip of d1acrete data systoems. Light is focUil." on the rel­

ation beu.en Control etilltrgy _iation and .1gen-Y&lue. distribu­

Uoa and the herizen length .ince, the state weighting _tr1x Q 

is .ent. It is concluded that the horisen length B can be used, 

to p~ the role of Q ,to tune th. response of the cloeed-loop 

eystem while o1'!er1ag a dr_ti!l eomputatioD&l edftn.tage. over the 

c0A1I'entiOQ6l regulator problem. The technique is suitable for on­

line applications. 
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Read 
~ ,r.rl~J., EPS, A, B 

R = I 

c,=T .... 2 • h:TI,1 0 

"-
(I-hA/2+h2A2/~2)-l(I.hA/2.h2A2 

>lOU 

)10 

A: S 

B =.z; S .. B 

M~ - 1 

-,1 _I 
K;: - rl :a'M (NNjA 
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IKII -EFS 

no 
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Compute Closed loop 
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Fig.(2) Design of The Receding Horizon Controller 

For Discrete Time Systems 
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